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Fig. S1 Thermogravimetric curve of Co3O4/N-ACCNF tested in air atmosphere at a 

heating rate of 10 ºC min-1.

A weight loss of about 5% below 250°C for the Co3O4/N-ACCNF is the 

evaporation of absorbed water. A weight loss of about 42% between 250 and 550 °C 

is indicative of a complete carbon oxidation in which a residual amount of about 53%, 

due to the composite cobalt oxide, indicate that the mass percentage of Co3O4 in the 

optimized Co3O4/N-ACCNF hybrid is 56% excluding the weight of the water.



Fig. S2 SEM images of (a) Co3O4/N-ACCNF, (b) Co3O4/N-CNF, and (c) Co3O4 at 

low magnification. 

.

Fig. S3 SEM-EDS images of (a) Co3O4/N-ACCNF, (b) Co3O4/N-CNF, and (c) Co3O4.



Fig. S4 (a) XPS survey spectrum, (b) Co2p, (c) O1s (d) N 1s of Co3O4-N/CNF.

Fig. S5 Carbon cloth for OER electrochemical measurements: (a) before and (b) 

after and the RRED for ORR (c).



Fig. S6 Rotating-disk voltammograms at different rotation rates: (a) Co3O4/N-

ACCNF, (b) Co3O4/N-CNF, (c) Co3O4, and (d) Pt/C.

Fig. S7 Cyclic Voltammetry plots in the region of 0.05-0.15V vs SCE of (a) Co3O4/N-

ACCNF, (b) Co3O4/N-CNF, and (c) Co3O4. 



Fig. S8 Nyquist plots of Co3O4/N-ACCNF at different base of 1.60 V, 1.65 V, 1.71 V, 

1.8V and 1.9V, extracted from impedance spectra measured with different applied 

bias. As show in Fig. S8, Rct varies slightly with the different applied bias. In the 

entire range of applied bias, a slight decreased Rct values were observed.

Fig. S9 SEM images of samples with different ACCNF addition amount: (a) 25mg, 

(b) 50 mg, (c) 75 mg and (d) 100 mg. In this experiment, the amount of loading Co3O4 

particle can be adjusted by adjusting the addition amount of CNFs.



Fig. S10 (a) ORR and (b) OER activities of 25mg, 50 mg, 75 mg, 100 mg CNFs 

addition in Co3O4/N-ACCNF hybrid. SEM images show that, other conditions remain 

unchanged, when the added amount of CNFs is 75mg, LSV curves indicate that the 

sample with 75mg CNFs addition exhibits the best performance.

Fig. S11 (a) ORR and (b) OER activities of various catalyst mass loading of 

Co3O4/N-ACCNF hybrid. 



Fig. S12 (a) Polished zinc foil anode and (b) the assembled zinc-air battery device.

Fig. S13 Typical discharge curves of Co3O4/N-ACCNF and Pt/C-based ZABs at 10 

mA cm−2.



Table. S1 Summary of OER and ORR activities of synthesized catalysts.

Catalysts OER Activity ORR Activity
Overall

evaluation

Overpotential 
@10 mA
 cm-2 (V)

double layer 
capacitance 

(Cdl)

Onset 
potential

(V vs 
RHE)

Half-wave
potential 
(E1/2,V vs 

RHE)

Limiting 
current 
density 

(mA cm-

2)

ΔE=Ej=10-
E1/2

(V)

Co3O4-
N/ACCNF

310 48.0 0.98 0.79 5.80 0.75

Co3O4-
N/CNF

440 38.70 0.93 0.74 4.49 0.93

Co3O4 630 17.9 0.90 0.69 4.40 1.17

Pt/C ~ ~ 0.96 0.82 5.50 ~

IrO2 320 ~ ~ ~ ~ ~



Table. S2 Comparison of electrocatalytic performances of Co3O4-N/ACCNF with 
other reported Co-based ORR electrocatalysts.

Catalyst Electrolyte

Loading 
density

(mg cm-2)

Current 
density

(mA cm-

2)

half-wavepotential
(V) Reference

Co3O4 nanoplates
0.1 M KOH 0.2 5.32 0.72 S1

Co(OH)2 

nanoplates
0.1 M KOH 0.2 5.24 0.69 S1

CoOx/NG/g-C3N4 0.1 M KOH 0.16 4.9 0.794 S1

Co3O4@NMC 0.1 M KOH 0.408 ~ 0.833 S2

Co3O4/N-doped 
carbon

0.1 M KOH 0.86 2.15 0.95 S4

Co3O4 
nanoparticles

/N-doped 
0.1 M KOH 1.0 5.95 0.86 S5

NCO-250 0.1 M KOH 0.149 5.31 0.75 S6

Co3O4-NP/N-rGO 0.1 M KOH 0.149 5.48 0.76 S7



Table. S3 Comparison of electrocatalytic performances of Co3O4-N/ACCNF with 
other reported Co-based OER electrocatalysts.

Catalysts
Support 

base
Electrolyte

Loading 
density

(mg cm-2)

Overpotential at 
10 mA 

cm−2(mV)
Reference

Co3O4 nanoplates
GC

1 M KOH 
0.2 390.1 S1

Co(OH)2 
nanoplates GC

1 M KOH
0.2 396.0 S1

CoOx/NG/PCN
GC 0.1 M KOH 0.16 430.0 S2

Co3O4@NMC Carbon 
cloth

0.1 M KOH 0.408 350.5 S3

NCO-250
GC 1 M KOH 0.149 320 S6

Co3O4-NP/N-rGO GC 1 M KOH 0.15 380 S7

Co3O4-N/ACCNF
Carbon 
cloth

1 M KOH 1.5 310 This work



Table. S4 Comparison of the bifunctional activity of Co3O4-N/ACCNF with 

previously reported transition metal-based materials.

Catalysts OER Activity ORR Activity
Overall

evaluation
Reference

Overpoten
tial @10 

mA
 cm-2 (V)

double 
layer 

capacit
ance 
(Cdl)

Half-
wave

potential 
(E1/2,V 

vs RHE)

Limiting 
current 
density 

(mA cm-2)

ΔE=Ej=10-E1/2

(V)

Co3O4-N/ACCNF 310 48.0 0.79 5.80 0.75 This work

Co2Ni1@NC 300 11 0.76 4.05 0.77 S8

(Ni,Co)/CNT N.A. ~ 0.74 5 0.87 S9

NC- Co3O4/CC 352 ~ 0.87 12.82 0.71 S10

CMN-231 
nanorods

401 ~ 0.749 V 6 0.88 V S11

Co–CeO2–N–C 326 41.0 0.82 3.8 0.74 S12

N-NiO 270 28.4 0.69 3.4 0.83 S13

Mn/Co–N–C 430 6.32 0.8 5.1 0.76 S14
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