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Formation of functional layer structure by pre-oxidation process
and in-situ evaluation of layer structure by ElSanalysis
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1. Background and pur pose analyzed by EPMA.

The applications of functional materials such as an () (b)

electrical insulator and a tritium diffusion barri¢o 2./5mm Electrode (Au)
fusion blanket systems are essential technologyerae ~

oxides, such as ZtD Y,0; Al,O; and EpO; are

thermodynamically stable, and the coating layers by c

these oxides have relatively good performance as a
hydrogen permeation barrier [1, 2]. These functiona
layers can be formed by the oxidation of surfade&rp

Y, Al and Er metals, which are plated on the strcait
materials [3]. The Pilling- Bedworth (PB) ratio &fO,

on Zr metal is 1.17 at 673K, and indicates the
excellent protectiveness of the layers. Howeverséh 6mm Al: 6mm

oxide layers cannot be formed as planed when the (Zr,Y, Er: 6-6.35mm)
dissolution type corrosion [4] is initially caused their ] . o
surface in the liquid breeders. Then, a pre-oxidmti Fig. 1 Specimens (a) pre-oxidation test,
treatment on the metals can improve the initiat@sion (b) EIS measurement after pre-oxidation
characteristics.  The  electrochemical impedances > E|s measurement

spectroscopy (EIS) must be a feasible technique 10 The specimen for the EIS analysis was oxidized at
monitor the formation and the degradation of the jhe same conditions with the pre-oxidation tests. F
functional Iayers in some _I|qU|d metals [5]. TheSEs a (b) shows the cylindrical type specimen for ths E
Z:Jer::_t?'iztlruigvzt'vya asyagod ?r?grteh'c?lgrgetshseo?r:ﬁg%?mg the analysis.The electrode of Au was plated on the top of

cal propert ! the specimen surface by a sputter coating. Figure 2

layer in liquid metals. T
. . . shows the schematic diagram of the test apparatus f
The purpose of the present study is to investigage the EIS analysis. The temperature of the test Ve

S et o s s s e COnoled b te heaer and e hermocouple,
Y placed at the bottom of the vessel. The test seetias

reactor operation temperature by EIS method. installed in the test vessel filled with Ar havirige

2. Experimental conditions purity of 5N. Figure 2 (b) shows the detail struetof

2.1. Pre-oxidation treatment of specimens the test section. The EIS analysis was performed by
The test materials were Zr, Y and Er metals. The VERSASTAT 3 manufactured by Princeton applied
specimens for the pre-oxidation tests are showFign research. Three terminals i.e. a working electraale,

1 (a). The pre-oxidation tests were performed im@n guard electrode and a reference electrode were fosed
atmosphere at 773K. The test times are 100, 250 anéhe analysis. The counter electrode was conneotelket
500 hours. The weight changes of the pre-oxidizedbottom of the specimen, where the oxide layer was
specimens were measured using an electro-readingemoved by a grinding in advances. The analysis was
balance with accuracy 0.1mg. The oxide layers fatrme Performed at the temperature up to 773K.

on _the specimen surfaces were analyzed by XRD .3 Experimental results and discussions

Their surfaces and cross sections were metallullgica
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The oxide layers were formed on the specimen sesfac



of Zr and Y, and these layers was observed by EPMA
and analyzed by EIS. The thickness of the layeméar

on the specimen surface was evaluated from thdtsesu (6]
of EPMA cross sectional analysis and summarized in7
Table 1. The results indicated the variation of ldnger 71
thickness. The thickness of the oxide layer forroedhe

Er specimen could not be evaluated, since the parst
of the specimen was oxidized and broken into thallsm
pieces.

The results of EIS analysis on the oxide layersewer
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Table 1 Thickness of oxide layers formed at 773K
evaluated from results of EPMA analysis

summarized into the Nyquist plot, and the Nyquist p

Thickness im]

obtained at 673K for the Zr specimen pre-oxidizéd a Time Arithmetic . Harmonic
773K for 250 hours is shown in Fig. 3 as an example [hour] Variation mean mean
The plot in a semi-elliptical shapeindicated the 100 1335 19 19
inhomogeneity of the layer structure such as &tt@ss T 2.0-4.8 3'5 3'3
variation and/or a porosity of the layer. This teat = : :
agreed with the thickness variation observed by BPM 200 1.6-8.2 4.6 4.2
analysis.The oxide layer was modeled as a parallel RC 100 3.2-15.8 9.8 8.0
circuit with the elements of electrical resistar(&e 250 14.6-43.0 27.8 25.0
[Q]) and capacitance (C [F]) as reported in detail in =00 17.1-551 35.1 32.3
ref. [4]. These elements are expressed as
@ Electrodes )
R = @ (1) Pressure (eIeA(\:Itl:iTE:lT%tsuu?:tor)
N ! gauge
£g9A Gas line
C=— 2,
wherep is the electrical resistivity(}-m] of the oxide VEZ?E
layer, A is the surface area of the working eled¢ro \
[m? and d is the thickness of the oxide layer [m]js Test _ H‘“ﬁ
the relative permittivity of the oxide layer arg is the section e
permittivity of vacuum (i.e 8.854x18 F/m). The Heater
electrical resistance of the oxide layer was egsthas
app. 2.5 M2 from Fig. 3. The harmonic mean thickness
of the oxide layer was evaluated as appud.3Then,the ~  [OSEL_—V D
electrical resistivity of the layer at 673K was aibed as © 56mm
4.35 x 16 Om according to Eq. (1). This value was Alumina tube
much larger than the literature value of 8 X @én [6]. ®) (l:arggt?ical L ead wire
The relative permittivity was evaluated as 37.8] #ms _ insulator) /17 =
value was close to the literature value of 35+2 [7] wlorking e |
4. Conclusion _ _ < L specimen
The experimental studies on the functional layer Guard (27 -
formation by pre-oxidation treatment and in-situ electrodt”
evaluation of the layer structure by the EIS were Plate
performed. The compact oxide layers were formethen B p|atfesfg§304
Zr and Y metals in air atmosphere at 773K. The EIS electrical
analysis on the Zr and Y specimens were performed. 20mm '(fllslﬂ'rm

Their electrical properties around the reactor apen )
temperature were successfully obtained on-line by E Fi9-

analysis. The information on the geometrical fezdunf o

the oxide layer such as the thickness and thetiariaf =

thickness could be obtained from EIS results. %E
C c
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Fig. 3 Nyquist plot obtained at 673K
with Zr specimen pre-oxidized at 773K



