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Abstract: In the production practice of valve steel castings, an unqualified master alloy bar was used to melt and pour the
investment casting of CN7M material, leading to a large number of cracks in the castings. The metallographic analysis
shows that the cracks spread along the grain boundary of austenite, and many precipitated particles are found near the
cracks. Scanning electron microscopy and energy spectrum analysis show that the precipitated phase is rich in Sn, with the
content reaching 0.05%~0.06%. The content of the residual element Sn in steel species seriously affects the quality of
castings. A high Sn content promotes segregation at the grain boundary, resulting in the precipitation of Sn-rich low melting
point intermetallic compounds, thus reducing the intercrystalline bonding force and finally leading to a large number of
cracks in the castings. Production demonstrates that cracks can be completely eliminated by using an appropriate

intermediate alloy instead of the original CN7M rod material for batching, melting and casting and strictly controlling the

Sn content below 0.01%.
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Fig.1 Scrapped product due to severe crack defects
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Tab.1 Chemical composition of CN7M stainless steel

C Si Mn P S

Cr Ni Mo Cu Fe

=<0.07 <1.50 <1.50 =0.040 =0.040

19.0~22.0 27.5~30.5 2.0~3.0 3.0~4.0 Bal.

2 7= i iR BB AR
Fig.2 Crack morphology of the product
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Fig.3 Macroscopic morphology of crack 1
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Fig.4 Fracture morphology of crack 1
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Fig.5 Metallographic structure near the crack of the cracked product sample
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Fig.6 Composition of grain boundary precipitates of cracked product
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Tab.2 Postfurnace chemical composition of three batches of discarded products

%o C Si Mn P S Cr Ni Mo Cu Al Sn As Pb Sb Fe
1 00242 086 088 0.0169 00011 1947 2803 217 333 00181 00576 00021 00018 <0.002 Bal
200313 079 091 00177 00012 19.68 2816 215 329 00156 0.0513 00019 00017 <0.002 Bal
300283 083 090 00172 0.0011 1971 2822 215 327 00167 00553 0.0019 0.0018 <0.002 Bal.
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Tab.3 Ratio of smelted raw materials per ton after changing smelted materials

JE B R 316 ANEEAIE 73 R T % Bk BRAR ek HL i 5 L
Fit/kg 495 10 5 206 232 20 32 1000
RAINPREBRTRBIPBFUERS wi%
Tab.4 POST chemical composition of three batches of qualified products
EE c Si Mn P S Cr Ni Mo  Cu Al Sn As Pb Sb Fe
1 0.0291 091 0.89 0.0233 0.0012 19.58 2831 218 330 0.0199 0.0054 0.0019 0.0017 <0.002 Bal.
2 0.0299 096 085 0.0243 0.0013 19.67 27.89 2.14 331 0.0181 0.0052 0.0018 0.0018 <0.002 Bal.
3 0.0289 089 091 0.0234 0.0013 19.61 2829 215 329 0.0177 0.0051 0.0019 0.0018 <0.002 Bal.
P 7 T RO R SR RIS A 7 RS 1
Fig.7 Investment castings produced after changing the smelting raw materials
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