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1. Alkaline electrolysis

2. Polymer electrolyte membrane electrolysis (PEM)
3. Solid oxide electrolysis

4. Oxygen evolution reaction (OER)

5. Acetone

6. Oven
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Figure 1- Cyclic voltammetric (CV) curve of samples in 1M KOH at room T, scan rate of 50 mV s
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1. Cyclic voltammetry

2. Linear sweep voltammetry
3. Tafel slop

4. Overpotential
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Figure 2- linear sweep voltammetric (LSV) curve of samples in 1M KOH at room T with a scan rate of 5 mV s™
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Figure 3- Tafel plots of samples at 1 M KOH
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Table 1- OER electrocatalytic parameters of samples

Sample Lonset(MV) o(mV) 1s0(MV) 1hso(MV) b (mV dec?)
Nickel grid 3284 376.4 466.4 640.4 49.7
Nickel foam 310.4 364.4 442.4 580.4 82.2

Stainless steel sheet 3104 358.4 448.4 628.4 449
Brass sheet 4544 514.4 688.4 - 196.9
Copper sheet 418.4 466.4 556.4 - 46.2

KOH j¥401 g Ve mAcm? b 1> Js ;0 S5 pgd b OER wulyd 40 0ol g 135 dcandBls g sl ol jlo il dmolio -Y Jguo
Table 2- Comparison of overpotential at 10 mA cm™ for OER of various kinds of reported electrocatalysts with Ni foam in 1 M KOH

electrocatalyst Overpotential (mV) at 10 mA cm Ref
NiFe hydrous oxide 250 [18]
Ni(OH), film deposited 287 [18]
NiCo-LDH 420 [19]
Smooth Ni 389 [11]
Mesoporous Ni coating 380 [11]
NiP on Ni foam 309 [20]
NizS; on Ni foam 217 [20]
Ni foam 364.4 This work
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Figure 4- Voltage-time diagram of electrolyzer cell in various temperature at 4 M KOH
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Table 3- An overview of the reported AAEM electrolyzer properties in the literature

Cathode Anode Electrolyte Temp. (°C) Cell(r;/{)/l)t age Cu(rrrne)ztcdrﬁg;ity Ref

Pd-Ag alloy Ni foil 1M KOH 80 2.6 100 [24]

Pt 0.3 mg/carbon NiCo,0,4 on Ni foam 1M KOH 70 1.75 200 [25]

Ni mesh Ni mesh 30% Wt KOH 80 24 400 [26]

Ni/CP Ni/CP 1M KOH 70 1.9 150 [27]

Ni plate Ni plate 30% Wt KOH 80 22 200 [25]

Ni foam Ni foam 20% Wt KOH 70 2 200 [28]
Commercial electrode Ni foam 4 M KOH 60 2.2 200 This work
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Table 4- the electrolyzer cell efficiency parameters

Anode Cathode KOH Temperature (°C) Unnv (V) Ueen (V) £ (%)
Nickel foam Commercial electrode 4M 25 1.481 25 59.24
Nickel foam Commercial electrode 4M 40 1.484 24 61.83
Nickel foam Commercial electrode 4M 60 1.489 2.2 67.70
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1. Voltage of higher heating value
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Figure 5- Voltage-time- cell efficiency diagram of electrolyzer cell in 4 M KOH
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Table 5- Comparison of the results electrolyzer efficiency with performed work

Cell Anode Cathode KOH Temp (°C) Unnv Ucenl £(%) Ref

1 Ni foil Pd-Ag alloy 1M 80 1.493 2.6 57.4 [20]

2 N'Cc}zo“ on Ni Pt 0.3 mg/C 1M 70 1.491 1.75 85.2 [21]
0am

3 Ni mesh Ni mesh 30% Wit 80 1.493 24 62.2 [22]

4 Ni/CP Ni/CP 1M 70 1.491 1.9 78.4 [23]

5 Ni plate Ni plate 30% Wt 80 1.493 22 67.8 [21]

6 Ni foam Ni foam 20% wt 70 1.491 2 74.5 [24]

- Commercial This

7 Ni foam electrode 4M 60 1.489 2.2 67.7 work
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Fig6. Comparison of the electrolyzer efficiency with the other studies in the water electrolysis process
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Water electrolysis is the major method for production of high purity oxygen gas. In this process, water
decomposes into its elemental constituents, oxygen and hydrogen gases. In this study, various inexpensive
substrates such as nickel foam, stainless steel sheet, nickel grid, brass sheet and copper sheet are used as an
oxygen electrode. The electrochemical techniques such as cyclic voltammetry and linear sweep voltammetry
were used to evaluate the performance of electrodes. The obtained results of this study showed that nickel
foam has a lower overpotential in the current density of 50 and especially 150 mA cm than other samples.
The overpotential of nickel foam at a current density of 50 and 150 mAcm™ were 442 and 580 mV,
respectively, which are lower than two nickel mesh, 60 mV, and stainless steel sheet, 48 mV. In addition,
nickel foam had a good performance in real condition and its cell efficiency at 25, 40 and 60 ° C showed
59.24, 61.83 and 67.70 percent, respectively.

Keywords: Water electrolysis, Oxygen gas, Nickel foam, Metal substrates
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