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Experimental

Materials synthesis

Preparation of MnO; nanofiber. The a-manganese dioxide was synthesized by hydrothermal
method. 2.0289 g MnSO,4*H,0 (Adamas) and 8 ml 0.5 M H,SO, (Adamas) were dissolved in
300 ml deionized water and stir at room temperature, then 1.264g of KMnO, (Adamas) were
dissolved in 90 ml deionized water and slowly added to the solution. Stir the mixture at room
temperature for 2 h. The solution was then transferred to a Teflon-lined autoclave and heated
at 120 °C for 12 h, a-MnO, nanofiber were obtained. After autoclave cooling to room
temperature, The solution was filtered and cleaned, and then vacuum-dried for 12 h.
Preparation of MnO,@MnHCF-PPy cathodes. 0.3 g of a-MnQO; nanofibers was dispersed in a
mixture of 20 mL ethanol and 20 ml deionized water. 0.4 g K4Fe(CN)g (Adamas) added in a
mixture of 20 mL ethanol, 20 mL deionized water , 2 ml 0.5 M HCI (Adamas) and 100 pl
pyrrole (Adamas). Slowly added to the solution and stir the mixture at ice-water bath for 2 h,
the resulting solution is rinsed with plenty of deionized water and dried, corresponding
sample was marked as MnO,@MnHCF-PPy. MnO,@PPy cathode was prepared through the
same procedure without the addition of K4Fe(CN)g.

Materials characterization

Representative X-ray diffraction (XRD) patterns were acquired using a Bruker D2 Phaser X-
ray diffractometer (Cu Ko, radiation, Germany) over the wide 20 range of 10°-80°. X-ray
photoelectron spectroscopy (XPS) measurements were performed on Thermal Escalab 250 X-
ray photoelectron spectrometer. The morphology of the sample was analyzed by Hitachi
SU8010 FESEM or JEOL JEM-2100F FETEM and EDS at 200 kV accelerating voltage.
Electrochemical measurements

The modified or unmodified a-MnO, nanofibers, multi-walled carbon nanotube and

polyvinylidene fluoride in a weight ratio of 7:2:1 in N-methyl pyrrolidone solvent. Formed a



uniform mix of slurry, evenly coated to the hydrophilic carbon paper ang The a-MnO, mass
loading is 1.0-2.0 mg cm2. Zn/MnO, batteries were assembled using an a-MnO, electrode as
the cathode, glass fibre as the separator and Zn slice as the anode in CR2025 coin cells under
ambient conditions. 2M ZnSO,4 aqueous solution was used as the electrolyte. The batteries
charge/discharge was carried out on Neware CT-4008 analyzers between 1.0 and 1.9 V at
different current densities. Cyclic voltammograms (CV) were measured using a Germy
electrochemical workstation. The preparation conditions of ZnSO./poly(vinyl alcohol)
(ZnSO4-PVA) gel electrolyte are as follows: 3g ZnSO, was dissolved in 30ml deionized water,
then 3g PVA (PVA-117, M,, ~ 145 000) was added to mix thoroughly and heated at 85°C
with intense agitation for 4h. To prepare a solid-state flexible Zn-ion batteries, the cathode
and anode are immersed in a gel electrolyte and then cured under environmental conditions to

remove excess moisture.
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Figure S1: XPS survey spectra of the MnO,@MnHCF-PPy sample before and after activation process.

After pre-activation (0.1C, 3 cycle), the potassium ions were extracted from MnKCF during
the first few cycles and did not interrupt the subsequent reversible

intercalation/deintercalation of zinc ions.
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Figure S2: XRD patterns of bare MnO,, modified MnO, and pure MnHCF powder.
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Figure S3: TGA curve of different materials.
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Figure S4: TEM images of MnO,@MnHCF-PPy composites with varied MnHCF-PPy thickness (a:

3nm; b: 9nm; c¢: 18nm), (d) initial discharge capacities and
samples.
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Figure S5: CV curves of the MnO,, MnO,@PPy and MnO,@MnHCF-PPy electrodes in 2 M ZnSO,

electrolyte at 0.1 mV s,
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Figure S6: CV curve of MnO,@MnHCF-PPy cathode at 0.1 mV s!.
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Figure S7: Galvanostatic charge-discharge profiles of MnHCEF at 0.5C.
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Figure S8: The calculated energy densities of Zn-MnQ, full batteries, where the influence of the
weight of cathode, anode and electrolyte on the calculation was considered.
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Figure S9: The comparison of representative cathodes in ZIBs.
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Figure S10: The comparison for energy densities of representative cathodes in ZIBs.
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Figure S11: (a) Ex-situ XRD patterns of the MnO,@MnHCF-PPy cathode at different states; (b)
Comparison of XRD patterns of different cycled MnO, cathodes.
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Figure S12: Cycling performance and the corresponding Coulombic efficiency tested at 5C.
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Figure S13: CV (0.1 mV s™!) profile of the flexible MnO,-Zn cell.




Table S1: Comparison of cycling performance of various cathodes for aqueous zinc ion

battery.

Cathode

Capacity
(current density)

Cycling performance
(current density)

Ref.

MnO,@MnHCEF-PPy

V,0s

V5012‘ 6H20

PANI-intercalated MnO,

8 -Ml’lOZ

WS,-200

a-MnO,/rGO-PPy

VO,(B)@CFS

MoS,@CNTs

V205/ rGO

263 mAh g!
(at 0.15A g)

470 mAh g'!
(at0.2A g!)

354.8 mAh g'!
(at 0.5A g

280 mAh g!
(at0.2A g

243 mAh g'!
(at0.1A g1

179.99 mAh ¢!
(at0.2A g1

248.8 mAh g!
(at 0.5A gl

386.2 mAh g’!
(at 0.2A g

180.0 mAh g'!
(at0.1A g

175 mAh g'!
(at0.1A g

87%1/200 cycles (0.3 A g1)

91.1%/4000 cycles (5 A g'!)

97.4%/100 cycles (0.5 A g)

90%/200 cycles (0.2 A g')

89.5%/500 cycles (0.5 A g'1)

25%/20 cycles (0.2 A g)

85.9%/100 cycles (0.5 A g)

88.6%/100 cycles (0.2 A g)

80.1%/500 cycles (1 A g'1)

77.3%/200 cycles (0.1 A g)
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