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Flocculent Ternary Nickel-Cobalt-Iron Hydroxide Electrode Material:
Preparation and Performance for Electrochemical Energy Storage
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(Department of Materials and Manufacturing, Betjing University of Technology, Key Laboratory of
Advanced Functional Materials, Ministry of Education, Beijing 100124, China)

Abstract: Three electrode materials of nickel - cobalt hydroxide, nickel -iron hydroxide, and nickel - cobalt - iron
hydroxide were synthesized on nickel foam (NF) via a one-step solvothermal method. The electrochemical tests
showed that the ternary nickel-cobalt-iron metal electrode with the best energy storage performance outperforms the
other two binary metal electrodes, and it could reach an area capacitance of 5.11 F+cm™ at a current density of 2
mA «cm™. To further investigate the practical application, an asymmetric supercapacitor was assembled with NiCoFe-
OH/NF as the positive electrode and activated carbon as the negative electrode, respectively, and the device
achieved a maximum energy density of 5.994 Wh+m™ at a power density of 46.814 W-m™. The results show that the
excellent performance of NiCoFe - OH/NF can be attributed to loosen flocculent structure, which provides larger
specific surface area per unit volume and subsequently store more electric charges, as well as facilitate electron/ion
transportation, reduce the contact resistance between active material and electrolyte, and increase the electrical

conductivity.
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Fig.1 XRD patterns of three electrodes
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Table 1 Crystal plane spacings of three electrode

materials in different typical crystal

planes
d/nm
Material
(111) (200) (220)
NF 0.234 51 0.188 01 0.176 09
NiFe-OH/NF 0.234 92 0.188 08 0.176 25
NiCo-OH/NF 0.234 92 0.188 04 0.176 33
NiCoFe-OH/NF 0.234 82 0.188 11 0.176 21
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Table 2 ICP analysis of three electrode materials

Content / (mg- L")

Sample

Ni Co Fe
NiCo-OH 4.969 1.270 —
NiFe-OH 11.620 — 1.698
NiCoFe-OH 6.907 0.526 1.154
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Table 3 AC resistance of electrode materials

Sample Slop / Q Equivalent resistance / Q)
NiCo-OH/NF 2.885 0.770
NiFe-OH/NF 2.340 1.165
NiCoFe-OH/NF 12.327 1.055
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Table 4 Comparison of parameters in related literature

Electrode material Bath solution Specific capacitance Power density Energy density Ref.
NiCoP/NF 2 mol- L' KOH 597 F-cm 1.6 mW-cm™ 1.16 mWh-cm™ [17]
MWCNT@NiO 0.3 mol-L™' H,S0, 0.44 F+cm [20]
MnO,/NF@NiFe-LDH 2 mol- L' KOH 427 F-cm 350 mW-cm™ 24.60 mWh-cm™ [23]
NiCo-LDH@Ag/CC 1 mol- L' KOH 1.13 F-cm 12.1 mW-cm™ 78.80 wWh+cm™ [24]
NiCoO,@Ni,S,/NF 2 mol-L"' KOH 3.00 F-cm 56.3 W-cm™ 1.89 mWh-cm™ [25]
NiFe-LDH-S/NF 1 mol- L' KOH 0.99 F-em™ [26]
NiCo0,0,@Mn0,/NF 1 mol- L' KOH 1.66 F-cm™ — — [27]
NiCoFe-OH/NF 1 mol- L' KOH 5.11F-cm™ 46.814 W-m™ 5.994 Wh-m™ This work
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