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The Embrittlement of Ferritic Graphite Steel Containing Phosphorus

Synopsis :

Nobuhisa Tsutsumit and Tsutomu TAKEUCHI

In order to investigate the embrittlement of blackheart malleable iron, Charpy impact tests are carried
out for series of ferritic graphite steel specimens having the same chemical composition as blackheart

malleable iron except for carbon content.
dary fracture surface of the embrittled iron.
The results obtained are as follows :

IMA analysis has also been employed on the grain boun-

(1) Quenching from 450°C without holding at this temperature shows some degree of embrittlement,

1. e. 4Tr+55°C.

(2) Quenching from 450°C after 1 hour holding at this temperature shows remarkable embrittlement,

while quenching from 650°C shows some degree of de-embrittlement.

Moreover, it has been clarified

that the complex combination of embrittling and de-embrittling treatments changes the behaviour of

embrittlement in ferritic graphite steel.

(3) Heat treatment at 300°C after embrittling treatment at 450°C shows considerable degree of de-

embrittlement.

(4) IMA analysis has detected the remarkable segregation of phosphorus on the grain boundary frac-

ture surface of embrittled specimen.

(5) It is assumed from results obtained that the segregating behaviour of carbon atoms contributes
to the embrittling phenomenon of ferritic graphite steel by larger interaction behaviour of phesphorus

atoms in grain boundary zone,
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Table 1. Chemical composition of graphite
steel (wtos).

C Si Mn P S Sb Sn As
1.26 1.24¢ 0.26 0.149 0.069 0.001 0.001 0.007
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Time

Fig. 1. Heat treatment curve for graphitizing of
ferritic graphite steel,
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Photo. 1. Optical micrograph of ferritic graphite
steel.
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Fig. 2. Heat treatment for investigating the influence
of quenching temperature on the shift of transition
temperature of ferritic graphite steel,
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Fig. 3. Schematic representation of various heat treatment.
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Fig. 4. Charpy impact transition curve of as
annealed specimen.
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Fig. 5. The influence of quenching temperature on
the shift of transition temperature of ferritic graphite
steel.
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Fig. 6. The influence of various single heat treatment
on the shift of transition temperature in ferritie gra-
phite steel,
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Fig. 7. The influence of various duplex heat treatment
on the shift of transition temperature in ferritic gra-
phite steel.
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Photo. 2. Scanning electron fractographs of (a) emb-
rittled and (b) de-embrittled ferritic graphite steels.
(test temperature ; (a) —60°C, (b) —196°C)
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Fig. 8. Depth profile of phosphorus concentration
at polished (bk) and fractured (gb) surfaces of
embrittled ferritic graphite steel.
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Fig. 9. Classification of mechanisms of temper embrittlement in steels.
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Fig. 10. Schematic representation of embrittling mechanism of ferritic graphite steel.
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