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COMPATIBILITY OF VARIOUS CERAMICS
IN ELEVATED TEMPERATURE SODIUM

Yoshiaki TACHI*, Shigeki KANO*
Eiichi YOSHIDA** Yasushi HIRAKAWA**

Abstract

[Purpose] ;

Research is carried out on the creation of advanced ceramics to be,

used under severe nuclear environment, ‘as Frontier Materials Research,

in order to attain an innovative improvement of fast reactor's

performance by using their high heat~- resisting, wear-resisting
properties and so on,

- [Experimental method]

As the first step of this research, the sodium exposure tests at
550°C and 650°C for 1000 hours and 4000 hours were carried out on
varicus commercial ceramics to evaluate their sodium compatibility.
And some advanced ceramics were trially manufactured based on the
proposed considerations to improve sodium compatibility of ceramics
and tested at 550°C and 650°C for 1000 hours, in order to evaluate
their sodium compatibility and the effects of their improvements.

[Results]

Sodium compatibility of various ceramics, which has been evaluated
by their weight change resulted from sodium. exposure tests, are
summarized as follows;

1) Oxide ceramics like Al203 showed the reldtively excellent

corrosion resistance among sintered ceramics and small weight
loss. On the other hand, Si based ceramics like Si3N4 and SicC
showed higher weight loss and significant time and sodium
temperature dependency of sodium corrosion.

2) All Zr02 samples increased their weight in contrast that almost
all the other ceramics lost their weight. It is due to the sodium
penetration into the materials and the generation of Na2Zr03 by
the reaction between Zr02 and Na20 on the surface.

3) The dominant corrosion mode was an grain boundary attack by sodium
op sintered ceramics. One of main causes of grain boundary attack
is what they contain Si02 as impurities and their grain‘boundaries
are grassy.

4) Advanced Al203 showed negligible weight change comparing with
conventional ones and excellent corrosion resistance. Advanced
Si3N4 and Sialon showed smaller fluctuation of weight change values
and the trend of improvement on corrosion resistance comparing with
conventional ones. However, further improvement has to be given to
these ceramics.

[Conclusion]

Sodium corrosion of various ceramics are attributed to selective
corrosion at grain boundary caused by impurities and additives in
grain boundary and grassy structure of grain boundary including them.
Therefore, it was clarified that the control of grain boundary
structure such as remOVing impurities and crystallization was very
effective for the improvement on corrosion resistance

* Frontier Technology Development Section Technology
development Division, OEC

~** Materials Development Section System and Components
Division, OEC :
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Table 1 Tested ceramics

Sintered :
Existing Advanced CVD Single Crystal
Al20s3 Al203 Al202
ZrO 2 - ZrO 2
MgO - MgO
Y203 |
CaO
MgAl2 04 1 MgAl204
Y3Als0O12 | Y3Al5 012
SiC | SiC -
TiC TiC - TiC
SiaN4 SisNa
AIN |
BN | BN
SIAION SIAION
AION

90T1-€6 OIV6NL ONd




f'.—IZIffE

) SwW-3T.P

SW—AT.

H—4
I=
FM-G
C—1 % C-3
Yo
5 5 107-1
¥ovnsod
FM-4 M-3
a2
VNzu2 Lovning Xa YoW? X‘"’“"""X‘“
. N : w
Nz 102 s03f
o
02 VNIIS p J -
Y \
‘ VN4u2 VN401
D‘
m‘,—z
EMP -1

%ﬂvnaos %{0 VN306 j%ﬂ VN4US vNies : _ %ﬂ VNS505S

Figure 1. Test apparatus
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Figure 6. Effect of Al ,0; purity on weight change
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Figure 10. Temperature - Gibbs free energy of oxide
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Figure 1l. Temperature - Gibbs free engrgy’of ca:bide
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Figure 12. Temperature - Gibbs free energy of nitridei
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