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Abstract
Alkaline water electrolysis is a promising technology for producing green hydrogen at scale. The electrodes are the 
heart of an alkaline water electrolyzer, directly determining its performance and durability. In recent years, 
corrosion engineering has emerged as a powerful strategy to enable next-generation efficient electrodes for 
industrial use, thanks to its low cost, ease of scale-up and simple operation. This review highlights recent ground-
breaking studies in corrosion engineering for electrode fabrication, mainly including oxygen corrosion, hydrogen 
evolution corrosion, oxidant corrosion, and microbial corrosion. We introduce the mechanisms of these four 
corrosion reactions, along with effective strategies for accelerating the processes and modifying the corrosion 
products. Finally, we propose future prospects of corrosion techniques in industrial hydrogen production.
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INTRODUCTION
With the global energy crisis worsening, hydrogen is gaining more attention as a clean energy carrier[1-3]. 
Water electrolysis is an important technological pathway for industrial green hydrogen production[4]. 
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However, to make it viable on an industrial scale, energy conversion efficiency must be improved to lower 
the cost of green hydrogen[5]. The alkaline water electrolyzer has developed since the 1920s into a mature 
and cost-effective technology, suitable for large-scale hydrogen production in industrial settings[6]. Nickel 
meshes and Raney nickel electrodes are the primary electrode materials used in commercial alkaline water 
electrolyzers[7]. In industrial water electrolysis settings (6 M KOH, ≥ 60 °C, ≥ 1 A·cm-2), the electrode should 
maintain high hydrogen production efficiency at high current densities, which imposes higher demands on 
both the activity and stability of the electrodes[8-10]. Meanwhile, the negative impacts of bubble adhesion and 
electrolyte corrosion on the electrodes should not be overlooked[11]. The active material on the electrode is 
prone to detachment due to these factors during prolonged operation, which leads to performance 
degradation[12]. In response to these challenges, numerous electrode materials with high activity and stability 
have been synthesized at the research level[13-15]. However, the involved synthesis strategies (such as high-
temperature calcination[16,17], hydrothermal methods[18,19], etc.) are difficult to scale up for producing large-
area electrodes compatible with industrial electrolyzers[20]. Consequently, developing low-cost, scalable 
electrode materials with high activity and durability is crucial for advancing the industrial application of 
water electrolysis.

Corrosion engineering, which primarily involves regulating the corrosion reaction to promote the growth of 
beneficial corrosion products on the metal substrate, has been confirmed to successfully synthesize a series 
of highly active oxygen evolution reaction (OER) catalysts[21-23], which serves as the bottleneck in water 
electrolysis due to the four-electron process. As early as 2016, Zhang et al. applied corrosion engineering for 
the preparation of OER catalysts[24]. Subsequently, in 2018, Liu et al. synthesized large-area NiFe layered 
double hydroxide (NiFe-LDH) catalysts through iron-based oxygen corrosion, showing more than 6,000 h 
of OER stability in alkaline electrolytes[25]. Since then, numerous high-performance materials synthesized by 
corrosion methods have been reported[26-28]. Some novel corrosion methods, such as microbial corrosion, 
have also been developed. By 2022, Zhao et al. further advanced the understanding of the corrosion 
mechanism based on the work of Zou[29]. With the in-depth research into corrosion engineering, its 
potential applications in the preparation of OER catalysts have become increasingly evident[30]. Moreover, 
compared with high-temperature calcination, hydrothermal methods and other synthesis strategies, 
corrosion engineering is simple to operate, with easily controllable process conditions, allowing for high 
reproducibility in large-scale production. Therefore, it holds broad application potential in the preparation 
of OER catalysts under industrial conditions.

In this review, we primarily present corrosion-based methods from an industrial perspective, categorizing 
them into four types based on corrosion mechanisms: oxygen corrosion, hydrogen evolution corrosion, 
oxidant corrosion and microbial corrosion [Figure 1A-D]. We highlight the latest advances in corrosion 
engineering for promising catalysts, covering aspects such as structural design, controllable synthesis, 
mechanistic exploration, and performance optimization. Additionally, we assess the scalability of these 
methods and finally offer perspectives on the application of corrosion techniques in industrial hydrogen 
production.

OXYGEN CORROSION
Oxygen corrosion is an electrochemical corrosion caused by the reduction reaction of neutral oxygen 
molecules (O2) at the cathode in a solution[31-33]. Its spontaneity depends on the electrode potential difference 
between the metal and oxygen[30]. Oxygen corrosion can happen spontaneously if the electrode potential of 
oxygen exceeds that of the metal. Throughout the oxygen corrosion process, a lower potential is exhibited at 
the metal surface, while a higher potential is associated with oxygen. This potential gradient triggers the 
transfer of electrons, resulting in the oxidation of metal atoms to form metal ions, while oxygen is reduced 
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Figure 1. Four typical corrosion methods for electrode fabrication. (A) Oxygen corrosion; (B) Hydrogen evolution corrosion; (C) Oxidant 
corrosion; (D) Microbial corrosion. M represents the metal substrate, Ny+ is other metal ions in corrosion solution, [O] denotes the 
oxidizing agent, [R] is the reduction product of the oxidant, and Ax- is the involved anions in corrosion solution.

to form hydroxide ions[30]. Subsequently, the metal ions can grow corrosion products on the metal surface 
due to localized pH elevation[34]. Here, we will first introduce the corrosion mechanisms of oxygen corrosion 
based on different types of substrates, and then explore effective methods for accelerating the corrosion 
process and further modifying the corrosion products.

Iron-based substrates are a type of substrate prone to oxygen corrosion, making corrosion engineering 
relatively easy to achieve[35]. Liu et al. synthesized a range of large-area iron-containing layered hydroxides 
by immersing iron plates in an aqueous solution of divalent cations [Figure 2A][25]. Among them, O2-Cat-1, 
prepared using NiSO4 solution, exhibited the highest OER catalytic activity. In 1 M KOH solution, an 
overpotential of only 257 mV was required to achieve a current density of 500 mA·cm-2. Furthermore, it 
demonstrated significant catalytic stability for over 5,000 h at a high current density of 1,000 mA·cm-2, 
indicating substantial potential for large-scale commercial water splitting technology [Figure 2B]. In the 
investigation of the oriented growth of LDH nanosheet arrays, Liu et al. cited the corrosion of iron 
substrates in NiSO4 as an example, arguing that the classic heterogeneous nucleation/growth mechanism[36] 
provided a plausible explanation for the LDH growth process in corrosion engineering[25]. The driving force 
behind iron corrosion is regarded as the potential difference between Fe/Fe2+ and OH-/O2, which produces a 
considerable amount of iron ions and OH- near the iron plate surface[33]. As the local pH increases, iron ions 
and OH- co-precipitate with M2+ ions (M = Ni, Co, Mn, Mg) from the solution, resulting in the synthesis of 
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Figure 2. (A) Digital image of the electrode (0.1 × 1 m2) and SEM images of the selected areas 1-6; (B) Chronopotentiometric curves of 
3D-O2-Cat-1 and 3D-O2-Cat-2 in 1 M KOH at 1,000 mA·cm-2; (C) Proposed corrosion mechanism for corrosion engineering[25]. 
Reproduced under the terms of the Creative Commons Attribution License; (D) Schematic of the NiFe-LDH@IF growth mechanism; (E) 
SEM image of the four-layer structure of NiFe-LDH@IF-200-72. Reproduced with permission[29]. Copyright 2021 Wiley-VCH; (F) 
Schematic of CoFe(OH)x-m/NFF electrodes fabrication; (G) In situ Raman spectra of CoFe(OH)x-500/NFF at different voltages during 
OER. Reproduced with permission[37]. Copyright 2024, Wiley-VCH. SEM: Scanning electron microscope; LDH: layered double hydroxide; 
IF: iron foam; OER: oxygen evolution reaction.

LDH on the iron substrate [Figure 2C]. Due to the anisotropic crystal structure of LDHs, growth along the 
ab direction occurs faster than along the c direction, leading to preferential growth of all nanosheets along 
the direction parallel to the corresponding basal planes[36].

Within the framework of this corrosion system, Zhao et al. conducted systematic investigations, asserting 
that the substitution reactions driven by differences in metal reactivity played a crucial role in the corrosion 
process[29]. Taking the corrosion of iron foam (IF) in Ni2+ solution as an example, the oxygen corrosion 
mechanism was further discussed and improved upon [Figure 2D]. The author believed that during 
corrosion, the Ni-Fe replacement reaction (1) occurs, resulting in the formation of a NiFe alloy on the IF. 
Due to the higher corrosion potential of the NiFe alloy compared to iron, it acts as the cathode and forms a 
corrosion cell with the IF. The IF anode loses electrons and releases Fe2+ (2). Some Fe2+ will be oxidized to 
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Fe3+ by the action of dissolved oxygen (3). Meanwhile, the oxygen reduction reaction (ORR, 4) is active at 
the NiFe alloy cathode surface. Within the alloy, the compact NiFe structure hinders Fe2+ diffusion outward, 
causing Fe2+ to accumulate and undergo hydrolysis, forming an acidic environment that facilitates hydrogen 
evolution reaction (HER, 5). The pH increase induced by HER and ORR encourages metal ion co-
precipitation (Fe2+, Fe3+, Ni2+), resulting in the formation of NiFe-LDH.

Replacement reaction:

Oxidation reaction:

Reduction reaction:

Precipitation reaction:

As NiFe-LDH forms, the concentration of Ni2+ in the solution progressively decreases, resulting in the 
development of NiFe-LDH nanosheets characterized by a gradient of Ni2+ doping. After the consumption of 
Ni2+, the residual Fe2+ and Fe3+ form iron hydroxides or hydroxide oxides on the top of nanosheets 
[Figure 2E]. Accordingly, the optimization of the electrocatalytic activity of NiFe-LDH@IF was achieved 
through the control of dissolved oxygen concentration by purging with N2, as well as adjusting stirring, 
corrosion temperature, corrosion time, and solution concentration, affecting the quantities of α-FeOOH 
and NiFe-LDH and the doping level of Fe2+ in NiFe-LDH. The NiFe-LDH@IF-200-72 was synthesized, 
exhibiting a low Tafel slope (25.4 mV·dec-1), low overpotential (η100 = 209 mV), excellent stability 
(100 mA·cm-2 for 192 h), and an approximately 100% Faradaic efficiency.

For the more complex corrosion behavior of NiFe alloys, Wang et al. proposed a passivation corrosion 
mechanism[37]. NiFe foam (NFF) was immersed in a solution containing NaCl and varying concentrations of 
CoCl2, and stirred continuously at room temperature for 12 h, facilitating the growth of CoFe(OH)x 
nanosheets on the NFF [Figure 2F]. The authors indicated that in addition to the oxidation corrosion 
mechanism based on Liu’s theory, transitions of Fe/Fe2+ and Fe2+/Fe3+ occur at the anode, while ORR takes 
place at the cathode[25]. Subsequently, Co2+ from the solution co-precipitates to form CoFe(OH)x. Moreover, 
considering the metal reactivity and the passivating effect of Co, a passivation corrosion mechanism is 
presented, as given in Equations (7) to (9). A substitution reaction between Co2+ and Fe occurs due to the 
potential difference between Co2+/Co (-0.28 V) and Fe2+/Fe (-0.44 V) (7). Given the passivating role of Co, a 
passivation reaction with O2 is initiated (8), which subsequently interacts with Fe3+ in the presence of Cl-, 

Fe + Ni2+ → Fe2+ + Ni                                                                         (1)

Fe - 2e- → Fe2+                                                                                                                                              (2)

4Fe2+ + 2H2O + O2 → 4Fe3+ + 4OH-                                                                                                          (3)

O2 + 2H2O + 4e- → 4OH-                                                                       (4)

2H+ + 2e- → H2                                                                                                                                                (5)

Fe2+ + Ni2+ + Fe3+ + OH- + SO4
2- → NiFeIIFeIII-LDH                                               (6)
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leading to the formation of CoFe(OH)x (9). In situ Raman spectroscopy verifies the reconstruction of the 
electrode’s surface structure and the formation of highly active Co(IV)-O sites during the OER process 
[Figure 2G]. The CoFe(OH)x-500/NFF electrode exhibited excellent OER performance, demonstrating a 
very low overpotential (100 mA·cm-2@274 mV) and rapid reaction kinetics (40.5 mV·dec-1).

Replacement reaction:

Passivation reaction:

Depassivation reaction:

The corrosion mechanisms of Ni substrates are subject to differing viewpoints. Lee et al. postulate, from a 
thermodynamic perspective, that in Fe(NO3)3 solution, Ni is oxidized by Fe3+ to form Ni2+[38]. Zhang et al. 
analyze the corrosion current densities (Icorr) and corrosion potentials (Ecorr) of NaCl (1.08 mA·cm-2, -0.38 V), 
Fe(NO3)3 (3.06 mA·cm-2, -0.18 V), and NaCl-Fe(NO3)3 (6.48 mA·cm-2, -0.28 V), concluding that the Ni 
substrate has a propensity for self-corrosion in the NaCl-FeNO3 solution, with Ni2+ dissolution being 
independent of Fe3+[39]. As given in (10-12), rose-like NiFe-LDH is successfully synthesized. Ion exchange is 
then conducted to form a heterogeneous NiFe-LDH-Ni3S2 bifunctional electrode. The exceptional HER/
OER performance is attributed to the heterogeneous structure of NiFe-LDH and Ni3S2, which enhances 
mass diffusion and reaction kinetics. The NiFe LDH-Ni3S2 electrode delivers 100 mA·cm-2 for both HER and 
OER in 1 M KOH seawater, with overpotential values of 257 and 280 mV, respectively.

Anode reaction:

Cathode reaction:

Precipitation reaction:

Through precise control of the oxygen corrosion environment, the corrosion process can be effectively 
modulated and accelerated[40,41]. For instance, an elevated concentration of Cl- in the solution promotes 
metal ion dissolution, leading to an increased corrosion rate[39]. Meanwhile, the temperature of the corrosion 
environment can be increased to enhance the reaction between metal and oxygen[42]. Additionally, methods 
such as pH adjustment of the solution[43], optimization of metal concentration[44], addition of corrosion 
catalysts[45] and utilization of external polarization[46] are commonly implemented. These approaches not 

Co2+ + Fe → Co + Fe2+                                                                                                                        (7)

Co + O2 + 2H2O → CoOxHy                                                                                                              (8)

CoOxHy + Cl- + Fe3+ + 2H2O → CoFe(OH)x + Cl-                                                                                   (9)

Ni → Ni2+ + 2e-, Ni2+ → Ni3+ + e-                                                      (10)

O2 + 2H2O + 4e- → 4OH-                                                              (11)

Fe3+ + Ni2+ + Ni3+ + xOH- →NiFe(OH-)x                                                                                           (12)
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only enhance synthesis efficiency but also enable the possibility of rapid corrosion in industrial applications.

By raising the concentration of Cl- in the solution, the dissolution of metal ions can be facilitated, resulting 
in an increased corrosion rate[47]. In this regard, Li et al. achieved the successful preparation of nickel foam 
(NF)@NiFe-LDH-1.5-4 by soaking NF in a 1.5 M Cl- solution for four minutes [Figure 3A][43]. The 
immersion of NF in NaCl, HCl, Fe(NO3)3, and FeCl3 solutions revealed that Cl- promoted the swift release of 
Ni2+, and Fe3+ was beneficial for the formation of an open nanosheet architecture [Figure 3B]. The unique 
properties of Cl- play a critical role in the removal of the metal passivation film. With a small ionic radius 
and strong penetration ability, Cl- exhibits a high adsorption affinity for metal surfaces, which promotes 
their adsorption and accumulation on the passivation layer[47,48]. Some Cl- ions are capable of traversing the 
passivation layer to access the metal surface. In this process, the passivation layer is compromised, and the 
diffusion of O2 from the solution facilitates the release of metal surface atoms, resulting in the formation of 
soluble metal hydroxyl-chloride complexes [Figure 3C][39]. The NF@NiFe-LDH-1.5-4 exhibited exceptional 
OER performance in alkaline solution, requiring low overpotentials of 190 and 220 mV to achieve current 
densities of 100 and 657 mA·cm-2, respectively. Additionally, the NF@NiFe-LDH-1.5-4 || NF@NiFe-LDH-
1.5-4 electrolyzer operated stably for 320 h at a current density of 200 mA·cm-2 [Figure 3D].

In addition, Xia et al. reported a simple hydrothermal-assisted corrosion treatment method by increasing 
the corrosion temperature to accelerate the corrosion process[47]. The passivation layer of stainless steel is 
corroded by Cl- under hydrothermal high-temperature conditions, leading to the dissolution of surface 
metal atoms. The OH- provided by NaOH facilitates metal ion precipitation, forming a three-dimensional 
nanosheet array of the NiFe1.833(OH)0.5O2.5 active catalytic layer. Density functional theory (DFT) calculations 
show that the formation of the NiFe1.833(OH)0.5O2.5 active catalytic layer decreases the energy barrier of the 
rate-determining step and enhances the bonding between M and O* intermediates, thus boosting OER 
performance. In 1 M KOH, the prepared electrode required an overpotential of 282 mV at 10 mA·cm-2.

Based on the concept of corrosion engineering, other ions can be incorporated into the corrosion products 
to modify the intrinsic electronic structure, thereby optimizing the corresponding electrocatalytic 
performance[49,50]. Zhang et al. proposed a strategy utilizing oxidative corrosion engineering for synthesizing 
CoFe-LDH nanoflowers loaded with platinum nanoparticles (NPs)[51]. IF was immersed in a solution 
containing NaCl, CoCl2, and H2PtCl6, and stirred for 15 h at room temperature to produce Pt-CoFe-LDH. 
Oxygen vacancy-rich CoFe-LDH nanoflowers are produced as NaCl accelerates the oxidative corrosion 
process, with platinum NPs self-assembling on the CoFe-LDH nanoflower surfaces. A three-dimensional 
nanoflower structure is characterized by a significant surface area and abundant exposed active sites, 
facilitating rapid mass transfer and ion diffusion. Furthermore, the presence of uniformly distributed Pt NPs 
promotes charge transfer and decreases the reaction barrier, resulting in improved performance for HER 
and OER. The overpotentials of Pt-CoFe-LDH electrodes reached as low as 126 mV for HER and 285 mV 
for OER at a current density of 100 mA·cm-2. Simultaneously, the Pt-CoFe-LDH || Pt-CoFe-LDH 
electrolyzer demonstrated a small cell voltage of 1.66 V to achieve a current density of 50 mA·cm-2, while 
maintaining excellent stability.

Catalysts synthesized through corrosion engineering are mostly oxides and (hydroxy)oxides[31], which serve 
as excellent precursor materials for the preparation of HER catalysts[39]. Zhang et al. reported a simple 
method for the large-scale modification of IF and its products[52]. The IF substrate was immersed in a 1 M 
NiCl2 solution, resulting in the vertical growth of NiFe-O-nanowire arrays (NAs) on the surface of the IF 
[Figure 4A-C]. Experimental results and theoretical calculations indicate that trace iron doping significantly 
enhances the corrosion resistance of the active surface layer and decreases the reaction energy barrier for the 
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Figure 3. (A) Schematic for the synthesis of NF@NiFe-LDH-1.5-4; (B) The digital photographs and SEM images for different materials 
under various solutions; (C) The possible formation mechanism of NF@NiFe-LDH-1.5-4; (D) Chronopotentiometric curve at 
200 mA·cm-2 for the NF@NiFe-LDH-1.5-4 || NF@NiFe-LDH-1.5-4 electrolytic cell. Reproduced with permission[43]. Copyright 2022 
Wiley-VCH. NF: Nickel foam; LDH: layered double hydroxide; SEM: scanning electron microscope.

Figure 4. (A) Schematic of the synthesis procedures for the Fe foam supported NiFe-X NAs (X = O, P) and a 600 cm2 OER electrode; 
(B) SEM images of NiFe-O NAs/Fe foam; (C) SEM images of NiFe-P nanowire; (D) OER polarization curves under 0-1,000 mA·cm-2 in 
1 M KOH; (E) HER polarization curves under 0-1,000 mA·cm-2 in 1 M KOH; (F) Chronopotentiometric curves of the electrolyzer (6 M 
KOH + seawater, 60 °C, 1,000 mA·cm-2). Reproduced with permission[52]. Copyright 2024, Elsevier. NAs: Nanowire arrays; OER: oxygen 
evolution reaction; SEM: scanning electron microscope; HER: hydrogen evolution reaction.

in situ formation of NiFeOOH active sites. The synthesized NiFe-O-NAs exhibited excellent OER 
performance, requiring overpotentials of 369 and 427 mV to achieve current densities of 500 and 
1,000 mA·cm-2 in 1 M KOH freshwater, respectively [Figure 4D]. NiFe-P-NAs were formed by low-
temperature phosphating of NiFe-O-NAs. The NiFe-P-NAs demonstrated superior HER performance, with 
overpotentials of 252 and 311 mV needed to attain current densities of 500 and 1,000 mA·cm-2 in 1 M KOH 
freshwater, respectively [Figure 4E]. NiFe-O-NAs and NiFe-P-NAs were integrated into an electrolyzer and 
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tested for stability over 200 h under simulated industrial conditions (6 M KOH, 60 °C, ≥ 1,000 mA·cm-2), 
showing no significant degradation, thus confirming the excellent stability of both NiFe-O-NAs and NiFe-
P-NAs [Figure 4F].

HYDROGEN EVOLUTION CORROSION
Hydrogen evolution corrosion is also a classic type of electrochemical corrosion reaction, driven 
spontaneously by the potential difference between species[30]. During this process, H+ reacts with oxides and 
metals on the metal substrate surface, generating soluble metal ions that accumulate near the surface[53]. 
Since hydrogen evolution corrosion primarily leads to metal dissolution, it is difficult to grow corrosion 
products on the electrode material surface solely through hydrogen evolution corrosion. Therefore, in 
studies utilizing hydrogen evolution corrosion, the material surface is typically accompanied by other 
reactions[54], such as oxygen corrosion[55]. The purpose of these accompanying reactions is to capture metal 
ions near the electrode surface, thereby forming a stable, catalytically active layer on the surface.

Sun et al. synthesized amorphous (oxy)hydroxides with an optimal Fe/Ni atomic ratio as efficient OER 
electrocatalysts by combining hydrogen evolution corrosion and oxygen corrosion[56]. The iron-nickel foam 
(INF) is activated through immersion in 3 M HCl solution and subsequently undergoes growth in deionized 
water. During the activation process, H+ reacts with the oxides and metals located on the metal substrate 
surface. The electrochemical potential difference between Fe (-0.44 V) and Ni (-0.257 V) within the INF 
facilitates the dissolution of the Fe component, thereby allowing for regulation of the Fe/Ni atomic ratio on 
the INF surface through controlled activation time (13-16)[30]. The growth process involves the oxidation of 
Fe2+ and the reduction of O2 (15), leading to an increase in the pH of the metal surface and the formation of 
INF-S (16). INF-S exhibited enhanced electrocatalytic performance during the alkaline OER, achieving a 
low overpotential of 231 mV at a current density of 20 mA·cm-2.

The direct immersion of the metal substrate in an acid solution may cause excessive corrosion, which 
compromises the structural integrity of the substrate[57,58]. Zhou et al. developed an acidic gas corrosion 
strategy to prevent the metal substrate from contacting the solution, enabling the synthesis of a strongly 
coupled OER catalyst[59]. The method involved the delivery of dilute nitric acid to the nickel-IF surface 
through a vapor phase transport reaction (VPT) for corrosion, followed by ethanol immersion and 
combustion to synthesize the C-NFF(5:5)-LDH(6)/Fe2O3 catalyst [Figure 5A]. Transmission electron 
microscopy (TEM) characterization indicates that C-NFF(5:5)-LDH(6)/Fe2O3 exhibits a dense array of NiFe-
LDH nanosheets, with Fe2O3 heterojunctions and abundant crystal-amorphous interfaces. The strong 
coupling between this structure and the metal substrate facilitates efficient electron transfer. In situ Raman 
shows that the presence of a proper amount of Fe triggers the structural reconstruction of C-NFF(5:5)-LDH(6)/
Fe2O3 under alkaline electrooxidation conditions [Figure 5B], resulting in the formation of NiOOH and 
superoxide NiOO-. C-NFF(5:5)-LDH(6)/Fe2O3 displayed outstanding OER performance, delivering a low 
overpotential of 220 mV at a current density of 10 mA·cm-2, and remains stable for 100 h under 
500 mA·cm-2.

(Fe, Ni)Ox + 2xH+ → Fe2+ + Ni2+ + xH2O                                                     (13)

Fe + Ni + 4H+ → Fe2+ + Ni2+ + H2 ↑                                                              (14)

4Fe2+ + O2 + 2H2O → 4Fe3+ + 4OH-                                                                                                      (15)

Fe3+ + Ni2+ + OH− → FeNi(oxy)hydroxides                                                  (16)
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Figure 5. (A) Schematic of the synthesis for C-NFF(x:y)-LDH(t)/Fe2O3; (B) In situ Raman spectra of C-NFF(5:5)-LDH(6)/Fe2O3 at different 
potentials[59]. Reproduced under the terms of the Creative Commons Attribution License; (C) Morphology evolution and SEM mages of 
A-NiFe/NF electrode during the atmosphere corrosion process; (D) EDX probe locations on the STEM image of A-NiFe-LDH; (E) Point-
by-point deviation of Ni/Fe atom-ratio on the A-NiFe and Lc-NiFe obtained from the EDX dot-analysis, zero represents the 
corresponding average value[60]. Reproduced under the terms of the Creative Commons Attribution License; (F) Synthesis diagram of 
NiFe-LDH macroporous array electrodes: (G) NiFe-LDH/FHO stability test at 500 mA·cm-2 for 1,000 h. Reproduced with permission[61]. 
Copyright 2023, Wiley-VCH. NFF: NiFe foam; LDH: layered double hydroxide; SEM: scanning electron microscope; NF: nickel foam; EDX: 
energy-dispersive X-ray spectroscopy; STEM: scanning transmission electron microscopy.

Furthermore, Du et al. employed an acidic gas corrosion strategy to fabricate A-NiFe/NF material with 
abundant edge/surface Fe defects on NF[60]. The Fe source was initially loaded onto the surface of the NF 
through liquid-phase corrosion. Subsequently, A-NiFe-LDH was generated in a sealed reactor via acid 
vapor corrosion [Figure 5C]. Imbalances in acid vapor permeation, coupled with ionization and limited 
mass transfer of localized Fe and Ni, cause an unequal stoichiometric ratio of Fe/Ni in the nanometer or 
subnanometer region [Figure 5D and E]. Benefiting from the abundant edge and surface Fe defects, A-
NiFe-LDH showed outstanding OER performance. The overpotentials measured at 100 and 1,000 mA·cm-2 
were 251 and 322 mV, respectively. It further sustained stable operation for 75 h at 100 mA·cm-2 without 
experiencing any degradation in performance. In addition, Song et al. successfully synthesized efficient 
catalytic materials using hydrogen evolution corrosion and oxygen corrosion[61]. An ethanol solution of iron 
nitrate and hydrochloric acid was injected into the pores of NF. After the evaporation of ethanol, Fe3+ and 
H+ remained on the NF surface. NF experiences chemical corrosion via Fe3+ and H+, leading to the 
dissolution of Ni2+. In the electrochemical corrosion process with O2, Ni0 is oxidized to Ni2+, while O2 is 
reduced to form OH-. NiFe-LDH/FHO with a macroporous array structure is successfully synthesized 
through the combination of Fe2+/3+ and Ni2+ with OH- [Figure 5F]. The optimized NiFe-LDH/FHO electrode 
required only 180 and 248 mV to achieve 10 and 500 mA·cm-2 for the OER, respectively, and it exhibited 
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high stability for over 1,000 h at 500 mA·cm-2 [Figure 5G].

OXIDANT CORROSION
Oxidant corrosion is typically initiated by strong oxidizers such as H2O2, S2O8

2-, I2, etc.[62-64]. These oxidizers 
react with the metal surface, accelerating dissolution and triggering substrate corrosion[65]. The variation in 
oxidant reduction products, local pH, and metal ion concentration promotes the formation of the target 
corrosion products. Compared to other types of corrosion, oxidant corrosion is faster and more damaging 
to facilitate the rapid synthesis of catalysts.

Recently, oxidant corrosion has been employed to synthesize a large number of electrocatalysts[62]. For 
example, Tu et al. employ the strong oxidizing capability of I2 to oxidatively corrode NF, leading to the 
synthesis of I-NiS@NF[64]. The potential difference between I3-/I- (0.536 V) and Ni/Ni2+ (-0.257 V) facilitates 
the direct oxidation of Ni to Ni2+ by I2. Meanwhile, the hydrolysis of (NH2)2CS releases a significant amount 
of S2-, providing a localized acidic environment that accelerates the corrosion of NF. In conclusion, fluffy 
NiS nanosheets are generated on the surface of NF as a result of the reaction between S2- and Ni2+ released 
from thiourea hydrolysis. Additionally, Chen et al. establish a new method for the efficient and rapid 
synthesis of highly active self-supported Ni(Fe)OOH/Ni(Fe)Sx nanosheet arrays by leveraging fast corrosion 
with the oxidant (NH4)2S2O8 [Figure 6A][66]. NFF is corroded in a solution of (NH4)2S2O8, (NH2)2CS, and 
FeCl3 to form defect-rich nanosheet arrays in only ten minutes. The heat released during the corrosion 
process significantly aids in the formation of OH- and S2- from the hydrolysis of (NH2)2CS, thereby 
expediting the growth of Ni(Fe)OOH/Ni(Fe)Sx. Experimental results show that Ni(Fe)Sx plays a vital role in 
improving OER performance. Ni(Fe)OOH/Ni(Fe)Sx demonstrates a lower overpotential in the OER 
compared to Ni(Fe)OOH, reaching current densities of 10 and 1,000 mA·cm-2 at overpotentials of 227 and 
313 mV, respectively. Additionally, stable operation at 100 mA·cm-2 is maintained for a duration of 100 h.

Yu et al. synthesized a highly porous S-doped catalyst S-(Ni,Fe)OOH by immersing NF in a Fe(NO3)3·9H2O 
and Na2S2O3·5H2O solution at room temperature for one to five minutes[67]. OH- and S2- are generated 
through the hydrolysis of Na2S2O3, leading to the rapid binding of Ni2+ and Fe2+ with these species, resulting 
in the formation of S-(Ni,Fe)OOH. S-(Ni,Fe)OOH exhibited superior OER catalytic performance, attributed 
to its high density of active sites and the rapid release of bubbles. It necessitated overpotentials of only 300 
and 398 mV to achieve current densities of 100 and 500 mA·cm-2, respectively, in alkaline natural seawater. 
The electrolysis cell was constructed with S-(Ni,Fe)OOH as the anode and NiMoN as the cathode to assess 
the seawater electrolysis performance, achieving 500 mA·cm-2 with only 1.837 V in alkaline seawater. 
Simultaneously, stability testing at 500 mA·cm-2 for 100 h showed an increase in overpotential of just 70 mV.

Chen et al. synthesized large-area sulfidized stainless steel electrodes (MS/SS) through rapid interfacial 
reactions at room temperature[68]. Cations (Mδ+, M = Fe, Ni, Cr) are released through the corrosion reaction 
of SS by Fe3+, and these cations combine with S2- formed from the hydrolysis of S2O3

2- to produce metal 
sulfide (MS) [Figure 6B]. In situ Raman spectroscopic analysis suggests that MS/SS develops a highly active 
catalytic phase γ-(Ni,Fe)OOH in an alkaline environment [Figure 6C]. MS/SS is used as an anode in 
industrial alkaline electrolyzers. Furthermore, MS/SS achieves a catalytic current of approximately 
300 mA·cm-2 under industrial conditions (30% KOH, 80 °C), maintaining good stability for over 120 h, 
demonstrating its potential for long-term operation in harsh electrochemical environments. Additionally, 
the same group synthesized bifunctional catalysts (Ni,Fe)3S2/NFF directly on large-area NFF surfaces by 
altering the metal substrate[69]. Successful synthesis of the heazlewoodite phase (Ni,Fe)3S2 on NFF is achieved 
by utilizing the oxidation of Fe3+ alongside the hydrolysis of sodium thiosulfate. Experimental 
characterization and theoretical calculations indicate that the Ni-Fe synergistic effect in (Ni,Fe)3S2 provides 
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Figure 6. (A) Schematic of the preparation of Ni-Fe composite nanosheet array. Reproduced with permission[66]. Copyright 2023, Royal 
Society of Chemistry; (B) MS/SS forming schematic diagram, image of large area electrode (1 m × 1 m) and industrial alkaline 
electrolyzer photograph; (C) In situ Raman spectra of MS/SS during the OER at different voltages. Reproduced with permission[68]. 
Copyright 2022, Elsevier; (D) Scheme of synthesis process of la-S-NiFe-LDH/NFF. Reproduced with permission[71]. Copyright 2024, 
Elsevier. MS: Metal sulfide; SS: stainless steel; OER: oxygen evolution reaction; LDH: layered double hydroxide; NFF: NiFe foam.

high-density active sites for HER, such as Ni-Ni and Ni-Fe bridge sites. Concurrently, (Ni,Fe)3S2 nanosheets 
convert into the OER-active catalytic phase γ-(Ni,Fe)OOH during OER testing. It is shown that (Ni,Fe)3S2/
NFF achieves a current density of 100 mA·cm-2 with overpotentials of only 241 mV for OER and 168 mV for 
HER. (Ni,Fe)3S2/NFF || (Ni,Fe)3S2/NFF shows remarkable catalytic performance (600 mA·cm-2 @ 1.93 V) 
and stability, operating reliably for more than 400 h at a high current density of 600 mA·cm-2, which is better 
than the alkaline electrolyzer based on commercial Raney Ni electrodes.

Metal ions exhibit considerable advantages as oxidizing agents during corrosion[50]. They not only facilitate 
the dissolution of metals, but also enable the doping of metal elements into the material structure[70]. Lee et 
al. reported a one-step corrosion strategy for synthesizing dense Ni0.75Fe2.25O4 NPs[38]. The process involves 
immersing NF in a Fe3+ hot solution for 36 h. This method relies on the distinct standard reduction 
potentials of Ni2+/Ni (-0.25 V) and Fe3+/Fe2+ (0.77 V) as the driving force. The rich grain boundaries and 
high-density NPs of Ni0.75Fe2.25O4 result in lower charge transfer impedance and an increased number of 
active sites, thereby enhancing the OER activity. DFT calculations indicate that the Fe sites on the 
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Ni0.75Fe2.25O4 NP surface are the main active sites, with partial substitution of Ni by Fe optimizing the 
occupation of the eg orbitals and significantly improving OER performance. The Ni0.75Fe2.25O4 NP electrode 
displays enhanced OER activity in 1 M KOH, reaching 10 mA·cm-2 at an overpotential of 192 mV, notably 
lower than the 265 mV needed by the commercial IrO2 catalyst. The proton-exchange membrane (PEM) 
electrolyzer is constructed using Ni0.75Fe2.25O4 NPs and Pt/C, realizing a water splitting current density of 
2.0 A·cm-2 at a cell voltage of 1.9 V, which shows superior performance relative to electrolyzers employing 
IrO2 and Pt/C catalyst combinations.

Utilizing oxidant corrosion can further alter the surface morphology, crystal structure, and electronic 
properties of the corrosion products[64]. Song et al. employ a two-step method involving H2O2 oxidative 
corrosion followed by anion modification to produce the la-S-NiFe-LDH/NFF [Figure 6D][71]. NFF is 
immersed in an H2O2-containing Fe3+ solution for 30 min, followed by anion exchange in a Na2S solution. 
Fe3+ facilitates the formation of Fe2+ during the H2O2 oxidation process and triggers the Fenton reaction[72], 
which enhances the decomposition of H2O2 and the oxidation of metals. Meanwhile, the significant release 
of O2 enhances the formation of basic hydroxides featuring larger interlayer spacing. During anion 
exchange, the NiFe-LDH nanosheets undergo reconstruction by S2-. As immersion continues, NiFe-LDH/
NFF transitions progressively from A crystalline to an amorphous state. Experimental characterizations and 
theoretical calculations indicate that S-induced local amorphous nanostructures strengthen the 
hybridization between Ni 3d and O 2p, enhancing metal–oxygen covalency and lattice oxygen activity, while 
reducing the O2 desorption energy, thereby accelerating the OER process through the lattice oxygen 
mediated mechanism (LOM). As a result, the la-S-NiFe-LDH/NFF electrode demonstrated excellent OER 
catalytic performance, achieving low overpotentials of 245 and 252 mV at 100 mA·cm-2 in alkaline 
freshwater and seawater, respectively. Notably, the Pt/C || la-S-NiFe-LDH/NFF electrolyzer reached an 
industrial current density of 500 mA·cm-2 at a cell potential of 1.83 V for seawater electrolysis, maintaining 
stable operation for 100 h without significant degradation.

MICROBIAL CORROSION
Microbial corrosion is a method that utilizes the metabolic activities of specific microorganisms, such as 
Shewanella oneidensis MR-1[73] and anaerobic sulfate-reducing bacteria (SRB)[74], to induce the formation of 
beneficial corrosion products (e.g., nickel-iron hydroxides[75]) through the interaction between the metabolic 
products and metals or metal ions. This method integrates microbial corrosion with inorganic materials 
synthesis, facilitating the development of catalysts with enhanced OER performance under environmentally 
sustainable conditions[76].

Yang et al. reported an innovative application of microbial corrosion technology in the synthesis of nickel-
iron hydroxides, successfully developing a highly efficient OER catalyst with a distinctive nanostructure[77]. 
Cleaned NF was submerged in reagent bottles containing different concentrations of anaerobic SRB 
[Figure 7A]. The SRB utilizes *H to reduce sulfate to sulfide, which subsequently interacts with dissolved 
Ni2+ to yield the bio-corrosion film Ni(Fe)(OH)2-FeSx [Figure 7B][78]. Experimental and theoretical 
investigations suggest that the high activity is attributed to the synergistic effect between Ni(Fe)OOH and 
Fe-S [Figure 7C]. The formation of *O on the Ni(Fe)OOH-FeSx electrode is the rate-limiting step for OER. 
Incorporating Fe-S species strengthens the bonding between Fe and the active *O intermediate and 
significantly reduces the adsorption free energy gap. Ni(Fe)OOH-FeSx achieves excellent electrochemical 
performance at reduced overpotentials, needing only 220 mV for a 10 mA·cm-2 current density and 
retaining good stability at 100 mA·cm-2 [Figure 7D].
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Figure 7. (A) Preparation diagram of Ni(Fe)(OH)2-FeSx electrode; (B) Raman spectra of corrosion-formed products; (C) Free energy 
diagram of corrosion-formed products; (D) CV profiles of different electrodes[77]. Reproduced under the terms of the Creative Commons 
Attribution License; (E) Microbial corrosion synthesis of Ni-Fe hydroxide/NF; (F) Microbial reduction synthesis of Ni NPs/NF; (G) 
Polarization curves of Fe3+/bNF, Fe2+/bNF, Ni2+/bNF, Fe3+/NF, Fe3+/bNF *, bNF, and NF. Reproduced with permission[79]. Copyright 2024, 
Elsevier. CV: Cyclic voltammetry; NF: nickel foam; bNF: bio-treated nickel foam.

Microorganisms exhibit different corrosion behaviors in various solution environments due to the 
significant influence of environmental factors on their metabolism. Li et al. modify NF using the distinct 
corrosion behaviors exhibited by Shewanella oneidensis in various solution environments[79]. The NF and 
Shewanella oneidensis are enclosed in oxygen-free vials with different ionic solutions for five days, yielding 
a range of M/bNF catalysts. The research demonstrated that in Fe3+ solutions, Shewanella oneidensis 
accelerates NF corrosion, generating nanosheet structures of nickel iron hydroxides [Figure 7E]. In contrast, 
Shewanella oneidensis reduces nickel ions to synthesize nickel NPs in Ni2+ solutions [Figure 7F]. The 
modified Fe3+/bNF catalyst exhibits significantly enhanced OER performance, requiring only a 0.265 V 
overpotential to achieve a current density of 10 mA·cm-2 [Figure 7G]. In addition, the utilization of an 
external magnetic field-assisted microbial corrosion strategy facilitates the development of novel and 
efficient oxygen evolution electrocatalysts. As reported by Zhang et al., the introduction of an external 
magnetic field can expedite the corrosion processes of chemicals and SRB, promoting the production of FeS 
from SRB corrosion[75]. Theoretical investigations indicate that the integration of Ni(Fe)OOH into FeS 
promotes the optimization of O intermediate desorption from the NiOOH catalyst in the OER process, 
thereby lowering the energy barrier for the transformation from *O to *OOH. The synergistic effect between 
nickel iron hydroxide and FeS promotes the enhancement of OER activity. The synthesized Ni(Fe)(OH)2-
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FeS requires only a 287 mV overpotential to achieve a current density of 100 mA·cm-2.

COST ESTIMATION FOR INDUSTRIAL PURPOSES
Cost plays a central role in the viability of a technology for widespread industrial adoption[80]. Considering 
our review on linking corrosion engineering with industrial applications, this section evaluates the costs 
associated with corrosion-synthesized materials to assess their potential for industrial application.

We begin with an electricity cost estimation. To enable a comparison across different electrode materials, 
we calculate the electricity cost for generating 1 m3 of hydrogen in an alkaline electrolyzer under fixed 
conditions. At standard conditions (0 °C, 1 atm), 1 mol H2 occupies roughly 22.4 L[81]. Thus, the molar 
quantity for 1 m3 (1,000 L) of hydrogen is approximately 44.64 mol. Considering that the production of 
hydrogen is related to the amount of charge transferred, the total charge (Q) required to produce 44.64 mol 
of H2 can be derived from Faraday’s law, calculated by[82]:

Where n is the number of moles of the product, z is the number of electrons transferred by the product and 
F is the Faraday constant. Further, the electric energy consumed (W) at the operating voltage (U) of the 
electrolyzer can be determined, according to Joule’s law, by[83]:

The actual operating voltage of the electrolyzer considers the theoretical electrolysis potential, overpotentials 
for both OER (ηOER) and HER (ηHER), and internal resistance losses (IR), which can be expressed as U = 
1.23 + ηOER + ηHER + IR[84]. Since the electrode materials derived from corrosion engineering mainly exhibit 
excellent OER catalytic activity, for simplification, we assume that ηHER and IR are zero, meaning that the 
electricity cost based only on the theoretical electrolysis potential and ηOER. In other words, the estimated 
value we obtain represents the minimum electricity cost, and if we further consider the HER side, the 
associated electricity cost would increase further.

Based on the above analysis, we estimate the electricity cost associated with the electrode materials prepared 
via corrosion methods, as well as the alkaline commercial Raney nickel electrode, under a current density of 
0.1 A·cm-2, corresponding to the required operating voltage. These estimates, along with other relevant 
information, are summarized in Table 1. As shown, the power consumption of the corrosion-synthesized 
electrodes ranges from 3.4 to 3.7 kW·h under the above conditions, which is lower than the 4.0 kW·h for 
Raney nickel, indicating a performance advantage. Considering the current industrial electricity price 
ranging from 0.3 to 1.6 ¥/kW·h, the minimum threshold price of hydrogen, from the corrosion-prepared 
electrodes, can be estimated at 0.9 ¥/m3 from the perspective of electricity cost.

The synthesis cost analysis for electrodes produced by corrosion methods and Raney nickel electrodes is 
also performed. The synthesis cost can be further broken down into raw material and equipment costs. The 
raw material prices mainly involved in the corrosion synthesis methods are presented, sourced from major 
reagent suppliers and Chinese manufacturers [Supplementary Table 1]. The primary cost of corrosion 
electrodes arises from the metal substrate and the raw materials used during processing. Due to the 
similarity in the processes of oxygen corrosion, hydrogen evolution corrosion and oxidant corrosion, their 
costs are almost equivalent. The complexity and high cost of the microbial cultivation process contribute to 
the higher overall cost for microbial corrosion. Therefore, the cost ranking is: microbial corrosion |||<*** 

Q = z × n × F = 2 × 44.64 mol × 96485 C·mol-1 = 8.61 × 106 C                                      (17)

W = U × I × t = U × Q = 2.393 U kW·h                                                        (18)

https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202506/cs40142-SupplementaryMaterials.pdf
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Table 1. List of corrosion mechanism, corrosion product, corrosion speedup strategy, catalytic performance and cost estimation for catalysts synthesized based on corrosion engineering strategy

Corrosion mechanism Catalyst Substrate Corrosion 
product

Corrosion speedup 
strategy

Current density @overpotential 
[mA·cm-2@mV]

Electricity consumption for 1 m3 H2 
[kW·h] Ref.

Oxygen corrosion 3D-O2-Cat-1 Fe foam NiFe-LDH - η100 ≈ 220 
η500 = 257

3.5 [25]

Oxygen corrosion NiFe-LDH@IF-200-72 Fe foam NiFe-LDH - η100 = 209 3.4 [29]

Oxygen corrosion CoFe(OH)x-500/NFF NFF CoFe(OH)x Cl- η100 = 274 3.5 [37]

Oxygen corrosion NF@NiFe-LDH-1.5-4 Ni foam NiFe-LDH Fe3+ 
Cl-

η100 = 190 3.4 [43]

Oxygen corrosion NiFe1.833(OH)0.5O2.5 Stainless 
steel

NiFe1.833(OH)0.5O2.5 T* 
Cl-

η10 = 282 
η100 ≈ 410

3.9 [47]

Oxygen corrosion Pt-Co/Fe LDH Fe foam FeOOH, FeCo-LDH H2PtCl6 
Cl-

η100 = 285 3.6 [51]

Oxygen corrosion NiFe-O-NAs Ni foam Fe2O3, α-FeOOH Cl- η10 = 188 
η100 ≈ 255 
η500 = 323

3.5 [52]

Hydrogen evolution 
corrosion

INF-S NFF FeNi(oxy)hydroxides - η10 ≈ 243 
η100 ≈ 317

3.7 [56]

Hydrogen evolution 
corrosion

C-NFF(5:5)-LDH(6)/Fe2
O3

NFF NiFe-LDH, Fe2O3 T η10 = 220 
η100 ≈ 385

3.9 [59]

Hydrogen evolution 
corrosion

A-NiFe/NF Ni foam NiFe-LDH Fe3+ 
Cl-

η100 = 251 
η500 = 300

3.5 [60]

Hydrogen evolution 
corrosion

NiFe-LDH/FHO Ni foam NiFe-LDH T η10 = 180 
η100 ≈ 195 
η500 = 248

3.4 [61]

Oxidant corrosion Ni(Fe)OOH/Ni(Fe)Sx NFF Ni(Fe)OOH, Ni9S8 S2O8
2- η10 = 227 

η100 ≈ 265
3.4 [66]

Oxidant corrosion MS/SS Stainless 
steel

MS, M = Fe, Ni, Cr Fe3+ 
S2O3

2-
η100 ≈ 300 3.7 [68]

Oxidant corrosion (Ni, Fe)3S2/NFF NFF (Ni, Fe)3S2 Fe3+ 
S2O3

2-
η100 = 241 
η500 ≈ 350

3.5 [69]

Oxidant corrosion Ni0.75Fe2.25O4 NPs Ni foam Ni0.75Fe2.25O4 Fe3+ 
T

η10 = 192 - [38]

Oxidant corrosion la-S-NiFe-LDH/NFF NFF NiFe-LDH H2O2 η100 = 245 
η500 = 283

3.5 [71]

Microbial corrosion Ni(Fe)(OH)2-FeSx Ni foam Ni(Fe)(OH)2, FeSx Fe3+ η10 = 220 
η100 ≈ 315

3.7 [77]

Microbial corrosion Fe3+/bNF Ni foam FeNi(oxy)hydroxides Fe3+ η10 = 265 
η100 ≈ 307

3.7 [79]
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Microbial corrosion Ni(Fe)(OH)2-FeS Ni foam Ni(Fe)(OH)2, FeS Fe3+ 
magnetic

η100 = 287 3.6 [75]

- Raney Ni Ni mesh - - η100 ≈ 432 4.0 [85]

*T denotes the increase in the temperature of the reaction system. LDH: Layered double hydroxide; NFF: NiFe foam; NF: nickel foam; MS: metal sulfide; SS: stainless steel; NPs: nanoparticles.

oxygen corrosion ≈ hydrogen evolution corrosion ≈ oxidant corrosion.

The synthesis cost of a 0.25 m2 circular electrode is estimated as a case study based on the industrial application scenario. The estimate is made solely based on 
our familiarity with the synthesis system and previous work[25]. Since the synthesis occurs spontaneously at ambient temperature, acrylic reaction vessels with 
acceptable corrosion resistance can be used, while ensuring that the volume of the corrosion solution is sufficient to cover the electrode material. Considering 
the custom cost of the acrylic container together with the price of the corrosion solution and the metal substrate, the total synthesis cost can be estimated to be 
around 1,200 ¥. Unlike corrosion-engineered electrodes, commercial Raney nickel requires plasma spraying equipment for its synthesis, which incurs higher 
processing costs, with a market value of approximately 1,500 ¥[86]. As demonstrated in the cost analysis, the corrosion method presents clear advantages over 
the Raney nickel electrodes. The scaling-up of corrosion-derived electrode materials for industrial purposes is both practically feasible and economically 
compelling.

CONCLUSION AND OUTLOOK
In this review, we systematically elaborate on various corrosion mechanisms, including oxygen corrosion, hydrogen evolution corrosion, oxidant corrosion, 
and microbial corrosion, and their applications in OER catalyst design. We also explore strategies to accelerate the corrosion process and modification 
methods of corrosion products, providing innovative perspectives and approaches for developing new high-efficiency catalysts. The results of related studies 
demonstrate that corrosion engineering shows great potential in preparing highly active and durable OER catalysts suitable for industrial applications. 
However, some challenges persist in fully applying corrosion engineering at an industrial production scale.

(1) Some fundamental reaction mechanisms in corrosion engineering remain unclear. The basic mechanisms are often inferred from the products and 
experimental phenomena, but there is a lack of in-situ characterizations to clarify the corrosion and growth mechanisms. Therefore, advanced in-situ 
characterization techniques, such as in-situ Raman, in-situ TEM, in-situ X-ray photoelectron spectroscopy (XPS), etc., are needed to monitor the molecular 
structure and valence states of corrosion products, together with the solution composition of the corrosion reaction in real time. This would allow for precise 
identification of corrosion mechanisms and provide guidance for the preparation of electrocatalysts in corrosion engineering.
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(2) To optimize corrosion methods for industrial applications, synthesis conditions should be chosen based 
on scalability, safety, and cost-effectiveness. The shift from small-scale lab production to large-scale 
industrial processes often leads to changes in the catalyst’s microstructure and overall performance, making 
it challenging to maintain its activity and stability. As production scales up, the stability of raw material 
supply and cost-effectiveness become even more critical, highlighting the need for more affordable and 
accessible alternatives that can still yield high-performance catalysts. Furthermore, special attention must be 
given to evaluating whether the corrosion process can ensure the uniformity of large-scale electrodes meets 
the standards required for industrial production.

(3) Designing multi-component materials based on corrosion engineering. By innovating corrosion 
mechanisms, expanding the functionality and diversity of corrosion products is expected to promote the 
application of corrosion engineering in more fields. By exploring novel corrosion media and customizing 
corrosion environments, the dynamics and pathways of corrosion processes can be manipulated to create 
catalysts with unique compositions. Additionally, studying the corrosion behavior of active metals and rare 
earth metals can lead to corrosion products with distinctive electronic structures and surface properties 
during the corrosion process, which may exhibit excellent performance in catalytic applications.

(4) Developing special morphologies based on corrosion engineering, such as hierarchical nanostructured 
catalysts. Hierarchical nanostructures can significantly improve the surface hydrophilicity and gas 
repellency of the catalyst. At high current densities, these properties ensure rapid electrolyte coverage and 
efficient charge transfer, while also enabling quick bubble detachment. This would help maintain the 
catalyst’s high activity and slow degradation, thus meeting the high current requirements of industrial 
applications.

(5) Broadening substrate types based on corrosion engineering. Currently, corrosion engineering primarily 
relies on iron, cobalt, nickel, and their alloys as metal substrates. However, when these corrosion-prone 
metals are used as catalyst supports, their structural stability still faces certain challenges. Therefore, 
developing effective methods for corroding other substrates, particularly for titanium mesh and some 
corrosion-resistant alloys, becomes especially important. Considering the application of seawater 
electrolysis, we are also exploring whether corrosion methods can be combined with seawater electrolysis. 
However, existing metal substrates that can undergo corrosion reactions face serious pitting corrosion in Cl-

-rich seawater environments, leading to catalyst breakdown and deactivation. Finding substrates with 
higher Cl--resistance that can function in seawater will be key to advancing the commercialization and 
scaling of seawater electrolysis.
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