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Table S1 Quantitative analysis of N1s peaks of various electrocatalysts. 

Electrocatalyst pyridinic N pyrollic N graphitic N oxidized N 

Fe-NR/NCNT 30.72 21.60 29.76 17.92 

Co-NR/NCNT 28.31 21.51 29.02 21.16 

Fe0.67Co0.33-NR/NCNT 30.33 22.24 28.08 19.35 

Fe0.5Co0.5-NR/NCNT 31.72 22.15 31.61 18.52 

Fe0.33Co0.67-NR/NCNT 34.49 23.57 30.38 11.56 

Table S2 Quantitative analysis of Fe2p and Co2p peaks of various 

electrocatalysts. 

Electrocatalyst Fe0:Fex+ Co0:Cox+ 

Fe-NR/NCNT 1.98:1 - 

Co-NR/NCNT - 4.17:1 

Fe0.67Co0.33-NR/NCNT 1.76:1 1.92:1 

Fe0.5Co0.5-NR/NCNT 1.79:1 1.90:1 

Fe0.33Co0.67-NR/NCNT 1.82:1 1.83:1 

 

 

 

 

 

 

 



Table S3 Comparison of power densities of rechargeable zinc-air batteries 

based on Fe/Co electrocatalysts. 

Electrocatalyst Power density (mW cm-2) Ref. 

Fe0.5Co0.5-NR/NCNT 164 This work 

FeCo-Nx-CN 150 1 

CoFe@NCNTs 150 2 

Co2FeO4/NCNTs 90.68 3 

CoFe/N-GCT 203 4 

FeNi@N-CNT/NCSs 103 5 

D-BNGFe 142 6 

Mn/Co-N-C 136 7 

CoFe/Co@NCNT/NG 161 8 

Co–N–C nanosheet 132 9 

 

 

 

 

 



 

Figure S1 SEM images of Fe0.67Co0.33-NR/NCNT (a) and Fe0.5Co0.5-NR/NCNT 

(b) electrocatalysts. 

 

Figure S2 Cyclic voltammetry curves of Fe-NR/NCNT (a), Co-NR/NCNT (b), 

Fe0.33Co0.67-NR/NCNT (c), Fe0.5Co0.5-NR/NCNT (d) and Fe0.67Co0.33-NR/NCNT 

(e) electrocatalysts. (f) ECSAs of Fe-NR/NCNT, Co-NR/NCNT, 

Fe0.67Co0.33-NR/NCNT, Fe0.5Co0.5-NR/NCNT and Fe0.33Co0.67-NR/NCNT 

electrocatalysts. 

(a) (b)

0

1

2

3

4

0 20 40 60 80 100 120

Fe-NR/NCNT
Co-NR/NCNT
Fe

0.33
Co

0.67
-NR/NCNT

Fe
0.5

Co
0.5

-NR/NCNT

Fe
0.67

Co
0.33

-NR/NCNT

(f)

j 1
.1

2
 /
 m

A
 c

m
-2

Scan rate / mV s
-1

-1

-0.5

0

0.5

1

1.08 1.11 1.14

C
u
rr

e
n
t 

d
e
n

s
it
y
 /

 m
A

 c
m

-2

Potential / V vs. RHE

10-100 mV s
-1

(a)

-1

-0.5

0

0.5

1

1.08 1.11 1.14

C
u
rr

e
n
t 

d
e
n

s
it
y
 /

 m
A

 c
m

-2

Potential / V vs. RHE

10-100 mV s
-1

(b)

-2

-1

0

1

2

1.08 1.11 1.14

C
u
rr

e
n
t 

d
e
n

s
it
y
 /

 m
A

 c
m

-2

Potential / V vs. RHE

10-100 mV s
-1

(c)

-2

-1

0

1

2

1.08 1.11 1.14

C
u
rr

e
n
t 

d
e
n

s
it
y
 /

 m
A

 c
m

-2

Potential / V vs. RHE

10-100 mV s
-1

(d)

-2

-1

0

1

2

1.08 1.11 1.14

C
u
rr

e
n
t 

d
e
n

s
it
y
 /

 m
A

 c
m

-2

Potential / V vs. RHE

10-100 mV s
-1

(e)



 

Figure S3 Electrochemical impedance spectroscopies (EIS) of Fe-NR/NCNT, 

Co-NR/NCNT, Fe0.67Co0.33-NR/NCNT, Fe0.5Co0.5-NR/NCNT and 

Fe0.33Co0.67-NR/NCNT electrocatalysts. 

 

Figure S4 OER performance (a), cyclic voltammetry curve (b), ECSA (c) and 

electrochemical impedance spectroscopies (d) of Fe-NR/NCNT before and 

after 1000 potential cycles. 
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Figure S5 OER performance (a), cyclic voltammetry curve (b), ECSA (c) and 

electrochemical impedance spectroscopies (d) of Co-NR/NCNT before and 

after 1000 potential cycles. 
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Figure S6 Cyclic voltammetry curve (a), ECSA (b) and electrochemical 

impedance spectroscopies (c) of Fe0.33Co0.67-NR/NCNT before and after 1000 

potential cycles. 

 

Figure S7 OER performance (a), cyclic voltammetry curve (b), ECSA (c) and 

electrochemical impedance spectroscopies (d) of Fe0.33Co0.67-NR/NCNT 

before and after 1000 potential cycles. 
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Figure S8 OER performance (a), cyclic voltammetry curves (b, c) and ECSAs 

(d) of commercial IrO2 before and after 1000 potential cycles. 
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Figure S9 OER performance (a), cyclic voltammetry curve (b), ECSA (c) and 

electrochemical impedance spectroscopies (d) of Fe0.5Co0.5-NR/NCNT before 

and after 1000 potential cycles. 
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Figure S10 OER performance (a), cyclic voltammetry curve (b), ECSA (c) and 

electrochemical impedance spectroscopies (d) of Fe0.67Co0.33-NR/NCNT 

before and after 1000 potential cycles. 
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Figure S11 LSV curves of Fe0.33Co0.67-NR/NCNT (a) and commercial Pt/C (b) 

electrocatalysts with various scan speeds. (c) Number of transferred electrons 

at various potentials for commercial Pt/C electrocatalyst. 

 

Figure S12 (a) LSV curves of Fe0.33Co0.67-NR/NCNT electrocatalyst with 

various scan speeds after 1000 potential cycles. (b) Number of transferred 

electrons at various potentials for Fe0.33Co0.67-NR/NCNT electrocatalyst. 
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Figure S13 ORR curves of Fe-NR/NCNT (a) and Co-NR/NCNT 

electrocatalysts before and after 1000 potential cycles. 

 

Figure S14 (a) I-V and power density polarization curves of various 

electrocatalysts. (b) Charge-discharge polarization curves of Fe-NR/NCNT (b), 

Co-NR/NCNT (c), Fe0.5Co0.5-NR/NCNT (d) and Fe0.67Co0.33-NR/NCNT (e) 

electrocatalyst. 
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