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Step 1: Synthesis of Fluorine (F) and nitrogen (N) co-doped carbon nanotubes (CNT), (defined as FNCN

Heat treatment at 500°C
ko

CNT and Ammonium fluoride
mixed powder

e

F and N doped CNT

0,040,050 @ Corbon
Bt G g8, 0, @ Nitrogen
®e%e " 0%0%0%9 @ Flucrine
. %% %

Step 2: Fabrication process of FNCNT and graphene (G) coated on the Zn anode
(defined as FNCNT@G-Zn) for use in Zn-ion hybrid capacitors

1st coating process ----- » 2nd coating process

Graphene

o

0%e® @ Carbon
Bg® Cg®,8, @ Nitrogen
®6%0°6%8%8%8 @ Fiuarine
o B 00,0,

FNCNT -

Graphene
I S Zn

Bare Zn Graphene-Zn FNCNT@G-Zn

_13_



ZIHSd 10-2025-0047070

=13
™) sare zn (o) [ Y cNT-zn
8= 113° 9= 116° 0 = 78°
B cNT@G-2Zn B rnenTes-zn @ Carbon
( Nitrogen
@ Fluorine

0=77°

6 = 65°
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Improved
wettability
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b

F and N doped CNF
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(b) CNT with NH,F
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g Decomposition of NH,F residus
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I. Surface protection of Zn anode
o
» Zn?*
2. znso, Znso,
) o
» N W
-
-
Bare Zn FNCNT@G-Zn

1. Controlled nucleation during Zn plating

Zinc dendrite

e

Zi)zlilgel2

FNCNT@G-Zn

Bare Zn

Increased nucleation sites by introducing CNTs
with a one-dimensional network structure

11l. F-doping effect

Improved wettability

Co-doping “%
e Y
> A
Pure CNT FNCNT

Enhanced interfacial stability
between the electrolyte and the anode

IV. N-doping effect

Increased electrical
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