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1. Introduction 

 

A sodium-cooled fast reactor (SFR), a generation-Ⅳ 

reactor, has advantages such as reuse of nuclear fuel, 

reduction of spent fuel volume and management period of 

spent fuel, and significant improvement in nuclear fuel 

utilization through recycling. Therefore, nuclear-advanced 

countries are pushing for the full-scale development of 

SFR with emphasis on sustainability, economic feasibility, 

proliferation resistance, and inherent safety [1].    

However, the metallic fuel causes fuel-cladding 

chemical interaction (FCCI) at temperature above 650℃ 

which forms low meting point eutectic compounds and 

reduces the thickness of fuel cladding [2]. FCCI 

undermines the safety of the reactor when using metallic 

nuclear fuel. Therefore, various studies have been 

conducted to prevent FCCI. The method to prevent FCCI 

can be broadly classified into three categories. The first 

method to prevent FCCI is to add a trace amount of 

dopant to metallic fuel to prevent the material diffusion 

[3]. The second method is to form a physical Zr or V liner 

between the fuel and cladding to prevent material 

diffusion [4]. Lastly, there is a method of coating the inner 

surface of the cladding to prevent material diffusion [5].  

Our research team has been conducting studies on 

cladding inner surface coating, and in particular, we have 

been consistently studying to form a reliable chrome (Cr) 

coating layer using electroplating. However, currently, 

there is no research on the reliability of the coating layer 

and FCCI resistance affected by the pulse reverse (PR) 

current during electroplating on the inner surface of 

cladding. Therefore, in this study, we optimized the inner 

surface of cladding electroplating using PR current 

compared the microstructure and FCCI resistance with the 

commonly used Direct Current (DC) [6]. Based on this 

study, we determined the electroplating current waveform 

to be used in future scale-up studies. 

 

2. Experimental methods 

 

HT9 disks which are generally used for metallic fuel 

cladding tubes were used as substrate. Each disk was of 

12 mm diameter and 2 mm thick. The electroplating 

apparatus composed electroplating bath, a power supply, 

as thermometer, a stirring and heating system, and etc. (fig. 

1). A Sargent bath containing 250 g/l of chromic acid 

(CrO3) and 2.5 g/l of sulfuric acid (H2SO4) was used as an 

electrolyte. The temperature of the electrolyte was 

maintained at 55 ℃ with magnetic stirring (at 150 rpm) on 

a hot plate. A Pb-Sn alloy was used as the anode metal.  

After cutting each Cr coated disk, it was mounted to 

measure the thickness of the coating layer. The thickness 

of Cr coatings was investigated using Optical Microscopy 

(OM). The hardness of Cr coatings was measured using a 

micro-Vickers hardness tester (ASTM E92-17). To 

calculate the average thickness of the coating layer, 

hardness and standard deviation values, at least 5 

measurements were obtained per specimen. We conducted 

diffusion couple test to evaluate the FCCI resistance of the 

Cr coating layer. We attached and fixed it to the coated 

HT9 disk using bolts, and after inserting it for 25 hours 

and 650 ℃, we analyzed the inter-diffusion area using 

Scanning Electron Microscopy (SEM). 

 

 
 

Fig. 1. Setting up a Cr electroplating devices. 

 

3. Results and discussion 

 

3.1. Process optimization 

 

The electrodeposition process is sensitive to changes in 

parameters such as bath temperature, time (T), current 

density (I) and current waveform. In this study, the 

optimal coating thickness was determined to be 20 μm 
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based on previous research [7]. Through experiments, we 

found the optimal condition of the DC and PR 

electroplating. The results shows that the optimized 

conditions are 55 ℃, 70 minutes, and a current density of 

1.06 A/cm2. 

The FCCI barrier property was affected by the grain 

structure of the coated Cr. In this experiment, we changed 

the duty cycle (γ) [8]. The experimental results showed 

that a duty cycle of 0.9990 was the optimal condition. The 

duty cycle is shown as follows: 

 

                               (1)     

 
Table 1. Experimental cases. 

 
 

3.2. Microstructural analysis 

 

Fig. 2 shows that OM images of Cr coating layers 

using DC and PR. As shown, the Cr coating layers using 

PR has the different surface grain morphology and a 

crack-free layer. In case of using PR, Cr coatings have 

small grains and crack-free. The measured hardness vales 

clearly showed the inverse relationship between grain size 

and hardness of Cr coatings. By adjusting the duty cycle, 

it is possible to increase suitable nucleation positions of 

each cycle, resulting in the creation of a fine-grained Cr 

coating layer and a reduction in internal stress due to the 

increase in fine-grained boundaries [9]. As a result, it 

exhibits lower hardness compared to DC. Fig. 3 shows the 

low FCCI resistance at 20 μm using DC. The reason why 

many cracks occurred in DC resulted in decreased FCCI 

resistance. Since there are no cracks when using PR, it has 

better FCCI resistance compared to DC.  

 

 
 

Fig. 2. Surface morphology and cross section images of 

Cr coatings obtained by (a and c) DC and (b and d) PR. 

 

      
 

Fig. 3. SEM micrographs of diffusion couple tested Cr 

barrier coated HT9 disks electroplated using DC. 

 

4. Conclusion 

 

This study analyzes the microstructural features and 

FCCI resistance through PR optimization. The 

conclusions of this study are as follows: 

1) The optimized PR conditions are 55 ℃, 70 minutes, 

and a current density of 1.06 A/cm2. 2) In terms of 

morphology, the Cr coatings using PR current 

electroplating was crack-free unlike DC with many cracks. 

Additionally, the Cr coatings using PR showed better 

FCCI resistance than DC due to the small grain size. 3) 

Despite forming a 20 μm thickness, the FCCI test results 

showed that DC conditions had lower FCCI resistance due 

to the presence of many cracks. 
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