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Study on chemical variations of interface between U-Zr alloy and Fe through annealing
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1. Introduction

Metallic fuel can be used for one of the fuels
available in sodium-cooled fast reactors (SFRs) because
it has advantages for thermal conductivity, inherent
passive safety, and compatibility with sodium coolant
[1-4]. Because the interfacial products between metallic
fuel and cladding under high-temperature can affect the
properties of metallic fuel, the effect of annealing on the
interface between metallic fuel and cladding should be
researched to understand the interfacial phenomenon.
Therefore, herein we demonstrate the chemical changes
at the interface between U-Zr alloy and Fe before and
after annealing at 600 °C using X-ray diffraction (XRD),
X-ray photoelectron spectroscopy (XPS), and Raman
spectroscopy.

2. Experimental Details

The metallic fuel slug of U-10wt %Zr (U-Zr) was
manufactured using injection casing method [5-6]. U-Zr
samples 1 mm thick were made by cutting a metallic
fuel slug. Fe was utilized as a simulated cladding
because the main component of cladding for SFR is Fe.
The U-Zr/Fe system in which a U-Zr specimen was
placed on a Fe sample (Figure 1) was annealed at 600
°C for 1 h with a heating rate of 5 °C/min in an alumina
tube furnace (Ajeon Heating Industrial) under an Ar
atmosphere. After the annealing, the bottom of the U-Zr
and the top of the Fe in the U-Zr/Fe system were
measured using surface analysis tools.

U-Zr/Fe system

Fig. 1. Schematic U-Zr/Fe system consisting of U-Zr and Fe
samples.

XRD data within the range of 20 to 120° were gained
with a scanning step of 0.02° for 0.2 s using D8

ADVANCE (Bruker). The Cu K, was used as the X-ray
source (beam current 40 mA at 40 kV). XPS spectra
were obtained using a VG Scientific ESCALAB 220i-
XL system with a Al K, X-ray source (1486.6 eV) at a
base pressure below 5.0 x 10 Torr. XPS spectra were
accumulated with an energy step of 0.1 eV and pass
energy of 20 eV. The binding energies were calibrated
using adventitious C 1s at 284.6 eV. The Raman results
were obtained for 300 s using a SR500i Raman
spectrometer (ANDOR) with a 632.8 nm helium-neon
laser. The laser was focused on samples with 50x
uncoated-objective lenses.

3. Results

All diffraction patterns of U-Zr and Fe samples
before annealing correspond to those of orthorhombic
a-uranium and cubic iron, respectively. After annealing
of the U-Zr/Fe system at 600 °C, XRD data show
diffraction peaks related to uranium dioxide in the U-Zr
sample and iron with a low amount of iron oxide in the
Fe specimen. In addition, through the XPS results
before annealing, we confirmed that uranium and
zirconium elements on the surface of the U-Zr sample
were mostly oxidized into hyperstoichiometric UO,.y
and Zr,0O3; compositions. In the Raman spectra, while a
distinct peak of the U-Zr sample before annealing was
not observed, after annealing of the U-Zr/Fe system the
signals in the U-Zr sample appeared at 445, 575, 640,
and 1150 cm™ for UO, as well as D and G bands at
1330 and 1590 cm™ for carbon. Raman spectra of the Fe
samples before and after annealing exhibited a small
peak at 668 cm™ for iron oxide and signals at 313, 538,
668 cm™ for iron oxide with a shallow D band at 1330
cm™ and G band at 1590 cm™ for carbon.

4. Conclusions

The chemical changes in the interface between U-Zr
and Fe after annealing at 600 °C were investigated using
XRD, XPS, and Raman spectroscopy. We observed that
the surface of U-Zr sample at room temperature was
mainly oxidized into hyperstoichiometric UO,,, and
Zr,05 constitutions. On the basis of XRD and Raman
data, the compositions of the U-Zr and Fe samples were
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converted in UO, with carbon and iron oxide with a
small amount of carbon by annealing of the U-Zr/Fe
system, respectively. We anticipate that this work will
contribute to fundamental information on the interfacial
phenomenon between metallic fuel and cladding in a
fuel rod.
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