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1. Introduction 

 
Studies on metallic fuel slug of U-Zr alloys are 

performed to obtain the information on their physical 
and chemical properties because they are the candidates 
for a sodium-cooled fast reactor (SFR) [1-4]. Although 
many investigations for metallic fuel slug are executed 
in several decades, the chemical change of its surface 
depending on the temperature is rarely reported. Herein, 
we observed the temperature-dependent variations of U-
Zr alloy using surface analysis techniques such as X-ray 
photoelectron spectroscopy (XPS), Raman spectroscopy, 
X-ray diffraction (XRD), and scanning electron 
microscope (SEM) equipped with energy-dispersive X-
ray spectroscope (EDS). 

 
2. Experimental Details 

 
U-10wt%Zr alloy was manufactured by the injection-

casting system with the casting temperature of 1600 °C 
under dynamic vacuum condition [5-6]. The heating of 
U-10Zr samples at 610 and 1130 °C for 5 min was 
performed using PBN heater in high vacuum chamber at 
a base pressure below 2.0 × 10-7 Torr. Temperature of 
the samples during the heating was measured by an 
infrared pyrometer (IMPAC IS 8 plus; LumaSense 
Technologies GmbH, Frankfurt, Germany). After the 
annealing of samples, they are transferred into the 
chamber for XPS measurement a base pressure of which 
is below 5.0 × 10-9 Torr.  

XPS results were obtained in a high-vacuum chamber 
equipped with a VG Scientific ESCALAB 220i-XL 
system using an Al Kα X-ray source (1486.6 eV). XPS 
spectrum for survey scan was recorded with the pass 
energy of 100 eV and energy step of 0.5 eV. The 
binding energy of the spectrum was calibrated relative 
to that of adventitious C 1s (284.6 eV). 

To minimize the exposure to air, the samples, which 
were heated in high vacuum system, were quickly 
transferred into Raman spectroscopy, XRD, and SEM 
installed with EDS system for measurement. 

The Raman spectrum was measured by a SR303i 
Raman spectrometer with a 632.8 nm excitation 
wavelength helium-neon laser operating at 8 mW. The 
spectrum was acquired using an exposure of 300 s with 
a wavenumber range of 230 to 1050 cm-1. The laser was 

focused onto a sample using 50× uncoated-objective 
lenses. 

XRD patterns were obtained in the range of 20 to 
120° with a scanning step of 0.02° for 0.2 s by 
BRUKER-AXS D8 ADVANCE. The Cu Kα filtered 
through Ni foil (beam current 40 mA at 40 kV) was 
used as X-ray source. 

An SEM experiment was conducted without any 
sample treatment using a JEOL JSM-6610LV with an 
Oxford Instruments EDS. 

 
3. Results 

 
Figure 1 shows optical images of U-10Zr samples 

before and after heating at 610 and 1130 °C. The color 
of U-10Zr alloys is changed from gold before annealing 
(Figure 1a) to silver after heating at 1130 °C (Figure 1c). 

 

 
Fig. 1. Optical images of U-10Zr samples (a) before and after 
the heating at (b) 610 and (c) 1130 °C. 

 

 
 
Fig. 2. SEM image (×3,000) and EDS mapping data of 
uranium, zirconium, and carbon elements obtained from U-
10Zr sample before the heating. 
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We carried out the SEM experiment of U-10Zr alloy 
at room temperature. Based on the analysis of SEM 
image and EDS mapping data, we found that the surface 
constitution of U-10Zr sample uniformly exists as 
shown in Figure 2. 

 

 
Fig. 3. Raman spectrum of U-10Zr samples obtained in range 
of 230 to 1050 cm-1 (a) before and after the heating at (b) 610 
and (c) 1130 °C. 

 
Figure 3 displays the Raman spectra of U-10Zr 

samples observed from a range of 230 to 1050 cm-1 (a) 
before and after heating at (b) 610 and (c) 1130 °C. 
There are no peak of Raman spectra for U-10Zr alloys 
at room temperature and 610 °C shown in Figure 3a and 
3b, respectively. As shown in Figure 3c, the peaks 
around 274, 554, and 597 cm-1 are observed, which is 
resulted from the formation of zirconium carbide in U-
10Zr sample after heating at 1130 °C. We also found 
similar phenomenon through the analysis of the XRD 
data, which are not shown here. 

 

 
Fig. 4. XPS survey spectra of U-10Zr sample after the heating 
at 1130 °C. 

 
XPS survey spectra of U-10Zr alloy after the heating 

at 1130 °C is exhibited in Figure 4. There are several 
peaks related to uranium, zirconium, oxygen, and 
carbon. Through the analysis of XPS data, we checked 
that the valence state of uranium on U-10Zr surface is 

gradually changed from U4+ at room temperature to U0 
after heating at 1130 °C. 
 

4. Conclusions 
 

In this work, we exhibited the results of XPS, Raman, 
XRD, and SEM-EDS for U-10wt%Zr alloy at room 
temperature, 610 and 1130 °C. In SEM-EDS data, we 
observed that uranium and zirconium elements 
uniformly exist. After the annealing of U-10Zr sample at 
1130 °C, the formation of zirconium carbide is verified 
through Raman spectroscopy and XRD results. 
Additionally, the change of valence state for uranium 
element is also confirmed by XPS analysis. 

We anticipate that the study on the chemical change 
of U-10Zr alloys depending on the temperature will 
contribute to an improvement of knowledge in metallic 
fuel slug of U-10Zr alloys. 
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