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Figure S1 (a) Digital photo of NC/GF prior to rolling and twisting. (b,c) Digital photos of the rolling and twisting states of
NC/GF. (d) Digital photo of NC/GF after rolling and twisting.
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Figure S2 Optical images of NC/GF separator before and after air plasma treatment. (a) NC/GF separator before air plasma
treatment. (b) The front side of NC/GF separator after air plasma treatment. (c) The rear side of NC/GF separator after air
plasma treatment. The color of the rear side changes from black to white, confirming the NC species was removed thoroughly
on this side.

Figure S3 (a) High-resolution SEM image of pristine GF separator. (b) High-resolution SEM image of prepared NC/GF
separator.
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Figure S4 (a-c) TEM images of the as-fabricated NC/GF separator. (d) The corresponding SAED pattern.
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Figure S5 XRD patterns of bare GF separator and NC/GF separator.
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Figure S6 XPS survey spectrum of NC/GF separator.

@ TSINGHUA @ Springer | www.editorialmanager.com/nare/default.asp

UNIVERSITY PRESS


http://www.editorialmanager.com/nare/default.asp

Nano Res.

~——— NC/GF separator 0.04 ——— NC/GF separator
a 0.04 —— GF separator b —— GF separator
< 000 2 0%p
S S
‘_.o! 004} % 0:001;
> > 002
-0.08}
ofipk . . . , . -0.041 . IShort Icwcwt’
0 1 2 3 4 5 186 189 192 195 198
Time (h) Time (h)
C 0.04+ ——— NC/GF separator d 0.04 + ~——— NC/GF separator
< 0.02¢ S 0.02}
g s
& 000r & 000
o G
> 002} > 002}
-0.041 -0.04f
600 601 602 603 1001 1002 1003 1004
Time (h) Time (h)

Figure S7 Enlarged voltage profiles at selected cycles in Fig. 2d. (a) The initial rest state and the 1% cycle. (b) The 91%-98™
cycles. (c) The 298"-299" cycles. (d) The 4991"-500t" cycles.
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Figure S8 Enlarged voltage profiles at selected cycles for Fig. 2e. (a) The initial rest state and the 1t cycle. (b) The 36M-41%
cycles. (c) The 98"-100" cycles. (d) The 1741"-176" cycles.
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Figure S9 Galvanostatic cycling of Zn—-Zn symmetric cells based on GF and NC/GF separator at a current density of 20 mA
cm™2 and a capacity of 25 mAh cm™2,
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Figure S10 Top-view SEM images of Zn electrodes after 50 cycles at 1 mA cm™2/1 mAh cm~2 assembled with (a) GF separator
and (b) NC/GF separator.
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Figure S11 Nucleation overpotential for Zn—Zn symmetric cells with GF and NC/GF separator under different conditions: (a)
1 mA cm /1 mAh cm™, (b) 5 mA cm/5 mAh cm, (c) 10 mA cm /10 mAh cm™,
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Figure S12. (a) Nucleation overpotential for Zn-Zn symmetric cells with GF and NC/GF separators under 1 mA ¢cm=2/1 mAh
cm2. Here, NC/GF (single side) means that only one side of NC/GF separator was treated by air plasma. NC/GF (double side)
denotes that both sides were treated by air plasma. (b) Voltage profiles at the initial plating/stripping stage. (c) CEs of Zn
plating/stripping in Ti-Zn cells using NC/GF separators at a current density of 2 mA cm2 and a capacity of 0.5 mAh cm™.
(d) Galvanostatic cycling of Zn—Zn symmetric cells based on NC/GF separators at a current density of 20 mA cm™ and a
capacity of 25 mAh cm™.

Figure S13 SEM images of K\VOH nano-urchin architectures.
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Figure S14 CV curve of a KVOH//Zn full cell equipped with NC/GF separator at a scan rate of 0.2 mV s,
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Figure S15 (a) SEM image of prepared MnO- nanorods. (b) CV curve of MnO2//Zn full cell equipped with NC/GF separator

at a scan rate of 0.2 mV s (c) Long-term cycling performance of MnO,//Zn full cell equipped with NC/GF or bare GF
separator at 1 A g™
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® Supporting Table
Table S1 Performance comparison of Zn anodes between this work and reported studies.

Areal Areal Voltage Depth of
Materials currentz capamtyz hysteresis discharge Lifespan Ref.
(mAcm™)  (mAhcm™) (mV) (DOD)
1 1 54 1100 This
N-doped carbon 10 10 87 365 work
20 25 167 42.7% 48
Graphene oxide 2 100 500 [1]
1 1 80 250
Graphene [2]
10 5 180 8.5% 80
1 1 34 1200
Nitrogen-Doped Graphene [3]
5 5 96 4.3% 300
Nanoporous CaCO, 0.25 0.05 104 0.2% 836 [4]
TiO, film 1 1 114 150 [5]
Nanoporous ZnO 5 1.25 84 2.1% 500 [6]
Zn0O array 1 1 78 400 [7]
ZnS 2 2 70 17.1% 1100 [8]
NaTi,(PO,), 1 1 50 260 [9]
0.2 0.2 50 800
MXene 5 1 104 3.4% 100 [10]
. 0.5 0.25 100 1.7% 800
Cyanoacrylate Adhesive 5 1 110 400 [11]
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Table S2 Parameters for calculating the ion transference number.

Separator I, (nA) I, (nA) R, (©) R, (©) T, 2+
GF 8.1 2.3 640 1909 0.26
NC/GF 44.3 23.6 219 412 0.57
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