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The emergence of aqueous K/Zn dual-ion batteries has opened a promising new frontier in energy stor-
age by leveraging the high energy density of zinc-ion batteries (ZIBs) and the voltage enhancement pro-
vided by cation intercalation mechanisms. However, the lifespan of these batteries has been significantly
limited by dendrite growth and side reactions at the zinc negative electrode. To address this challenge,
we successfully fabricated an organic framework, Zn-MOF-74, in-situ on the surface of the zinc negative
electrode. The large-pore, one-dimensional channel structure of Zn-MOF-74 effectively enhances elec-
trolyte permeability, reduces steric hindrance, and promotes efficient battery operation. Moreover, the
open metal sites in Zn-MOF-74 effectively suppress side reactions, further improving battery performance.
Notably, the average CE remained remarkably high at 99.43 % after 1000 cycles. Furthermore, the Zn-
MOF-74@Zn//ZnHCF configuration demonstrated exceptional cycling stability, retaining 88 % of its initial
capacity even after 1000 cycles at a current density of 1 A/g.
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Aqueous zinc-ion batteries, known for being environmentally
friendly and reliable, have garnered significant attention [1,2].
However, zinc-ion batteries face significant volumetric changes due
to strong electrostatic interactions between divalent Zn2*-ions and
the cathode material structure [3]. To address this issue, zinc dual-
ion battery (ZDIB) has been introduced, which utilizes the co-
insertion mechanisms of alkali/Zn?*-ions, which reduces the elec-
trostatic interaction between the cations and the host material,
leading to improved performance. Within this context, K/Zn dual-
ion batteries have emerged as a notable frontier in research by
integrating high-energy Zn batteries with the enhanced operating
voltage afforded by cation intercalation.

During the working cycle of K/Zn dual-ion batteries, under the
influence of the “tip effect” areas with larger curvatures can trig-
ger higher surface charge densities, resulting in greater nucleation
forces for Zn near the tips. Combined with the differences in
growth speed or growth orientation, the dendrite growth trend be-
comes increasingly strong. As Zn accumulates, it ultimately punc-
tures the separator, causing a battery short circuit [4]. Further-
more, Zn dendrites are characterized by an abundance of low-
coordination Zn atoms and defective lattices, which exacerbate the
catalytic activity towards hydrogen evolution reactions (HER) and
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accelerate the consumption of Zn. The soft and porous structure of
these dendrites tends to detach from the electrode, leading to the
formation of inactive or "dead" zinc deposits [5-7]. Therefore, it is
imperative to devise innovative material structural designs that can
substantially elevate the performance and stability of the zinc an-
ode, ultimately culminating in the development of a dendrite-free
and highly dependable battery system [8].

Currently, metal/metal oxides [9], polymers [10], organic-
inorganic hybrid materials [11], and metal-organic framework
(MOF) materials are commonly used as coating materials to modify
negative electrodes. MOFs are porous and expandable frameworks
formed by the coordination of metal cation centers with organic
ligands [12]. The high degree of synthetic tunability in terms of
shape and size, combined with the accessibility of organic groups
within MOFs, facilitates the creation of pore arrangements that
support directed ion transport pathways. In-situ growth, an uncon-
ventional bottom-up approach, involves the direct chemical forma-
tion of metal ions on a target substrate material without any pre-
liminary colloidal synthesis steps. Since nanoparticles are formed
directly on the substrate, self-assembly, ligand exchange, and other
time-consuming processes can potentially be circumvented [13].
Xin [14] and Cui [15] constructed a porous and dense MOF layer
in-situ on a binder-free Zn sheet using a hydrothermal method,
which serves as an ideal substrate for zinc deposition to address
the challenges of the zinc anode. Furthermore, some studies have
indicated that MOF layers with insufficient thickness can be unsta-
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ble in water, potentially accelerating anode corrosion [16]. There-
fore, the morphology and properties of the MOF layers are critical
for developing highly efficient and durable zinc anodes.

In this study, we selected Zn-MOF-74 as the target for in-situ
growth to address the challengs of hydrogen evolution and den-
drite formation in zinc anodes. These organic ligands coordinate
with adjacent metal ions through their carboxylic acid groups, en-
suring the stability and uniformity of the entire framework [17].
Utilizing the zinc ions provided by the zinc foil as the metal center,
these ions coordinate with five oxygen atoms from the surround-
ing ligands to form an octahedral structure, ZnysO(COO)g (Fig. S1
in Supporting information). Because these pores are aligned along
the crystal axis of the material, a hexagonal channel network with
a diameter of approximately 11A is generated. Unlike the polyhe-
dral structure of ZIF, Zn-MOF-74 features a unique rod-like struc-
ture that can grow more rapidly on the zinc anode. Its high-density
open metal sites can interact with the electrolyte, enhancing the
permeability of zinc sheets, reducing steric hindrance, and facilitat-
ing rapid electron transfer [18]. We prepared Zn-MOF-74 powder
mixed with PVDF (labeled as Zn-MOF-74/Zn, Fig. S2 in Supporting
information), and Zn foil coated with Zn-MOF-74 (labeled as Zn-
MOF-74@Zn). In tests, the Zn-MOF-74@Zn//Cu half-cell exhibited a
cycle life exceeding 1000 h, with an average coulombic efficiency
(CE) of 99.43 %. The Zn-MOF-74@Zn//ZnHCF full cell demonstrated
a high specific capacity of 70.3 mAh/g at a current density of 1 A/g
and retained 88 % of its capacity after 1000 cycles.

Preparation of Zn-MOF-74@Zn sample: 2.255g of 2,5-
dihydroxyterephthalic acid (Hydhtp) is dissolved in a mixed
solution composed of 48.165g of N,N-dimethylformamide (DMF),
2.655¢g of anhydrous ethanol and 3.375g of deionized water, and
transfer to 100 mL autoclave after full stirring. The polished Zn
was protected with Kapton tape on one side. In the stainless-steel
autoclave of polytetrafluoroethylene, the zinc tablets (0.1 mm)
react at 110 °C for 22h. After cooling to room temperature, the
sample is washed with DMF three times, soaked in methanol for
72h (change methanol every 24h), and finally stored in a 60 °C
oven for 12 h to obtain the sample.

As illustrated in Fig. 1a, Zn-MOF-74 was synthesized directly
through a streamlined, one-step process. The corrosive action of
ammonium persulfate induced the formation of minute cracks
across the otherwise smooth surface of the zinc sheet, thereby cre-
ating favorable conditions for the subsequent growth of the MOF.
Following the growth process, SEM analyses were conducted on
the samples (Fig. 1b), the MOF layer exhibiting the thickness of
approximately 50 um (Fig. S3 in Supporting information). Further-
more, Fig. S4 (Supporting information) illustrates the pore size
distribution of Zn-MOF-74@Zn, revealing an average pore diam-
eter of 72461 nm, with mesopores having an average diameter
of 5.2217nm. In the XRD pattern (Fig. 1c), the Zn-MOF-74 pow-
der displays distinct diffraction peaks at approximately 26 =6.6°
and 11.6° (Fig. S5 in Supporting information), corresponding to the
(210) and (300) crystal planes [19]. The characteristic peaks ob-
served for Zn-MOF-74@Zn were consistent with those of Zn-MOF-
74, confirming the successful in-situ synthesis of Zn-MOF-74 on the
zinc sheet. In the spectral analysis of the Zn-MOF-74 powder and
Zn-MOF-74@Zn (Fig. 1d). The C-O-Zn vibration is evidenced by ab-
sorption peaks at 815 and 881cm!. A peak near 1196cm™! sig-
nifies the presence of C-O vibration, while the peak at 1240 cm!
suggests C-N vibration, indicating that DMF may be adsorbed on
the surface of the MOFs [20]. In addition, the peaks at 1560 and
1657 cm™! correspond to the symmetric and asymmetric vibrations
of the carboxyl C=0 groups in the H4dhtp aromatic ring, respec-
tively, indicating the involvement of organic ligands. The spectrum
of Zn-MOF-74 also displays a broad band in the range of 2700-
3600cm!, which signifies the -OH stretching of carboxylic acid
within the MOF structure [21]. The broader peak observed in the
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Zn-MOF-74 powder in this region may be attributed to the adsorp-
tion of or residual water on the material’s surface. Energy disper-
sive spectroscopy (EDS) mapping (Fig. 1e) confirmed the presence
of C, O, and Zn. SEM image of the Zn-MOF-74 powder is presented
in Fig. S6 (Supporting information).

We compared the contact angles of three different materials,
as illustrated in Fig. 2a. The bare zinc exhibited a contact an-
gle of 49.01°. The Zn-MOF-74/Zn’s contact angle decreased slightly,
which can be attributed to the introduction of ligands containing
a large density of hydrophilic carboxyl and hydroxyl groups, while
the lower activation energy (Fig. S7 in Supporting information) al-
lows Zn-MOF-74@Zn to exhibit excellent charge transfer properties.
To further corroborate the inhibitory effect of the Zn-MOF-74 layer
on the formation of by-products, we immersed bare zinc, Zn-MOF-
74/Zn, and Zn-MOF-74@Zn in the electrolyte for 24h and subse-
quently conducted observation tests. The SEM images presented in
Figs. 2b-d demonstrate that the surface of Zn-MOF-74@Zn exhibits
a smoother and more uniform morphology compared to the irreg-
ular particles observed on the surface of Zn-MOF-74/Zn. In con-
trast, the surface of bare zinc undergoes significant degradation,
characterized by the formation of numerous flake-like dendrites.
Additionally, the XRD spectrum shown in Fig. 2e, almost no char-
acteristic peaks of the by-product (i.e., ZnxOTFy(OH),4.y-nH,0) for
Zn-MOF-74@Zn after soaking [22]. This indicates that the Zn-MOF-
74 layer, which adheres tightly to the zinc surface in aqueous elec-
trolytes, not only ensures good interface integrity but also inhibits
the growth of zinc dendrites on the anode due to its open frame-
work and well-defined channels. To accurately assess its corro-
sion resistance, the corrosion potential was evaluated through Tafel
plots (Fig. 2f). The corrosion current of Zn-MOF-74@Zn is 0.37 mA,
which is lower than that of bare zinc at 0.42 mA. This lower cor-
rosion current indicates a reduced corrosion rate, suggesting that
the Zn-MOF-74 layer can inhibit the corrosion reaction of Zn2t-
ions during the electrochemical process [23]. The corrosion poten-
tial of Zn-MOF-74@Zn exhibits a positive shift, indicating enhanced
corrosion resistance and HER performance compared to bare zinc
and Zn-MOF-74/Zn [24]. The lower onset HER potential of Zn-MOF-
74@Zn, derived from linear sweep voltammetry (LSV), further sup-
ports these findings (Fig. S8 in Supporting information). The micro-
porous structure and open metal sites of Zn-MOF-74 can efficiently
adsorb ions from the electrolyte, thereby altering the charge distri-
bution on the electrode surface. This change in charge distribution
may be detrimental to the hydrogen evolution reaction, as the rate
and efficiency of the reaction largely depend on the nature of the
charge on the electrode surface.

Furthermore, as illustrated in Fig. 2g, the Nyquist plot reveals
that in the ultra-high-frequency range (above 10kHz), the ohmic
resistance associated with the transport of Zn2*-ions and elec-
trons through the electrolyte appears as a single point on the EIS
spectrum. This phenomenon can be represented by a single re-
sistance element, designated as Rs [25]. The fitted data indicate
that the Rs of Zn-MOF-74@Zn in the initial stage is higher (2.313
2) compared to that of the bare zinc foil (1.268 €2). This increase
can be attributed to the ingress of Zn?*-ions into the MOF chan-
nels. The semi-circular arc in the high-frequency range reflects
the impedance of ions traversing the electrolyte (Ry;), while the
semi-circular arc in the low-frequency range represents the charge
transfer resistance (R¢t). The Ry of the bare zinc foil is 10.9 €,
and the Ry is 300.5 €. In contrast, for the Zn-MOF-74@Zn an-
ode, a significant reduction in Ry to 159.1 Q is observed. This
decrease is attributed to the availability of more active sites for
zinc deposition and improved electrolyte accessibility, facilitating
the penetration of Zn%*-ions into the porous Zn-MOF-74 layer. Fur-
thermore, the Zn-MOF-74@Zn physical model demonstrates arc re-
sistance in the ultra-high-frequency region, resulting in a double-
semicircle impedance plot. This indicates that the coating pos-
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Fig. 1. (a) Schematic illustration of the preparation process of Zn-MOF-74@Zn. (b) SEM image of Zn-MOF-74@Zn. (c) XRD patterns of the bare Zn, Zn-MOF-74 powder, and
Zn-MOF-74@Zn. (d) FTIR of the synthesized Zn-MOF-74 powder and Zn-MOF-74@Zn. (e) Elemental mapping of Zn-MOF-74@Zn nanoparticles.
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Fig. 2. (a) Dynamic contact angles of the electrolyte on the surfaces of bare Zn, Zn-MOF-74/Zn, and Zn-MOF-74@Zn. SEM images of (b) Zn, (c) Zn-MOF-74/Zn, and (d) Zn-
MOF-74@Zn anodes after 24 h of infiltration in the electrolyte. (e) XRD results for the three anodes after soaking in electrolyte. (f) Tafel polarization curves. (g) EIS results of

the three anodes.
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Fig. 3. (a) Time-voltage curves at 0.5 mA/cm? with a plating capacity of 0.25 mAh/cm?. (b) Nucleation overpotentials of bare Zn, Zn-MOF-74/Zn, and Zn-MOF-74@Zn deposi-
tion on bare Cu in asymmetric batteries. (c) CE of three electrodes during plating/stripping on Cu foil at 0.5 mA/cm?. (d) Rate capability of symmetrical batteries. (e) Potential
profiles of these three electrodes after 60 cycles. (f) Schematic view of dendrite growth of electrodeposited Zn on these two electrodes using the phase-field model.

sesses corrosion-resistant properties, with the separated physical
layer providing protection against corrosion [26]. However, the Rgg;
of Zn-MOF-74/Zn increases significantly to 20.24 2 compared to
bare zinc foil. This rise can be attributed to the incorporation of
PVDF, which not only reduces the conductivity of the electrode but
also increases the impedance between Zn-MOF-74 particles and
the electrolyte, as well as among the particles themselves. Conse-
quently, this elevates the internal resistance of the entire battery,
significantly impacting the diffusion of Zn’*-ions at the anode-
electrolyte interface. Additionally, the coating may thicken at the
edges of the zinc electrode, resulting in an uneven surface that can
exacerbate the occurrence of side reactions [27].

Fig. 3a illustrates the long-term plating/stripping cycles of the
symmetric battery at a current density of 0.5mA/cm?. During the
180-h test, a short circuit triggered by dendrite formation was ob-
served in the bare zinc battery. In contrast, the battery coated
with Zn-MOF-74 failed after approximately 350 h, likely due to the
binder obstructing the pores of the MOF [16] and the unstable
attachment between the coating and the zinc substrate. In stark
contrast, the Zn-MOF-74@Zn battery has undergone stable cycling
for over 1000h, indicating that Zn-MOF-74@Zn effectively regu-
lates the uniform ZnZ*-ions flux, suppresses dendrite formation,
and benefits from strong bonding through chemical interactions,
which extends the lifespan of the symmetric battery. The enlarged
voltage profiles within the figure reveal the details of zinc deposi-
tion/stripping on different substrates. Notably, Zn-MOF-74@Zn ex-
hibited a lower voltage hysteresis of 55mV. However, the mod-
erate current densities of 0.5mA/cm? are insufficient for rigorous
testing of the zinc electrode [28]. Therefore, we conducted charge-
discharge tests under more rigorous conditions of 1mA/cm? and
0.5 mAh/cm?, as well as 10mA/cm? and 5 mAh/cm?, to evalu-
ate the stability of the Zn-MOF-74@Zn symmetric battery (Figs. S9
and S10 in Supporting information). Under the testing condition of
10mA/cm?2, the Zn-MOF-74@Zn demonstrated a highly stable volt-
age profile and relatively low voltage hysteresis (76 mV) (Figs. S11
and S12 in Supporting information). The functionalized pores con-
taining oxygen-rich functional groups in Zn-MOF-74@Zn facilitate
the deposition of zinc ions [29].

The zoomed-in curves in Fig. 3b illustrate the voltage profiles
during the zinc deposition process [30]. A higher nucleation over-
potential results in a lower deposition rate and efficiency [31],
which can lead to the formation of larger and more inhomoge-
neous crystals within the deposition layer, ultimately affecting the
structural stability and lifespan of the Zn foil. The nucleation over-

potential of Zn-MOF-74@Zn (57.6 mV) is significantly lower than
that of bare zinc (181.1 mV) and Zn-MOF-74/Zn (104.7 mV). This in-
dicates that the transport channels within the in-situ grown MOF
active layer effectively prevent the ingress of excessive free water,
thereby enhancing the electrolyte concentration and ion transport
speed at the anode surface. Consequently, this alleviates charge
accumulation on the electrode surface. The porous structure and
large specific surface area of the material provide more Zn%*-
ions nucleation sites, facilitating more uniform zinc nucleation and
leading to even and controlled zinc plating. The abundant hy-
drophilic groups interact with zinc ions, accelerating ion diffusion.
However, the potential agglomeration of Zn-MOF-74/Zn coatings
may adversely affect battery reversibility [32]. In contrast, Zn foil
exhibits a higher overpotential, which tends to promote instanta-
neous nucleation. This can result in the formation of irregular and
porous deposits, exacerbating the unevenness of the transport in-
terface and increasing the likelihood of irreversible side reactions
and dendrite growth [33]. The utilization of Zn is a crucial factor
in determining its applications and long-term durability [34]. Ini-
tially, stripping was performed under conditions with a set zinc
plating capacity of 0.25 mAh/cm? and a cut-off potential of 0.5V
(Fig. 3c). At a current density of 0.5mA/cm?, the initial CE of Zn-
MOF-74-modified Zn was slightly lower than that of the bare Zn
foil (75.12% vs. 76.41%). The lower CE observed for the Zn-MOF-
74@Zn//Cu configuration is attributed to the porous structure of
the Zn-MOF-74 coating, which consumes a greater amount of Zn.
Ultimately, the Zn//Cu battery failed after approximately 100 cycles
due to the formation of dendrites and by-products on the zinc sur-
face [35]. In contrast, the Zn-MOF-74@Zn//Cu battery maintained
an average CE of 99.43 % (Fig. S13 in Supporting information), con-
firming the excellent reversibility of the Zn-MOF-74@Zn electrode
and its rapid Zn2*-ions kinetics.

Figs. S14-S16 (Supporting information) illustrates the stable
overpotential exhibited by the Zn-MOF-74@Zn//Cu battery during
cycling. In contrast, the bare Zn//Cu battery experiences a sharp
voltage increase exceeding 1V, accompanied by significant fluctua-
tions, which suggests instability in Zn?*-ions deposition/stripping
on the Cu foil. Furthermore, the Zn-MOF-74/Zn//Cu battery also
fails after 260 cycles. The reversibility of the modified anode was
evaluated through Zn plating/stripping tests conducted at different
current densities (Fig. 3d). The Zn-MOF-74@Zn anode successfully
withstood the challenging conditions of 3.0mA/cm? and contin-
ued to cycle for an additional 50 cycles at 0.5 mA/cm?. This out-
come demonstrates that the enhanced diffusion kinetics of Zn2+-
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Fig. 4. (a) CV curves of three anodes. (b) CV curves of Zn-MOF-74@Zn/[ZnHCF after three consecutive cycles. (c) Rate capability and (d) corresponding charge/discharge
curves of the full cells with Zn-MOF-74@Zn anodes at different current densities. (e) First charge-discharge curve at 1 A/g. Cycling performance of the full cells at (f) 0.2
Alg and (g) 1 A/g. (h) Ragone plot of the Zn-MOF-74@Zn//ZnHCF cell. The energy and power densities of other anode materials reported in the literature are marked for

comparison.

ions within the Zn-MOF-74@Zn structure significantly improved
the critical current capacity of the battery, allowing it to meet
higher operational demands. Furthermore, the Zn-MOF-74@Zn//Cu
exhibits a minimal overpotential of 46 mV (Fig. 3e), which is lower
than that of the Zn//Cu (76 mV) and slightly less than the Zn-MOF-
74/Zn//Cu (48 mV). The results further confirm that the incorpo-
ration of MOF layer pores on the surface of zinc foil can effec-
tively enhance the stability and rate performance of Zn negative
electrodes.

Fig. 3f depicts the growth mechanism of zinc dendrites on un-
coated zinc electrodes. The emergence of dendrites is ascribed
to the deposition of Zn®*-ions. Initially, zinc atoms diffuse freely
across the electrode surface towards favorable nucleation sites,
thereby initiating secondary reactions and surface obstruction. This
sequence of events exacerbates the concentration polarization of
Zn*-ions, prompting active nucleation sites to elongate towards
the electrolyte solution, which in turn diminishes the accessibil-
ity of nucleation sites. Consequently, Zn*-ions are increasingly re-
duced and accumulate at the electrode surface tips and surround-
ing existing zinc nuclei, ultimately culminating in the formation of
zinc dendrites [36,37]. However, The open framework and three-
dimensional configuration of Zn-MOF-74@Zn facilitate the swift
diffusion of Zn%*-ions, enabling a uniform distribution of the elec-
tric field through the mitigation of the tip effect and the reduc-
tion of localized current densities [38]. Simultaneously, the porous
Zn-MOF-74 increases nucleation sites, and a large number of hy-
droxyl and carboxyl groups exposed within the pores attract zinc
ions for uniform deposition, effectively alleviating protrusions and
dendrites on the Zn foil, and ensuring uniform Zn plating/stripping.

The ZnHCF cathode, with its large ion transport channels and
stable structure, exhibits rapid ion diffusion kinetics and low
impedance in a mild mixed aqueous electrolyte, making it one

of the promising cathode materials for K/Zn dual-ion batteries
[39,40]. Consequently, we have employed ZnHCF as the cathode to
investigate the electrochemical performance of the full cell. Its mi-
crostructure and XRD are shown in Figs. S17 and S18 (Supporting
information). Cyclic voltammetry (CV) curves obtained at a scan
rate of 1 mV/s are presented in Fig. 4a. Notably, the Zn-MOF-74@Zn
anode exhibits the smallest voltage separation (182 mV) between
the oxidation and reduction peaks, outperforming both the Zn-
MOF-74/Zn anode (238 mV) and bare Zn (353 mV). The CV curve
of the Zn-MOF-74@Zn with in-situ growth exhibits stronger, more
symmetric peak currents. This suggests accelerated Zn2*-ions dif-
fusion within the Zn-MOF-74@Zn material, leading to higher anode
interfacial charge transfer, increased Faraday reaction Kkinetics in
the battery, and a significant reduction in polarization [41]. Com-
pared to the control group, the Zn-MOF-74/Zn anode also exhibits
significant improvements (Fig. S19 in Supporting information), in-
dicating the crucial role of MOF-modified zinc anodes in enhancing
battery performance. Furthermore, Fig. 4b compares the CV curves
of the Zn-MOF-74@Zn//ZnHCF over the first three cycles, revealing
a notable overlap [42]. At current densities of 0.2-3.0 A/g, the Zn-
MOF-74@Zn exhibits discharge capacities of 79.5, 78.3, 76.3, 66.4,
and 42.0 mAh/g, respectively (Fig. 4c). When the cycling current
density is restored to 0.2 A/g, the capacity retention rate remains
at 99.2 %, indicating the Zn-MOF-74@Zn//ZnHCF exhibits excellent
rate performance. The charge-discharge curves at corresponding
current rates are displayed in Fig. 4d, exhibiting two distinct plat-
forms during cycling. At a current of 1 A/g, the battery utilizing the
Zn-MOF-74@Zn anode exhibits a specific capacity of 70.3 mAh/g
(Fig. 4e). The Zn-MOF-74@Zn anode exhibits a high specific capac-
ity of 77.3 mAh/g at a low current density of 0.2 A/g (Fig. 4f). After
500 cycles, it maintains a capacity retention rate exceeding 80 %
with the Coulombic efficiency greater than 97.39 %. For long-cycle
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testing at a current density of 1 A/g (Fig. 4g, Figs. S20 and S21 in
Supporting information), the capacity of the Zn anode continuously
decreases during cycling, achieving a capacity retention rate of only
54.46 % after 800 cycles [43]. In contrast, both the Zn-MOF-74@Zn
and Zn-MOF-74/Zn exhibit capacity retention rates above 80 % af-
ter cycling. This is attributed to the dense protective layer formed
by Zn-MOF-74, which mitigates parasitic reactions. Due to the high
reversibility of the Zn-MOF-74@Zn anode, the full battery demon-
strates a low cycle capacity decay rate of 1.2 % [44]. Zn-MOF-74@Zn
demonstrates stronger adhesion and affinity, making it less prone
to detachment from the zinc surface.

Based on the charge/discharge processes, the Zn-MOF-74@Zn
demonstrates a high energy density of 141.69Wh/kg at a power
density of 354.2W/kg. At an energy density of 64.76 Wh/kg, it
achieves a maximum power density of 6.47 kW/kg, surpassing the
performance of previously reported aqueous hybrid ion batteries
(Fig. 4h) [39,45-47]. The Zn-MOF-74@Zn has low water content
and abundant functional groups, which endow the anode with a
robust structure and effectively suppress side reactions, inducing
uniform deposition of zinc ions, thus achieving a long cycle life and
high energy density. Fig. S22 (Supporting information) illustrates
the surface morphology of the anode after 1000 cycles. The porous
structure of Zn-MOF-74 facilitates easier infiltration of the elec-
trolyte into the electrode, and the carboxyl and hydroxyl groups at-
tract Zn%*-ions to migrate to the anode surface for deposition [48],
resulting in a relatively uniform Zn plating layer, without sheet-like
dendrites perpendicular to the electrode surface [49]. Figs. S23-S31
and Table S1 (Supporting information) prove the stability of the
Zn-MOF-74@Zn.

In summary, we have achieved successful integration of Zn-
MOF-74 onto zinc foil via an in-situ chemical bonding approach.
The hydrophilic nature of Zn-MOF-74, coupled with its expan-
sive pore size, markedly enhances the wettability of the zinc foil.
This enhancement facilitates improved accessibility of electrolyte
ions to the surface, thereby promoting uniform Zn%*-ions diffusion
and ensuring an even charge distribution across the electrode. The
modified Zn anode, exhibiting a reduced overpotential, effectively
mitigates the formation of Zn dendrites and minimizes the oc-
currence of parasitic side reactions. Zn-MOF-74@Zn anode demon-
strate superior capacity and extended cycling stability compared to
those utilizing pristine zinc foil. Notably, in zinc plating and strip-
ping experiments, Zn-MOF-74@Zn//Cu exhibited the Coulombic ef-
ficiency of 99.43 %. These results underscore the significant po-
tential of MOF-based anodes in the development of dendrite-free
zinc-based batteries.
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