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Developing stable electrodes for seawater splitting remains a great challenge due to the detachment of catalysts at a large
operating current and severe anode corrosion caused by chlorine. Herein, divalent anion intercalation and etching-hydrolysis
strategies are deployed to synthesize the ultra-stable anode, dendritic Fe(OH)3 grown on Ni(SO4)0.3(OH)1.4–Ni(OH)2. Experi-
mental results reveal that the anode exhibits good activity and excellent stability in alkaline simulated seawater. After 500 h, the
current density operated at 1.72 V remains 99.5%, about 210 mA cm−2. The outstanding stability originates from the etching-
hydrolysis strategy, which strengthens the interaction between the catalyst and the carrier and retards thus the detachment of
catalysts at a large current density. Besides, theoretical simulations confirm that the intercalated divalent anions, such as SO4

2−

and CO3
2−, can weaken the adsorption strength of chlorine on the surface of catalysts and hinder the coupling and hybridization

between chlorine and nickel, which slows down the anode corrosion and improves catalytic stability. Furthermore, the two-
electrode system shows the remarkable 95.1% energy efficiency at 2,000 A m−2 and outstanding stability in 6 mol L−1 KOH +
seawater at 80 °C.
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1 Introduction

The seawater, accounting for more than 96.5% of the earth’s
water reserves, has been considered as a sustainable energy
conversion to replace fresh water for hydrogen production
[1–5]. However, much more challenges occur in seawater
splitting due to the more complex composition of seawater,
usually containing multiple anions (such as Cl−, SO4

2−, Br−

and HCO3
−) and cations (such as Na+, Mg2+, Ca2+ and K+):

(1) the increase of local pH at the cathode leads to the pre-
cipitation of Mg/Ca hydroxides, blocking electrodes [6–8];
(2) the high concentration of Cl− at the anode would corrode
the anode catalyst or result in the competitive reaction, the
oxidation reaction of Cl− (the Cl2/HOCl/ClO

− redox couples
depending on pH values) [9–13].
To overcome the first issue, researchers usually pretreat the

seawater by introducing alkali to remove most of the above
precipitation. In the case of the second issue, the competitive
reaction and the corrosion of catalysts caused by Cl− is un-
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avoidable at the anode under a high potential. The oxidation
reaction of Cl− (ClOR, Cl−+2OH−→ClO−+H2O+2e

−) and the
oxygen evolution reaction (OER) are competitive in alkaline
seawater [14]. Their difference in the equilibrium potential is
approximately 490 mV (E0ClOR−E

0
OER) [15,16]. Therefore, a

100% OER selectivity can be obtained when the over-
potential of oxygen evolution is at or below 490 mV [3,17].
However, it is very challenging to meet the required high
current density in the industry at such low overpotentials
[17–19].
Recently, theoretical and experimental results show that

the oxyhydroxides of Ni and Fe possess not only good OER
activity but also better OER selectivity than the commercial
IrO2 because of the weak Cl− adsorption on the surface of
catalysts, which impedes the subsequent step of ClOR [3,15].
Nevertheless, the oxyhydroxides of Ni and Fe suffer from the
severe corrosion caused by Cl−. Thus, a passivation layer
strategy is proposed to resist the chlorine corrosion. For in-
stance, Dai et al. [15] reported a multilayer NiFe/NiSx–Ni
foam anode, in which the underlying NiSx layer could be
oxidized to polyatomic sulfate, repelling the Cl− in seawater.
Further, Chen et al. [10] found that the SO4

2− adsorbed on the
NiFe-layered double hydroxide can repel the Cl− by elec-
trostatic reaction and improve corrosion resistance. Despite
the significant progress on catalysts to repel Cl−, the inter-
calation of anions in the crystal lattice of catalysts to resist
chlorine corrosion has not been reported yet. Additionally,
the stability of electrode structure, a common problem for all
catalysts, still faces tremendous challenges at a large current
density due to the weak interaction between the catalysts and
the carrier by the traditional method of introducing OH− or
alkaline precipitants, which usually leads to the detachment
of catalysts and the decay of catalytic activity [20–25].
Therefore, developing highly active electrodes with the high
corrosion resistance to Cl− and stable structure still is a great
challenge for seawater splitting.
Herein, we report divalent anion intercalation and etching-

hydrolysis strategies to construct an ultra-stable anode,
dendritic Fe(OH)3 grown on Ni(SO4)0.3(OH)1.4–Ni(OH)2, for
seawater splitting. The intercalated divalent anions can de-
crease the adsorption strength of chlorine ions on the surface
of hydroxides and hence alleviate the chlorine corrosion. In
addition, the etching-hydrolysis strategy could enhance the
interaction between the catalyst and the carrier, thereby im-
proving the structural stability of electrodes. Benefiting from
the combination of the above two advantages, the anode
shows outstanding stability in alkaline simulated seawater.
The current density remains 99.5%, about 210 mA cm−2, at
1.72 V after 500 h. When the anode is paired with the pre-
viously reported cathode, the encapsulated Ni nanoparticles
in the incomplete graphite layer anchored on nanobelts
consisting of Ni oxide and Mo oxide (IG@Ni–NiMoOx),
[26] the two-electrode system also exhibits outstanding ac-

tivity and stability in 6 mol L−1 KOH + seawater at 80 °C.

2 Results and discussion

2.1 Synthesis and structural characterization

Schematic illustration for the synthesis of Fe(OH)3–
Ni(SO4)0.3(OH)1.4–Ni(OH)2 is shown in Figure 1a. Firstly,
the Ni(SO4)0.3(OH)1.4–Ni(OH)2 grows on a piece of Ni foam
and the growth mechanism is clarified by our previous report
[26]. The nanobelt-like Ni(SO4)0.3(OH)1.4 fabricated at
160 °C for 12 h is observed in Figure 1b and Figure S1.
Secondly, the Fe(OH)3, which possesses a lower solubility

product constant (Ksp, 4.0×10−38) than Ni(SO4)0.3(OH)1.4
(>2.0×10−15), can grow spontaneously on Ni(SO4)0.3(OH)1.4
nanobelts at ambient temperature through an etching-
hydrolysis strategy. Therefore, the surface of Ni(SO4)0.3(OH)1.4
nanobelts could be partly etched in the acidic Fe2(SO4)3 so-
lution and then the Fe3+ is hydrolyzed to form dendritic
Fe(OH)3 on Ni(SO4)0.3(OH)1.4–Ni(OH)2, named Fe(OH)3–
Ni(SO4)0.3(OH)1.4–Ni(OH)2, as evidenced from the SEM ima-
ges (Figure 1c, d and Figure S2a) and transmission electron
microscopy (TEM) images in Figure 2a, b. The distribution
and content of elements are further identified by corre-
sponding energy-dispersive spectroscopy (EDS) mapping
images and spectra (Figure S2b, Table S1 and Figure 2d, e).
Although there are no diffraction peak correlated to Fe(OH)3
from the XRD pattern in Figure 1e, both the different crystal
facets of Fe(OH)3 in the high-resolution TEM (HRTEM)
image in Figure 2c and the Raman spectra in Figure S3, from
which the broad band at 695 cm−1 presents a characteristic
peak for the Fe(OH)3, suggest the presence of Fe(OH)3
[27,28]. Additionally, the presence of intercalated divalent
anions such as SO4

2− and CO3
2− is confirmed by the X-ray

photoelectron spectroscopy (XPS) spectra in Figure 1f, g,
Raman spectra in Figure S3 and infrared spectra in Figure
S4. These results indicate that the Fe(OH)3–Ni(SO4)0.3(OH)1.4–
Ni(OH)2 with divalent anion intercalations has been suc-
cessfully fabricated on a Ni foam.

2.2 Evaluation towards electrochemical oxygen
evolution

After the anodic activation of Fe(OH)3–Ni(SO4)0.3(OH)1.4–
Ni(OH)2 at 100 mA cm−2 for 16 h in 1 mol L−1 KOH, similar
OER activity in 1 mol L−1 KOH, 1 mol L−1 KOH +
0.5 mol L−1 NaCl, and 1 mol L−1 KOH + seawater is ob-
served in Figure 3a. The slight difference may be attributed
to the different solution resistance, which is affected by the
concentration of ions and the distance between electrodes in
the electrolyte. After ohmic iR compensation, the over-
potential of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 to drive
100 mA cm−2 is 268 mV in 1 mol L−1 KOH + 0.5 mol L−1
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NaCl aqueous solution (Figure 3b). Compared with as-syn-
thesized catalysts in Figure 3d and reported catalysts in Table
S3, the Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 shows better
catalytic activity. Furthermore, it is obvious that the Tafel
slopes of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 and Fe(OH)3–
Ni(OH)2 in Figure 3e are lower than that of other as-syn-
thesized catalysts in the absence of Fe, suggesting that the
presence of Fe enhances the catalytic kinetics of the reaction.
Therefore, good catalytic activity could originate from the
incorporation of Fe, forming the α-FeOOH on Ni(SO4)0.3-
(OH)1.4 and β-Ni(OH)2 demonstrated by the in-situ Raman
spectra and XPS spectra. As shown from the Raman spectra
in Figure 3c, when the potential is increased from 1.12 to
1.52 V, the emerging bands at 303, 377 and 443 cm−1 in-
dicate the formation of α-FeOOH and β-Ni(OH)2 [29–31].
However, the Ni–O vibrations at 474 and 554 cm−1 of
NiOOH that is usually converted from the Ni(OH)2 at high
potentials are absent, which could be tentatively attributed to
the effect of intercalated SO4

2−. Additionally, from the XPS
spectra of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 in Figure

S5, three peaks at 529.58, 531.23 and 532.93 eV related to
the O2−, –OH and other adsorbed species such as H2O are
observed, which indicates that the FeOOH presents on the
surface of the catalyst [31–36].
In practical applications, the solution resistance is in-

evitable and the catalytic performance of all catalysts without
iR compensation thus is presented in this work. Additionally,
in order to avoid the competitive reaction of ClOR, the
overpotential of OER needs to be lower than the difference in
the equilibrium potential (E0ClOR−E

0
OER=490 mV). Conse-

quently, the operating potential was held at 1.72 V to eval-
uate OER stability. The Fe(OH)3–Ni(SO4)0.3(OH)1.4–
Ni(OH)2 shows excellent stability. The current density remains
99.5% at 1.72 V after 500 h in 1 mol L−1 KOH + 0.5 mol L−1

NaCl aqueous solution (Figure 3f) and the OER polarization
curve after ADT almost coincides with that before ADT
(Figure 3b). Compared with those catalysts reported pre-
viously in Figure 3h, the operating time of Fe(OH)3–
Ni(SO4)0.3(OH)1.4–Ni(OH)2 exhibits significant advantages.
The excellent stability could be ascribed to the stable

Figure 1 (a) Schematic illustration for the synthesis of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 anode. (b) A SEM image of Ni(SO4)0.3(OH)1.4–Ni(OH)2. (c, d)
SEM images of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2. (e) XRD patterns of Ni(SO4)0.3(OH)1.4–Ni(OH)2 and Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2. (f, g) High-
resolution XPS spectra of S 2p and C 1s of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 activated in 1 mol L−1 KOH under 100 mA cm−2 for 16 h and after
accelerated durability test (ADT) in 1 mol L−1 KOH + 0.5 mol L−1 NaCl at 1.72 V for 500 h (color online).
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physical structure of catalysts obtained through the etching-
hydrolysis strategy, as well as the intercalated divalent an-
ions. The stable physical structure of catalysts can be de-
monstrated by SEM images, XRD patterns, XPS spectra and
ICP. After ADT, the slight change of dendritic Fe(OH)3–
Ni(SO4)0.3(OH)1.4–Ni(OH)2 nanobelts is observed from SEM
images (Figure S6) and the catalyst still firmly stays on the
surface of the Ni foam. Furthermore, as evidenced from the
XRD pattern of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 after
ADT in Figure S7, the diffraction peaks are similar to that
before ADT. In addition, XPS spectra show that the atomic
ratio of Ni to Fe is 1.2 to 1 after ADT in Table S2. The results
from ICP display that the weight of Ni and Fe in catalysts
after ADT decreases by 27.2% and 21.5%, as shown in Table
S4. It indicates that the atomic ratio of Ni to Fe in catalysts
before ADT is similar to that after ADT, which is different
from the results of XPS because XPS mainly shows the
composition of the catalyst at the surface of 3 to 10 nm.
Overall, these results indicate that large amounts of Fe (oxy)
hydroxides are still on the surface of Ni(SO4)0.3(OH)1.4–
Ni(OH)2 after ADT. Therefore, the remarkable stability of
the electrode seems to benefit from the etching-hydrolysis
methodology, which greatly enhances the interaction be-
tween the catalyst and the Ni foam and makes them as a
whole electrode. This is obviously different from common
catalysts synthesized by introducing OH− or alkaline pre-
cipitants, which weakens the interaction between the hy-
droxide and the Ni foam, leading to the detachment of
catalysts from the substrate after the sonication or catalysis.
Additionally, these intercalated divalent anions can

weaken the adsorption strength of Cl− and alleviate corrosion
of the underlying structure. Herein, these intercalated SO4

2−

and CO3
2− anions are confirmed by the infrared spectra,

Raman spectra and high-resolution XPS spectra. As shown
in the infrared spectra of Figure S4, the asymmetric
stretching mode (ν3) of SO4

2− at 1,098 cm−1 is observed in the
Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2. When the Fe(OH)3–
Ni(SO4)0.3(OH)1.4–Ni(OH)2 is activated in 1 mol L−1 KOH
under 100 mA cm−2 for 16 h, the stretching mode (ν3) of
CO3

2− at 1,362 cm−1 occurs [43]. Furthermore, Figure S3
shows that the Raman band at 980 cm−1 is assigned to the
symmetric stretching vibration of SO4

2− [44]. The CO3
2− is

identified by the presence of asymmetric stretching vibra-
tions at 1,350 cm−1 [45,46]. After ADT, the Raman bands at
980 and 1,350 cm−1 display similar peaks, which implies that
these intercalated SO4

2− and CO3
2− anions are still in cata-

lysts. Further evidence for the presence of these anions is
obtained from XPS spectra in Figure 1f, g. Interestingly, the
content of SO4

2− on the surface of catalysts decreases after
ADT, whereas the content of CO3

2− increases. This phe-
nomenon is due to the difference of binding energies of some
interlayer anions (CO3

2−>SO4
2−>OH−) in Ni(OH)2 [47,48],

resulting in the fact that part of SO4
2− is replaced by CO3

2−,
which is derived from the reaction between the CO2 in air
and the OH− in solution. In addition, the Cl element in the
Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 anode before and after
ADT is also detected by XPS spectra in Figure S8. The
results show that the negligible content of Cl in the anode is
similar before and after ADT, which demonstrates that the
designed anode can effectively prevent the adsorption of Cl−

Figure 2 (a, b) TEM and (c) HRTEM images of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2. The corresponding EDS mapping images (d) and spectra (e) of Ni,
Fe, S and O. The inset shows their atomic ratios (color online).
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and improve the catalytic stability.
To further clarify the effect of divalent anions on the cat-

alytic stability, experimental comparisons and theoretical
calculations have been conducted. In the control experi-
ments, the Ni(OH)2 (PDF#74-2075, Figure S9) and the
Fe(OH)3 grown on Ni(OH)2, named Fe(OH)3–Ni(OH)2,

were also synthesized. Subsequently, Fe(OH)3–Ni(OH)2,
Ni(SO4)0.3(OH)1.4–Ni(OH)2, Ni(OH)2 and Ni foam were
systematically assessed in 1 mol L−1 KOH + 0.5 mol L−1

NaCl by the chronoamperometry and the chronoampero-
metric curves are compared in Figure 3g. The Fe(OH)3–
Ni(OH)2 exhibits similar catalytic activity to Fe(OH)3–

Figure 3 (a) OER polarization curves of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 in 1 mol L
−1 KOH (resistance 1.1 Ω), 1 mol L−1 KOH + 0.5 mol L−1 NaCl

(resistance 1.0 Ω) and 1 mol L−1 KOH + seawater (resistance 0.9 Ω). (b) Polarization curves of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 before and after ADT in
1 mol L−1 KOH + 0.5 mol L−1 NaCl at 1.72 V for 500 h. (c) In-situ Raman spectra of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 as a function of potentials (vs.
RHE) during an oxidation sweep in 1 mol L−1 KOH + 0.5 mol L−1 NaCl. (d) Polarization curves and (e) Tafel plots of all the as-synthesized catalysts in
1 mol L−1 KOH + 0.5 mol L−1 NaCl. Durability evaluation by the chronoamperometry for (f) Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 (at 1.720 V) and (g) other
samples for comparison, Fe(OH)3–Ni(OH)2 (at 1.739 V), Ni(SO4)0.3(OH)1.4–Ni(OH)2 (at 1.844 V), Ni(OH)2 (at 1.814 V) and Ni foam (at 1.814 V) in
1 mol L−1 KOH + 0.5 mol L−1 NaCl. (h) The current density and operating time of Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 in alkaline simulated seawater,
compared with those catalysts reported previously [15,37–42] (color online).
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Ni(SO4)0.3(OH)1.4–Ni(OH)2, while its current density after
50 h shows an obvious decline and only remains 92.5%,
lower than that of the Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2
(99.5%) after 500 h. Additionally, the Ni(OH)2 also shows
poorer stability than the Ni(SO4)0.3(OH)1.4–Ni(OH)2. The
current density of Ni foam decreases linearly and it is found
that the Ni foam is significantly corroded. According to the
above results, it is rationally speculated that the intercalated
SO4

2− anions are responsible for the stability of catalysts.

2.3 Theoretical understanding of the anti-chlorine
corrosion

Density functional theory (DFT) calculations were per-
formed by constructing the Ni (111) and Ni(OH)2 (001)

models, as well as Ni(OH)2 (001) models intercalated by
SO4

2− or CO3
2− anions, which were named Ni, Ni(OH)2,

Ni(OH)2_SO4
2−, Ni(OH)2_CO3

2− and Ni(OH)2_SO4
2−_CO3

2−

in Figure 4a and Figure S10, for convenience. It is well
known that chlorine corrosion is closely related to the ad-
sorption energy of Cl (Ead) on the surface of models [3].
Consequently, the Ead can be used as a descriptor to estimate
the resistance of chlorine corrosion, for which a model that
gives higher Ead is considered as a potential material to resist
the chlorine corrosion. In this work, Ead calculations on the
top site of Ni for all models were carried out to evaluate the
chlorine corrosion as shown in Figure 4b. The results reveal
that the Ead values for the Ni, Ni(OH)2, Ni(OH)2_SO4

2−,
Ni(OH)2_CO3

2− and Ni(OH)2_SO4
2−_CO3

2− models are −3.034,
−0.795, −0.632, −0.491 and −0.526 eV, respectively. Ob-

Figure 4 (a) The theoretical models of Ni(OH)2 intercalated by the divalent anions (such as SO4
2− and CO3

2−). (b) The adsorption energy of Cl (Ead) on the
Ni (111), Ni(OH)2 (001), Ni(OH)2_SO4

2− (001), Ni(OH)2_CO3
2− (001) and Ni(OH)2_SO4

2−_CO3
2− (001) surfaces, and (c) the partial density of states for Ni in

these models with or without Cl. (d) The charge density difference of the all models, where the blue and red areas represent the high and low electron
densities (side views of the adsorption sites). Note that the blue, red, yellow, gray, white and cyan spheres denote Ni, O, S, C, H and Cl atoms, respectively
(color online).
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viously, the Ni exhibits the lowest Ead value among these
models, which indicates that the surface of Ni may lead to
more severe chlorine corrosion. It is consistent with elec-
trochemical results in Figure 3g, where the current density of
the Ni foam decreases linearly and the Ni foam is found to be
significantly corroded or even broken. However, the
Ni(OH)2_SO4

2−, Ni(OH)2_CO3
2− and Ni(OH)2_SO4

2−_CO3
2−

present the higher Ead value compared with the Ni(OH)2 and
Ni. It suggests that the adsorption strength of Cl is weak on
the surfaces of Ni(OH)2_SO4

2−, Ni(OH)2_CO3
2− and

Ni(OH)2_SO4
2−_CO3

2−, which effectively alleviates the chlor-
ine corrosion. This result can also be supported by experi-
mental data where the Ni(SO4)0.3(OH)1.4–Ni(OH)2 possesses
the higher stability than the others, as shown in Figure 3g.
The partial density of states of Ni and the charge density

difference for all models were also calculated in Figures 4c,
d. For the Ni and Ni(OH)2 models, the d-band of Ni before
and after Cl adsorption is obviously different as shown in
Figure 4c, which indicates the coupling and hybridization
between Ni and Cl after Cl adsorption. Besides, the inter-
action between Ni and Cl was also confirmed by charge
density difference. Figure 4d shows that the blue and red area
around atoms represents the high and low electron densities,
and the electron transfer is from red to blue areas. Therefore,
the electron transfer of the above two models occurs from
Ni to Cl. But for the Ni(OH)2_SO4

2−, Ni(OH)2_CO3
2− and

Ni(OH)2_SO4
2−_CO3

2− models, as shown in Figure 4c, the
d-band of Ni after the Cl adsorption is similar to that without
the Cl adsorption and no apparent electron transfer is
observed in the charge density difference. The coupling and
hybridization between Ni and Cl thus may not occur in these
models intercalated by divalent anions, which leads to the
higher corrosion resistance and outstanding stability of
Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2.

2.4 Seawater splitting of the two-electrode system

The Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 anode was then
paired with the IG@Ni–NiMoOx. As shown in Figure 5, the
performance of two electrodes (Fe(OH)3–Ni(SO4)0.3(OH)1.4–
Ni(OH)2 as the anode, IG@Ni–NiMoOx as the cathode) for
water splitting was evaluated in 6 mol L−1 KOH + seawater
at 80 °C. From Figure 5a, the polarization curve of the two-
electrode system exhibits the outstanding catalytic activity
without ohmic iR compensation. The voltages of water
splitting to drive 100 and 200 mA cm−2 are only 1.461 and
1.558 V. Compared with other reported catalysts, [15,49–51]
the above two-electrode system shows better catalytic ac-
tivity for seawater splitting. In addition, the energy required
to produce hydrogen per cubic meter at different current
densities and the corresponding energy efficiency were re-
corded in Figure 5b. Herein, the calorific value of hydrogen

Figure 5 (a) The polarization curve of the two-electrode system (Fe(OH)3–Ni(SO4)0.3(OH)1.4–Ni(OH)2 as the anode, IG@Ni–NiMoOx as the cathode)
without ohmic iR compensation. (b) The energy is required to produce hydrogen per cubic meter at different current densities and the corresponding energy
efficiency. (c) Durability evaluation of two electrodes by the chronopotentiometry at 100 and 200 mA cm−2 for 250 h (color online).
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is adopted as the energy of hydrogen. The results display that
the energy efficiency operated at 2,000 A m−2 is 95.1%. Even
at 4,000 A m−2, the energy efficiency still reaches 85.7%,
which exceeds the energy efficiency (70%–80%) of the
commercial electrolysis system. Subsequently, a chron-
opotentiometry operated at 100 and 200 mA cm−2 for 250 h
was used to evaluate the catalytic stability. Figure 5c shows
that the voltage of water splitting at 100 mA cm−2 remains
almost constant and the voltage of water splitting at
200 mA cm−2 increases slightly after 100 h. Interestingly, the
voltage changes to the initial value after replacing the elec-
trolyte, because the high temperature and a large number of
bubbles accelerate the loss of electrolytes.

3 Conclusions

In summary, we have developed divalent anion intercalation
and etching-hydrolysis strategies to fabricate the Fe(OH)3–
Ni(SO4)0.3(OH)1.4–Ni(OH)2 anode with good OER activity
and outstanding stability in 1 mol L−1 KOH + 0.5 mol L−1

NaCl. The current density remained 99.5%, about
210 mA cm−2, at 1.72 V after 500 h. The good catalytic ac-
tivity is due to these highly active phases such as the α-
FeOOH on Ni(SO4)0.3(OH)1.4 and β-Ni(OH)2 confirmed by
in-situ Raman spectra. The excellent stability benefits from
the etching-hydrolysis strategy that constructs a stable phy-
sical structure to resist the damage of the large current to
catalysts. Besides, theoretical simulations and control ex-
periments showed that the intercalated divalent anions such
as SO4

2− and CO3
2− can weaken the adsorption strength of

Cl− and enhance the corrosion resistance to Cl− at the anode,
and thus improve the OER stability. Furthermore, the anode
was paired with the IG@Ni–NiMoOx cathode and also ex-
hibited the remarkable energy efficiency at different current
densities and extended the stability over 250 h in 6 mol L−1

KOH + seawater at 80 °C. More importantly, the afore-
mentioned etching-hydrolysis and divalent anion intercala-
tion strategies are very significant in promoting the
fundamental study of seawater splitting as well as their
practical applications.
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