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Table 1 Chemical compositions of the steels ~ wg/% / _ \ais ©
! i'_ 15h 24h 60h 100k \I'|
% C Cr Mo Mn Ti Ni P S O ' _ !
- m (&) (1) @) (3)
1" 011 221 1.00 049 0.05 0.89 0.002 0.0044 0.0010 e
]
2" 012 209 1.04 048 0.05 0.86 0.012 <0.001 0.000 4
. Bl SREHEKRTZE
3% 012 222 1.01 051 0.06 0.88 0.050 0.0015 0.0005 . .
Fig. 1 Process diagram of the step cooling test
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Table 2 Impact energy average values of the samples before and after step cooling test 1J
FEah -80 C -60 C -50 C -40 C -30C -20 C 0 20 C 40 C 100 <C
L5 29.7 76.7 127 145 163.3 1913 206.7 260.7 262 280
VBB )5 23.3 52.7 103 96 129 137 182 230 242 268
2" 15.5 71 109.5 165.5 176 188 215.5 278 279 280
2R 5 135 16 35 44.5 48.5 114 167.5 167 168
34T 8.9 23.7 36.5 40.3 63.3 94.7 137 189.3 230 201
)G 2 2.3 37 4 6.3 5.3 12.3 33.7 68.7 131
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Table 3 Comparison of the impact energy reduction after step cooling test 1%
FEfh -80 C -60 C -50 C -40 C -30 C -20 C 0 20 C 40 C 100 C
1" 21.55 31.29 18.90 33.79 28.38 11.95 11.78 7.63 4.29
2" 67.74 80.99 85.39 78.85 74.20 47.10 39.75 40.14 40.00
3 77.53 90.30 89.86 90.07 90.05 94.40 91.02 82.20 70.13 34.83
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Fig. 2 Curves of the impact energy and temperature of different samples before and after step cooling test
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Table 4 Temper brittleness tendency of different samples after step cooling according to ASTM-A387 standard

FEdh VTr54 (R /C VTr54 (ZE¥RHT) 1C AVTr 54/°C VTr54+3AVTr54 /C
1 -715 6.7 -51.4
2" -67.9 425 59.6
3 -34.8 69.6 174
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Table 5 DBTT and value-added of different samples after step cooling according to GB/T 229—2007 standard

FE DBT Teypr (Z120) /°C DBT Tewnrisc (ZERJF)/C DB T Toyir+SC-DBT Tpyi/ C
1" -41.3 -26.9 14.4
2" -40.6 -115 29.1
3 -13.1 39.7 52.8
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Effect of P Content on Step Cooling Embrittlement Tendency of 2.25Cr1Mo
Steel for Fast Reactor Evaporator

SAN Jing—chao', LI Xiao—bing®
(1. Liaoning Equipment Manufacturing Vocational and Technical College, Shenyang 110161, Liaoning, China; 2. Ji Hua
Laboratory, Foshan 528200, Guangdong, China)

Abstract:

2.25Cr1Mo steel is the main structural material of the fourth generation advanced sodium cooled fast
reactor heat exchanger in China. Mastering the appropriate control range of trace elements in steel is the
key link to realize the domestic manufacturing of components. The effect of different P contents on the
second kind of temper brittleness tendency of the 2.25Cr1Mo steel was studied by step cooling test. The
results showed that the P content had a significant effect on the second type tempering brittleness of the
2.25Cr1Mo steel. When the P content in 2.25Cr1Mo steel was 0.002% (mass fraction, the same below), the
second type of temper brittleness sensitivity coefficient was only -51.4 °C. , and the temper brittleness tendency was
small. When the P content rised to 0.012%, although the value met the P content requirements specified in
ASTM-A387( < 0.035%, the second type of tempering brittleness sensitivity coefficient of the steel reached
59.6 °C , with a strong tendency of the tempering brittleness. When the P content was 0.05 wt.%, the impact
energy of the steel before and after step cooling treatment was significantly lower than that of the experimental
steel containing 0.012% P, and the sensitivity coefficient of the second type of tempering brittleness was as
high as 174 °C., which indicates its tempering brittleness tendency was very great. It is necessary to further
strictly control the P content in 2.25Cr1Mo steel, and it is suggested that the P content should be controlled at 0.002%.
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2.25Cr1Mo steel; step cooling; P content; second type temper embrittlement
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