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Materials characterization
[bookmark: OLE_LINK50][bookmark: OLE_LINK34][bookmark: OLE_LINK35]The crystalline structure of the synthesized materials was examined on a powder X-ray diffraction (XRD, Bruker, AXS D8) with Cu Kα radiation (λ = 0.15406 nm). Raman spectra were performed on a Renishaw Raman microscope with a 633 nm laser excitation. Thermogravimetric analysis (TGA) was measured by the TGA/SDTA 851e Mettler with a ramp rate of 10 C min−1 from room temperature to 600 °C under an N2 flow. The surface morphologies and elemental components were investigated by transmission electron microscope (TEM, JEOL JEM-2010) and scanning electron microscopy (SEM, Zeiss G500) equipped with energy dispersive spectrometry (EDS). The surface characteristics of the sample were checked on a VG-ESCALAB LKII X-ray photoelectron spectroscopy (XPS). The Brunauer-Emmett-Teller (BET) tests were performed on an Autosorb-iQ.
Calculation equations
For the three-electrode system, the specific capacitance (C, F g−1) and capacity (Cs, C g−1) of the working electrode can be obtained from the GCD curves based on the following equations.
                                            (1)
                                                  (2)
Where I is the discharge current (A), Δt is the time of discharge (s), m is the loading mass of active material (g), and ΔV is the width of the potential window (V).
For HSCs, to achieve the optimal performance, the mass loading of the positive and negative electrode was balanced based on the following equation.
                                                     (3)
where m+ and m– are the masses of anode active-material and cathode active-material, respectively; similarly, Cs+ is the specific capacity of anode active material, and C– is the specific capacitance of the cathode active-material; ∆V– is the potential window of the AC electrode.
The energy density, E (Wh kg–1), and power densities, P (W kg–1) were calculated through the following equations.
                                                    (4)
                                              (5)
where I is the discharge current (A), V(t) is the discharge potential excluding the IR drop (V), dt is the time differential, M is the total mass of active materials on both electrodes (g), and Δt is the time of discharge (s).
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Fig. S1. (a) XRD patterns of the ZCO/d-TC-300, ZCO/d-TC-350, ZCO/d-TC-400. (b) Nitrogen adsorption-desorption isotherms of the ZCO-300, ZCO-400, ZCO/d-TC-300, ZCO/d-TC-400. (c) TGA of the d-TC, Zn-Co precursor, and Zn-Co precursor/d-TC. (d) pore size distributions of the ZCO-300, ZCO-400, ZCO/d-TC-300, ZCO/d-TC-400.


[image: ]
Fig. S2. (a) Cross-section SEM image of the d-TC film. (b) Low-magnification, and (c) high-magnification SEM images of Zn-Co precursor/d-TC. (d,e,f) High-magnification SEM images of ZCO-300, ZCO-350, ZCO-400.


[image: ]
Fig. S3. (a) TEM image of the d-TC. (b) Low-magnification and (c) high-magnification TEM images of ZCO/d-TC-300, (d) Low-magnification and (e) high-magnification TEM images of ZCO/d-TC-400. (f) Low-magnification, and (g) high-magnification TEM images of Zn-Co precursor/d-TC.
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Fig. S4. (a-c) High-magnification TEM images, and (d-f) Low-magnification TEM images of ZCO-300, ZCO-350, ZCO-400.



[image: ]
Fig. S5. CV curves of (a) ZCO-300, (b) ZCO-350, (c) ZCO-400, (d) ZCO-300/d-TC, (e) ZCO-350/d-TC, (f) ZCO-400/d-TC, and (g) d-TC electrodes at different scan rates. (h) CV curves of ZCO-350 electrode and its counterparts at 10 mV s−1.


[image: ]
Fig. S6. (a) Liner plot between Iv-0.5 versus v0.5 for the ZCO/d-TC-350 electrode . (b-f) Capacitive (green) and diffusion-controlled (white) contribution at (b) 10, (c) 20, (d) 30, (e) 40, (f) 50 mV s–1.


[image: ]
Fig. S7. GCD curves of (a) ZCO-300, (b) ZCO-350, (c) ZCO-400, (d) ZCO-300/d-TC, (e) ZCO-350/d-TC, (f) ZCO-400/d-TC, and (g) d-TC electrodes at different scan rates. (h) GCD curves of ZCO-350 electrode and its counterparts at 1 A g−1.


[bookmark: OLE_LINK7][image: ]
[bookmark: OLE_LINK86]Fig. S8. (a) specific capacity as a function of current density, and (b) Nyquist impedance plots of ZCO-350 electrode and its counterparts.
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[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Fig. S9. Nyquist plots and the chosen equivalent circuit (inset) of d-TC, ZCO-300, ZCO-350, ZCO-400, ZCO/d-TC-300, ZCO/d-TC-350, and ZCO/d-TC-400 electrodes.
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Fig. S10. (a) CV curves, (b) GCD curves of activated carbon electrode in a three-electrode system. (c) CV curves, and (d) GCD curves of the ZCO-350 HSC.


[image: ]
Fig. S11. (a) Cycling stability of the ZCO-350 HSC (the inset is the initial and last 5 charge and discharge curves). (b) Nyquist plots before and after cycling of ZCO-350 and ZCO/d-TC-350 HSCs, the inset shows the magnified high-frequency region, and the equivalent circuit (right).

Table S1. BET surface areas, total pore volumes, and average pore diameters of the ZCO-300, ZCO-400, ZCO/d-TC-300, ZCO/d-TC-400.

	Sample
	BET surface area(m2 g-1)
	Average pore
diameter(nm)
	Total pore volume(cm3 g-1)

	ZCO-300
	137.663
	16.745
	0.5763

	ZCO-400
	81.287
	21.5614
	0.4382

	ZCO/d-TC-300
	171.574
	20.1721
	0.8653

	ZCO/d-TC-400
	97.013
	26.5372
	0.6436




[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Table S2. EIS parameters in the three-electrode configuration.
	Sample
	Rs (ohm)
	Rct (ohm)

	d-TC
ZCO-300 
	0.939
0.967
	0.170
0.285

	ZCO-350 
ZCO-400
ZCO/d-TC-300 
[bookmark: OLE_LINK2]ZCO/d-TC-350 
ZCO/d-TC-400
	0.870
0.940
0.678
0.667
0.749
	0.208
0.264
0.102
0.080
0.111









Table S3. Parameters of electrochemical impedance spectra in the HSC.
	Sample
	Rs (ohm)
	Rct (ohm)

	ZCO-350 (Fresh)
	1.445
	4.033

	ZCO-350 (4000th)
ZCO/d-TC-350 (Fresh)
ZCO/d-TC-350 (4000th)
	1.677
1.272
1.336
	6.741
1.882
2.227







[bookmark: _GoBack]

Table S4. ZCO/d-TC-350||AC and the electrochemical performance comparisons of various kinds of HSC device

	Devices
	Electrolyte
	Voltage
(V)
	Energy 
density
(Wh kg-1)
	Power
density
(W kg-1)
	Reference

	VN/PC//TC
	6 M KOH
	1.8
	12.81
	985.8
	1

	TC/CuS//TC
	1 M KOH
	1.5
	15.4
	750.2
	2

	TC/NiS//GO/AC
	2 M KOH
	1.5
	17.688
	750
	3

	ZCO nanofibers//AC
	2 M KOH
	1.5
	10.42
	375.12
	4

	ZCO spheres//AC
	3 M KOH
	1.6
	12.62
	920.8
	5

	Ni–S/1d-TC//d-TC
	6 M KOH
	1.9
	20
	500
	6

	ZCO-350||AC
	[bookmark: OLE_LINK493][bookmark: OLE_LINK494]3M KOH
	1.6
	9.1
	519
	This work

	ZCO/d-TC-350||AC
	3M KOH
	1.6
	15.6
	551
	This work
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