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ABSTRACT

This work aims at preparing electrochemically the K.FeO: ambient stable phase and monitoring its
degradation with time. The electrochemical method attracted more interest because of the high purity of the
obtained product. Thus, we have identified, through the development of electrochemical method for the
synthesis of the K-FeO. ambient stable phase, the optimizing parameters influencing the yield of the
oxidation of Fe (II) to Fe (V1) in saturated alkaline (KOH) at a temperature of 60 ° C and at a current
density of 1.3 A / dm’ for a time electrolysis of an hour. This yield reached a value of 75%. It was
characterized by UV spectrophotometer, measuring the optical density at a wavelength of 507 nm.
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1. INTRODUCTION

Ferrates (VI) are compounds containing iron in the oxidation state +6. Their growing
importance appears in the treatment of sewage and industrial effluents from the multifunctional
nature of Fe (VI) (oxidant, flocculant, disinfectant). [17]

The synthesis of ferrates (VI) is very delicate because of the instability that gives them their
high oxidizing power although the existence of alkali ferrate is cited for a century [2-67.

Several efforts have been made to synthesize the ferrate (VI) solids [7-147]. However, it was all
the time difficult to isolate the solid product from each of the resulting solutions and to stabilize
it.

The K;FeO, phase was synthesized by electrochemical oxidizing power which allows it to be
used as oxidant and disinfectant in water treatment [ 17.

The first electrochemical synthesis of ferrate (VI) was in Poggendorf [157. This method is
the most adequate to obtain the potassium ferrate in the form of a solution without impurities
[16-197.

Denvir and Pletcher [207, Denvir and Pletcher [217] have shown that the synthesis of Fe
(VI) needs highly concentrated alkali hydroxide solution (5M). Bouzek and Rousar [227], Bouzek
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and Rousar [237, Bouzek, et al. [247] studied more precisely the influence of carbon speciation in

the iron electrode

2. MATERIAL AND METHOD
The diagram below shows the experimental apparatus used for the electrochemical synthesis
of K.FeO: with a current density of 1.3A / dm?, a temperature of 60 ° C and an electrolysis time of

one hour.
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Figure-1. Schematic representation of the electrochemical cell for the synthesis of ferrate.

The reactions involved are the following:

Anode
Simultaneous oxidation of the iron and of the solvent according to the reaction:
Fe + 8 OH- ——» FeO.2+ 4H.O + 6 €
40OH ———» 0, +2H,O +4e

Cathode

Only the reduction of hydrogen solvent occurs:

HO+2 — 3§ H,+2O0H

This synthesis has attracted numerous studies to optimize all the parameters that influence
the performance. Retrieving synthesized ferrate is by vacuum filtration followed by a drying
phase at 120 © C FOR 12 HOURS.

3. RESULTS

According to the K2FeO4 ambient stable phase electrochemical synthesis with the previous
arrangement (Figure 1), we found that the yield of the oxidation of iron (II) to iron (VI) varies
depending on the current density, the temperature and the time of the electrolysis (Figure 2, 3

and 4).
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Figure-2. Performance of the oxidation of iron depending on the current density I (T = 60 ° C, the electrolysis time of
60 minutes, and concentrated solution of KOH ).

According to Figure 2, the yield of the oxidation of Fe?* to Fe (VI) increases with the current
density until it reaches the value of 1.83A/dm? and then begins decreasing. The best yield is 75%
at a current density of 1.8A/dm? with a temperature of 60°C for an electrolysis time period of 60

minutes.
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Figure-3. Influence of the electrolysis time the performance of the anodic oxidation of the iron (T = 60° C, I =
1.3 A / dm2, concentrated solution of KOH).

From Figure 3, the anodic oxidation of the Fe?* into Fe (VI) increases over time up to 60
minutes. Beyond this value, the oxidation decreases. The maximum efficiency is obtained at a time

period of 60 minutes with a temperature of 60°C and a current density of 1.3A / dm?
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Figure-4. The oxidation of the iron yield according to Temperature T (time of electrolysis 60 minutes, I = 1.3 A / dm?,
concentrated solution of KOH).

The oxidation of Fe (II) into Fe (VI) is achieved at75 % with a temperature of 60°C for an
electrolysis time of 60 minutes and a current density of 1.8A / dm? (Fig. 4).
The previous results show the importance of the parameters influencing the optimization of

electrochemical synthesis of ambient stable K:FFeO..

4. DEGRADATION AND MONITORING FERRATE OVER TIME

According to Tsapin, et al. [257], measuring the optical density of the solution of ferrate (VI)
is done at a wavelength of 507 nm with a pH greater than 10. The characteristic peak of iron (IV)
appears at this wavelength.

Table 1 shows the rate of degradation of ferrate (VI) over the months and also between the
state of the production of ferrate (VI) and the different months of storage from the optical density
measured. The relation used to calculate the percentage of degradation of Iron (VI) is given by
the following formula:

% Degradation of the iron (VI) = (D.Oi - D. Of) / D.Oi
D.O:i: Optical density of iron (VI) in the initial state
D.Of: Optical density of iron (VI) in the final state
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Table-1.Optical density of the solution of ferrate (VI) (K2FeO4) depending on the degradation rate between the initial
state of the production and storage of ferrate VI (%) during different months and as a function of the degradation rate

between the months of storage of ferrate VI (%).

t ( Months ) The rate of deterioration from baseline The monthly rate of

in the production and storage of degradation ferrate VI (%)
different months of ferrate VI (%)

1 1.75 1.75

% 7.01 5.35

3 8.77 1.88

4 10.52 1892

5 12.63 2.35

6 15.08 2.81

7 22.45 8.67

8 30.52 10.40

9 44.91 20.70

10 64.56 35.66

11 69.19 12.87

12 72.63 11.36

According to these results, we find that the rate of degradation of iron (VI) remains variable
over time and varies differently from one month to the other during storage, which means that

climate change influences the degradation rate of ferrate (VI) due to changes in humidity.

5. DISCUSSIONS

According to our results, the optimal current density to reach a 75% yield of the oxidation of
iron (II) to iron (VI) is of the order of 1.8 A / dm2. The temperature and the required electrolysis
time are 60 ° C and 60 minutes, which is comparable with the results of various preliminary
studies [26, 27]. The degradation of the synthesized phase K.FeO, rate does not exceed 15.08% in

the first 6 months of which the storage time reaches 12 months for easy transport.

6. CONCLUSION

This work examines the electrolysis time, the synthesis temperature and the current density
required for electrochemically ambient stable K.FeO,. Values are respectively T = 60 minutes, T
= 60 ° C and current density of 1.8A / dm2. The stocking rate exceeds 12 months, which
encourages bulk synthesis of ferrate (VI).During the first 6 months, the rate of degradation does

not exceed 15.08 %.
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