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Introduction

Oxygen reduction reaction

1. O2 + 2H2O + 4e- → 4OH-

(4e- reduction pathway)

1. O2 + H2O + 2e- → HO2
- + OH

H2O + HO- + 2e- → 3OH-

(2e- reduction pathway)

Reaction pathways in alkaline media

Scheme 1. Fuel cell basic 

operation.
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Introduction Cont…

Spinel ferrites

 Spinel ferrites are compounds with general formula of A[B2]O4.

Where A = Divalent metal ions (Fe2+, Co2+, Ni2+, etc.)

B = Trivalent metal ions (Fe3+) 

 They have cubic close packings of O2- ions.

 They are made up of two types of sites: Tetrahedral sites (A-sites)

Octahedral sites (B-sites)

Figure 1. Typical spinel structure.
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Aims and Objectives

The main aim of this work was to synthesize carbon-supported CoFe2-xNixO4

nanoparticles with high catalytic activity for ORR in alkaline media.

The objectives were thus to:

 Synthesize CoFe2-xNixO4 (x = 0, 0.25, 0.5 and 0.75) electrocatalysts through a 

hydrothermal method;

 Employ the XRD, FTIR, HRTEM, EDX and SAED techniques to characterize

the synthesized catalysts;

 Investigate the electrochemical performances of the synthesized catalysts for

ORR in O2-saturated 0.1 M KOH electrolyte through the use of the LSV

technique.
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Methodology

CB

DI

Sonicate

10 min

EG

DI

Stir

5 min

Stir

15 min

Transfer into a Teflon cup

A
d

d
 C

B
 so

lu
tio

n

Add urea, stir

Stir

1
5

 m
in

urea

15 min

Add metal salts

Hydrothermal treatment 

150 ˚C, 17 h 
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Methodology

Step 1

Step 2

Step 3

Wash
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Methodology Cont…

Dry 

100 ˚C, overnight 

Final product 

Weigh 5 mg of catalyst powder Take 2 ml from a mixture 
of DI, 2-propanol 
and Nafion solution

Transfer the catalyst powder
into the mixture Sonicate

1 hStep 1

Step 2 Step 3 Step 4

Ink preparation
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XRD Measurements

Figure 2. (a) X-ray diffraction patterns of CoFe2-xNixO4/C (x = 0, 0.25, 0.5 and

0.75), (b) the partially enlarged XRD patterns indicating the (311) peaks.
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XRD measurements Cont…

Table 1 XRD crystallite sizes of CoFe2-xNixO4/C (x = 0, 0.25, 0.5 and 0.75) 

calculated from the (311) diffraction peak using Scherrer’s equation. 

Sample (x) Crystallite size D (nm)

0 28.56

0.25 15.20

0.5 14.14

0.75 12.54
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FTIR analysis

Figure 3. FTIR spectra of CoFe2-xNixO4/C (x = 0, 0.25, 0.5 and 0.75) samples.
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TEM and SAED analysis

Figure 4. (a, b) Low 

magnification TEM images of (a) 

x = 0 and (b) x = 0.75. (c, d) High 

magnification TEM images of (c) 

x = 0 and (d) x = 0.75. inserts: 

corresponding SAED patterns. 

(a) (b)

(c) (d)

d = 0.21 nm (400)

d = 0.26 nm (311)

d = 0.30 nm (220)

d = 0.21 nm (400)



Elemental mapping and EDX analysis

CoFe2O4/C

Figure 5A. (a) EDX and (b-g) elemental 

images of CoFe2O4/C nanoparticles.
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Elemental mapping and EDX analysis Cont…

CoFe1.25Ni0.75O4/C

a)

Figure 5B. (a) EDX and (b-h) elemental images 

of CoFe1.25Ni0.75O4/C nanoparticles.
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Electrochemical measurements

Linear sweep voltammetry

Figure 6. (a-d) LSV curves of CoFe2-xNixO4/C catalysts. (e) Comparison of the LSV curves at 
1500 rpm.
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Electrochemical measurements Cont…

Kouteckey-Levich (K-L) plots Analysis

Figure 7. (a-d) K-L plots of CoFe2-xNixO4/C catalysts. (e) Comparison of calculated  n-

values based on RDE data at 0.20 V. 
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Conclusions

All the CoFe2-xNixO4/C (x = 0, 0.25, 0.5 and 0.75) catalysts were successfully 

synthesized through a hydrothermal method;

The samples are single-phase spinel compounds with the XRD crystallite sizes of

28.56, 15.20, 14.14 and 12.54 nm for x = 0, 0.25, 0.5 and 0.75, respectively.

Among the CoFe2-xNixO4/C (x = 0, 0.25, 0.5 and 0.75) catalysts, the x = 0.75

exhibited the best ORR activity. The catalytic activity increases in the order: x =

0.25˂ 0 ˂ 0.5 ˂ 0.75.

Ni-doped CoFe2O4/C nanoparticles synthesized through the hydrothermal method

at low temperature could be potential cathode materials for ORR in alkaline fuel

cells.

1
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