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Methods
Preparation of the SA Polymeric Membranes. 1.2 g of sodium alginate (SA, Aladdin) was dissolved in 25 mL of deionized (DI) water, heated at 50 °C, and stirred until completely dissolved to give a homogeneous gel. It was aged for 24 h until the bubbles were eliminated. The gel was transferred with a blade to paste onto a smooth substrate, which was then immersed completely into the 2M ZnSO4 solution to allow ion exchange between Na+ and Zn2+. After about 10 min, a polymeric film was formed and naturally detached from the substrate. 

Preparation of the SZ Membranes. 1.0 g of 2-methylimidazole (Hmim, Aladdin) was dissolved in 50 mL of DI water, and stirred until completely dissolved, forming a homogeneous solution. The previously prepared polymeric membrane was placed flat in a dry flat-bottomed vessel. The solution was quickly poured into the shaking vessel until it covered the polymeric membrane completely. The ZIF-8 grew in situ on the polymeric membrane during this period. After about 1 min, the membrane was removed and rinsed off with DI water to remove the loose ZIF-8 particles. The SZ membrane was obtained and collected for further use.

Preparation of NaV3O8•1.5H2O Cathode1. Commercial V2O5 powder (3.0 g, Alfa Aesar) was added into a NaCl aqueous solution (2 mol L−1). After stirring at 30 °C for 72 h in a water bath. The suspension was centrifuged and washed with DI water and ethanol several times. The NaV3O8•1.5H2O nanowires were obtained and collected by freeze-drying. 

Electrochemical Measurements. The cathode materials were composed of NaV3O8•1.5H2O, conductive carbon black, and polyvinylidene difluoride (PVDF) at a mass ratio of 7:2:1. The mixtures were dispersed in N-methylpyrrolidone (NMP), and then coated onto the carbon fabric (Φ = 14 mm) to make the cathodes. A piece of Zn foil with a thickness of 80 μm was punched into disks (Φ = 15 mm, Φ = 12 mm) as the anodes. The GF and SZ separator were punched into disks (Φ = 19 mm) to separate the cathode and anode, and 1 M Zn(CF3SO3)2 aqueous solution was used as the electrolyte. All cells were assembled in the air atmosphere. Electrochemical properties were measured on a NEWARE multichannel battery test system. The CV and EIS tests were performed on an electrochemical workstation (CHI760E).
Ionic conductivities of the separators were measured using stainless steel as the electrodes and calculated through the following equation:
σ =
Where d represents the thickness of the separator, R represents the resistance according to EIS measurement, and S is the contact area between the separator and electrodes.

The Zn2+ transference number (tZn2+) was calculated by the following equation:

Where ∆V is the applied voltage (10 mV); I0 and R0 are the initial current and resistance, respectively. Is and Rs are the steady-state current and resistance, respectively.

[bookmark: OLE_LINK1]Density Functional Theory Computations. All combination structures were optimized by Density functional theory (DFT) at B3LYP hybrid functional with 6-311G(d, p) basis set using Gaussian 09 program2, 3. Optimization and Frequency are selected as the job type when structural optimization is carried out. All calculations were carried out with the atom-pairwise dispersion correction (DFT-D3) 4 and integral-equation-formalism polarizable continuum model (IEF-PCM) with the default solvent (water) and solvent parameters5. The calculation formula for combined energy is as follows:
E=Eab-Ea-Eb
Where E is the binding energy, Ea and Eb are the energies of ZIF and bonded ions (VO2+ or Zn2+), respectively, and Eab is the total energy after binding.

Characterizations. Morphologies of the as-prepared SZ membranes, cathode materials, and Zn anodes were characterized by a Gemini 300 scanning electron microscope. X-ray photoelectron spectroscopy (XPS) was carried out on a Thermo Fisher Escalab XI+ X-ray photoelectron spectrometer. Information on the chemical composition of the materials was collected by an INVENIO-R Fourier Transform Infrared (FTIR) spectrometer. X-ray diffractograms (XRD) were recorded on a D8 Advance X-ray diffractometer with Cu Kα radiation. The adsorption of VO2+ on the SZ separator was quantified by the iCAP 7200 inductive coupled plasma emission spectrometer (ICP). The tensile properties of different separators were tested on a YH-9000 electronic universal material testing machine.
Table S1. Electrolyte absorption and retention capacity of different separators
	Entry

	Mass (mg)

	
	GF
	SZ
	Polyacrylamide (PAM)

	Wa
	30.8
	23.0
	92.6

	Wb
	199.3
	68.5
	305.7

	[bookmark: _Hlk41821123]Electrolyte absorption (%)
	547.1
	197.8
	230.1

	Electrolyte retention (%)
	84.5
	66.4
	69.7

	Thickness (μm)
	417
	280
	500



The electrolyte absorption is calculated using the following equation:
Electrolyte absorption (%) =  x 100%
Electrolyte retention (%) =   x 100%
Wa is the weight of the dry separator, and Wb corresponds to the weight of the separator after being immersed into 1 M Zn(CF3SO3)2 electrolyte.


















[image: ]Figure S1. EIS of the symmetrical cells with stainless steel foils as electrodes.
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Figure S2. EIS of the Zn/Zn symmetrical cells with different separators (a, d) before polarization and (b, e) after polarization at a constant potential (10 mV). (c, d) Corresponding current-time plots.

[image: ]Figure S3. Characterization of NaV3O8•1.5H2O cathode materials. (a, b) SEM images. (c) XRD diffractogram.





[image: ]Figure S4. CV plots of (a) GF cell and (b) SZ cell at a scan rate of 1 mV s−1.







Figure S5. Voltage-capacity of the GF cells at various current densities from 0.5 to 15 A g−1.
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[bookmark: _Hlk131425098]Figure S6. Galvanostatic charge-discharge profiles of (a) SZ and (b) GF cells at different cycle numbers at 0.5 A g−1.
















Figure S7. XRD diffractograms of the Zn anode with different separators after cycling.




Figure S8. SEM and EDS images of the Zn anode working with the the GF separator in the Zn/V cells.









[image: ]Figure S9. Optical images of Zn plates immersed in V-solution for 0 h and 29 h.


Notably, the V-solution used in this work is the supernatant obtained by immersing the V-based electrode in an aqueous solution with pH of about 3-4 for 24 h.





[image: ]Figure S10. FTIR spectra of the SZ separators before and after cycling in the Zn/V cells.


[image: ]Figure S11. (a) Chemical structure of the ZIF-8 termination. (b) The ball-and-stick model of a Hmim molecule and the corresponding ESP surface map.
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Figure S12. Cycling performance of the SZ and SZ-V cells at current densities of (a) 0.2, (b) 0.5, and (c) 10 A g−1.






























Table S2. Comparison of performance of batteries involving different separators

	[bookmark: _Hlk136080965]Separators
	Cathode
	Electrolyte
	Voltage (V)
	Capacity
(mAh g-1)
	Retention (cycles)
	Targets
	Ref.

	SiO2/GF
	NaV3O8
	1 M ZnSO4
1 M Na2SO4
	0.3-1.6
	111 (1 A g-1)
	75% (1000)
	√
	6

	[bookmark: OLE_LINK22]Graphene/GF
	V2O5
	2M ZnSO4
	0.2-1.4
	160 (5 A g-1)
	75% (1000)
	√
	7

	C/Cu nanocomposite /cellulose nanofiber
	Zn3V3O8
	[bookmark: OLE_LINK2]2M ZnSO4
	0.2-1.6
	167 (1 A g-1)
	78% (500)
	[bookmark: OLE_LINK3]√
	8

	ZSM-5 
	V2O5
	3M ZnSO4
	0.2-1.6
	170 (5 A g-1)
	84% (15000)
	[bookmark: OLE_LINK4]√
	9

	PAN/GO
	Zn0.27V2O5
	3M Zn(CF3SO3)2
	0.1-1.6
	278 (2 A g-1)
	72% (2800)
	[bookmark: OLE_LINK5]√
	10

	Cellulose@GO
	V2O5
	2M Zn(CF3SO3)2
	0.4-1.5
	86 (1 A g-1)
	95% (800)
	√
	11

	PAN
	NH4V4O10
	2M ZnSO4
	0.4-1.4
	253 (5 A g-1)
	84% (1000)
	[bookmark: OLE_LINK11]√ ◇
	12

	Chitosan/filter paper
	MnO2
	1M ZnSO4
	0.8-2.0
	186 (1 A g-1)
	98% (1000)
	√
	13

	g-C3N4/cellulose
	[bookmark: OLE_LINK7]V2O5
	1M ZnSO4
	0.3-1.6
	250 (0.2 A g-1)
	60% (50)
	√
	14

	Nanocellulose paper
	V2O5
	2M ZnSO4
	0.3-1.6
	253 (1 A g-1)
	65% (100)
	√
	15

	Cellulose@graphene
	MnO2
	3M ZnSO4
	0.8-1.9
	190 (1.5 A g-1)
	88% (5000)
	√
	16

	Nafion
	V2O5
	3M ZnSO4
	0.2-1.6
	~370 (5 A g-1)
	84% (1300)
	√
	17

	[bookmark: OLE_LINK24]PVDF@PDA
	NH4V4O10
	3M ZnSO4
	0.4-1.4
	208 (5 A g-1)
	92% (1000)
	√ ◇
	18

	GO/GF
	MnO2
	2 M ZnSO4 
0.5 M MnSO4
	0.6-1.7
	85 (0.5 A g-1)
	77 (500)
	√
	19

	SPSF@PMIA fiber
	V2O5
	2M Zn(CF3SO3)2
	0.4-1.4
	173 (5 A g-1)
	75% (1000)
	√
	20

	Zn-Nafion
	[bookmark: OLE_LINK13]V2O5
	2M ZnSO4
	0.2-1.6
	[bookmark: OLE_LINK14]400 (2 A g-1)
	74% (1000)
	√ ◇
	21

	NaZnF3/Nafion/cotton textiles
	V2O5
	2M ZnSO4
	0.2-1.6
	[bookmark: OLE_LINK16]130 (1 A g-1)
	88% (650)
	[bookmark: OLE_LINK15]√
	22

	Cellulose paper/GF
	NH4V4O10
	2M ZnSO4
	0.4-1.4
	144 (4 A g-1)
	89% (850)
	[bookmark: OLE_LINK17]√ ◇
	23

	ZrO2@Cellulose
	MnO2
	2M ZnSO4
	0.8-1.8
	[bookmark: OLE_LINK18]80 (2.5 A g-1)
	87% (3000)
	√
	24

	Zeolite
	I2
	0.5M ZnSO4
	0.6-1.6
	80 (1 A g-1)
	96% (1000)
	√ ◇
	25

	UiO-66/GF
	MnO2
	2 M ZnSO4 
0.1 M MnSO4
	0.8-1.8
	225 (1 A g-1)
	85% (1000)
	[bookmark: OLE_LINK19]√
	26

	PVDF@LiTFSI
	V2O5
	1M Zn(TFSI)2
	0.2-1.6
	[bookmark: OLE_LINK20]324 (0.5 A g-1)
	88% (475)
	√
	27

	[bookmark: OLE_LINK23]Zn-MBA/non-woven fabrics
	V2O5
	3M Zn(CF3SO3)2
	0.2-1.6
	265 (5 A g-1)
	84% (1000)
	√ ◇
	28

	Filter membrane
	NaV3O8
	3M Zn(CF3SO3)2
	0.3-1.6
	178 (5 A g-1)
	84% (5000)
	√
	29

	N-doped carbon/GF
	KV12O30-y
	2M ZnSO4
	0.2-1.6
	251 (5 A g-1)
	79% (1000)
	√
	30

	Bacterial cellulose@ nano-hydroxyapatite
	V2O5
	[bookmark: OLE_LINK21]2M ZnSO4
	0.2-1.6
	100 (10 A g-1)
	82% (2500)
	√
	31

	BaTiO3/GF
	MnO2
	2M ZnSO4
	0.8-1.8
	106 (1 A g-1)
	68% (1800)
	√ ◇
	32

	SZ
	NaV3O8
	1M Zn(CF3SO3)2
	0.3-1.6
	252 (5 A g-1)
	79% (1000)
	√ ◇
	This work

	SZ-V
	NaV3O8
	1M Zn(CF3SO3)2
	0.3-1.6
	260 (5 A g-1)
	95% (1000)
	√ ◇
	This work


√ : solved Zn anode problems solely
◇: resolved both the Zn anode and cathode
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