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Effect of Tantalum and Nitrogen on Creep Rupture Strength

of 12Cr-1Mo-02V Steel

Mitsuo KawWAl, Kanji KAWAGUCHI, Hiroshi Y OSHIDA,

Ei KaNnazawa, and Satoru MiITo

Synopsis:

In order to develope a new steel for a large steam turbine rotor which has higher creep rupture
strength than 1Cr-1Mo-0-25V steel, an investigation was carried out on the effects of chemical com-
positions, such as tantalum, nitrogen and carbon, and heat treatments on creep rupture strength of

12Cr-1Mo-0-2V steel.

1) The addition of tantalum or nitrogen is effective to increase creep rupture strength. The addition
of both elements simultaneously is more effective owing to a fine precipitate of Ta(CgN;-z). The
creep rupture strength is related to the addition of these elements, according to the following equation:
orup. =A+aTa%+ fN% (Ta: up to 0°29%, N:up to 0'1% in the range of C+N: 0°16~0-29,,

A : constant, « and § : coefficient).

2) The higher austenitizing temperature has also some beneficial effect in obtainning higher. short
time creep rupture strength, but it’s effectiveness is small on long time creep rupture strength. The
higher austenitizing temperature results in the decrease in rupture ductility, which is desired for large
steam turbine rotor. The optimum austenitizing temperature is found to be 1050°C to obtain good

creep rupture strength with ductility.
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Table 1. Chemical composition of specimens.

¢ | si M| Mo | v | w Ta N Cr Fe

No. 1 | 023 | 033 | 050 | 071 | om — — — | 1077 ] Ba
2 | 02 | 035 | 048 | 069 | 02l — | o012 — | 1012 | Bl
3 | 025 | 043 | 0149 | 068 | 022 — | o2 — | 1060 | Bal
4+ | 021 | 037 | 039 | 1-11 | 019 - — | o015 | 1020 | Bal
5 | 026 | 039 | 03¢ | 1-07 | 0-18 — | o017 | 0013 | 1118 | Bal
6 | 017 | 032 | 080 | 101 | 019 | 085 — — | 1074 | Bal
7 | 018 | 03¢ | 082 | 105 | 020 | 28 | 006 | 006 | 1068 | Bl
8 | 018 | 03¢ | 079 | 1113 | 020 | 28 | o010 | 002 | 1087 | Bl
9 | 012 | 028 | 080 | 08 | 019 | 09 | o014 | 0037 | 98 | Bal
10 | 011 | 030 | 082 | 082 | 018 100 | 014 | 0052 | 1006 | Bal
11| 011 | 028 | 08 | 083 | 018 | 104 | 018 | 0080 | 977 | Bal
12 | 014 | 028 | 083 | 08 | 0:18 | 097 | 019 | 0-050 | 1031 | pal
13 | 015 | 03¢ | 099 | 115 | 020 | 022 | 012 | 0-05¢ | 1087 | Bl
14 | 023 | 032 | 058 | 08 | 020 | 079 | 015 | 0064 | 1048 | Bl
15 | 022 | 032 | 052 | 082 | 019 | 09 | 018 | 006 | 1072 | Bl
2l | 018 | 037 | 0€8 | 101 | 022 | 067 | 008 | o006l | 1017 | ol
22 | 023 | 027 | 051 | 111 | 0-21 i — — | 12| Bal
23 | 026 | 029 | 052 | 103 | 0-18 — | o6 — | 1088 | Bal
24 | 026 | 024 | 050 | 0'98 | 0-21 — | o0 — | 107 | Bal
25 | 025 | 027 | 053 | 105 | 0-21 — | o2 — | 1114 | Bal
31 | 018 | 029 | 0-77 | 100 | 025 | 097 | 012 | 0066 | 11-14 | Bal.
32 1 018 | 023 | 075 [ 101 | 025 | 096 | 012 | 0074 | 1107 | Bal
33 | 020 | 033 | 080 | 102 | 026 | 097 | 012 | 0098 | 12:06 | Bl
34 [ 013 | 021 | 082 | 102 | 0022 | 012 | 011 | 008 | 11-17 | Bal
85 | 013 | 038 | 075 | 083 | 023 | 104 | 013 | 0082 | 1050 | Bal
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A: 1050°C x3hr—200°C jh&—560°C X2 hr—
620°Cx 2 hr
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Fig. 1. Effect of Ta and N additions on elevated
temperature hardness.
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Fig. 2. Effect of Ta and N additions on creep
rupture strength at 550°C
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a) No. 1 b) No. 2

c¢) No. 4 d) No. 5

Heat treatment 1050°C X 3 hr—200°C Oil quench—550°C x 2 hr—620°C X 2 hr

. —

, Pl
Heat treatment a) No. 1 b) Neo. 5
1 050°C x 3 hr—200°C Oil quench—560°Cx 2 hr—620°Cx 2 hr

Photo. 2. Electron micrographs of representative
specimens. X4 000(9/10)

Photo. 1 Effect of Ta and N on microstructure of 12 Cr-1 Mo-0'2V steel. X 200(6/7)
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Heat treatment
1 050°C x 8 hr—200°C Oil quench X 560°Cx 2 hr—620°Cx 2 hr

Photo. 3. Fine precipitate of Ta (CxN;_y).
x60000(9/10), No. 5

Target Cu
Voltoge 40KVA
Current 20 mA
Full sccllew 500 cps.

Heat treatment
1050°C % 3 hr—200°C Oil quench—560°C x 2 hr—620°Cx 2 hr

Fig. 3. X-ray diffraction pattern of extracted
of No. 11,
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Fig. 4. Effect of C content on elevated temper-
ature hardness.
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Fig. 5. Effect of C content on creep rupture
strength at 550°C of 12 Cr-1Mo-0'2V
steels containing Ta and N.
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Fig. 6. Effect of C content on creep rupture
strength at 550°C, 1000 hr.
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a) \‘ 11 b) No. 15
Heat treatment a) No. Il b) No. 15
1050°G % 3 hr—200°C Qil quench—560°Cx 2 hr—620°GxX 2 hr Heat treatment

: 1050°C x 3 hr—200°C Oil quench—560°C x hr—2620°Cx 2 hr
Photo. 4. Effect of C on microstructure. X 200(9/10) .
Photo. 5. Electron micrographs of M,,X,

precipitate. x4 000(9/10)
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Fig. 8. Effect of austenitizing temperature on
creep rupture strength at 550°C,
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Fig. 9. Effect of austenitizing temperature on
creep rupture elongation at 550°C.
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Photo. 6. Effect of austenitizing temperature on

fine precipitate. x60000(9/10), No. 9
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Heat treatment a:
b: 1100°Cx 3 hr—0il quench—560°Cx 2 hr—620°C % 2 hr
c: 1150°Cx 3 hr—Oil quench—560°Cx 2 hr—620°Cx 2 hr
d: 1200°Cx 3 hr—0il quench—560°Cx 2 hr—620°Cx 2 hr

hr

Photo. 7. Effect of austenitizing temperature on microstructure. x200(6/7), No. 9

Table 2. Results of quenching crack test austenitizing at 1050°C for 3 hr.

Time to cracking after quenching
Specimen Ta (%)
Oil quench (at R. Temp.) Oil quench(at 200°C)
No. 22 — no crack after 45 hr no crack after 45 hr
23 0-06 cracked after 31~45 hr ”
24 010 cracked after 7~15 hr 4
25 0-21 cracked soon after quenching v
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Fig. 12. Effect of chemical composition and heat
treatment on creep rupture strength.
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Photo. 8. Electron micrographs of reprerentative specimens. x4 000 (6/7)
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Fig. 14. Relation between actual and empirically
calculated creep rupture strengh at 550
°C, 1000 hr, as a function of Ta and
N contents.
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