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Experimental section

Chemicals: All the chemicals of analytical grade from Aladdin (Shanghai Aladdin
Bio-Chem Technology Co., LTD) were used as received without further purification.
Deionized water with a resistivity of 18.25 MQ cm was used. Carbon fiber clothes were
provided by ElectroChem Inc (USA). Zinc plates, positive and negative electric
casings, gaskets, and shrapnel were purchased from Corud, and the glass microfiber

filters came from Whatman.

Modification of carbon fiber clothes (CFCs)
The CFCs were functionalized by immersing into HNO3/H,SO, (3:1) solution for 2 h to obtain
a highly hydrophilic surface before being cleaned by acetone and ethanol under sonication for 10

min in sequence.

Preparation of precursor Co(OH), nanowire arrays

The Co(OH), nanowire arrays were synthesized by a facile hydrothermal method.
Co(NOs3),*6H,0 (0.03 M,0.1746 g) were completely dissolved in 10 mL of ultrapure
water and kept stirring for 10 minutes. NH4F (0.09 M, 0.0667 g) and CO(NH,), (0.15
M, 0.1802 g) were completely dissolved in 10 mL of ultrapure water under
ultrasonication for 5 minutes, which were then poured into the Co?* contained solution
and kept stirring for 30 min to form a transparent pink colored solution. The resulting
reaction solution was then transferred to a 20 mL Teflon-lined stainless steel autoclave
and a piece of clean carbon fiber cloth (CFC, 1 x 4 cm?) was immersed into the solution.
The autoclave was put in an electric oven for hydrothermal reaction under 120 °C for 8
h. After the reaction, the product was rinsed with ultrapure water three times and then
dried in a vacuum oven at 60 °C for another 8 h.
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Preparation of Co(OH),@ZIF-67 hybrid arrays

2-methylimidazole (2-MIM, 0.6 M, 1.2315 g) was dissolved into 25 mL ultrapure
water. The Co(OH), nanowire arrays were immersed into the 2-MIM solution for 24 h
at room temperature to form Co(OH),@ZIF-67 hybrid. Then the sample was rinsed
with ultrapure water three times and then dried in a vacuum oven at 60 °C for 8 h.
Preparation of A-Co(OH),@ZIF-67 hybrid arrays

The obtained Co(OH),@ZIF-67 was placed in a tube furnace and then heated
under 350 °C for 30 min in a nitrogen atmosphere with a ramping rate of 5 °C/min. The
annealed sample was named as A-Co(OH),@ZIF-67.
Preparation of A-Co(OH),@NiCo-LDH arrays

The annealed sample was transferred into a glass bottle that contained
Ni(NO3),*6H,0 (0.1 M, 0.4225 g) and 25.0 mL ethanol. The reaction was carried out
at room temperature for 24 h. Then the product was collected and rinsed with ultrapure
water three times and put into a vacuum oven at 60 °C for 8 h. The mass loading of A-
Co(OH),@NiCo-LDH is 1.0 - 2.0 mg cm™. Note that the mass loading of the active
materials can be increased by growing the materials on functionalized CFCs with higher
surface area.
Material Characterization

The microstructures and compositions of all samples were analyzed by field
emission scanning electron microscope (SEM, Verios G4, FEI), transmission electron
microscopy (TEM, FEI Talos F200X), X-ray photoelectron spectroscopy (XPS, Kratos
AXIS Ultra DLD), Raman spectroscopy (Raman, WITec, Germany), N, gas sorption
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test (Micromeritics 3Flex), and X-ray diffraction analysis (XRD, Rigaku Mini Flex 600
with Cu Ka radiation).
Electrochemical Measurements

All electrochemical measurements were carried out with an electrochemical
workstation (VSP, BioLogic) at room temperature (25 °C). The electrochemical
impedance spectrum (EIS) of the material was obtained in the frequency range from
200 kHz to 10 mHz with an AC potential amplitude of 5 mV at zero DC voltage. The
cycling stability of the as-synthesized materials was tested using a program-control
automatic system (LANHE-CT3001A). The accuracy of the electronic balance is d =
0.01 mg (METTLER TOLEDO-MES5)
Three-electrode test system

The as-synthesized materials were used as the working electrode. A square
platinum foil (1x 2 cm?) was employed as the counter electrode and Hg/HgO electrode
was applied as the reference electrode. 2.0 M KOH aqueous solution was utilized as the
electrolyte.

To acquire the specific capacity (Q, mAh g'!) and specific capacitance (Cs, F g71)
of the electrode, Galvanostatic charge/discharge (GCD) tests were performed and the

corresponding data were obtained based on the following formula (1-2)!:
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Where 7 (A) is the current response, ¢; and #,are the initial and final values of discharge
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time t (s). m (g) is the mass loading and V' (V) is the operating potential. Uyye, (V) is
the mean value of V, and U (V) is the potential window.

The dynamic electric energy storage mechanism of A-Co(OH),@NiCo-LDH
arrays was analyzed by running cyclic voltammetry (CV) experiments. The relationship

of current response vs scan rates in CV curves can be presented by formula (3): %3

i, =av" = logi=blogv+loga (3)

Where i is current, v is the scan rate, and both @ and b are adjustable parameters. b = 1

indicates the energy storage process is dominated by pseudocapacitive behavior while

b= 0.5 means the mechanism is mainly based on a battery-like redox reaction behavior.
The capacitive contribution of the electrode materials at different CV scans was

analyzed based on the peak current at different anodic scanning rates for the active

materials according to the reported method.* 3 Specifically, k; and &, can be obtained

by plotting v'? versus i/v'? according to equation (4)°

1 1
i(V)=kyv+ k2v2:>(—1) = k1v2 + k,
v* 4)

where 7 (V) is the anodic peak current and v is the corresponding scan rate. kv/i is the
capacitive contribution ratio, and kyv"?/i is the surface diffusion controlled redox
reaction contribution ratio.
Assembly of hybrid supercapacitor and alkaline zinc ion batteries
Fabrication of hybrid supercapacitor (HSC)

The HSC device was assembled by using A-Co(OH),@CoNi-LDH electrode as
cathode, activated carbon (AC) electrode as anode, and 2 M KOH as the electrolyte.
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The mass ratio of the active materials of cathode and anode was balanced using the
following equation (5):7

m, C_xAV.

+

m. o

)

Where Q1 (mAh g') and C_ (F g!) represent the gravimetric specific capacity of
the cathode electrode and specific capacitance of the anode electrode, respectively. AV
is the potential window of anode. m, (g) and m_(g) are the mass of the cathode and
anode electrodes respectively. Practically, in the best performed HSC, the A-
Co(OH),@CoNi-LDH had a mass loading of 1.35 mg and the activated carbon (AC)
electrode had a mass of 2.91 mg.

The energy density (£, Wh kg''), power density (P, W kg!), and Coulombic

efficiency (1) were calculated based on equations (6-8) 3 °:

]er V.di
E=-" 6
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C

Where m (g) is the total mass of positive and negative electrode materials. V (V) is the
operating voltage. #; and ¢, are the initial and final values of discharge time ¢ (s). Ecand
Epare the charge and discharge energy density (Wh kg!).
Assembly of alkaline zinc ion batteries (AZIBs)

The AZIB was prepared by assembling the A-Co(OH),@CoNi-LDH cathode with
amass of 1.07 mg (151 cm?) and Zn anode (1{3 1 cm?) with an alkaline electrolyte (6
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M KOH and 0.2 M Zn(CH;3;COQ),, 150 puL).
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Fig. S1. (a) SEM images of pure CFC substrate, Co(OH), nanowire arrays grown on
(b) un-treated and (c) modified CFCs; (d) SEM images of Co(OH), nanowire arrays
grown on modified CFCs after ultrasound treatement.

In order to verify the effect of CFC surface modification, the SEM images of
Co(OH); nanowire arrays on unmodified and modified CFC were obtained (Figure S1b
and Figure Slc). It is clear that the nanowires were densely grafted on acid-treated
hydrophilic CFC while the Co(OH), only randomly distributed on the un-treated CFC.
This confirms that the hydrophilic surface modification of the CFC contributes to the
adsorption of the Co?", nucleation, and directional growth of the Co(OH), nanowires.
To test the binding force of nanowires with CFC, we ultrasonicated the sample for 5
minutes in deionized water, which still remained very well array structure (shown in

Figure S1d), demonstrating the intimate contact between the nanowires and the CFC

substrate.
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Fig. S3. (a) SEM and EDS elemental mapping images of A-Co(OH),@NiCo-LDH; (b)

EDS spectrum of A-Co(OH),@NiCo-LDH.
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Fig. S4 N, adsorption-desorption isotherm of bare CFCs (a), Co(OH), (b), and A-

Co(OH),@NiCo-LDH (c) at 77 K and pressure of 0 — 1.0 bar, respectively.
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Fig. S5. (a) XRD patterns of Co(OH), and the corresponding standard sample; (b) XRD

patterns of Co(OH),@ZIF-67 and standard ZIF-67.
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Fig. S6. High-resolution XPS spectra of Co 2p (a) and Ni 2p (b) in A-Co(OH),@NiCo-

LDH at charge (+0.55 V vs Hg/HgO) and discharge (+0 V vs Hg/HgO) states.
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S7. CV with different scanning rates, GCD curves with different current densities,

and EIS spectrum of Co(OH), nanowire arrays (a-c) and Co(OH),@NiCo-LDH

composite arrays (d-f), respectively.
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Table S1. The fitted series resistance (R;) and charge transfer resistance (R.;) values of

Co(OH),-NWA, Co(OH),@NiCo-LDH, and A-Co(OH),@NiCo-LDH.

Co(OH),-

Resistance Co(OH),@NiCo-LDH A-Co(OH),@NiCo-LDH
NWA

R (Q) 1.30 1.22 1.50

R (QY) 0.35 1.13 0.34
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Fig. S8. (a-c) Capacitive performance of activated carbon: (a) CV with different
scanning rate; (b) specific capacitance with different current density; (c¢) EIS spectrum

of the activated carbon electrode. The inset is the enlarged EIS spectrum. (d) GCD
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curves of HSC; (e) GCD curves of AZIB.
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Table S2. The supercapacitive performance comparison of the state-of-the-art

supercapacitors based on transition metal compounds

Voltage
Specific Energy density Power density Capacitance
Supercapacitors window Ref.
capacitance (E, Wh kg) (P, KW kg) retention rate
™
106 F g*! 8 at the £ of 93.1% after 5000
NiCo-LDH/CoySg//AC 1.6 38 atthe Pof 0.8 10
at1.0A g! 31.1 cyclesat 1 A g
32.5 at the P of 6.584 at the £ 78.7% after 8000
NCLDH@CNTs//AC 1.5 - 1
0.15 of 15 cyclesat 1 A g!
793 F g'at 26.5 at the P of 6.2 at the £ of 78% after 5000
NiCo-LDH@PANI@CC//AC 1.6 12
05A¢g! 0.73 8.4 cyclesat5 A g!
28.5 at the P of 24 at the E of 96 % after 5000
CoNi-MOF//AC 1.5 - 13
1.5 13.3 cycles at 16 A g'!
199F g'atl 42.83 at the P of 8.5 at the E of 80.4% after10000
NiCo-LDH/NCF//AC 1.5 14
Ag! 0.43 12.99 cyclesat5 A g!
102F g'at2 8.25 at the E of 90% after 5000
(Ni,Co)Se,/NiCo-LDH//PC 1.65 35 at the P of 1.65
Ag! 24 cyclesat5 A g'!
CCCH@ NiCo-LDH
925Fg'at2 35.0 at the P of 139 atthe Eof  94.8% after 10000
NWAs@Au— 1.7
mA 1.41 27.4 cycles
CuO/Cu//VN/CFs
81.23% after
100.38 F g! at 40.61 at the P of 23.55 atthe £ This
A-Co(OH),@NiCo-LDH//AC 1.7 10000 cycles at 5
2Ag! 1.78 of 28.59 work
Ag!
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Table S3. The electrochemical performance comparison of the state-of-the-art alkaline

Zn-ion batteries based on transition-metal compounds

Voltage Specific
Energy density Power density Capacitance
AZIBs window capacity Ref.
(E, Wh kg") (P, KW kg) retention rate
™ (mAhg")
162 mAh g! 80 % after 2000
Co0304/Ni//Zn/CC 1.78 235 - 17
atl Ag! cyclesat 1 A g'!
249 mAh g'! 50.2 at the P of 16.1 atthe Eof  91.5 % after 5000
N-rGO)/Fe,05 1.45 18
atl Ag! 0.485 9.7 cyclesat3 A g!
72.9 % after 2400
203 mAh g'! 355.7 at the P of
NiO/CF//ZnO/CF 1.9 - cycles at 5 mA 19
at0.26 A g'! 17.9
cm’!
94 % after 2000
354 mAh g!
NiAlCo LDH/CNT//Zn 1.75 274 at the P of 16 - cycles 20
at 6.7A g!
at66.7 A g'!
76.68 % after
309.3 mAh g 489.6 at the P of 9.64 at the E of This
A-Co(OH),@NiCo-LDH//Zn 1.85 1000 cycles at 5 A
at0.2 A g 0.38 321.2 work
g-l
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