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Effect of Chromium and Molybdenum on the Temper Brittleness
of Ni-Cr-Mo-V Steel for Large Turbine Rotor Shaft Forgings

Hidemitsu TAXEUCHI and Tkujiro KITAGAWA

Synopsis:

The effects of chromium and molybdenum contents on the temper brittleness of Ni-Cr—-Mo-V steel, used for
turbine rotor shaft forgings, have been investigated. The steels alloyed with 0:52~1:73%, Cr and 0-3~06%
Mo were subjected to embrittling treatment at 500°C for 100 hr. The degree of temper brittleness was es-
timated and compared by the 50% fracture appearance transition temperature (50% FATT) obtained by
Charpy impact test (2 mm V motch Charpy), and the fracture appearance of each test piece was observed
by scanning electron microscope.

The results are as follows:

(1) The degree of temper brittleness increases with the content of chromium and molybdenum.

(2) The embrittled steels have a tendency increasing the ratio of intergranular fracture, however, there
is no clear quantitative relationship between the degree of embrittlement and the ratio of intergranular frac-
ture. This tendency is greatly influenced by the austenite grain size, and fine grain steel shows considerable
low values in the ratio of the intergranular fracture, even in embrittled speciments.

(Received Sept. 15, 1969)
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Table I. Chemical composition of raw material

used (%).
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A 0:25 0-18 0-25 0-015 0:012 0-21 3-56 0-52 0-56 0-11
B 025 025 0-29 0-015 0:012 0-22 356 0-80 0-50 0-09
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Solution treatment

Quenching

Table 3. Heat treatment condition.

Quenching

Embrittle treatment

1100°Cx 2hr FC

850°C % 2 hr OQ

650°C %12 hr AC

Fine grain 650°C x 10 hr AC —
specimen v " ” 500°C % 100 hr AC
1 200°C X 30 minAC—
Goarse grain 1200°Cx2hr AC | oot X 30 min0G | 690°C* 17 hr AC _
specimen v Y v 500°C x 100 hr AC
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b) Coorse grain specimen
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Effect of chromium content on Charpy impact test value.
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a) Fine grain specimen

b) Coarse grain specimen
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Fig. 2. Effect of molybdenum content on Charpy impact test value.
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Photo. 1. Microstructure of embrittled fine grain
specimens. X400 (6/7)
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Photo. 2. Fractographs of embrittled specimen containing chromium.
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Photo. 3. Fractograhs of embrittled specimen containing molybdenum.
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Table 4. Relation between embrittlement and percentage of intergranular fracture.
a) Cr
' Brittle fracture . Degree of | Intergranular
Treatment ‘ Marks Imp ?kc t V)a lue area Ha(xl'_clln)e S| embrittlement ; fracture
| gm (%) B o (%)
Fine grain A 2'5 85 248 11 i 3
specimen E 1-7 100 248 72 11
Coarse grain | A 1-0 i 100 248 ! 25 ! 70
specimen ! E ' 0-6 : 100 255 ; 122 ‘ 95
Tested at —I4b°C
b) Mo
- T | Brittle fracture | g, 'b;é;ec of Iﬁriié@;dl;:
Treatment Marks ‘ Imp ?]f ¢ v)a lue ‘ area szr}clin)css I embrittlement fracture
| s (%) A ) (%)
- : ' ~ !
Fine grain IIS, %; f 95 i 255 36 i 3
specimen . 100 : 248 72 : 11
G 21 90 | 248 132 15
Coarse grain F 0-8 [ 95 248 76 ’ 82
soeeimes E 0°6 = 100 | 255 ' 122 95
P G 0-4 100 255 159 | 98
Tested at —140°C
Table 5. Chemical composition of electrolytic Table 6. Chemical composition of
iron used (%). specimen (9).

c | si|wM| P s | cu | ni Mark | C© Si Mn P $
0-02 nil nil | 0°003 ‘ 0006 nil nil H 0-28 0°26 0-29 | 0-010 | 0-008
Cr| Mo | V| Al | sn | As | sb Mark | Cu Ni cr | Mo \
nil / 0-04 nil | 0-019 | 0-008 | 0°005 | 0:0012 H 0-22 3-51 1-73 0-50 0-10
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Fig. 5. Notched for test result of specimen H (Used electrolytic iron).
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a) Fine grain specimen. %300 (9/10)

b) Coarse grain specimen.

%100 (9/10)

Photo. 4. Brittle fracture appearance of the specimen used electrolytic iron.
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