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ABSTRACT Austenitic stainless steels with different Cr/ Ni equivalent ratio for CAP1400 reactor cool-
ant pump casings were designed based on thermodynamics consideration. The effect of Cr/Ni equivalent
ratio and solution treatment temperature on the ferrite volume fraction and tensile properties of the steel
at 350°C were investigated by microstructure observation and tensile tests. Results show that with the in-
crease of Cr/Ni equivalent ratio the amount of ferrite-phase in austenitic stainless steel increases and the
ferrite-phase is more bulky. The austenitic stainless steel with high Cr/Ni equivalent ratio has a higher ten-
sile strength at 350°C, which can meet the requirements of mechanical properties for CAP1400 pump cas-
ing. After solution treatment at different temperatures in the range from 1100~1200°C, the content of fer-
rite-phase in the studied steel was slightly increased with the raising of solution treatment temperature,
but it had little effect on the tensile properties at 350°C.
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Table 1 Composition range of CAP1400 austenitic stainless steel (%, mass fraction)

Elements C Mn Si S

P Cr Ni Mo Fe

Specification <0.08 <150 <2.00 =<0.005

=<0.03 18.0~21.0 8.0~11.0 =0.50 Bal.

22 CAP1400 #% T 2 22 7 F BL IR AR ANE A 14 350°C f i 14 g 2R
Table 2 Tensile properties of CAP1400 austenitic stainless steel at 350°C

Strength parameter R./MPa R,/ MPa

Requirement

=404

=144

723 CAP1400 1% 32 2 752 5% B IR AN BB AN S 365 5 fh 4 11 73 (%, mass fraction)
Table 3 Chemical compositions of CAP1400 austenite stainless steel (%, mass fraction)

Elements C Mn Si Ni Cr

Mo S P N (0] Fe

CAP1400-1  0.063 1.16 149 11.25 19.72
CAP1400-2  0.056 1.18 149 860 19.95

0.52  0.0004 0.004 0.026  0.0009 Bal.
0.39 0.0007 0.005 0.028  0.0008 Bal.
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Fig.1 Heat treatment process for as cast samples of
CAP1400-1 and CAP1400-2 steels
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Fig.2 Solidification characteristics of CAP1400 austenite
stainless steel at thermo dynamic equilibrium state
(1- liquid, 2-liquid+BCC, 3-liquid+BCC+FCC)
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Table 4 Designed chemical compositions of CAP1400 austenite stainless steel (%, mass fraction)

Elements C Mn Si Ni Cr Mo S P N O Fe  Creq/Nieq
CAP1400-1 0.060 120 1.50 11.00 20.00 0.50 =<0.0015 =<0.01 0.03 <0.0015 Bal. 0.99
CAP1400-2 0.060 120 1.50 8.00 20.00 0.50 =0.0015 =<0.01 0.03 <0.0015 Bal. 1.22
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Fig.3 Mass fraction of phases as a function of temperature in CAP1400-1 (a) and CAP1400-2 (b)steels at
thermodynamic equilibrium state (1-liquid, 2-6 phase, 3-y phase,4-o phase, 5-MxCs)
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Fig.4 Optical micrographs of CAP1400-1 (a) and CAP1400-2 (b) austenite stainless steels
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Table 5 Volume fraction of ¢ ferrite phases in CAP1400-1 and CAP1400-2 austenite stainless steels

Calculated ferrite fraction/%,

Measured ferrite fraction/%,

Steel Creq/Nieq . .
volume fraction volume fraction
CAP1400-1 0.99 4.8 6.6£1.1
CAP1400-2 1.22 14.5 12.1+1.3
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Fig.5 Microstructure of CAP1400- 1 alloy after solid solution treatment (a) 1110°C, (b) 1130°C, (c)

1160°C
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Fig.6 The microstructure of CAP1400-2 alloy after solid solution treatment (a) 1110°C, (b) 1130°C, (c)
1160°C
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Fig.7 Effect of heat treatment on ferrite content in
CAP1400-1 and CAP1400-2 alloys
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