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Electron Probe Micro Analyser for Zr-O-N Ternary Phase Diagram B2 Mai Dung Do

Zirconium alloys are a key material in nuclear reactors because of its !
transparency to neutrons, good temperature performance and corrosion '
tolerance. It has been used as fuel cladding and in many structural parts in
nuclear reactors. There are a number of studies on the behavior of zirconium
alloys in nuclear reactors especially on the oxidation performance at high-
temperature in complex environment. It has been reported that the existence
of both N and O could affect to the properties of zirconium alloys, and in
some cases, accelerate the oxidation, and deteriorate cladding. The detail of
the Zr-N-O system become important to understand the air oxidation of
Zircaloy in case of severe accidents of light water reactor.

Although the study on the Zr-O and Zr-N binary system had been extensively focused, the study on Zr-N-O ternary system,
especially for the Zr-rich corner at lower temperatures than 1373 K has been limited. Most studies on the Zr-N-O system have
been focused along the line of ZrO,-Zr;N, pseudo binaries. It hard to study the equilibrium states near the Zr-rich corner by the
ordinary equilibria methods. In such cases where a normal static method is difficult to apply, a diffusion-couple approach has
been adopted. Interfacial compositions of diffusion couples may correspond to a local chemical equilibrium, since the diffusion
proceeds so as to reduce the chemical potential differences at an interface. This is not always the case, but such studies may give
us an insight on equilibrium phases when other approaches are difficult.

In order to build the Zr-N-O ternary phase diagram at Zr-rich corner, the amounts of N
and O components are required to be specific. We use Shimadzu Electron Probe Micro
Analysis 1600 in Analysis Center, Nagaoka University of Technology to determine the
chemical composition in a large observation area. In quantitative analysis of nitrogen
and oxygen particularly at low concentrations, the X-ray spectrum obtained with a
LS7A (lead stearate 70 A) crystal was carefully examined. The spectra crystal named
PET (pentaerythritol) has been used for analysing Zr. The scanning speed was 20
minutes. The electron beam condition with 15 kV accelerating voltage, 10 nA beam
current and 1 um beam size was used. The standard samples for Zr, N, and O were Zr
. metal, ZrN, and ZrO,. The ZrO, standard was set up in EPMA and the ZrN standard
\M was supplied from JAEA. For oxygen and nitrogen measurements, the baseline
Figure 1. EXperimental and calculated pnase  intensities were so scattered that the accurate determination was judged impossible for
boundaries in Zr-N-O system at 1373 K. The  concentrations below 2.3 wt.% for nitrogen, and 1.3 wt.% for oxygen, if we take 2¢
provisional ternary isotherm for Zr-N-O  criteria for the significant peak height. In this case, the detection limit was chosen 2.3

system has been published in the Journal of 5, 1 3 wt.9% for nitrogen and oxygen, respectively.
Nuclear Science and Technology, vol. 57, . o . . .
issue 7, 2017, pages  784-794. The details of EPMA quantitative analysis results has been discussed in the “Features of

http://dx.doi.org/10.1080/00223131.2017.131  Zr-rich corner of the Zr-N-O ternary system by controlled low-pressure oxidation and
5974 thermodynamic analysis” published in the Journal of Nuclear Science and Technology,

zr

volume 57, issue 7, 2017, pages 784-794. The EPMA results themselves were fragmental, therefore, we complemented those
results by a preliminary thermodynamic analysis to draw a provisional ternary isotherm for the Zr-rich corner at 1100°C, as show
in Figure 1. The success of this studies is understanding on the effect of nitrogen on the zirconium oxidation kinetics. This has
given us some confident in the preliminary thermodynamic analyses of sublattice formalism by the interaction parameter obtained
from experiments result and Zr-N, Zr-O binary systems, to draw a provisional ternary isotherm of the Zr-N-O ternary system at
1100°C.
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