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A Proposal to Mechanism of Embrittlement of 9Cr-2Mo Heat Resisting

Steel during Long-term Aging

Yuzo Hoso1, Noboru WADE, Seiji KUNIMITSU and Tatsumi URITA

Synopsis :

A trial has been made on the clarification of mechanism of embrittlement of 9Cr-2Mo dual phase steels
during aging in the temperature range from 500 to 600°C. The focus is placed mainly on the relationship
between toughness and precipitates of Laves phase and /or carbides.

The precipitation of Laves phase causes a considerable decrease in toughness in rather short-term aging

(600°C X 100 h for example).

In the case of long-term aging (600°C X 1000h), however, the toughness
depends mainly on the total amounts of the precipitates including both Laves phase and carbides.

The pre-

ciptation of the Laves phase is markedly retarded by the decrease of Si content, resulting in excelent

toughness.

A harmful effect of P-addition on toughness is also observed.

It is found, however, that no in-

tergranular fracture is observed at below transition temperature, which probably suggests that the embrit-
tlement is caused by some different mechanism from the so-called temper embrittlement.
Key words : 9Cr-Mo dual phase steel ; toughness ; aging ; Laves phase ; carbides ; silicon ; phosphorus.
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Table 1. Chemical composition of specimens (wt% ).
C Si Mn P S Cr Mo \Y Nb Ni

CR 0.05 0.67 0.58 0.009 0.006 9.85 2.31 0.12 0.06 0.94
CA 0.05 <0.001 1.23 0.0007 0.0005 9.23 2.21 0.10 0.02 0.79
CA-1 0.046 0.008 1.19 0.003 0.0006 9.22 2.25 0.092 0.009 0.78
CA-2 0.06 0.11 1.16 0.0017 0.0044 9.44 2.32 0.12 0.04 0.91
CA-3 0.049 0.29 1.24 0.003 0.0006 9.21 2.29 0.10 0.010 0.81
CA-4 0.038 0.66 1.17 0.0007 <0.0005 9.36 2.04 0.096 0.010 0.84
BZ 0.055 0.52 0.50 0.024 0.0009 9.22 2.22 0.11 0.049 0.80
NZ£0.01%

Photo. 1. Microstructural changes
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As—tempered 100 h | " 1000h

Photo. 2. Transmission electron micrographs showing the change in precipitates during aging at
600°C in the alloy CR.

Photo. 3. Intermetallic compounds massively precipitated in ferrite grains in the alloy CR after
100 h aging at 600°C.

Photo. 4. Two types of carbides precipitated in martensite grains and at ferrite-martensite inter-
faces in the alloy CR after 100 h aging at 600°C.
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