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Etfect of Phosphorous Content on Embrittlement of 13 Cr-4 Ni Cast
Steel Due to [sothermal Holding in Austenite Range

Yoshitaka IWABUCHI, Kiyoharu AZEKOSHI and Takashi HATANO

Synopsis :

Carbide-induced brittleness causes the decrease in notch toughness which often occurs in 13Cr-4Ni steel
castings when heated or cooled slowly at about 650°C. The influence of P content on this embrittlement
was studied, since the low P content could be obtained in high chromium steels by the advanced refining
process. Impact notch toughness was deteriorated when the 13Cr-4Ni steel castings were isothermally
held at 650°C in austenite range, and this behavior was remarkable for high P materials. Toughness de-
terioration was related to intergranular fracture and carbide precipitation at prior austenite grain bound-
ary, and also this tendency was increased with higher P contents. P element was presumed to facilitate the
nucleation sites of intergranular carbide, and to promote the carbide precipitation reaction and then grain
boundary brittleness.

Key words : toughness deterioration ; intergranular carbide ; embrittlement ; steel casting ; austenite grain
boundary.
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Table 1. Chemical composition of steels (wt% ).
Steel C Si Mn P S Ni Cr Mo

L 0.04 0.27 0.62 0.007 0.023 3.91 12.13 0.25
M 0.04 0.26 0.62 0.026 0.023 3.8 12.23 0.25
H 0.04 0.27 0.65 0.049 0.027 3.97 12.08 0.25
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Fig. 1. Heat treatment employed in this study.
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Fig. 3. Relation between impact energy at
—100°C and isothermal holding time at 650°C.
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Photo. 1.
specimens tested at —100°C.

Scanning electron fractographs of brittle fracture surfaces of Charpy impact
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Fig. 4. Variation in fracture mode of Charpy im-

pact specimens tested at — 100°C with isothermal
holding at 650°C for 13Cr-4Ni cast steels having
0.007, 0.026 and 0.049% P.
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Fig. 5. Auger spectra from fracture surfaces of

specimens having 0.007, 0.026 and 0.049% P.
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Fig. 6. Variation of relative peak heights of P
and Ni with P content and isothermal holding time
at 650°C.
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0.007%P 0.026%P © 0.049%P
Photo. 2. Transmission electron micrographs of carbon replicas extracted from specimens
isothermally held at 650°C for 24 h and followed by tempering.

0.007%P 0.026% P 0.049% P
Top : Section surface Middle and bottom : Fractured surface

Photo. 3. Transmission electron micrographs of carbon replicas extracted from section and
fractured surfaces of specimens subjected to isothermal holding at 650°C without tempering.
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Fig. 7. Variation of corrosion loss with isother-
mal holding time at 650°C for 13Cr-4Ni cast steel
having 0.007, 0.026 and 0.049% P.
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Optical micrographs of specimens after corrosion test.
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Fig. 8. Relation between impact energy at
—100°C and fraction of intergranular fracture.
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Fig. 9. Variation in fraction of intergranular

fracture as function of corrosion loss and relative
peak height of P.
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Fig. 10. Schematic representation of phosphorous
segregation and carbide precipitation at the prior
austenite grain boundary.
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