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Core Materials Development for Fast Breeder Reactors from a Viewpoint

of Corrosion and Mass Transfer in Liquid Sodium

Abstract

Under the third contract of joint research bétween National Research
Institute for Metals (NRIM) and Power Reactor and Nuciear Fuel Development
Corporation (PNC)} from October 1986 to March 1987, sodium compatibility
of four kinds of PNC High-chromium ferritic steels was examined. The
ferritic steels were normalized and tempered Fe-11Cr-2(Mo,W) base alloys
with small amounts of V, Nb and N. The sodium exposure was conducted
at 700°C, 1-2 ppm oxygen, and 4.0 m/s in sodium velocity for up to
about 3000 h. The weight Toss at zero downstream position was about
three-quarters of that of the reference Type 316 stéin]ess steel which
was cold-worked, 316(CW), and slightly higher than that of the reference
Fe-13Cr-1Mo ferritic steels which were either normalized and tempered,
13Cr, or further cold-worked, 13Cr{CW). The PNC steels formed fine
corrosion nodes on their surface, whose number increased with increasing
tungsten content. The 316(CW) steel formed a 1arger numﬁers of corrosion
nodes than the PNC steels. The surface analysis showed that the ferritic
steels adsorbed nickel, contrary to the 316(CW) steel, and dissolved
chromium. Also, silicon and manganese showed decreasing trends. At the
surface of PNC steels, tungusten increased, while vanadium decreased.
For the PNC steels, average content of carbon decreased up to less than
halves, which was more remarkable than for the 13Cr(CW) steels. Also,
most of nitrogen in the PNC steels was lost into sodium. Further experi-

ments as a function of temperature would be necessary.

* Tsukuba Branch '
National Research Institute for Metals

** (}'arai Engineering Center
Power Reactor and Nuclear Development Corporation .
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Table 1 Chemical compositions of test steels (wt %)
Steel c Si Mn P S Ni Cr Mo Al v Nb W N 0
PNC 60FS-V  0.10 0.18 0.50 0.019 0.004 0.33 11.18 1.61 - 0.21 0.059 '0.01 0;0529 -
(0.102) . (0.040 ) (0.02)
PNC 60FS-W 0.096 0.17 0.48 0.016 0.004 0.33 11.07 0.95 - 0.20 0.059 0.90 0.0567 -
(0.097) (0.043) (0.02)
PNC 60FS~X 0.11 0.18 0.48 0.014 0.004 0.33 11.07 0.48 - 0.21 0.066 1.41 0.0515 -
(0.100) , (0.041) (0.07)
PNC 60FS-Y (0.099 0.18 0.48 0.015 0.004 0.33 11.06 0.49 - 0.21 0.065 1.90 0.0510 -
(0.098) . (0.039 ) (0.03)
NRIM 13Cr  (0.111) (0.32)(0.47)(0.003)(0.003) - (12.77)(0.87)(0.031) - - - (0.002) (0.0d)
KOBE 316 (0.047) 0.48 1.80 0.024 - 13.62 17.33 2.51 0.008 <0.029 <0.005 -~ (0.009) (0.00)

{ ) : Analyzed in NRIM for the specimens of A0.6 mm in thickness before exposure to
The other values are check-analyses by the makers.

sodium.

KOBE 316 :

Including B:0.0022 and Ti:0.07.




Table 2 Histories for test steel

Steel Heat treatment Cold working
PNC 60FS-VY 1050°C x Th G.Q. + 800°C x 1 h G.Q. -

60FS-W

60FS-X

60FS-Y
NRIM 13Cr 100°C x 0.5 h G.Q. + 800°C x 0.5 h G.Q. -

13Cr(CW) 9% CW

KOBE 316{CW) 1070°C x 0.5 h (Solution treatment) n25% CW

G.Q.

: Argon gas quenching




Table 3  Operating condition of sodium loop system

Material

Maximum temperature (test temperature)
Downstream position parameter, L/D, for the center of specimen
Sodium flow rate at specimen surface '

Minimum temperature (except cold-trap bypass)
Electrical current in main heater

d7/dL in main heater

Cold-trap temperature
Oxygen concentration in sodium (vanadium equilibration method)

SUS 316

"63-224
4.0 m/s
370°C

1750 A
16°C/m

126 + 4°C

1-2 wppm




Table 4  Changes in surface contents of minor alloying elements, silicon,
niobium, vanadium and manganese, for the four 60FS-series steels
(obtained by the EDX method)

silicon showed a decreasing trend
niobium could not be observed
vanadium decreased

manganese showed a decreasing trend

Table 5 Original atomic ratio of (V + Nb)/(C + N) in the four
60FS-series steels

60FS-V 0.4,
60FS-M 0.4,
60FS-X 0.4,

60FS-Y 0.4,
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Fig.4

Surface features of the specimens before and
after exposure fo sodium(obtained by SEM,
Exposure duration: 31195h except 2235h for

the 60FS—V steel )
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Fig.5. Surface contents of nicke!, chromium, molybdenum and tungsten for

the specimenns before and after exposure to sodium (obtained by
the EDX method L/D shows the downstream position parameter of
the center of specimen).




Steel

60FS—V

GOFS*W
60FS—X
60FS—Y
13Cr(CW)
13Cr

316(CW)

Na exposure(700°C, 1—2ppm O, 40m s, 31195h)

L/D

Before

157( 884h)

157(2235h)

Before
163

Before
169

Before
174.5

Before
143

Before
148

Before
220

Fig-6.

detected)

L H ]

(N.D.)

St

D.
D.
D.

N.
(N.
(N
!

R S

C content(wt%)

0.04

N content(wt®)

Average bulk contents of carbon,rﬂtrogén and oxygen in the
specimens before and after exposure to sodium{L/D shows the
downstream position parameter of the center of specimen).

0 001

O con-
tent(wt®)






