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Effect of Manganese on High-Temperature Properties of N-155 Alloy.
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Synopsis:

For the purpose of ﬁndmg some low-cost alloys that resist to rupture at high stress at a
temperature of 700~900°C, heat-resisting high-manganese steels in which part of nickel was
replaced by manganese were investigated. Even if part of 10% Ni in 20% Ni content was replaced
by 10% Mn, the creep rupture strength of 10% Mn: alloy containing proper amount of carbon
and nitrogen was superior to that of N-155 alloy, and the high-manganese steels showed the
least problems that might be posed by forging of high-alloy steels.

The reason was based on the fact that the 10% Mn alloy containing high carbon or high
nitrogen could be forged, because the deformation resistance became lower as the manganese
content was increased and therefore the alloy with the excellent forgeability could be pre-
pared therewith. The alloy containing about 4% Mn had the longest creep rupture life.

‘But if the carbon content in 109 Mn alloy was increased to 0'48%, or the nitrogen content
in it was increased to 0°38%, the rupture life became very longer and was equal to that of
4% Mn alloy at 700°C, and alloy that was more exce]lent in-creep strength than N-155 alloy

_ was obtained.

In this case, the creep rupture life of 10% Mn alloy at 700°C became longer by add1t1on
of vanadium or phosphorus, but the effects of these elements ‘disappeared with the alloy at
above 800°C. At 700°C, the rupture life of 10% Mn alloy containing phosphorus became
about four times as long as that of the alloy without phosphorus addition, -but the rupture
“elongation became lower. The oxidation-resistance was found to be less worse as the man-
ganese’ content was increased, but remarkably worse by addition of vanadium or phosphorus.

VTherefore, these alloying elements had a harmful effect on forgeability of the alloy, and
there was a possibility of generation of cracking when the alloy containing phosphorus was
forged. The best chemical composition of a high-manganese alloy obtained from the above
facts was as follows:
€ 0°21%, Cr 19°96%, Ni 9*52%, Co 20°13%, Mn 9° 91%, Mo 3°01%, W 2°79%,

Cb 0°979%,, N 0°38%,, P_O 012%, Si 0*10%, Oz 4°6 p.p.m.
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Table 1. Chemical compos'itio’n (%) of alloys. .
‘ : | N o |
Alloys | Mn Cr | Ni Co | Mo W | Cb C | Inso , “(p.p.m.) Others | Fe
. 1 Soluble Tuble Total
© No.0 | 013 | 19°39] 19+€0| 19+84} 3+03 | 275 | 105 | 0*14 | 0*1268 | 0-0710 | 01978 | 422
No. | [2:21 | 19:79| 1845 19+76| 304 | 3°01 | 108 | 0*16 | 0°1477 | 0°0722 | 0°2195 | 16°0 |o.010
No. 2 | 2:97 | 19:96 15°55 19°90| 303 | 2'97 | 0:98 | 0°16 | 071539 | 0069 | 0°2235 | '10°6 |0.01007
No. 3 | 585 | 20°30| 1380 19*9¢| 2°96 | 3°12 | 1°07 | 022 | 0°2114 | 0°0820 | 02934 | 12°1 |pO°7°
No. 4 | 7+88 | 20°24] 12700 20°20| 3°25 | 2°76 | 1°13 | 0°25 | 0°1768 | 0°0695 | 02463 | 117
No. 5 |10°42 | 19°79| 9+82] 19°77] 3°37 | 246 | 102 | 0°24 | 0°1951 | 0°0568 | 0*2510 | 5°1
 No.11 | 991 | 1996 952 | 20°13] 3+01 | 2°79 | 0°97 | 0°21 | 0°2767 | 0-1004 | 0+3771 | 4-6 8?2;;
No. 12 [10°00 | 20°16| 9°82 | 2038 2°97 | 3°11 | 1°03 | 0°21 | 03409 | 0*1245 | 04654 | 89 2147 |g g
‘No.13 [10°07 | 20°01| 9+58 | 20°24] 2+95 | 2:89 | 0°96 | 0°48 | 0°2061 | 00722 | 0-2783 | 776
No. 14 [10°00 | 19°57| 9+37 | 20°11] 2°85 | 285 | 1+05 | 0°63 | 0-1847 | 0°0576 | 0°2423 | 56
No. 15 |10°27 19-475 9+51 20-091 3°12 | 2237 | 1°05 | 020 | 0*0469 1070855 | 0v1024 | 700 [113%V
X . - |
No. 17 !10-22 } 19+57] 976 | 1997 3+20 ) 288 } 105 l 0°24 | 0°2384 | 00822 | 0°3206 | 127 lo*15%P
: | !

‘Note: Composition (%) of N-155 alloy =C<0'2, Mi 1°0~2°0, S$i<0°6, S<0°04, Cr 20°0~22°0
Ni 18°0~22°0, Co 18°0~22°0, Mo 2°50~3°25, W 2°0~3°0
Cb 0°75~125, N 0'08~0°16, Bal. Fe
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