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Abstract

Quasi-nano-hardness and corrosion behaviors of neutron-irradiated reactor pressure vessel (RPV) steels such
as 15Ch2MFA (Ni<0.4, 2.5<Cr<3.0) and 15Cr2NHFA (Ni<1.0, 0.8<Cr<2.3) were determined to develop a
high strength and high corrosion resistance RPV steels and to establish an unique experimental method to
reduce nuclear waste. Neutron irradiation test was carried out in an experimental reactor at 320°C with max-
imum fluency of 4.8x10*" n/cm® (En>1.0 MeV) for 32 days. Quasi-nano-hardnesses of the 15Ch2MFA and
15Cr2NHFA steels were 183.8 and 179.8 Hyv, respectively. Their corrosion rates and corrosion potentials were
2.4x10"Acm?, -515.9 mVg,: and 6.8x10" Acm™, -523.6 mVgy: in NACE standard TM0284-96 solution at
room temperature, respectively. 15Ch2MFA steel showed better quasi-nano-hardness and corrosion resistance

than 15Cr2NHFA steel in this test condition.
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Table 1. Chemical composition of RPV steels [wt.%].
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Fig. 1. Microstructure of neutron-irradiated 15Ch2MFA
steels with hot rolling direction : (a) transverse (b)
short-transverse (c) longitudinal.
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Fig. 2. Microstructure of neutron-irradiated
15Cr2NHFA steels with hot rolling direction : (a)
transverse (b) short-transverse (c) longitudinal.

Materials Mn Si C Cr Ni Mo A" P(max) S(max)
I15SCh2MFA| 0.3-0.6 0.17-0.37 | 0.13-0.18 2.5-3.0 <0.4 0.6-0.8 V<0.25 0.020 0.020
I5Cr2NHFA|  0.3-0.6 0.17-0.37 | 0.13-0.18 0.8-2.3 <1.0 0.5-0.7 V<0.1 0.010 0.012
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Table 2. Corrosion rate and potential of RPV steels before and after neutron irradiation in NACE standard TM0284-

96 solution.
sample # irradiation feow (<107 Acm™) Ecor (MVsyp)

before 243 -515.8

15Ch2MFA
after 242 -518.9
before 6.81 -523.6

15Cr2NHFA
after 6.80 -524.7

Table 3. Effects of CI" and pH on corrosion rates and potentials RPV steels before and after neutron irradiation in
NACE standard TM0284-96 solution with different content of HCI and FeCl, at 25°C.

HCI (2000ppm) FeCl, (1000ppm) FeCl, (2000ppm)
o pH=2.3 pH=2.7 pH=2.7
sample # irradiation - -
lCOl’l’ ECOFI’ lCOrI‘ ECOI’I’ lCOl’I’ ECUI’I’
(x10"A/em’) (MVgue) (x10"A/em’) (MVgue) (<10"A/cm’) (MVgue)
before 5.72 -472.8 0.93 -564.2 1.83 -504.3
15Ch2MFA
after 5.75 -478.0 0.94 -570.1 1.80 -505.0
before 7.40 -483.6 043 -575.5 541 -521.5
15Ct2NHFA
after 7.46 -484.1 0.44 -570.0 5.38 -522.6
6.8x10* Acm?, -523.6 mVgp2A QXPH oA & - =2l (a)
Aetith A4S SCh2MFAZ]  15Cr2NHFA g 300
7ol wlale} E9k3, R4 S SCh2MFAZ] gt |
15CrONHFAZ} Mo} Zhgieh, dwbsos 748 wha} |
A zA A7 AL O] vl 2 Agele &) -
W] Be Agish 9 27)e] A% A7 g 7T
S -800
-
-900

B 2 79 FAAAA WAl AstEa Y
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2ol & ApolE Holx] gdth ol £ AT
MM FB3 242} 2AF 270 A= 15Ch2MFA7
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(tempered martensite) 222 2ty AR HE=7F FAF
stEE wA|xZ ztolHth= Sl Xfo|7F Bt
A 7148 Ao AlgHTE dukdg oz 7ol U
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AT A WA Aole AE TR Afoleh #
ANe AR AtsHh
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d
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Log Current Density [Acm™]

Fig. 3. Polarization curves of neutron-irradiated RVP
steels in NACE standard TM0284-96 solution at 25°C :
(a) 15Ch2MFA (b) 15Cr2NHFA.
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