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Effect of Impurities, Si and Mn Contents on Long Term Isothermal Temper Embrittlement ‘

of 3.5%NiCrMoV Steel Forgings for Turbine Rotors

Masayoshi Konno, Tomohiro Tsucurvama, Mutsuhivo Mivakawa, Shushi Kinosuita and Akzm Suzukl

Synopsis :

Isothermal aging tests at 375, 400 and 450°C for 10000~20000 hs were performed on 3.5NiCrMoV steel forgings for low
pressure turbine rotors with various amount of impruities, Si and Mn, in the Mn range of less than about 0.30 mass 96. The
results are summarized as follows.

1) The shift in 509% fracture appearance transition temperature by isothermal temper embrittlement at T°C for t h
(AFATTr) decreases with decrease in amount of impurities, defined as X =(10P+5Sb+4Sn+ As) X 10?,Si,Mn,cooling rate
during quenching and aging temperature. When X is less than 2.1, no temper embrittlement occurs, regardless of Si and
Mn contents, but when X is greater than 4.1, embrittlement occurs according to Si and Mn contents. However, with X=
10.7, some embrittlement is observed even at 0.029% Si and 0.0496 Mn in the aging tests at 450°C for 10000 hs. Therefore,

reduction of amount of impurities is important to reduce susceptibility to temper embrittlement.

2) When X is 4.1 to 7.0, the equation, which can accurately estimate AFATTir from K=(Si+Mn)- X, X

rate, is derived.

and the cooling

3) When K is less than 0.78 (X £6.0,Si=0.05% and Mn=0.08%), maximum isothermal temper embrittlements at 375
~450°C for 20 years are calculated to be 24°C at surface and 16°C at center of a 1800 mm diameter rotor forging, and the
fairly good toughness is estimated to be obtained even after using for a long term.
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Table 1. Chemical compositions of tested materials (mass %).

Steel No. C Si Mn P S Ni Cr Mo \'% Sn As Sh X K Ingot
1 0.25 0.05 0.31 0.0110 0.0150 3.56 1.78 0.42 0.11 0.003 0.003 0.0036 14.30 5.20
2 0.25 0.08 0.29 0.0009 0.0008 3.49 1.74 0.40 0.10 0.002 0.001 0.0005 2.05 0.76
3 0.30 0.01 0.30 0.0004 0.0014 3.43 1.77 0.40 0.10 0.002 0.001 0.0005 1.55 0.48
Group 1 4 0.24 0.05 0.15 0.0100 0.0120 3.51 1.74 0.41 0.10 0.003 0.003 0.0038 13.40 2.68 90 kg
5 0.29 0.06 0.16 0.0002 0.0005 3.53 1.76 0.41 0.11 0.002 0.001 0.0005 1.35 0.30
6 0.24 0.05 0.01 0.0030 0.0058 3.53 1.75 0.41 0.11 0.002 0.002 0.0005 4.15 0.25
7 0.26 0.01 0.04 0.0004 0.0006 3.50 1.76 0.41 0.10 0.002 0.001 0.0005 1.55 0.08
\% 0.24 0.02 0.04 0.0036 0.0010 3.46 1.76 0.42 0.10 0.009 0.004 0.0063 10.75 0.65
8 0.25 0.04 0.31 0.0029 0.0015 3.53 1.77 0.36 0.10 0.004 0.003 0.0028 6.20 2.17
9 0.25 0.04 0.15 0.0027 0.0017 3.50 1.72 0.36 0.10 0.004 0.002 0.0028 5.80 1.10
Group 2 10 0.25 0.04 0.08 0.0025 0.0016 3.47 1.75 0.36 0.10 0.004 0.002 0.0026 5.60 0.67 150 kg
11 0.25 0.02 0.02 0.0013 0.0011 3.50 1.70 0.36 0.10 0.004 0.003 0.0028 4.60 0.18
12 0.25 0.12 0.07 0.0026 0.0020 3.47 1.77 0.42 0.10 0.004 0.002 0.0022 5.50 1.05
WS 0.21 0.08 0.30 0.005 0.001 3.54 1.69 0.34 0.10 0.002 0.002 0.0012 6.60 2.51
wQ 0.21 0.08 0.29 0.005 0.001 3.54 1.66 0.33 0.10 0.002 0.002 0.0011 6.55 2.42 420 t
WwWC 0.24 0.08 0.31 0.005 0.001 3.64 1.70 0.33 0.10 0.002 0.002 0.0015 6.75 2.63
Group 3 YS 0.22 0.06 0.32 0.009 0.011 3.68 1.69 0.40 0.10 0.003 0.003 0.003 12.00 4.56
YQ 0.20 0.06 0.32 0.009 0.011 3.67 1.68 0.39 0.10 0.003 0.003 0.003 12.00 4.56 60 t
YC 0.20 0.06 0.31 0.007 0.007 3.69 1.64 0.40 0.11 0.004 0.003 0.003 10.30 3.81
zs 0.21 0.08 0.30 0.005 0.004 3.63 1.60 0.32 0.09 0.002 0.002 0.002 7.00 2.66 420 t
zC 0.27 0.09 0.33 0.005 0.006 3.71 1.67 0.38 0.11 0.002 0.002 0.002 7.00 2.94

Note 1) X=(10P+5Sb+4Sn+As) x 10
2) K= (Si+Mn)-X
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Fig. 1. Examples of relations between AFATTin
and embrittling time.
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Fig. 2. Effect of Si contents on AFATT u0-10 and
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Fig. 3. Effect of Mn contents of AFATTuw-10 and
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