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Clarification of equations used for evaluating the energy storge ability of battery-
like eletrode materials

Usually, the equation (1) provided in the manuscript is suitable for calculating
the capacity of the EDLC material which stores energy by accumulation of charges
through electrostatic interactions at the electrode—electrolyte interface and the
pseudocapacitive material (such as MnO,) which display an electrochemical behavior
typical of that observed for a capacitive carbon electrode in mild aqueous electrolyte
[1,2].

Correspondingly, the charge/discharge curves of EDLC and pseudocapacitive
material always present (quasi)triangular shape. While in this work, the electrochemical
characteristics (obvious redox peak and discharge plateau) of Ni-Fe LDH@CNTF
present distinct bahaviors from the EDLC material or pseudocapacitive material.
According to definition and concept of pseudocapacitance proposed by Conwey, it can
be inferred that Ni-Fe LDH@CNTF is actually belong to battery-like material which
exhibit typical faradaic behavior. Based on this, the equation of batteries to calculate
the capacity should be adopted in current situation to avoid the deviation from the real
values. Therefor, the specific capacity (C., mAh/g) of battery-type Ni-Fe LDH@CNTF

was calculated from the GCD curves by the following Equation S1 [3]:
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Before evaluating the electrochemical perforamance of ASC device, the charge

balance between two electrode was processed based on the following equation [4,5]:
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where C.. (mAh/g) and m. (g) are the mass and specific capacity of the positive

electrode, while Cy_ (F/g), m_(g)’ Av._ (V) are the mass, specific capacitance and

operating potential window of the negative electrode, respectively.

Charge transfer mechanisms simulation

The charge transfer mechanisms and electrode kinetics were investigated by
Dunn’s method. [6-9] To quantify the ratio of capacitive contribution of present AFSC
from the total capacity, the formula can be divided into two parts quantitatively as

follows:
(v)=kyv+ kzvl/2 (S3)

k

where "1 and 2 represent the scan rate independent constants; V is the sacn rates,

1/2
keyv represents capacitance contribution and kegv represents contribution coming

from diffusion-controlled Faradaic processes.



Results

c Element Element Atomic Weight
Symbol Name Conc. Conc.
C Carbon 81.65 64.78
(0] Oxygen 12.11 12.80
Fe Iron 5.86 21.61
S Sulfur 0.38 0.80
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Figure S1. SEM images of original CNTF observed at low magnification (a) and high

magnification(b); (c¢) Corresponding EDX of CNTF.

Figure S2. TEM morphologies of original CNTF indicating the major component of CNT bundles.



Element Element Atomic Weight
Symbol Name Conc. Conc.
C Carbon 88.57 85.33
0o Oxygen 11.43 14.67
Fe Iron 0.00 0.00
G ®®
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Figure S3. SEM images of acid treated CNTF observed at low magnification (a) and high
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magnification(b); (c) Corresponding EDX of acid treated CNTF.

Figure S4. (a) Low magnification and (b) high magnification SEM images of Ni-Fe LDH grown on

single CNT; (c-f) Corresponding C, O, Ni and Fe elements mapping.
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Figure S5. XRD pattern of Ni-Fe LDH powder (hydrothermal reaction time: 24h).
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Figure S6. (a) Survey XPS spectrum of Ni-Fe LDH@CNTF-8; (b-d) Corresponding high resolution

XPS spectra of C 1S, Ni 2P and Fe 2P.
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Figure S7. (a) CV and (b) GCD curves of Ni-Fe LDH@CNTF-8 electrode measured at different

scan rate and current densities.
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Figure S8. GCD curves of original CNTF at different current densities.



The comparatively rapid change (resulting larger linear slope, Figure S9c) of AJ of Ni-Fe

LDH@CNTF-24 sample calculated from the Figure S9a and S9b indicates its higher

electrochemical double layer capacitance [10,11]. Based on this, it can be inferred that the

hierarchical structure of Ni-Fe LDH@CNTF-24 sample provide more electrochemical active area

(ECSA) than that of Ni-Fe LDH@CNTF-8 sample.
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Figure S9. CV curves of (a) Ni-Fe LDH@CNTF-8 and (b) Ni-Fe LDH@CNTF-24 in the potential

window of -0.05-0.05 V (vs. Ag/AgCl) at different scanning rates of 5, 10, 20, 30, 40 and 50 mV/s,

(¢) Aj (= ja- jc) plotted against scan rate of Ni-Fe LDH@CNTF-8 and Ni-Fe LDH@CNTF-24.



Table S1 The resistivity of fiber electrodes

Original Acid treated Ni-Fe Ni-Fe LDH@CNTF-

CNTF CNTF LDH@CNTF-8 24

Specific Resistence

(Q/cm)

Fabrication of RuO,@CNTF

The RuO,@CNTF were prepared refer to the reported method[12]. Briefly, 60 mg
ruthenium chloride hydrate (RuCl;.xH,0) was dissolved in 50 ml deionized water with
continuous stirring for 0.5 h. Then, the acid treated CNTF were immersed into the
solution and transfered to teflon lined stainless steel hydrothermal reactor for 20 h at
180 °C. Subsequently, the as-synthesized fiber sample was washed with DI water and

then annealed at 150 °C in air for another 1 h.
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Figure S10. SEM images of RuO,@CNTF observed at low magnification (a) and high magnification

(b); (¢) Corresponding EDX of RuO,@CNTF.
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Figure S11. (a) CV and (b) GCD curves of RuO,@CNTF at different scan rates and current

densities.
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Figure S12. CV curves of original CNTF and RuO2@CNTF electrodes measured at scan rate of 50

mV/s.
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Figure S13. Schematic illustration of the overall fabrication process of ASC (AFSC) based on Ni-

Fe LDH@CNTF cathode and RuO,@CNTF anode.
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