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Prevention of the Intergranular Fracture in Iron-Phosphorus Alloys
by Carbon

Shigeru SUZUKI, Minoru OBATA, Kenji ABIKO and Hiroshi KIMURA

Synopsis:

Fe-P alloys with up to 0.67 wt% phosphorus show intergranular fracture (IGF) by impact test after
quenched from 1 073 K. Addition of carbon up to about 0.01 wt%, to the alloys prevents the intergranular
fracture caused by the grain boundary segregation of phosphorus, and lowers the ductile-brittle transition
temperature (DBTT). This effect is due to the segregation of carbon to grain boundaries. Aging at 873
K of the quenched specimen with 0.52%P and 0.0008% C reduces DBTT and increases the degree of grain
boundary segregation of carbon while it does not affect the degree of grain boundary segregation of phos-
phorus. The grain boundary segregation of carbon increases the grain boundary cohesion and prevents
the intergranular fracture without removing phosphorus from grain boundaries.

DBTT’s of the Fe-P~C alloys are analyzed in terms of the degree of grain boundary segregation of carbon
and phosphorus and the solution hardening by phosphorus (the bulk concentration of phosphorus). The
site-competition between carbon and phosphorus is taken into account in the calculation of the degree
of segregation. It is found that the increase in the boundary cohesion by the carbon segregation is an im-
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portant factor to prevent IGF.
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Table 1. Composition of the Fe-P-C alloys in wt%,.

P C o] Si Mn
Fe-0.11P 0.11 0. 036 0. 0007 0.012 0. 003
Fe-0. 34P 0. 34 0.040 0. 0032 0. 007 0. 005
Fe-0. 52P 0.52 0. 022 0. 0088 0. 021 0,013
Fe-0. 67P 0.67 0.024 0. 0010 0. 026 0. 017

Table 2. Conditions of decarburization and the
residual carbon concentration in wt2,*,

1W+1D** 2W+2D 5S5W45D 12W+5D 17W+7D

Fe-0. 11P 0. 018 0.011 0. 002 0.0014 0. 0010
Fe-0. 34P 0.010 0. 002 0. 0014 0. 0010
Fe-0.52P 0.012 0. 008 0. 0021 0. 0010 0. 0008
Fe-0. 67P 0. 015 0.011 0. 004 0. 0023 0. 0018

* For some specimens, the carbon concentration is given down
to 1 ppm. The analysis was done carefully and repeated several
times. Values in the table are the average. The scatter of data
is given by error bars in Fig. 1.

* mW+nD indicates the decarburization for mh in wet hydro-
gen (W) and for =h in dry hydrogen (D).
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Fig. 1. Effect of carbon on the ductile-brittle
transition temperature (DPTT) of Fe-P alloys.
IGF means that the specimen showed the inter-
granular fracture.
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Photo. 1. Effect of carbon on the mode of fracture in Fe-0.5295P alloys. The testing temperature is

below DBTT in each specimen,
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Fig. 2. Auger electron spectroscopy of grain

boundary facet revealed by fracture of Fe-0.529
P-C alloys.
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Fig. 3. Effect of aging at 873K on DBTT and
the degree of segregation of carbon and phosphorus
in Fe-0.529,P-0.000895C alloys quenched from
1073 K. ASTM number and the Vickers hardness
are shown on the DBTT data.
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Fig. 4. Calculated grain boundary coverage of
phosphorus and carbon in Fe-P-C alloys. The
calculation was made with the segregation energies
of phosphorus and carbon of 50 and 80k]J/mol,
respectively, and T=1073 K.
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Fig. 5. DBTT calculated in terms of contributions
of the grain boundary coverage of phosphorus and
carbon and of the solution hardening. Experi-
mental data are shown by squares and triangles.
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