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Development of Heat-resistant Nickel-based Super Alloy for Exhaust Valve
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A heat-resistant super alloy, NCF5015, which has
lower nickel content than a conventional high nickel
heat-resistant alloy, was developed for use in a highly
heat-resistant valve. This alloy has reliable high-
temperature strength, abrasion resistance, and phase
stability after long-term heating.

These characteristics were obtained by increasing the
amount of gamma-prime phase that contributes to
precipitation-hardening and the amounts of molybdenum
and tungsten that contributes to solid-solution within the
range that hot formability is not impaired in order to
recover strength by reducing nickel.
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Fig. 1 Phase diagrams of Ni-15Cr-Mo-W after heat
treatment at 800 °C
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Fig. 2 Phase diagrams of 50Ni-Cr-Mo-W alloy
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Table 1 Nominal chemical composition

Composition (mass %) Theoretical amount (atomic %)
Material C|Si|Mn| Ni [ Cr|Fe|Mo| W | Ti| Al | Nb| Others 7T’ Niz (Al, Ti, Nb)
0.004 B
NCF5015-D | 0. 1 1 1 2 1. 1. 2. 1.4 | 1. .
CF5015 0.05| 0 0 50 5 6 0 5 5 3 0.003 Mg 26.7
0.004 B
NCF5015-H | 0. 1 1 1 2 T - (21| 1. 1.2 27
CF5015 0.03| 0 0 55 6 0|3 8 0.004 Mg
0.004 B
NCF440 0.05({ 01|01 70 | 19 3 10(15|25(14 (13 26.9
0.003 Mg
Inconel751 [0.05| 0.1 (0.1 | 72 | 16 7 - - 123]12]10 23.4
NCF3015 |0.03| 0.1 |0.1| 32| 16 | 47 | - - |27]12]|0.8|0.004B 23.6

NCF5015-D (Developed material with Daido Steel Co., Ltd.)
NCF5015-H (Developed material with Hitachi Metal, Ltd.)

gbobooooooobobobobobobooboooo 42.00
gobobobooooooooobooooooobooooon gooooooooooboosoon D 400Hr DD OO
gbobobobooobooobooobooboboboiebon OoOO0OO00OFrg.600000000000O00O080000O 400hr
OO0OO0O0OFRg. 30008 OOOOOOODOODOOOOO gooOoCoOoOoOoQoOoQoQoOoD Fg.70000000O0O
gboboboboooboooboobooboebobobon gbooboooooobogoooobo

goooooooooobbooo 7obooooo
goboboboboobobooobooooooooboo
gboboobooooooobobobobobobooboooo
goboboooooooboboboboboboooooo
O00000000oOoO0Og Table1OOOOFRg. 40000
goboboooooooboboboboboboooooo
gboobobooooooog

NCF5015-H after solution heat treatment,
booooood aging treatment, and over-aging at 800 °C x 400 hr

41.000 Fig. 6 Microstructure of developed materials

gboboobobobooboooboooooooboooboon
gbobooooooobobobobobobooboooo
oooDOoDOoDOoDOoDOoDO0OO0FRg. 50 80000
joo00pObObUbOObDUbUObUobbOobOOobOOoDOg
00000 NCF44001Inconel751 OOOOOODODOOO
gooog

120
I 800°C x 400hr over aging

100
&E‘ | Trial material after solution heat treatment,
S gol - aging treatment, and over-aging at 800 °C x 400 hr
S
. I
2 60| Fig. 7 Microstructure of sigma phase
> L
2 40|
Qo
£ I

20 | oooooo

0 L
NCF5015-D NCF5015-H NCF440 Inconel751 NCF3015 51. 0000
Material type 0000000000000000000000000
Fig. 5 Impact value of each material type 000000 NCRs0150 00000000 0FRg. 80000

g s7Q



Honda R&D Technical Review

Vol.19 No.2 (October 2007)

gogoo sobgbobobooogoooooooooon
NCF440 DO 0ODOUOODOOODOOODODODOODOOO
000000 e000DOODOODOODODOONCF440 70Ni-
19Cr 000000 Inconel750 72Ni-16Cri 00 0000
goboooooooooboooooooboboobooooooo
gbobobooobooobogoo

52.00000

gooooobobbobbooooooooooooo
ooboooobooOooo seo0bpoboboooboDbDOog
goboooobooooooobobooooboobooooo
ggodoooooooooboobobobobbobooboboo
gooopoOooogooP"Oooooobooobooboog
OO0O0O0Fg.9000O0O0ODOODOOOUODOODODOODO
0000000 NCF440Q 70Ni-19CrI0 O O O O Inconel751
O72Ni-l6Crl 00000000 00000000 OOO
goooooo

53.0000

gboboboboooobooooooooboobooobooon
goopooggso0ODo0OoOooooOoooDooOnn Fg.
ooooooooo s bOoooooooooooo
U0 NCR40 DODODODOODOODLOODOOOO

54.0000

goooobooboboobobooboboobobooboo
gooooooooooooobobobbobobobooo
goodooooooooboooboobobbbobooboobooo
gooooooooooooooobooboobbboboboo
O0o00oO00oO00O0Ooooss0n 400hrcoooon

400
] NCF5015-H
NCF5015-D
350 | NCF440
S
Lz
- i
2 300
o
£ I
]
T
250
200 I L L L L L L L L
0 200 400 600 800

Temperature (°C)

Fig. 8 Hardness at elevated temperature

0 580

000 Fig. 11 000000DO0O0O0O0ODOOOCODOO
NCF440Q 70Ni-19Cr0 O 0O O O O Inconel750 72Ni-
leCrl0 0 0DO00OO0DOOCODOOOInconel751000
ooo0ooDoooooooD AL, 000000000
oooooooood

1400
NCF440
NCF5015-D
1200 =
g qooo |
5 1000 |
p= NCF3015 ][
=4 I 1751 ™
§ 800 ncone \“
5
2 NCF5015-H
2 600
[
400
200 Il Il Il
0 200 400 600

Temperature (°C)

Fig. 9 Tensile properties at elevated temperature
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Table 2 Specific gravity

g/lcm3
NCF5015-D|NCF5015-H| NCF440 | Inconel751 | NCF3015
8.09 8.17 8.24 8.25 7.90
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