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Introduction
According to the World Nuclear Waste Report of 2019 approximately 6.6 million m3 of nuclear waste is generated over the lifetime of the European nuclear fleet

[1]. Safe, effective, cost-effective, easy feasible and low-waste decontamination technologies are fundamental importance from environmental and radiation
aspects [2]. In this study the effectiveness of the AP-CITROX decontamination technology of Ni-alloys was investigated, which is widely used for chemical
decontamination in the VVER-type pressurized water reactors.

1. Non-radioactive 
oxide-layer formation

2. Characterisation
(SEM/EDX)

3. Electrochemical analysis of the 
decontamination technology

Materials and Methods
The steps of the analysis are presented in Fig 1.

Fig 1. The steps of the analysis

Results and Discussion
The results of SEM - and electrochemical analysis are presented in Fig 2-3. 
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Fig 2. The surface morphology of the oxide-layer 
on Inconel alloy (down) and stainless steel (up)

Fig 3. Voltammogram and Tafel-curve of the Inconel alloy (left), stainless steel (right) 
with oxide-layer

According to the results of the surface SEM/EDX measurements the oxide-layer on the both alloys contains
Fe (77 weight %), O (20 weight %) and the areas are homogeneous . The composition of the layers is
compatible with the industrial corrosion layer, because the its upper oxide layer is normally magnetite. The
Tafel-curves show that the standard potential of the alkaline treatment is 0.06 V and 0.282 mA current flows in
equilibrium, when oxidised stainless steel working electrode was used. These values are 0.08 V and 0.162
mA in the event of Inconel metal sample with oxide-layer. On the voltammograms of the alkaline treatment the
reduction peaks are shown at -0.6 V and -0.3 V. The peak at higher potential level belongs to the
decontamination of the Inconel alloys. The oxidation peaks are the same position on the voltammograms of
both alloys.

3. Electrochemical analysis of the AP-CITROX decontamination technology
The alkaline treatment of the AP-CITROX decontamination technology was analysed electrochemically with three-electrode cell. RADELKIS OP-0830P 

saturated calomel reference electrode (SCE), stainless steel counter electrode, stainless steel/Inconel 690 with oxide layer as working electrode were used in 
the electrochemical cell. The electrolyte was 5 g/dm3 KMnO4 and 10 g/dm3 NaOH solution.  Cyclic Voltammetry and Tafel-analysis were carried out by using 
ELEKTROFLEX EF435A potentiostat. The polarization range was from -1.0 V to 0.3 V.

1. Non-radioactive oxide layer formation
316 grade stainless steel (1.4541) and

Inconel alloy 690 non-radioactive metal samples
are heated up to 800 °C for 8 hours and water
vapour is used to form oxide-layer. Fig 1 shows
the schematic flow diagram of the laboratory
equipment. The shape of the metals was discs
with diameter of 1.5 cm
2. Characterization (SEM/EDX)

The morphology and elemental
compositions of the surface were determined
by ThermoFisher Apreo S Scanning Electron
Microscope (SEM) coupled with Octane Elect
Plus Energy-Dispersive X-ray Spectroscopy
(EDX).

Conclusion
In this study the alkaline treatment of the AP-CITROX decontamination technology was studied with non-radioactive 316 grade of stainless steel (1.4541) and

Inconel 690 alloys. Oxid-layer was formed on the surface of the metal samples in laboratory conditions and the surface was treated with 10 g/dm3 NaOH + 5
g/dm3 KMnO4 solutions. The basis of the alkaline treatment is the potassium permanganate, which is very strong oxidizing agents. SEM/EDX was used to
characterise the surfaces and the treatments were analysed electrochemically. The composition of the oxide layer was the same in case of both alloys but the
efficiency of the treatment was better, when stainless steel was used. This results from the fact that the standard potential of the reaction was lower, the amount
of the current in equilibrium was higher and the oxidizing agent reacts at lower potential in case of stainless steel. The next steps are the optimisation of the AP-
CITROX decontamination technology of Inconel alloys.
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