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Reduced Use of Nickel in High-Strength Superalloy for Exhaust Engine Valves
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The superalloy NCF5015 was developed to meet the need for exhaust engine valves for
high strength, good durability, and low cost. Our original alloy design method was used to
reduce the nickel content in nickel based superalloys to approximately 55%. Even with the
reduction in nickel content, NCF5015 has a higher high-temperature strength than
conventional superalloy NCF751 for exhaust engine valves, and keeps its good properties
after long time exposure at high temperature. Engine valves made of this alloy are now
being used in the engines of passenger cars.
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Fig. 1 Isothermal section of Fe-Ni-Cr system phase diagram at 800°C
and location of matrix composition of experimental and
conventional alloys
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Table 1 Design factors and chemical composition for experimental alloys
a2 |(mitm| v (Nil«:rﬂgi?‘;)tt) y# Mo BeEHER (mass%) AR £ O 800CIc 5145
No. (at%) | (at%) (mass%) L8 THEPRRER £ TOEERER
Al Ti Nb C Cr | Al Ti | Nb | Mo | Ni | Fe
No.1 0.3 27 0.55 | 0.35| 0.1 4 0.03| 14 {18 |21 |12 | 3.0 | 44 |Bal vy INi} Y, ¥V, MxCe
No.2 0.3 27 0.55 {035 | 0.1 4 0.03| 14 |18 |21 (12| 3.0 | 55 |Bal v Y, ¥V, MyCq
No.3 0.3 30 0.55 035 | 0.1 4 0.03| 16 |20 |24 (13| 28 | 54 |Bal TEAELARY Y, ¥V, MxCe
No.4 0.3 33 0.55 | 0.35| 0.1 4 0.03| 16 |22 |26 |14 |27 | 54 |Bal. y't Y, ¥, MyCq
No.5 0.3 30 0.55 | 0.35| 0.1 4 0.03| 16 |20 |23 |13 |28 | 59 |Bal. Ni t Y, ¥, MyCe
No.6 0.3 30 |055|035| 0.1 5 0.03| 16 |20 |23 |13 |35 | 59 |Bal. Nit Mo t Y, ¥V, MyCq
No.7 0.3 30 0.55 {035 | 0.1 6 0.03| 15 |20 (23|13 |43 |59 |Bal. | NitMot 1t Y, ¥V, MxCe
NCF3015| 0.3 28.5 | 0.55 |0.40 | 0.05 1 0.03| 15 ({19 |26 |06 | 0.7 | 32 |Bal. - -
NCF4015| 0.3 285 |0.55|0.35 | 0.1 1 00315 ({19 |23 |13 |07 | 41 |Bal - -
NCF751 0.4 23 0.44 [ 0.46 | 0.1 — 0.04| 16 |12 |24 (1.0 | — |(72)|Bal - —
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Fig. 2 Microstructure of alloy No.3
(a) standard heat treatment (b) long time heat treatment
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Fig. 3 Effects of several factors on high-temperature fatigue strength
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Fig. 5 Effects of several factors on hot workability
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Table 2 Normal chemical composition of valve alloys

&% (¢} Ni | Cr [Mo | Al | Ti |[Nb | Fe Z DAty
NCF5015 |0.03| 54 |16 |3.7|1.8 [2.1 |1.2 | Bal.
NCF751 0.04|Bal.|16 | — |12 23 |09 | 7 (72Ni)
NCF4015 [0.03| 41 |15 (0.7 |19 |2.3 |1.3 | Bal.
NCF3015 |0.03| 32 |15 |0.7 |19 |26 |0.6 | Bal.
21-4N 055 4 | 21 - | - - — | Bal. | 9Mn, 0.4N
(mass%)
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Fig. 9 Fatigue strength of valve alloys
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