
Transactions of the Korean Nuclear Society Spring Meeting 

Jeju, Korea, May 22-24, 2019 

Reaction Characteristics at Fuel Rod Surface Obtained 

from Metal Fuel Fabrication Process 
 

Jeong Kyungchai+, Oh Seokjin, Kim Kihwan, Kook Seoungwoo, and Park Jeongyong 

 

Korea Atomic Energy Research Institute, Daedeok-daro 989-111, Yuseoung-gu, Daejeon, 305-353, Korea 

*Corresponding author: kcjeong@kaeri.re.kr  

 

                  

1. Introduction 

 

Research is under way to minimize fuel loss in the 

metal fuel rod manufacture process, which is considered 

a very important issue in terms of recycling spent 

nuclear fuel [1, 2]. Generally, metal-fuel production is 

performed by selecting metal constituents having proper 

composition ratios according to the characteristics of the 

reactor core, melting them in a high-temperature melting 

furnace, injection casting and cooling them in a proper 

mold and fabricating them into fuel rods [3].  

Quartz tubes are commonly used as mold to 

manufacture metal fuel rods, and to prevent reaction 

between metal melt and mold, an yttria (or zirconia) 

slurry solution is applied to the inner surface of the 

quartz tube by forming of suitable thickness protection 

layer to prevent reaction with the quartz tube. However, 

since the inner surface of the quartz tube is very slippery 

due to the nature of the glass, it is difficult to use a 

slurry solution here to form a protective layer.  

The importance of proper equipment and 

sandblasting media selection to improve an adherence 

of the slurry coating layer were emphasized for this 

purpose[4], and the pre-survey results showed that 

sandblasting equipment, such as those shown in Fig. 1, 

was selected and the results for sandblasting studies 

have already been reported.  

 

 
Fig.1. Sandblasting equipment and operation conditions. 

 

In this study, the micro-adhesion forces of the coating 

layer were measured and analyzed after coating the 

yttria slurry solution using surface-modified quartz mold 

made by optimum sandblasting conditions. It was also 

intended to identify the reaction characteristics at the 

surface of fuel rod obtained after molten melt injection 

with the surface-modified quartz mold to the 

manufacture of metal fuel rod. 

 

2. Experiments 

 

The inner surface of a smooth quartz tube was treated 

by applying the sandblasting method, so that the 

irregularly defects on surface were forcibly formed. 

Micro-adhesion force was observed using a micro-

adhesion force measuring instrument called “SAICAS” 

after brushing an yttria slurry solution over a quartz 

plates and graphite discs. Quartz tubes obtained after 

sandblasting were internally coated with an yttria slurry 

solution, dried with a mold rotor to have a uniform 

coating thickness, and then mounted in an injection 

casting furnace for the manufacture of a metal fuel rod.      

In order to verify the reaction characteristics of the 

molten melt and the surface of the quartz tube at high 

temperature, elemental analysis was carried out using 

SEM on the fuel rod surface obtained after dismantling 

the mold. 

 

3. Results and Discussions 

 

3.1 Sandblasted-tube preparation conditions 

 

Table 1 shows the results of measuring the surface 

roughness of the quartz specimen carried out in this 

study. The quartz plate is a specimen that was carried 

out in sandblasting under the aforementioned optimum 

sandblasting conditions. Analysis of surface roughness 

measurement results showed that for quartz plate 

specimen, the surface roughness changed according to 

the incident pressure and working time of the media, 

and in this study, sandblasting operation was optimal 

for 28 seconds at a pressure of 2.7 to 2.8 kg/cm2.  

 

Table 1. Results of surface roughness measurements. 
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Therefore, quartz tubes, which are used for actual 

fuel rod manufacture, were also made using tubes 

treated with this working conditions. 

 
3.2 Micro-adhesion force measurement 

 

To measure micro-adhesion force, a method of 

cutting is used by tilting from the surface of thin layer 

to the surface (substrate), and in Korea, a micro-

adhesion force measuring instrument called SAICAS 

is used. In addition to physical properties such as 

stripping strength and shear strength, it is known that 

the interfacial conditions of the dissimilar materials 

can be observed through the slope cutting surface of 

the thin layer, or the dispersion characteristics of the 

painted-layer, weather resistance, etc.  

Fig. 2 outline the results of the micro-adhesion force 

measured in this study using quartz plates and graphite 

specimens. A slurry coating layer dried on a smooth 

specimen generally maintains a constant balance 

between the forces applied horizontally and vertically 

as shown at left side in the Fig. 2.  

The results of these analyses are summarized in 

Table 2 from measuring the micro-adhesion force of 

each specimen. Three times micro-adhesion forces 

were measured and averaged per specimen, and the 

strength of their was shown in order of graphite, quartz 

sandblasting sample and quartz original specimen. 

 

 
Fig.2. Micro-adhesion force of quartz and graphite 

specimen. 

 

Table 2. Results of micro-adhesion force measurement 

on quartz plates and graphite specimen. 

 
 

3.3 Reaction characteristics at metal fuel rod surface 

 

A metal fuel rod was manufactured using each mold 

to identify to leaching phenomena of Si element from 

the metal fuel rod surface prepared if or not there is an 

yttria coating layer inside the quartz tube mold. Test 

was performed on the U-10Zr-5RE alloy material. Fig. 

3 shows that the reaction with Si in the contact face 

was progressed regardless of whether the coating layer 

was present or not.  

By comparing the presence and absence of an yttria 

coating layer for reaction protection, we can see that 

the depth at which Si has been penetrated has changed 

with the long-direction position of the metal fuel rod 

manufactured. Initially, the penetration depth 

decreased with the increase of the metal fuel rod 

height, but after the minimum value was shown in the 

middle, it showed a tendency to increase again. 

However, when coating layer was applied, Si 

penetration depth was minimized by the effect of 

reaction barrier in the contact with melt at the 

beginning of fuel rod manufacture, indicating a 

tendency to decrease with a slight increase in position 

 The application of surface-modified quartz tube 

molds is expected to reduce the tendency of Si melting 

and eluting to the metal fuel rod surface much less.  

 

 

Fig. 3. Si penetration depths at fuel rod surface 

prepared by injection casting. 

 

Meanwhile, the Si penetrating layer at the presence 

and loss of the yttria coating layer is observed and 

shown briefly in Fig. 4. After manufacture of fuel rod, 

the penetration depth of Si is observed from the SEM 

analysis on the fuel rod surface. Si penetration depth 

was significantly different depending on the loss of the 

yttria coating layer in the molds.  This is expected to 

improve when the yttria coating is applied to the 

aforementioned surface-modified quartz molds. 

 

 
 

Fig. 4. Reaction characteristics at the fuel rod surface 

(left: coating layer holding part, right: coating layer 

loss part). 

 

4. Conclusions 

 

In this study, to strengthen micro-adhesion force of 

coating layer inner quartz mold used in metal fuel rod 
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manufacturing process, surface modification was 

performed by sandblasting method to strengthen micro-

adhesion force. The compared with the conventional 

method which is the no sandblasted-mold, the adhesion 

of the coating layer was thought to be more positive. 

Also, it was judged that Si's elution from the quartz 

mold surface was reduced compared to that of the 

conventional process, thus improving the process. 

Further research is likely to be needed to strengthen the 

adhesion of the coating layer. 
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