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Erbium oxide (Er,O3) was shown to be a high potential candidate for tritium permeation barrier and elec-
trical insulator coating for advanced breeding blanket systems such as liquid Li, Li-Pb or molten-salt blankets.
Recently, we succeeded to form Er, O3 coating layer on large interior surface area of metal pipe using Metal Or-
ganic Chemical Vapor Deposition (MOCVD) process. In this paper, we investigated the microstructure of Er,O3
coating layer on stainless steel 316 (SUS 316) plate before and after heat treatments with hydrogen or argon
gases. From the results of TEM observations, we confirmed that Er,O3 coating layer with 700 nm thickness was
formed on the SUS 316 plate and this layer was identified to poly-crystal phase because the diffraction fleck
which was arranged like a ring was observed in the selected electron diffraction pattern. No macroscopic defects
such as crack and peeling in Er,O3 coating layer were observed before and after thermal cycling test. The change
of microstructure of the Er,O3 coating layer on before and after heat cycling test was reported.
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1. Introduction

In the magnetic confinement fusion reactor, it was
well known that the Magneto Hydrodynamic (MHD) pres-
sure drop was required in the liquid metal lithium breeding
blanket system [1]. An electrically insulating coating with
oxide ceramics is one of the attractive methods to break
off electromagnetic force for the MHD pressure drop. On
the other hand, a ceramic coating would also be necessary
to suppress the tritium permeation in a molten salt type
blanket systems using Flibe or Flinak as the breeding and
cooling fluid [2]. Anyway, MHD pressure drop and tri-
tium leakage are key issues to realize an advanced breeding
blanket systems. Also, the both selection of coating mate-
rial and coating process were necessary to comply with the
advanced breeding blanket system. Some ceramic mate-
rials such as CaO, Y,03, CaZrO3, AIN and Er,O3 have
been studied historically as the candidate materials for the
insulating coating [3,4]. Based on these studies, Er,O;
was selected as one of the candidate materials for the in-
sulator coating for reducing the MHD pressure drop be-
cause of high compatibility with liquid Li and high elec-
trical resistivity [4]. In the previous studies, the various
small insulator coatings to investigate the coating char-
acteristics were developed by Physical Vapor Deposition
(PVD) methods via RF-sputtering and arc source plasma
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[5]. However, the PVD methods have limited capability in
coating on complex surfaces expected in the blanket com-
ponents. It is important to develop new forming methods
of large area Er,O3 coating on the inner and outer surface
of the complex shaped duct tubing for the advanced liquid
metal breeder blanket application.

Recently, we succeeded the Metal organic chemical
vapor deposition (MOCVD) process as a new technology
for large area coating on broad and complicated shaped
components. MOCVD process is a concise procedure to
form homogeneous and large area coating layer synthe-
sized with a vapor transition from a metal organic com-
plex [6-8]. It has the possibility to form homogeneous
and large area coating layer into the interior surface of the
metal tube using vapor flowing control.

However, the characteristics of Er,O3 coating film via
MOCVD process were not sufficiently understood. We
scoped the change of the microstructure of Er,Os coat-
ing film before and after thermal cycling up to blanket op-
eration temperature. In this paper, the microstructure of
Er,0;3 coating film after several times of thermal cycling
was studied using X-ray diffraction (XRD), Scanning Elec-
tron Microscope (SEM) and Transmission Electron Micro-
scope (TEM) analyses.
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Fig. 1 Large area MOCVD apparatus in NIFS.
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Fig. 2 Typical XRD pattern of surface area in MOCVD coating
sample.

2. Sample Preparation

All of Er,O3 coating films were formed on stainless
steel 316 (SUS 316) disk plate using MOCVD appara-
tus in NIFS shown in Fig. 1. The principle and config-
uration of MOCVD processing was already described in
detail in Refs. [6-8]. The dimension of SUS 316 disk is
17mm in diameter and 1 mm in thickness. The coating
deposition temperature and time were fixed to 500°C and
2 hours. Typical XRD pattern of the surface area in coat-
ing layer via MOCVD process is shown in Fig. 2. Accord-
ing to the crystal database such as ICDD, Er,0; is cubic
crystal and its theoretical lattice parameter is 10.546 A. All
of main peaks in XRD were identified as a Er,O3 phase.
Er, O3 crystals were oriented randomly in coating layer,
and it was clear that Er,O3; phase via MOCVD process
did not have alignment texture. Average lattice parame-
ter estimated by Mirror Index of XRD was also obtained
to 10.547 A. These suggested that the single Er,O3 phase
was formed uniformly on the SUS 316 metal substrate via
MOCVD process. A part of the coating sample was cut
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Fig. 3 TEM image of cross-sectional area in Er,O; coating layer
via MOCVD process.

using FIB apparatus, and microstructure observation using
SEM and TEM was carried out. Figure 3 shows TEM im-
age of the cross-sectional area in Er,O3 coating layer via
MOCYVD process. The thickness of Er,O3 coating layer
was obtained to be about 700nm. Er,Os coating layer
was grown densely like columnar grain texture. We also
confirmed Er-Fe-O layer formation at the interface Er,O3
layer and SUS 316 substrate. This was caused by the Fe
diffusion from SUS 316 substrate into coating layer during
MOCVD processing. In the boundary of Er,Oz and SUS
316 substrate, there was no macro defect such as crack and
adhesion was also observed.

3. Heat Treatment under High Pres-
sure Hydrogen Gas Atmosphere

At first, we carried out the heat treatment test under
high pressure hydrogen gas using hydrogen permeation
test facility in NIFS [9, 10]. The Er,O3 coating layer was
set to the high pressure hydrogen side and it was heated up
to 700°C with hydrogen exposure.

Figure 4 shows that typical SEM images of surface of
Er,03 coating layer before and after heat treatment under
hydrogen atmosphere. In the sample surface before heat
treatment, small granular-like grains were observed uni-
formly, and granular size of Er,O3 coating was obtained to
about 1.0pum. In the case of the sample after heat treat-
ment, granular-like grains were also observed. No ap-
preciable change of surface microstructure before and af-
ter heat treatment under hydrogen atmosphere was con-
firmed. Typical selected area diffraction (SAD) images of
the Er, O3 coating layer before and after heat treatment un-
der hydrogen atmosphere is shown in Fig.5. In the SAD
patterns of the samples before and after heat treatment,
it was clear that the all diffraction flecks which show the
crystallization was arranged like a ring shaped. And they
were identified to the all Mirror Indexes of Er,O3 crystal.
It suggested that Er,O3 coating layer was stable under hy-
drogen atmosphere It mentioned that Er,O3 coating layer

2405127-2



Plasma and Fusion Research: Regular Articles

Volume 7, 2405127 (2012)

Sample

Before hydrogen
permeation test
(As-CVD)

After hydrogen
permeation test
(up to 600°C)

Fig.4 Typical SEM images of surface area in Er,O; coating
layer before and after heat treatment under hydrogen at-
mosphere.
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Fig. 5 Typical selected area diffraction (SAD) image of the
Er,05 coating layer before and after thermal cycling un-
der hydrogen atmosphere.

has high soundness against high temperature under hydro-
gen atmospheres

4. Thermal Cycling Test under Ar

Gas Atmosphere

In order to evaluate the change of microstructure, the
thermal cycling tests were carried out. The number of
thermal cycling in Ar atmosphere was 10 and 30 times.
Figure 6 shows that typical temperature profile on 10 times
of the thermal cycling for example. The temperature set-
ting of thermal cycling was 700°C. The temperature was
elevated rapidly at a rate of 700°C/hour and then it was
kept stably during 1 hour. After that, temperature was low-
ered to 50°C by furnace cooling. This temperature profile
was repeated to 10 and 30 times on the thermal cycling
tests. Figure 7 shows that the comparisons of XRD pat-
tern in Er,O3 coating layer before and after thermal cycling
tests. The peak intensity of (400) plane of Er,O3 phase was
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Fig. 6 Typical temperature profile of 10 times thermal cycling
under Ar atmosphere.

30 times (700°C)
(222)

[\

| 10 times (700°C)

e ™

Intensity (arb. unit)

As-CVD (0 times)

]
Mo
~ ]
6 3

e e
2 theta (deg)

8

Fig. 7 The comparisons of XRD pattern in Er,Os coating layer
before and after thermal cycling under Ar atmosphere (0,
10 and 30 times).

increased with increasing number of thermal cycling. Fur-
thermore, the peak intensity ratio such as (400)/(222) was
also increased from 1.52 to 7.20 with 30 times thermal cy-
cling. These suggested that a-axis alignment of Er,O3 tex-
ture was promoted by the increase of number of thermal
cycling. It mentioned that Er,O3 grain growth was pro-
moted to a-axis direction by the annealing effect due to the
thermal cycling.

5. Conclusions
We investigated about the change of microstructure of
Er,0; coating layer via MOCVD process before and after
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the thermal cycling. As MOCVD process, Er,O3 coating
layer on SUS 316 substrate was formed alike granular and
non-alignment texture. In the heat treatment under hydro-
gen atmosphere, Er,O3 coating layer was stable without
reduction. We confirmed that Er,O3 coating layer has high
soundness against high temperature and hydrogen atmo-
sphere. We also confirmed that a-axis alignment of Er, O3
texture was prompted by the thermal cycling under argon
atmosphere. It suggested that Er,O3 grain growth was pro-
moted to a-axis direction by the annealing effect due to the
thermal cycling.
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