
S. Samimi-Sedeh et. Al., Journal of Advanced Materials and Processing, Vol. 7, No. 4, 2019, 3-15 3 

An Optimization and Characterization Study on Sodium Ferrate 

Production by Electrochemical Method 
 

Sina Samimi-Sedeh, Ehsan Saebnoori , Ali Hassanzadeh  

Advanced Materials Research Center, Department of Materials Engineering, Najafabad Branch, Islamic Azad 

University, Najafabad, Iran. 

 

ARTICLE INFO  ABSTRACT 

Article history: 
 

Received 20 March 2020 
Accepted 12 April 2020 

Available online 15 April 2020  
 

 

Current efficiency and energy consumption are two important 

factors in sodium ferrate synthesis. In this article, sodium ferrate was 

produced by the electrochemical method and the effects of different 

synthesized parameters such as applied current density, sodium 

hydroxide concentration and temperature on current efficiency and 

energy consumption have been studied. Decomposition of sodium 

ferrate, anode passivation and deviations in anodic and cathodic 

reaction rates with time have been tested by weight loss test, 

potentiodynamic polarization, and UV-visible spectroscopy, 

respectively. Also, the impact of each one on current efficiency and 

its consequence on energy consumption rate were studied. The 

results showed that the optimum conditions were 3.94 mA/cm2, 16 

M NaOH and 50 oC for applied current density, sodium hydroxide 

concentration, and temperature, respectively. In this situation, the 

current efficiency was calculated as 91.7% and the energy 

consumption reached 1.91 kW.h/kg. 

Keywords: 

Electrochemical method  

Sodium ferrate  

Alkaline solution  

Current efficiency 

Energy consumption 

 
 

 

1-Introduction 

The effects of different parameters on ferrate 

(VI) synthesis through electrochemical methods 

have been widely studied [1]. Current efficiency 

and energy consumption are two important 

factors in sodium ferrate production which play 

an important role in the determination of the 

production rate. Anode passivation [2-6], 

sodium ferrate decomposition [7, 8] and 

increase in rate of cathodic reactions (e.g. 

hydrogen reduction [9] and oxygen evolution 

[2]) [1] in respect to anodic dissolution reaction 

rate lead to decline in current efficiency and 

increase the energy consumption in 

electrosynthesis of sodium ferrate. In all of these 

studies, the portion of each factor has not 

addressed to amount of deviations in current 

efficiency and energy consumption. It is the 

motivation of this article to determine the 
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effective factors on current efficiency and 

energy consumption of sodium ferrate synthesis. 

Iron typically occurs as a metal, or in the valence 

states Fe (II) or Fe (III), but, more than three 

stable forms of iron oxidation states of 0, 2 and 

3, the high oxidative environments can produce 

higher oxidation state of 4, 5, 6 and 8. The higher 

oxidation state of iron, often known as ferrate. 

Among them, iron with the oxidation state of 6 

(FeO4
2-) called ferrate (VI) which has more 

stability and ease of synthesis. Three following 

methods have mainly applied for producing 

ferrate (VI) (i) dry oxidation of iron at high 

temperature, (ii) wet oxidation of iron (III) by a 

chemical oxidant, and (iii) electrochemical 

method [10]. 

The electrochemical synthesis of ferrate (VI) is 

more common than chemical production and has 

a simple process that does not need any complex 
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or expensive reactants [9]. The electrochemical 

process of ferrate (VI) synthesis needs a 

consumable iron anode, a strong alkaline 

solution such as sodium or potassium hydroxide 

in an electrolysis cell also, electrical current for 

the oxidation of iron to ferrate (VI) [9]. 

Reactions 1 to 5 shows the synthesis steps of 

ferrate (VI) by electrochemical method.  
2

4 28 4 6Fe OH FeO H O e     
       (1) 

2

2 4 22 3Fe OH H O FeO H    
 (2) 

2 26 6 3 6H O e H OH   
       (3) 

2

4 2 42FeO Na Na FeO  
                      (4) 

2

4 2 42FeO K K FeO  
        (5) 

Different mechanisms for ferrate (VI) synthesis 

have been proposed. It consists of three steps (i) 

formation of transient compounds, (ii) formation 

of ferrate (VI) particles and electrode 

passivation, and (iii) formation of passive layer 

inhibits further ferrate (VI) production [11]. 

Due to being a proper oxidation, sanitation, and 

strong coagulation properties, ferrate (VI) has 

been using for water treatment [12, 13], 

removing heavy metals [14], and corrosive ions 

[15], oxidation of organic substrates and 

degradation of organic synthetic pollutants [16, 

17], corrosion inhibitor compounds in primer 

coating [18], steel anodizing [19], etc. 

In a strong alkaline solution, the ferrate (VI) 

production rate depends on the amount of iron 

oxide and initial ferrate (VI) ion, hydroxide 

concentration, temperature, nickel (II) and 

cobalt (II) contamination, oxide film thickness 

and the formed hydroxide on the anode surface 

during the process (passivation).  

In the electrochemical synthesis of ferrate (VI), 

the current efficiency (η) decreases by the time 

due to passivation and besides it diminishes by 

ferrate (VI) decomposition to Fe (II) and Fe (III) 

and in the following the ferrate (VI) 

decomposition enhanced by entering the Fe (II) 

and Fe (III) into the electrolyte [2]. 

Generally, ferrate (VI) spontaneously 

decomposes according to the reaction (6) and it 

shows that ferrate (VI) is unstable in the 

solution. The decomposition rate strongly 

depends on initial ferrate (VI) concentration, 

pH, and ions in the solution, alkalinity, and 

temperature [1]. 
2

4 2 3 22 5 2 ( ) 4 3 / 2Feo H O Fe OH OH O    
(6) 

Electrode passivation is a common phenomenon 

in the electrochemical synthesis of ferrate (VI) 

which consists of thin film formation on anode 

surface and prevents the electron transfer to the 

electrolyte in the surface and consequently, the 

electrochemical reaction gradually is being 

stopped [20]. This film can consist of iron oxide 

and hydroxide layers [6] and/or a formed layer 

of oxygen on iron anode [8].  In alkaline 

solutions, the main effect of an increasing pH on 

film formation is a thickening of the passive 

film, basically because iron oxides are more 

stable in alkaline solutions [21]. Stainless steel 

which is mostly used as a cathode has similar 

behavior in alkaline solution. Then again, due to 

have some alloying elements such as chromium, 

nickel, etc., the formed passive film on the 

surface of stainless steel is more stable than 

carbon steel [22]. The amount of ferrate (VI) 

which has produced in strong alkaline 

electrolytes depends on the composition and 

structure of the passive film. The formed passive 

layer on the anode surface includes a double 

layer structure with a Fe3O4 interlayer and a 

Fe2O3 outer layer. The inner layer gradually 

dissolved in strong alkaline electrolytes step by 

step. In contrast, the outer layer progressively 

thickens which can be accompanied by more 

porosity and disorderliness in the passive film. 

The increase in porosity extension leads to less 

protectiveness of the passive layer and an 

increase in corrosion. Accordingly, the ferrate 

(VI) synthesis process takes placeat a higher 

speed [6]. 

 

2. Experimental Procedure 

The anode material is selected from a sheet of 

carbon steel with a surface area of 24 cm2. The 

cathode was stainless steel in the form of a sheet 

with a dimension of 80⨉50⨉0.5 mm which is 

curved around the anode. The composition of 

anode and cathode is given in table 1. 
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Table 1. Anode and cathode composition. 
 

Chemical composition (wt. %) Material

s Fe Co Al Mo C Si Mn P S Cr Ni 

balanc

e 

0.20

1 
0.01 0.1 0.06 0.29 1.81 

0.02

8 
0.01 19.3 7.30 cathode 

balanc

e 

0.00

2 

0.02

2 

0.01

3 

0.04

7 

0.04

5 

0.18

7 

0.02

2 

0.01

4 

0.02

5 

0.00

5 
Anode 

The effects of parameters of NaOH 

concentration, applied current density and 

temperature on synthesized ferrate (VI) in 30 m 

were studied. For test design, a parameter was 

maintained fix and the other was changing; in 

this way, first, the parameter of concentration 

and temperature kept fixed and the effect of 

applied current density on the ferrate (VI) 

synthesis was studied. Then, the effect of 

electrolyte concentration and subsequently the 

effect of temperature was considered. 

A UV-visible spectrophotometer instrument, 

model OPTIZEN 3220UV, was utilized for the 

determination of synthesized sodium ferrate 

concentration in the electrolyte. For optimizing 

parameters of sodium ferrate production, NaOH 

with a purity of 98% from Nirouchlorand double 

distilled water from Sky Company were used. 

The sodium ferrate with 97% purity from 

Aldrich was used to prepare the calibration 

curve. 

During the test, the temperature of the process 

cell is maintained with a water cooling system. 

In all tests, the electrolyte was agitated with a 

magnetic stirrer with a constant rotation speed of 

350 rpm to keep the temperature and electrolyte 

composition uniform. 

For electrochemical experiments, The 

PRINCETON PARSTAT 2273 with three 

electrode system has been utilized. The 

corrosion rate measurement of carbon steel has 

been performed in NaOH solution with different 

concentrations and temperatures. The working 

electrode was mounted in resin and let 1 cm2 

surface area be free on exposure to the solution. 

The electrode surface was abraded by emery-

paper up to 1200 SiC grade; then, rinsed by 

distilled water and acetone. The graphite and 

Saturated Calomel Electrode (SCE) were chosen 

as axillary and reference electrode respectively.  

Before each test, the electrodes were immersed 

in the solution for 15 minutes for reaching the 

stable potential.  The Tafel polarization was 

performed from -200 mV to +200 mV in respect 

of open circuit potential (OCP) with a potential 

scan rate of 1 mV/s. Corrview software was used 

for the calculation of anodic and cathodic Tafel 

slopes, corrosion current density and corrosion 

potential. 

The current efficiency of sodium ferrate 

production (η) is given by equation 7. The value 

of Cthe is calculated by equation 8 according to 

faradic law. 

exp
) 00%( 1

the

C

C
 

          (7) 

Where 

Cexp is the concentration of produced sodium 

ferrate in the experiments and 

Cthe is the concentration of produced sodium 

ferrate calculated by faradic law 

Theor
MItC

nF


                                              (8) 

Where I is the applied current intensity (A), t is 

the test duration (s), F is the faradic constant 

(96485 c.mol-1), M is the molar mass of sodium 

ferrate (g.mol-1), and n is the number of electrons 

present in reaction [1, 9]. 

One of the effective parameters in sodium 

production cost is the consumed power during 

the production process which is calculated by 

equation 9: 

. VItE C
m


                                              (9) 

Where V is the potential difference (V), t is the 

test duration (h), I is the applied current intensity 

(A), m is the produced sodium ferrate (kg) and 

E.C is the consumed energy (kWh/kg) [1, 9]. 

To investigate the effects of different parameters 

on current efficiency and concentration of 

sodium ferrate production, the UV-Visible 

spectroscopy is mostly used. The absorption 

spectrum of the aqueous solution of sodium 

ferrate has a distinct color of violet and is close 

to infra-red, with a wavelength of 450 to 600 nm.  
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This spectrum has the maximum absorption at 

wavelength of 505 nm for sodium ferrate 

solution [1, 9, 23-29].  

In preliminary measurements, it is found that the 

maximum absorption of sodium ferrate happens 

at the wavelength of 505 nm; so, based on this 

result, the entire concentration calculation was 

done at the wavelength of 505 nm. Then after the 

measurement of maximum absorption, for 

converting the absorption value to the 

concentration, the calibration curve was 

employed (Figure 1). 

Equation (10) was used to obtain the purity of 

sodium ferrate particles. Thus, mix the 

appropriate amount of produced sodium ferrate 

powder in each step in 100 mL saturated 

aqueous NaOH for 5 minutes at 400 rpm and 10 

℃ and then some of the electrolyte from the 

upper part of the container was analyzed by an 

ultraviolet-visible spectrometer. [29]. 

2 4 0.1 00%1
A M

K FeO Purity
Wight of Sample

   

 
(10) 

In Equation (10) ε, is the Attenuation coefficient 

which is determined from Figure 1 (calibration 

curve, absorbance vs. concentration) using the 

Beer-Lambert law (equation 11), M is the 

molecular mass of sodium ferrate. In fact, the 

A/ε shows the concentration of sodium ferrate 

particles in the electrolyte (assuming a cell width 

of 1 cm). 

A LC         (11) 

A is absorbance (without unit), L is cell length 

(cm), ε is the attenuation coefficient of sodium 

ferrate (M-1cm-1) and C is Concentration (M) 

[30]. 

 

 
Fig. 1.  Calibration Curve of sodium ferrate measurement in 16 M NaOH. 

 

For analysis and morphological observation, X-

ray diffractometry (XRD) (Philips PW3040) and 

Scanning Electron Microscope (SEM) 

(TESCAN MIRA3) were employed. The 

synthesized powders extracted from the 

suspension by the following method. The NaOH 

solution removed using Buchner Funnel and 

Vacuum Suction and the powders washed four  

 

times by n-pentane, n-hexane, isopropyl alcohol, 

and diethyl ether. Subsequently, the particles are 

kept in a vacuum of less than 30 mmHg for 2 

hours to dry completely [29].  

 

3. Results and Discussion 

3.1. UV- visible spectroscopy of sodium 

ferrate 
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The UV-Visible spectroscopy results as it is 

shown in Figure 2, revealed that the maximum 

absorption is about 505 nm (peak of absorption). 

The presence of the absorption peak indicates 

the existence of sodium ferrate in the solution [1, 

9, 24-28, 30]. Despite that, in some tests, the 

absorption peak shifts to upper or lower 

wavelength which can indicate changes in 

particle size [31, 32]. 

Figure 2- The maximum absorption based on the 

wavelength of UV-Visible spectroscopy. 

 

 
 

Fig. 2. The maximum absorption based on the wavelength of UV-Visible spectroscopy. 

 

Table 2. The relation between current density and current efficiency and energy consumption in sodium ferrate 

production by electrochemical method. 

 

ro

w 

Curre

nt 

(A) 

Potenti

al 

(V) 

Current 

density 

(
2.mAcm
) 

Sodium 

ferrate 

concentrati

on 

(mM) 

Sodium ferrate 

concentration Current 

efficiency 

(%) 

Energy 

consumptio

n 

(kwh/kg) 

expC

(g) 
theC

(g) 

1 1.5 2.84 65.78 1.19 0.195 0.765 25.46 10.93 

2 0.75 2.42 32.89 0.92 0.150 0.382 39.25 6.04 

3 0.25 2.02 10.96 0.52 0.085 0.127 66.95 2.96 

4 0.18 1.95 7.89 0.41 0.068 0.092 74.15 2.58 

5 0.09 1.92 3.94 0.22 0.036 0.046 78.16 2.41 

6 0.045 1.9 1.97 0.11 0.018 0.023 76.85 2.43 

3.2. Determination of optimum condition of 

sodium ferrate synthesis 

The current density 

The current efficiency of sodium ferrate 

production in 14 M NaOH at temperature of 35 
oC at various current densities and duration of 30 

m has been tested and the results are shown in 

Table 2. According to Table 2, the highest 

current efficiency and the lowest energy 

consumption were achieved with a current 

density of 3.94 mAcm-2. 

In current densities less than 3.94 mAcm-2, due 

to low anodic potential, the sodium ferrate 

production process happens at a lower rate. 

Furthermore, with more current density, the 

amount of sodium ferrate has been reduced. By 

increasing the current density three effects 

happen: 

1- Ling [14] considers that, by increasing 

the current density to the values more 

than the optimum level, the temperature 

of the electrolyte increases due to more 

heat dissipation and makes more 
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sodium ferrate decomposition and 

therefore, the production rate will 

decrease in higher current densities. But 

in this research, due to the control of 

electrolyte temperature to maintain 

below 35 oC by using water cooling 

system, this not happens. 

2- Barisci and coworkers [1] supposed that 

by increasing the current density, a large 

portion of current spends for reactions 

other than anodic dissolution. Actually, 

the oxygen [1, 33] and hydrogen [1, 9] 

reduction reactions consume a large part 

of the current and this decreases the 

sodium ferrate production rate. 

3- In low current densities, the passivation 

process delayed. By increasing the 

current density, the passive layer forms 

in less time duration [7, 34]. 

As can be seen in Figure 3, in current densities 

more than optimum, the slope of the curve falls 

considerably and the curve shows a logarithmic 

behavior. It can be attributed to the decline in 

sodium ferrate production rate due to growth in 

anode passivation rate with time and or increase 

in reduction reactions of hydrogen and oxygen 

in current densities of greater than optimum. 

Electrolyte concentration 

After the determination of optimum current 

density, sodium ferrate synthesis has been 

studied with a current density of 3.94 mA.cm-2, 

temperature of 35 oC and various electrolyte 

concentrations. According to the UV-visible 

spectroscopy results (Table 3), the highest 

amount of sodium ferrate in the electrolyte was 

achieved in 16 M NaOH. By increasing in 

concentration of NaOH from 8 to 18 M, the 

electrical conductivity declines and OH- ion 

concentration increases and free water in 

electrolytes decreases [6]. An increase in OH- 

ion concentration leads to enhance the 

production rate according to equation 1, the 

reduction of electrical conductivity and free 

water leads to a decline in synthesis rate. It 

seems that the optimum condition occurs in 16 

M NaOH electrolyte. 

 

 
Fig. 3. The amount of produced sodium ferrate at an initial temperature of 35 oC, 14 M NaOH electrolyte and 

various applied current densities. 
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Table 3. The relation between the concentration of NaOH in the electrolyte with current efficiency and energy 

consumption in sodium ferrate synthesis by electrochemical method. 

row 

NaOH 

Concentration  

(M) 

Potential 

(V) 

Sodium 

ferrate 

concentration 

(mM) 

expC
 

(mg) 

Current 

efficiency 

(%) 

Energy 

consumption 

(kwh/kg) 

1 8 1.14 0.08 13 27.51 4.07 

2 10 1.43 0.13 21 45.41 3.09 

3 12 1.67 0.18 29 62.19 2.55 

4 14 1.92 0.22 36 78.16 2.41 

5 16 1.96 0.23 39 84.28 2.28 

6 18 2.01 0.21 34 73.80 2.67 

7 21 2.08 0.13 22 47.16 4.33 

 

The potentiodynamic polarization tests were 

performed at various NaOH concentration and 

temperature of 35 oC (Figure 4). The results 

showed that the highest corrosion rate belonged 

to the 16 M NaOH and afterward 14 and 18 M 

respectively (Table 4). This result justifies the 

values in table 3. 

In 8 M NaOH electrolyte, according to equation 

6, due to the high volume of water, the 

synthesized sodium ferrate particles are 

extremely unstable and decompose rapidly. 

Accordingly, the energy consumption 

significantly intensifies because a considerable 

amount of sodium ferrate decomposes 

immediately after synthesis. On the other hand, 

in 18 and 21 M electrolytes, due to a decrease in 

free water activity, the corrosion rate and 

sodium ferrate decomposition are minor [33]. 

Based on these two reasons, iron II and III 

valence are stable besides sodium ferrate 

particles in the electrolyte [6, 35]. 

 

Electrolyte temperature 

After finding the optimum current density and 

electrolyte concentration, the synthesis of 

sodium ferrate has been investigated with a 

current density of 3.94 mA.cm-2 and 16 M 

NaOH at different temperatures. The results of 

UV-Visible spectroscopy (Table 5) showed that 

the highest amount of sodium ferrate synthesis 

was achieved at 50 oC. The OH- activity and 

electrolyte conductivity accelerate by increasing 

in temperature which enhances the rate of 

sodium ferrate production. On the other hand, an 

increase in temperature leads to more sodium 

ferrate decomposition but it seems that the 

optimum condition happens at 50 oC 

temperature. In upper temperatures, the rate of 

decomposition goes beyond the rate of 

synthesis. 

 
Fig. 4. Tafel polarization curves of low carbon steel in NaOH electrolyte with various concentration at 35 oC. 
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Table 4. Corrosion parameters extracted from Figure 3. 

 

row 

NaOH 

Concentration 

(M) 

βa 

(mV/decades) 

βc 

(mV/decades) 

Corrosion 

Current 

Density 

(µA.cm-2) 

Corrosion 

Potential vs. 

SCE 

(mV) 

Corrosion 

Rate 

(mpy) 

1 8 56 -25 8.9 -863 8.19 

2 12 57 -49 12.2 -959 11.21 

3 14 140 -46 16.1 -1079 14.77 

4 16 131 -49 21.2 -1099 19.39 

5 18 111 -49 15.8 -1055 14.49 

 
Table 5. The relation between initial temperature and current efficiency and energy consumption in sodium 

ferrate synthesis by electrochemical method. 

 

row 
Electrolyte 

Temperature (oC) 

Potential 

(V) 

Sodium 

ferrate 

concentration 

(mM) 

expC
 

(mg) 

Current efficiency 

(%) 

Energy 

consumption 

(kwh/kg) 

1 10 2.48 0.05 7 15.28 15.92 

2 20 2.19 0.11 18 39.30 5.47 

3 30 2.01 0.18 29 63.32 3.11 

4 35 1.96 0.23 39 84.28 2.28 

5 40 1.88 0.25 41 89.52 1.85 

6 50 1.79 0.26 42 91.70 1.91 

7 60 1.72 0.24 39 85.15 1.98 

8 75 1.65 0.13 21 45.85 3.53 

The polarization tests in 16 M NaOH have 

performed at various temperatures. The given 

results in table 6 show that the corrosion rate in 

50 oC is more than that in 35oC. It is because of 

escalating in OH- ion activity which prevents the 

passive layer formation or dissolves any formed 

passive film. So, at the temperature of 50 oC, the 

effect of anode passivation on current efficiency 

was small and can be neglected. In this situation, 

the sodium ferrate decomposition and increased 

in the ratio of cathodic reaction rates to the 

anodic dissolution rates reduce current 

efficiency and augments energy consumption. 

 

Table 6. Corrosion parameters of low carbon steel in 16 M NaOH electrolyte at various temperatures. 

 

row 
Solution 

Temperature (oC) 

βa 

(mV/decades) 

βc 

(mV/decades) 

Corrosion 

Current 

Density 

(µA.cm-2) 

Corrosion 

Potential vs. 

SCE 

(mV) 

Corrosion 

Rate 

(mpy) 

1 50 112 -52 34.6 -1093 31.73 

2 35 132 -49 21.2 -1055 19.39 

3 27 106 -53 10.4 -1029 9.56 

The weight loss test has performed on anode for 

30 minutes at different temperatures. It was 

expected for the sodium ferrate production rate 

to increase with initial temperature due to higher 

electrical conductivity and OH- activity. Results 

in Figure 5 demonstrated that, by increasing 

temperature from 10 to 50 oC, the weight loss 

during the test has also elevated which is 

attributed to more anode dissolution with higher 

electrolyte temperature. From 50 to 75 oC, the 

extent of weight loss (anode dissolution) has 

reduced. This showed that the increment of in 
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electrolyte temperature to values more than 50 
oC, the further current between anode and 

cathode spent for reactions rather than anode 

dissolution. In other words, the cathodic reaction 

has intensified also, by increasing temperature 

up to 50 oC, a large portion of the current is taken 

by cathodic reactions and less current for anodic 

reactions. Based on the produced sodium ferrate, 

the theoretical weight loss has been calculated. 

By comparing the theoretical weight loss with 

measured weight loss of anode, it was seen that 

higher electrolyte temperature up to 35 oC the 

measured weight loss and the theoretical weight 

loss has about 0.3 mg difference which can be 

attributed to the error in measurement in weight 

loss method or UV-Visible spectroscopy. For 

electrolyte temperatures of 40, 50, 60 and 70 oC 

the differences between results from the 

measured weight loss and the theoretical weight 

loss were achieved 0.4, 0.6, 1.0 and 4.4 mg.  The 

measured weight loss is more than the calculated 

one. It means that at temperatures above 50 oC, 

more sodium ferrate should be detected due to 

more decomposition of Sodium ferrate by an 

increase in temperature during 30 minutes were 

lost. The higher energy consumption at 50 oC in 

comparison with 40 oC is also because of more 

decomposition of Sodium ferrate at the 

temperature of 50 oC as compared with 40 oC for 

30 min of synthesis. 

 

 
Fig. 5. The changes in weight loss of anode in sodium ferrate generation with 7.89 mA.cm-2 current density, 16 

M NaOH electrolyte for 30 m at various temperatures. 

 
Fig. 6.  The current – time curve for the synthesis of sodium ferrate at 1.79 V, 16 M NaOH, and 50 oC 
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Optimization 

Figure 6 shows the current changes over time 

under optimal production conditions (16 M 

NaOH, 50 oC and 1.79 V). In the beginning, the 

current increases sharply and the gas evolution 

occurs at the electrode surface and the 

electrolyte gradually becomes purple. At this 

time the current reaches a constant value and its 

oscillations decrease. The level of this constant 

current depends on the electrolyte resistance and 

the polarization of the electrode surface. 

The XRD patterns and SEM images of the 

sodium ferrate synthesized under optimum 

conditions and for 0.5 h are presented in Figures 

7 and 8, respectively. All peaks in the pattern 

associated with synthesized sodium ferrate. In 

the continuous synthesis of ferrate (VI), a series 

of by-products including iron hydroxide 

(Fe(OH)3) and oxide compounds forms during 

the electrolysis. Moreover, by increasing the 

viscosity of the fluid due to more production, 

carbon dioxide gas is absorbed into the liquid 

and forms the sodium bicarbonate phase 

(Na2CO3) [29]. As it is explained above due to 

the good sealing and short production time, the 

Na2CO3 and other iron oxides and hydroxide are 

not present in the synthesized and dried powder.  

 
Fig. 7.   X-ray diffraction patterns of sodium ferrate synthesized at optimum condition. 

 

 
Fig. 8.   SEM image of sodium ferrate synthesized at optimum condition. 



S. Samimi-Sedeh et. Al., Journal of Advanced Materials and Processing, Vol. 7, No. 4, 2019, 3-15 13 

Also, the absence of impurities in the 

synthesized powder can confirm the optimum 

production conditions. The SEM image of the 

sodium ferrate particles synthesized throughout 

0.5 h shows a uniform morphology and 

polyhedral structure with a size of less than 100 

nm. 

The purity of sodium ferrate in solution was 

measured 99.5% using equation 10. Also, 

energy dispersive spectroscopy (EDS) analysis 

was performed on SEM images at different 

points of the synthesized particles and the results 

showed that the average particle purity was more 

than 99%. The impurity may be attributed to the 

presence of a few amounts of sodium hydroxide 

with the sodium ferrate nanoparticles. 

 

4. Conclusions 

Energy consumption and current efficiency of 

sodium ferrate generation by the 

electrochemical method with different 

production condition has been investigated. In 

the present study, the applied current density, 

NaOH concentration in electrolyte and 

temperature was examined at fixed 30 minutes 

of synthesis time. The optimum situation was 

achieved with a current density of 3.94 mA.cm-

2, 16 M NaOH concentration, and a temperature 

of 50 oC. In an optimized condition, the current 

efficiency and energy consumption reached 

91.7% and 1.91 kwh/kg, respectively. With 

temperature and applied current density above 

optimum, the current efficiency reduced and 

energy consumption accelerate due to an 

increase in cathodic reaction rates in comparison 

with anodic dissolution reactions and an 

increase in the decomposition of ferrate (VI) 

compounds. At a concentration above 16 M of 

NaOH, due to more viscosity of electrolyte, the 

electrical conductivity and therefore free water 

decreases which lessens production rate.  As 

well, energy consumption is related to solution 

electrical resistivity and mass of produced 

sodium ferrate. However, sodium ferrate 

production happens at less potential and 

consumes, more production has been generated.  
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