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Development of Low-Nickel Heat-Resistance Alloy for Exhaust Valves
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ABSTRACT

A reduced nickel content heat-resistant alloy
NCF3015 was developed to replace the nickel-base
superalloys for exhaust valves applicable to unleaded
gasoline only.

This alloy has superior high temperature strength
and microstructural stability after long term use. This
was obtained by increasing the amount of gamma-
prime phase and optimizing additional elements.

This alloy has been employed in the exhaust
valves for Logo at 1996 model.
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Table 1 Nominal chemical composition

* NCF3015-H (Hi7®EBFEH)
NCF3015-D CKI[mlRFRSMBEFEM)

Composition (weight %)

Material C | Si|Mn| Ni|Cr|Fe| T |Al |[Nb| other
0.70Mo

NCF3015-H 10.03(0.100.10| 32 | 15 | 47 | 2.6 [ 1.9 [ 0.7 | 5 5o4p

NCF3015-D [0.03|0.10(0.10| 32 | 16 | 47 (2.7 | 1.2 | 0.8 | 0.004B

Inconel 751 |0.04(0.10|0.10( 72 |16 | 7 |2.4 (1.2 |1.0

60Ni-18Cr |0.05]|0.10(0.10| 60 | 18 [ 17 [2.5|1.0 | 1.0 | 0.004B

40Ni-15Cr  |0.03|0.10(0.10| 40 | 15 | 37 (2.4 | 1.6 | 1.0 | 0.004B

21-4N
. . B al. [ — — — .
(SUH35) 0.58(0.16|9.0| 4 | 21 |Bal 0.4N
21-11P
(SUH38) 0.32(0.31|1.0| 11 | 21 |Bal.| — | — [ — | 02P20Mo

Table 2 Structural analysis of Ni-base superalloys

Theoretical amount (atomic %)

Material Y °Ni, (Al, Ti, Nb) Ni in matrix
NCF3015-H 28.5 21.1
NCF3015-D 23.6 16.3
Inconel 751 23.4 68.3
60Ni-18Cr 20.3 52.4
40Ni-15Cr 28.5 23.6
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Fig.1  Phase diagrams of matrix
after heat treatment at 800°C
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Fig.2 Hot hardness at elevated temperature
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Fig.3 Tensile properties at elevated temperature
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Fig.4 Fatigue strength at 800°C
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Fig.6  Microstructure of developed materials
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Fig.7 Oxidation resistance at 800°C
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Fig.8 Coefficient of thermal expansion
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Fig.9 Thermal conductivity Fig.11  Application of NCF3015
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