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Fig. S1 (a) XRD pattern and (b) SEM image of ZIF-8 template
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Fig. S2 (a) Digital photograph and (b) tensile test result of electrospun precursor cloth

Fig. S3 SEM images at different magnifications of ZIF-8@PAN precursor nanofibers

S1/515


http://springer.com/40820
mailto:yinghangjun@zju.edu.cn
mailto:hanwq@zju.edu.cn

Nano-Micro Letters

Fig. S4 SEM image of MCFs

Fig. S7 (a-c) SEM images of PCFs at different magnifications. (d-f) TEM, HRTEM, and
SAED images of PCFs
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Fig. S8 HAADF image of PCFs and corresponding EDS mappings of C, N and O
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Fig. S9 XRD patterns of ZIF-8, PCFs and MCFs
(a) (b)

Fig. S10 Digital photographs of MCFs layer under (a) enwound, and (b) bent states

Fig. S11 Side view of PCFs cloth under SEM
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Fig. S12 Instantaneous contact angle of electrolyte (2M ZnSO4) on the surface of Zn@PCFs
anode
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Fig. S13 (a) Isothermal nitrogen adsorption/desorption curves, and (b) aperture distribution
curves of MCFs and PCFs

Fig. S14 SEM image of the bare Zn surface before cycling
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Fig. S15 XRD patterns of deposited Zn on bare Zn and Zn@MCFs anodes (5 mA cm?, 1 h)
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In contrast to bare Zn, the relative peak intensity of plane (101) of deposited Zn on MCFs
decreases, while plane (002) enhances dramatically, suggesting a preferential deposition of
plane (002) on Zn@MCFs anode. The relative texture coefficients (RTCs) of can be calculated
using the following formula [S1]:

Lk /Toni
2wty /Tomr)

Where 1., is the intensity of plane (hkl) obtained from the samples, and /y is the intensity
of plane (hkl) from the standard PDF cards. Accordingly, RCTyy,) increases from 8.02 of bare
Zn to 12.45 of Zn@MCFs, while RCT};y;) decreases from 12.09 of bare Zn to 5.59 of
Zn@MCEFs, indicating more (002) plane is exposed in Zn@MCFs. Despite Zn(101) shows
more negative binding energy, the tendency of preferential deposition of Zn (002) plane can be
attributed to the low lattice mismatch between Zn(002) and the carbon matrix, which can induce
the preferential growth of Zn(002) plane. The regulation of crystal plane orientation of
deposited Zn is also observed in previous reported carbonous modification layers or substrates
[S2-S5].
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Fig. S16 (a) TEM image, (b) HRTEM image (insets show the magnified lattice fringes and
plane spacing measurement result), and (c) SAED pattern of deposited Zn crystals on
Zn@MCFs

Fig. S17 The deposition morphology of Zn on Zn@PCFs anode with capacities of (a) 1, (b) 2,
(c) 5, and (d) 10 mAh cm™
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Fig. S18 Simulation results of Zn?* concentration distribution on the surface of (a) bare Zn,
and (b) Zn@MCFs
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Fig. S19 In situ observation of stripping process of isolated Zn scattered on the surface of
MCFs layer after 0, 10, 20, 30 mins at 1 mA cm™

Supporting Note: In order to confirm the “revival effect” of MCFs to the isolated Zn, some Zn
particles were dispersed on the MCFs skeleton to simulate the isolated Zn produced during the
plating/stripping cycle, and observed the morphology evolution of particles during the stripping
process. As the in situ optical microscope observation shows, with the stripping process going
on, the Zn particles scattered on the surface of MCFs layer dissolve gradually, indicating that
the MCFs skeleton can build effective electrical contact between isolated Zn with the Zn foil.
Of note, in practice, the possibly formed isolated Zn particles scattered in the fiber network,
which is easier to form good electrical contact. As a result, the “dead Zn” can be effectively
eliminated.

(a) Bare Zn before | (¢) Zn@MCFs before

(b) Bare Zn after (d) Zn@MCFs after
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Fig. S20 Thickness of (a,b) bare Zn and (c,d) Zn@MCFs symmetric cells before and after
plating/stripping test (1 mA cm)
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Supporting Note: The bare Zn symmetric coin cell obviously swells after cycling, which
results from the aerogenesis of the cells during cycling (Fig. S20a-b). The gas in the cells will
increase the electrode-electrolyte interfacial impedance, thereby leading to the increasement
in overpotential. Although the present of MCFs layer will inhibit the aerogenesis by reducing
the overpotentials and stabilize the electrode-electrolyte interface, the slight bulge of the cell
can still be observed after cycling (Fig. S20c-d). A higher overpotential is more likely to lead
to hydrogen evolution, hence the fluctuation of overpotential in the late cycles is more likely
to occur under the condition of a high rate and large deposition capacity.
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Fig. S21 Plating/stripping performance of Zn@MCFs symmetric battery with capacity of 10
mAh cm2 at 10 mA cm™2
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Fig. S22 The voltage hysteresis value comparison of bare Zn and Zn@MCFs symmetric cells
at various current densities
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Fig. S23 XPS spectra of PCFs and MCFs
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Fig. S24 XPS spectra and corresponding peak fitting result of (a) C 1s, and (b) N 1s for PCFs
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Fig. S25 XRD pattern of bare Zn foil
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Fig. S27 (a-c) Binding energies of zinc clusters absorbed at different sites. Based on the
calculation result, site 1 is selected as the surface atomic configuration model of MCFs

S8/515


http://springer.com/40820

Fig. S28 Top view of electron clouds as zinc absorbed onto different substrates: (a) Zn (101),

Nano-Micro Letters

(b) PCFs and (c) MCFs
500 0 -
80 . *
001 g e . ¢ Before
N <0 . ® 1 cycle
a 300+ 20 ® 2 cycles
g . 3 cycles
&ul 2004 %0 % 40 60 s 10® 4cycles
. .Z.'(%) * e, & 5 cycles
«® °, .
100+ o® .,
()
0 100 200 300 400 500
7'(Q)

Fig. S29 Electrochemical impedances spectra of bare Zn symmetrical cells before and after 1,
2, 3, 4, 5 cycles, respectively

Fig. S30 Side view of the SEM image showing the interfacial morphology of deposited
Zn@MCFs anode
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Fig. S31 (a) XRD pattern, and (b) SEM image of a-MnO> synthesized in lab
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Fig. S32 (a) XRD pattern, and (b,c) SEM images of commercial f-MnO purchased from
Aladdin reagent (Shanghai) Co., LTD
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Fig. S33 Electrochemical performance of Zn||p-MnO. and Zn@MCFs||3-MnO; batteries. (a)
Rate performance, and (b) cycling performance at 1 A g* (after activization at 0.2 A g™* for
two cycles)
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Fig. S34 Electrochemical performance of Zn||p-MnO2 and Zn@MCFs||3-MnO: batteries. (a)
Voltage-capacity curves at 0.2 A g2, (b) CV curves at 0.1 mV s, and (c) EIS spectra before

cycling

20 (e

Fig. S35 SEM iamges of MCFs layer after test in (a,b) symmetric cell after 1500 h (5 mAh
cm?, 1 mA cm2), and (¢) Zn@MCFs|jo-MnO; cell after 600 cycles at 1 A g
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Fig. S36 (a) TEM, (b) FFT, and (c) HRTEM images of MCFs after 600 cycles in Zn@MCFs||a-
MnO: cell

Supporting Note: In the current studies on aqueous Zn-ion batteries, excess zinc is usually used
in the Zn-MnO- batteries, and the Zn anodes are operated at low depth of discharge (DOD).
Hence, it is normal to detect small amounts of residual Zn nanocrystals in the nanofibers after
cycles. Because of the excess zinc is used in the anode, the small amounts of residual zinc will
not reduce the Coulomb efficiency. We also assessed the electrochemical performance of
Zn@MCFs||[MnO2 pouch cell with controlled DOD (see below). Both coin cell with excess zinc
and pouch cell with controlled DOD show high level of CEs, indicating the the Zn@MCFs
anode and MnO; cathode show excellent electrochemical reversibility
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Fig. S37 Optical photographs of (a) bare Zn, Zn@MCFs, and a-MnO- electrodes, (b) pouch
battery with Zn@MCFs anode and a-MnO- cathode (size: 2>8 cm?), (c) digital photograph of
30 LEDs lit by the bent (90°) Zn@MCFs||a-MnO2 pouch battery
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Fig. S38 Voltage-capacity curves of Zn@MCFs||a-MnO2 pouch battery at (a) different
current densities, and (b) different cycles
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Fig. S39 Voltage-capacity curves of Zn@MCFs|ja-MnO2 pouch battery at 1 A g%, the specific
discharge energy of focdi“h”ge(c x V) can be acquired according to the shaded area value

Table S1 Comparison of deposition capacity and cycle life of Zn anodes protected by various
interfacial layers

Interfacial layer Platlng/(?;r;\%p(l:rrﬁzgapacny Cycle life (h) Refs.

ZIF-8 0.05 170 [S6]

3D nanoporous Zn0O 195 500 7]
architecture

Indium-based protective layer 0.05 1400 [S8]

MXene (TizsCaTxy) 0.2 800 [S9]

Nanoporous CaCOs 0.05 800 [S10]

Kaolin 11 800 [S11]

TiO, 1 150 [S12]

3D interconnected ZnF, 1 800 [S13]

ZnS 2 1100 [S14]

PVDF- BaTiO3 2 1300 [S15]

Polyamide 0.25 8000 [S16]

Polyacrylonitrile 1 1100 [S17]

Cyanoacrylate adhesive 1 400 [S18]

Ag 0.2 1450 [S19]

In 0.2 1500 [S20]

Multicapsular carbon fibers 5 1500 This work
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