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论文题目：Dual-Anion Electrolyte Engineering for Stable Seawater 

Oxidation 

作者：Bai Theodore (白羽恩) 

摘要：Alkaline seawater electrolysis represents a promising approach for large‑scale 

green hydrogen production, leveraging abundant seawater feedstock. Nevertheless, its 

practical implementation faces severe challenges including chloride‑induced corrosion, 

competitive parasitic oxidation, and transition‑metal dissolution during the oxygen 

evolution reaction (OER). In this work, we propose a straightforward dual‑anion 

electrolyte‑engineering strategy by combining F⁻ and B(OH)₄⁻ to enhance 

seawater‑oxidation stability. Benefiting from this dual‑anion‑assisted electrolyte, the 

FeNi‑layered double hydroxide supported on nickel foam (FeNi‑LDH/NF) maintains 

favorable OER activity and achieves stable operation for over 1500 h at 1 A cm⁻². By 

contrast, the blank electrode without anion additives fails after approximately 600 h. 

Comprehensive characterizations including XPS, operando Raman spectroscopy, 

metal‑dissolution measurements, Bode impedance analysis, and molecular‑dynamics 

simulations reveal the intrinsic synergy between F⁻ and B(OH)₄⁻. This synergistic effect 

suppresses near‑surface Cl⁻ accumulation and mitigates Ni/Fe dissolution. This work 

highlights that electrolyte engineering via F⁻‑B(OH)₄⁻ dual‑anion synergy serves as an 

effective strategy for constructing durable alkaline seawater‑electrolysis systems. 

关键词： NiFe-LDH; seawater electrolysis; oxygen evolution reaction; chloride 

corrosion; F-+B(OH)4
- complex 
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论文正文： 

1. Introduction 

Hydrogen is expected to play a central role in future low-carbon energy systems 

[1–4]. Direct seawater electrolysis offers an appealing route to reduce freshwater 

consumption amid freshwater shortages [5–7]. Nevertheless, the complex composition 

of seawater brings harsher operating conditions, and chloride-induced anode 

degradation constitutes the major bottleneck for practical seawater electrolysis [8]. 

High-concentration Cl⁻ readily accumulates at the electrode–electrolyte interface and 

penetrates porous catalyst layers, triggering corrosion and forming soluble metal-

chloride species that accelerate transition-metal dissolution. Long-term alkaline 

seawater oxidation therefore requires coordinated regulation of chloride transport, 

metal dissolution and interfacial stability [9–13]. 

Substantial progress has been achieved in high-activity OER catalysts, yet long-

term stability under practical conditions remains critical for alkaline seawater 

electrolysis [14–16]. Various stabilization strategies have been developed, including 

physical barrier coatings, dynamic surface reconstruction, doping, interlayer-anion 

engineering, electrolyte regulation and heterostructure engineering [17–22]. Anion-

mediated protection has drawn growing interest, as surface oxyanions tailor the 

interfacial environment and restrict chloride access. In-situ generated sulfate from 

NiFe/NiSₓ and Ni₃S₄/NiFe-LDH, dynamically formed WOₓ from Nb-WO₃/WS₂, and 

released anions from CoFePBA/Co₂P and CoFeAl-LDH can enrich at interfaces, repel 

Cl⁻ and suppress degradation [16, 23–26] (as shown in Figure 1a). Exogenous 

electrolyte additives including sulfate, phosphate, PF₆⁻ and CrO₄²⁻ also stabilize LDH 

anodes via interfacial adsorption, excluding Cl⁻ and mitigating metal dissolution [27–

30]. Recent efforts further adopt complementary anion pairs such as SO₄²⁻/CO₃²⁻ and 

MoO₄²⁻/PO₄³⁻ for cooperative interfacial modulation and enhanced chloride rejection 

[31,32]. Fluoride, owing to its high electronegativity and strong hydration ability [33, 

34], has been demonstrated to reorganize interfacial hydrogen-bond networks and 

regulate interfacial water structures (as shown in Figure 1b). Meanwhile, the hydroxyl-
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rich structure and oxygen-coordination capability of borate favor its interaction with 

NiFe-based oxyhydroxides, enabling borate-mediated regulation of the local 

coordination environment and suppression of transition-metal dissolution during 

oxygen evolution [35-37].  

 

Figure 1. Classic approaches for electrode stabilization (a) Ion selective layer (ISL) [16], (b) F⁻ 

electrolyte engineering [34] 

Inspired by these merits, we developed an F⁻+B(OH)₄⁻ dual-anion coupled 

electrolyte engineering strategy to stabilize NiFe-LDH anodes for durable seawater 

oxidation. In detail, F⁻ as a small ion with strong hydration ability can strongly interact 

with surrounding water molecules and B(OH)₄⁻ contains several hydroxyl groups and 

can interact with water and NiFe-based oxyhydroxide surfaces. The introduced F- and 

B(OH)4
- not only repels Cl- to enhance corrosion resistance, but also suppresses 

transition-metal dissolution. As a result, FeNi-LDH/NF can stably electrolyze seawater 

for 1500 hours at 1 A cm-2 in a F- and B(OH)4
--assisted electrolyte, significantly longer 

than in without additive electrolyte (600 h). This work highlights the impact of 

electrolyte regulation on the stability of electrocatalysis. 

 

Scheme 1. Dual-anion coupled F-+B(OH)4- electrolyte engineering strategy 
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2. Methodology 

2.1 Chemicals and materials: 

Ni(NO3)2·6H2O and Fe(NO3)3·9H2O were purchased from Aladdin Industrial Co. 

Urea, KOH, and NaCl were purchased from Beijing Chemical Reagents Co. KF and 

H3BO3 were purchased from Shanghai Macklin Biochemical Co. Deionized water with 

a resistivity of ≥ 18 MΩ was utilized for preparation of all aqueous solutions. All 

reagents were of analytical grade and were employed directly without further 

purification. In strongly alkaline solutions, H₃BO₃ undergoes deprotonation, resulting 

in B(OH)₄⁻ as the predominant borate species.  

2.2 Synthesis of NiFe-LDH: 

0.66 mmol Ni(NO3)2·6H2O, 0.33 mmol Fe(NO3)3·9H2O, and 5 mmol urea were 

dissolved in 35 mL deionized water. Nickel foam was subjected to ultrasonic cleaning 

in 3 M HCl for 5-10 minutes, followed by thorough rinsing with ethanol and deionized 

water. Subsequently, this solution and a piece of cleaned Ni foam measuring 2×4 cm2 

were transferred into a Teflon-lined stainless-steel autoclave and maintained at 120°C 

for 12 hours to synthesize the NiFe LDHs electrode. 

2.3 Physical characterization: 

XRD patterns were recorded on an Ultima IV (Rigaku) in the range from 5° to 90° 

at a scan rate of 5°/min. SEM images were obtained on a Zeiss SUPRA55 scanning 

electron microscope, operated at 10 kV. XPS was performed by using a K-Alpha model 

(Thermo Scientific). ICP-OES was carried out on the Thermo Fisher iCAP 7400. 

2.4 Electrochemical Measurements: 

A three-electrode system was employed to conduct all electrochemical 

measurements at a temperature of 25 °C. The electrocatalyst, with a working electrode 

surface area of 1 cm ×1 cm, utilized a Hg/HgO reference electrode and a graphite rod 

as the counter electrode. The measured potential versus Hg/HgO could be converted to 

the potential versus reversible hydrogen electrode (RHE) by Equation (1):  

                      (1)   

OER performance was evaluated in alkaline simulated seawater with (1 M KOH 
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+ 0.5 M NaCl )_or without added halide ions (1 M KOH + 0.5 M NaCl + X-). The 

electrochemical behavior was investigated using reverse linear sweep voltammetry 

(LSV) from 1 to 0 V vs Hg/HgO at a scan rate of 5 mV s-1. The curves were manually 

corrected with 90% iR compensation. The R is obtained from electrochemical 

impedance spectroscopy (EIS), with the frequency range of 105 to 10-1 Hz and an 

amplitude of 10 mV. Tafel slopes were derived by plotting potential against log(j) from 

the LSV curves.  

The corrosion behavior was evaluated across various electrolytes using a 

conventional three-electrode system on an electrochemical workstation (CS2350H, 

Wuhan Corrtest Instruments). A piece of Ni foam (NF) with an exposed area of 1 × 1 

cm² served as the working electrode, a platinum wire as the counter electrode, and a 

mercury/mercury oxide (Hg/HgO) electrode as the reference. The system could 

stabilize at the open-circuit potential until the potential drift was less than 1 mV/min. 

Polarization curves were then recorded from -0.3 V to 0.5 V versus the open-circuit 

potential at a scan rate of 0.5 mV s⁻¹ to determine the corrosion potential (Ecorr) and 

corrosion current density (icorr). 

2.5 In-situ electrochemical Raman measurements: 

Electrochemical Raman spectroscopy was carried out on a Horiba Lab RAM HR 

Evolution confocal Raman spectrometer equipped with a 532 nm laser source and a 

50× objective lens, with an acquisition time of 90 seconds. The electrochemical 

workstation (CHI 660D, Chenhua, Shanghai) was used to perform the Amperometric i-

t Test under OCP to 1.49V vs RHE. Each spectrum was obtained at least three times 

with an exposure time of 90 seconds. 

2.6 Molecular dynamic (MD) simulations: 

To simulate the distribution of OH- and Cl- on the electrode surface in various 

electrolytes, two models were constructed, representing simulated seawater and 

simulated seawater with an additional 1.5 M F-, respectively, applied to the surface of 

a NiFe-LDH electrode model. Both electrolyte models contained 500 H2O molecules, 

5 Na+, 5 Cl-, 10 K+, and 10 OH- ions, while the F-containing model additionally included 
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15 K+ and 15 F- ions, and F-+B(OH)4
- -containing model additionally included 4 

B(OH)4
- and 6 OH-. A vacuum layer approximately 30 Å was added above the solution 

to eliminate interactions between periodic images, resulting in a simulation box of 

approximately 36Å × 32Å × 60 Å. All atoms in the electrode model were fixed, while 

all particles in the solution could move freely. Periodic boundary conditions were 

applied along the x and y directions. Packmol was used to build the initial 

configurations of the model systems. The COMPASS III force field was used for 

molecular simulations. The Nosé–Hoover thermostat was applied to maintain constant 

NVT conditions with a relaxation time of 0.1 ps and a temperature of 300 K. The 

velocity Verlet algorithm with a time step of 1.0 fs was used to integrate the equations 

of motion. A cutoff distance of 20 Å was applied to all non-bonded interactions. All 

reported results were averaged over a 1000 ps simulation, with atomic coordinates and 

charges collected every 1.0 ps for post-analysis. 
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3. Results and Discussion 

Synthesis and Characterization of NiFe-LDH 

FeNi-LDH array was fabricated on nickel foam (FeNi LDH/NF) by a simple 

solvothermal method by using Fe(NO3)3·9H2O and Ni(NO3)2·6H2O as metallic 

precursors, urea as the reductant (Figure 2a). The crystal structure of FeNi-LDH/NF 

was characterized by the X-ray diffraction (XRD) pattern (Figure 2b). Noting that the 

strong diffraction signals of nickel foam were removed to avoid the interference. The 

XRD pattern shows the characteristic reflections of NiFe-LDH. The strong peaks 

assigned to the (003) and (006) planes appear at approximately 11° and 23°, respectively, 

and additional reflections such as (012), (015), (018), and (113) are also visible. These 

peaks agree with the standard NiFe-LDH pattern (PDF#40-0215), confirming the 

expected layered structure[35, 38]. The morphology of the FeNi-LDH/NF was also 

analyzed by scanning electron microscopy (Figure 2c). NiFe-LDH/NF exhibits a 

network of interwoven nanosheets, which are supported by a multidimensional porous 

nickel-foam substrate, with each nanosheet having a lateral size of less than 200 nm. 

This nanoscale architecture facilitates the complete exposure of catalytic active sites 

and enhances the interaction between electrode and electrolyte. Furthermore, energy 

dispersive X-ray spectroscopy (EDS) elemental mapping confirmed the uniform 

distribution of Ni, Fe, and O throughout the NiFe-LDH (Figure 2d). 

 

Figure 2. (a) Schematic route for the synthesis of NiFe-LDH. (b) XRD pattern, (c) SEM image, and 

(d) EDS elemental mapping of NiFe-LDH. 

20
26
 S
. -
T. 
Ya
u 
Hi
gh
 S
ch
oo
l S
cie
nc
e 
Aw
ar
d 

仅
用
于
20
26
丘
成
桐
中
学
科
学
奖
论
文
公
示
 



10 

 

Electrocatalytic Performance and Durability of NiFe-LDH in Saline 

Environments 

To evaluate the individual and synergistic effects of F- and B(OH)4
- additives on 

the OER behavior of NiFe-LDH, cyclic voltammetry (CV) measurements were 

systematically performed in alkaline simulated seawater electrolytes containing 

different concentrations of coupled anion additives (Figure 3 and Figure 4). As shown 

in Figure 3, the introduction of F- alone gradually promoted OER activity, as evidenced 

by the decreased oxidation potential compared with the blank electrolyte, whereas 

B(OH)4
- alone exhibited a slight inhibitory effect, likely due to its interaction with the 

electrode/electrolyte interface. Subsequently, the synergistic effects of F- and B(OH)4
- 

were evaluated by varying their concentrations simultaneously (Figure 4). 

Figure 3. CV at alkaline simulated seawater containing (a) F- and (b) B(OH)4- additive, the scan 

rate is 5 mV/s. 

 

Figure 4. Cyclic voltammetry (CV) curves of NiFe-LDH in alkaline simulated seawater (1 M KOH 

+ 0.5 M NaCl) containing different concentrations of F- and B(OH)4
- additives (scan rate: 5 mV s⁻¹): 
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(a) 0.1 M B(OH)4
-, (b) 0.2 M B(OH)4

-, (c) 0.3 M B(OH)4
- (d) 0.4 M B(OH)4

- and (e) 0.5 M B(OH)4
- 

with F- concentrations of 0.1-1.6 M F- and (b) B(OH)4
- 

The overpotential values extracted at 10 mA cm-2 from all CV curves were 

summarized into a two-dimensional activity map (Figure 5a). A low-overpotential 

region appears at relatively high (1.5–1.6 M) F⁻ concentrations combined with 

moderate B(OH)4
- concentrations of about 0.1–0.4 M indicating an optimal 

electrochemical activity window for the F-+B(OH)4
- synergistic electrolyte regulation. 

The effect of electrolyte composition on the stability of NiFe-LDH was further 

evaluated at 500 mA cm-2 in a more corrosive and higher salty electrolyte containing 1 

M KOH and 2 M NaCl (Figure 5b). Among these candidates, the electrolyte containing 

1.5 M F- and 0.4 M B(OH)4
- helps NiFe-LDH to exhibit the most stable operation, 

identifying this composition as the optimized electrolyte for subsequent mechanistic 

investigations and device-level evaluation. For comparison, blank (1 M KOH + 0.5 M 

NaCl), F- (1 M KOH + 0.5 M NaCl + 1.5 M F-), B(OH)4
- (1 M KOH + 0.5 M NaCl + 

0.4 M B(OH)4
-), F- + B(OH)4

- (1 M KOH + 0.5 M NaCl + 1.5 M F- + 0.4 M B(OH)4
-) 

were investigated to distinguish the contributions of anions coupled effects. In Figure 

5c, NiFe-LDH required an overpotential of approximately 234 mV to reach 10 mA cm⁻² 

in the blank electrolyte. The addition of F- significantly improved the OER activity, 

decreasing η10 to approximately 223 mV, whereas B(OH)4
- alone showed a similar 

activity to the blank electrolyte with an η₁₀ of approximately 233 mV. When F- and 

B(OH)4
- were combined, a low η10 of approximately 225 mV was maintained, 

demonstrating that the dual-anion electrolyte preserves favorable OER activity. All 

polarization curves were iR-corrected using the solution resistance determined by 

electrochemical impedance spectroscopy (EIS), excluding changes in solution 

resistance as the main origin of the observed activity differences. Corrosion polarization 

measurements further revealed the influence of the electrolyte additives on the 

corrosion behavior of NiFe-LDH (Figure 5d). The corrosion potential (Ecorr) 

progressively shifted from 0.867 V in the blank electrolyte to 0.909 V with F-, 0.921 V 

with B(OH)4
-, and 0.975 V in the F-+B(OH)4

- electrolyte. The dual-anion system 

therefore exhibited the most positive corrosion potential, suggesting an improved 

corrosion-resistant interfacial environment. Together, these results indicate that F- 
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mainly contributes to the improvement in OER activity, while the combination of F- 

and B(OH)4
- provides a favorable balance between catalytic activity and corrosion 

resistance. This enhanced durability was further confirmed by chronopotentiometry at 

1 A cm-2 in 1 M KOH + 0.5 M NaCl (Figure 5e). The additive-free electrode failed after 

~600 h due to a rapid potential increase, whereas the optimized F-+B(OH)4
- electrolyte 

enabled stable operation for over 1500 h with only minor potential fluctuations. Thus, 

these results show that the optimized F-+B(OH)4
- electrolyte significantly improves the 

corrosion resistance and high-current durability of NiFe-LDH.  

 

Figure 5. (a) Two-dimensional overpotential map at 10 mA cm−2 as a function of F- and B(OH)4
- 

concentrations; the red region represents lower overpotential. (b) Chronopotentiometry (CP) tests 

at 500 mA cm−2 in 1 M KOH + 2M NaCl at different F-+B(OH)4
- compositions. (c) Polarization 

curves of NiFe-LDH with/without F-+B(OH)4
- (d) corrosion polarization curves. (e) 

Chronopotentiometry (CP) tests at 1 A cm−2 for NiFe-LDH in 1 M KOH + 0.5M NaCl. 

Post-reaction SEM/EDS characterizations were carried out on NiFe-LDH 
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electrodes after 50 h chronopotentiometry tests at 1 A cm⁻² in alkaline seawater with 

different additives, which further verify the protective role of these anionic additives 

(Figure 6 and Table 1). The electrode tested in additive-free electrolyte exhibited severe 

structural degradation of both the catalyst layer and nickel foam substrate. In contrast, 

electrodes measured in F⁻-, B(OH)₄⁻-, and F⁻+B(OH)₄⁻-containing electrolytes retained 

the layered morphology of NiFe-LDH much better. Remarkably, the electrode cycled 

in the F⁻+B(OH)₄⁻ electrolyte maintained the most intact microstructure and possessed 

the lowest surface Cl content, demonstrating effective suppression of interfacial 

chloride accumulation and alleviation of chloride-triggered corrosion. 

 

Figure 6. SEM images of NiFe-LDH electrodes after 50 h chronopotentiometry testing at 1 A cm-2 

in alkaline seawater with different additives. 

Table 1. EDS analysis of Cl content on NiFe-LDH electrodes after 50 h chronopotentiometry (CP) 

at 1 A cm-2 in alkaline seawater with different electrolytes. 
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Mechanism for Performance Enhancement of Dual-Ion System 

To investigate the origin mechanism of the enhanced seawater oxidation durability 

by the assistant with FB, we performed x-ray photoelectron spectroscopy (XPS) to 

probe the surface chemical environments of Ni and Fe before and after operation in 

different electrolytes. As shown in Figure 7a, following a 24-hours 

chronopotentiometric test at 400 mA cm-2, the Fe 2p peak [38] of NiFe-LDH operated 

in the F-, B(OH)4
-, and F-+B(OH)4

- electrolytes shifted toward higher binding energies 

by approximately 0.64, 0.34, and 0.28 eV, respectively, relative to that observed in the 

blank electrolyte (Figure 7a). The intermediate Fe shift observed in the co-additive 

electrolyte suggests that F- and B(OH)4
- jointly modulate the local coordination 

environment of Fe through their surface interactions. In contrast, only negligible 

changes (≤0.04 eV) were observed for the Ni 2p peaks under all additive-containing 

conditions (Figure 7b) [39]. These results indicate that the electrolyte additives 

predominantly tune the surface chemical environment of Fe, while the local chemical 

environment of Ni undergoes only minor variations. Meanwhile, F related signal clearly 

appeared after operation in the FB-containing electrolyte, further confirming the 

interaction between Fe with F- and B(OH)4
- (Figure 7c). 

 

Figure 7. Electronic-state regulation of Ni/Fe dissolution by the F-+B(OH)4⁻ electrolyte. (a) Fe 2p, 

(b) Ni 2p and (c) F 1s XPS spectra of NiFe-LDH after electrolysis in the blank, F-, B(OH)4
-, and F-

+B(OH)4
- containing electrolytes.  
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Figure 8. Operando Raman spectrum, in situ Raman spectra of the alkaline OER process at in 

simulated seawater and simulated seawater containing different additives. (a) B(OH)4
-, (b) F- + 

B(OH)4
-
. 

 

Figure 9. The dissolved amount of Ni and Fe after the 24 h chronopotentiometry (CP) test in 

different electrolytes 

Furthermore, operando Raman spectroscopy observes borate-related B–O 

vibration, suggests the presence of borate species at the catalyst/electrolyte interface 

(Figure 8). The influence of electrolyte composition on the dissolution of metal during 

seawater oxidation was evaluated by inductively coupled plasma optical emission 
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spectroscopy (ICP-OES). As shown in Figure 9, the dissolved Ni amount from the NiFe 

LDH/NF in FB-containing electrolyte is 0.15 mg, which is significantly lower than that 

in the FB-free seawater (1.24 mg). Similarly, the dissolved Fe amount in FB-containing 

seawater is also lower than in FB-free electrolyte (Figure 9). These results demonstrated 

that their combination suppresses transition-metal dissolution, which provides 

sustained stabilization during prolonged electrolysis. 

 

Figure 10. Operando Raman spectrum, in situ Raman spectra of the alkaline OER process at in 

simulated seawater and simulated seawater containing different additives. (a) blank, (b) F-, (c) 

B(OH)4-, (d) F- + B(OH)4-, e. enlarged view of the boxed region in a, f. enlarged view of the boxed 

region in d, 

Operando Raman spectroscopy was further employed to track the potential-

dependent reconstruction of NiFe-LDH (Figure 10). It showed the operando Raman 

spectra of NiFe-LDH in blank, F-, B(OH)4
-, and F-+B(OH)4

- electrolytes over the 

potential range from open-circuit potential (OCP) to 1.49 V versus RHE. The NiFe-

LDH in F-+B(OH)4
- exhibited a shift of the peaks from 448 and 522 cm-1 

(corresponding to Ni2+ Ni-O bending and stretching vibrations) to 469 and 547 cm-1 

(Ni3+ Ni-O bending and stretching vibrations) at 1.39 V versus RHE. In contrast, NiFe-

LDH in blank show surface reconstruction until at 1.41 V versus RHE. The earlier 

emergence of Ni3+-O vibrations indicated that F-+B(OH)4
- accelerates the initial 

reconstruction of NiFe-LDH into the catalytically active oxyhydroxide phase and 

enhances OER activity. Combined with XPS analysis after prolonged anodic 

polarization, these results revealed a dynamic regulation mechanism in which the 

electrolyte facilitates active-phase generation without producing a pronounced 
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difference in the final Ni 2p binding energy after extended OER operation. 

 

Figure 11. In situ EIS of NiFe-LDH in the ASSE (a) in blank and (b) F-+B(OH)4
- electrolytes. (c) 

Representative molecular-dynamics snapshot of the NiFe-LDH/electrolyte. (d) The radial 

distribution of Cl- in different systems. 

Operando Bode analysis was further employed to examine the interfacial 

electrochemical behavior of NiFe-LDH in both the FB-free (Figure 11a) and FB-

containing electrolytes (Figure 11b). As the applied potential increased, the phase angle 

in the low- and intermediate-frequency regions gradually decreased in both systems. 

Notably, in comparison to the FB-free electrolyte, the phase angle in the FB-containing 

electrolyte decreased more rapidly, indicating enhanced interfacial electrochemical 

processes and more favorable OER kinetics. Furthermore, a significant difference was 

observed in the high-frequency region, where FB-containing electrolyte displayed a 

considerably larger phase angle above approximately 10⁴ Hz, suggesting an enhanced 

capacitive response at the catalyst-electrolyte interface. These results demonstrate that 

the dual-anion electrolyte not only accelerates the interfacial processes related to OER 

but also modifies the interfacial electrochemical behavior of NiFe-LDH. 
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MD simulations provide a more direct molecular picture (Figure 11c). The 

representative configuration in Figure 9 contains the NiFe-LDH surface, water, F-, 

B(OH)4
-, and Cl-. The differentiated distributions of F- and B(OH)4

- markedly alter the 

interfacial distribution of Cl-. As shown by the Cl- radial distribution functions in 0.5M 

NaCl (Figure 9d), chloride begins to appear at approximately 2.0 Å from the NiFe-LDH 

surface in the blank electrolytes, whereas this onset shifts outward to about 5 Å in the 

F-+B(OH)4
- electrolytes. This pronounced reduction confirms that the dual-anion 

electrolyte effectively suppresses chloride access to the catalyst surface.  

Based on these results, a possible cooperative protection mechanism is proposed. 

B(OH)4
- contains multiple hydroxyl groups and can interact with the hydroxyl-rich 

NiFe-LDH surface and surrounding water molecules, while F- has strong hydration 

ability and interacts strongly with water. The coexistence of these two anions may 

therefore regulate the interfacial environment. Such an interfacial structure could 

reduce the approach and accumulation of Cl-, thereby protecting NiFe-LDH from 

chloride-induced corrosion and metal dissolution during OER. Overall, the F-+B(OH)4
- 

electrolyte provides a simple strategy to improve catalyst stability by regulating the 

local electrolyte environment rather than modifying the catalyst itself. 

4. Conclusions 

In this work, a simple dual-anion electrolyte strategy was developed to improve 

the durability of NiFe-LDH for alkaline saline-water oxidation. Systematic 

optimization identified 1.5 M F- + 0.4 M B(OH)4
- as the optimal electrolyte composition, 

decreasing the overpotential at 10 mA cm-2 from approximately 234 mV in the blank 

electrolyte to 225 mV and enabling stable operation at 1 A cm-2 for over 1500 h, 

compared with failure of the blank system after approximately 600 h. XPS and 

operando Raman spectroscopy supported the presence and interaction of F- and borate 

species at the catalyst/electrolyte interface, while ICP-OES measurements showed 

substantially reduced Ni and Fe dissolution, confirming enhanced resistance to catalyst 

degradation. Operando Bode analysis further revealed faster OER-related interfacial 

processes together with a pronounced high-frequency capacitive response in the dual-

anion electrolyte. Combined with MD simulations showing that the closest distribution 

of Cl- was shifted away from the NiFe-LDH surface, these results suggest that F- and 
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B(OH)4
- cooperatively regulate the local interfacial environment. The hydroxyl-rich 

B(OH)4
- and strongly hydrated F- may regulate the interfacial environment and restrict 

Cl- accumulation near the catalyst, thereby suppressing corrosion and metal dissolution. 

This work demonstrates that rational electrolyte engineering provides a simple and 

effective approach to simultaneously enhance OER activity and long-term stability 

without requiring complicated modification of the catalyst itself, offering a promising 

strategy for durable alkaline saline-water electrolysis. 
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