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Y' Precipitation-hardened Cobalt-free Heat-resistant Steel Strip for Exhaust Gaskets Work at 900°C
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ABSTRACT

We have developed a new steel strip for gaskets
that can seal exhaust gas in 900°C environments.
The concept for the material specified the seemingly
conflicting requirements of high performance through
the active use of y'-Ni, (Ti, Al) as a strengthening
phase for high-temperature stability, together with a
higher melting point for manufacturability. To enhance
the relaxation properties, alloying elements that raised
the amount and stability of strengthening phase y'
and suppressed the precipitation of the harmful phase
n-Ni,Ti were investigated using thermodynamic
calculations, and 5.9 at% of Ti+Al and a ratio of 1.0
of Al/Ti were selected. In addition, to enhance hot
rollability, the melting point was increased by reducing
Nb and Cr contents as compared to Alloy 718. To
maintain initial springiness and the stability of y' at
high temperatures, the cold rolling reduction ratio was
set at 30% to 40%. As a result, in heat load tests at
900°C, gaskets made of the developed alloy performed
at the same level as Alloy 718 gaskets at 750°C.
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Table 1 Chemical compositions of developed alloy and Alloy 718
Chemical composition [mass%]
Ti+Al [at%] | Ti/Al [at%/at%]
Ni Cr Fe Nb Al Ti Mo
Developed alloy | 50 15 |Balance| 1.3 1.4 25 1 5.9 1.0
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DIRENT7280, —ERDORNMNIBETH S EE % 7=
2T, RBFEM OEMHEE 750C 225 900C “C#gﬁﬂﬁ
8 WAL & 5, 8 DOFEAIRE (§-solvus) A 750C
LIF& 7% 1.3 mass% £ TS EST & & L7,

WIZ, % Cr & L7256 OHRIKREX % Fig. 712
RY. CriZ2onTd 1 mass% &7 0% 10C Ot _EAH%h
ROVTRENT=728, MBI TE A 72 b 2 OHiH TR %
15 mass% F Tk L 7=.

3.3. KD ETE

3.1, fi& 3.2, fHiA M E 2T, HAE L BUEMICEE L 725
FMOME A Table 1 1289, Mo (2 DW Tk L%
WO—D2Th 2 EARILICH G T HTLRTH 5203, FHFEMH
TIREZy O ERHL TS 2, 2L T x4
ND—DTHYEEGI) 27 NEFE>TNWB I L EFE
L, Alloy 718 ML TR %A 5 Z % > 72, FAFMIZK T 5 ¢
FVAHRIE ¥ & Ol 1E Thermo-Cale IZ X B E15EIC XD, %
NZ4994°C, 1292°C ThH D, Iz Alloy 718 D 8357C,
1204C &0 ELTH D, HEEZ T Tk < SAEIM THEICE
JEL72KnTh b & &AL 7.

15 %Cr  Alloy 718 (19 %Cr)

1600

— M23C6

— SIGMA

~— DELTA
LAVES

oy — | — uQuip

— ETA

— GAMMA_PRIME
M6C

— MU_PHASE

— FCC_A1#2

— BCC_A2

1500 +

1400 A

1800 g}

1 10§\__
1.0

-

1200

1100

—t ———— FCC_AL

1000 o

900 4

Temperature [°C]
!

800 4 .

Cr [mass%]

Fig. 7 Calculated vertical section of Fe-51Ni-3Mo-
0.5Al-1Ti-5.1Nb-Cr (mass%)



Honda R&D Technical Review

Vol.37 (2025)

4. SEEREEEHETE

2MCHANREY, PIHHOIZ AN AZET S L, TX 5
FUEOEBEIEER T X 2 L2058 L Ln, Lol
5, W A v AL AR O SRS A KT 2 ¥ 5 1
ON AR X 270" VI o v — 3 VDK T
IZOBEBIBEND D, TDRD, v REMISHENR LV
TR R A A PR LS U C, BBl A 3E T 2 BN B
3. ARETTCIE, ARERER T O MR & i LR & 7T
T, Fig. 8 DX IZH VY 728l U CERTRR A B Z
otz T O, Bk JUHRBISRIC KD v REVE% R,
iU, WREAEsR & 3% L 7z,

T A MHFEICOOTE, FTMHAOEMETMLL 7%
F VPN EAENE, <y T E RO TR TR N
ISR L7, BB E 2 —7 >y FTd 5 900C, ¥
MIEERY 9278 —v 3 YARET S 50 HfTHREL
7= DK%, By — 2 X RERIC TEMET L2y v
TILOWra I 5 M lE U, iy & U OFE
AT T IAMEE (SEM) TR L 7=, Fig. 9 {2 fkEakBa
A ORI T 2MBBHROME 2RT. 7oy PV
HiETH D, “OOBUIKIRE TORKM & /Ml % D 7«
WZEETRIT A Vv Th b, REERK DRI ENIZEM
THEMLIC & OB X 2SN 5728, 40% & A B & B

1

Compression

b
Compression ratio = Pl 100

Fig. 8 Preparation method of compressed sample

v'-Ni; (Al, Ti)

(a) Compression ratio 0%

BOMXMETL, »OMEXDIESDENKEL K5 T
7o, 22T, TOBRREMBHT 5720, EHMHHE 0% & 50%
DY Y TIIZH L SEM Ty' LU n O HIRRE A % L
7= (Fig. 10). 5 &, [EHE=E 0% DY~ T IO IE M 24 '
KR AEMIZHTH LT b —0, FEfEE 50% %~ 7Ly
Rz, $hikn oWt 2RO 6 hrz. 2512, 2O
IR DU v R O SN T EIR AN RS & 7.

IhEDRERID, JTEMHEL 40% 22 5 & & K
T UZZHHIE, v OISR SRBE L2728, i
DI SDENRKEL &5 2By O & OHERT I
FEIRANRAE L 724D 6021tk DEEL NS,
DEDORERED, IHOIEAMEEEZERL DDy OREME
DHERTE S K51, WMHEELEEE 30% 2 5 40% THRE
L7,

400

300 F __.--mTT o7 \\\\ .

> .
L Lower line
?
o 200 |
c
e
3
T

100 |+

0 1 1 1 1 1
0 10 20 30 40 50 60

Compression ratio [%)]

Fig. 9 Relationship between compression ratio of
developed alloy and hardness after exposure
at 900°C for 50 hours

Y'-Nij (Al, Ti)
2 um

(b) Compression ratio 50%

Fig. 10 Secondary electron images of developed alloy after compression and exposure at 900°C for 50 hours



Q00 CHICHFRRA X7 v bA v #HFE{EE Co 7 V) — Mk

5. EREMRERTT A BR

4 B F TITMGET U 2R f K O IR RE = T RE &6
FUELE ORI H M AL L T30 8 5 »HifEsd L 7.
Bk, MERIZ DWW 2 ik 2wy 52
=g ViIRBRIZ T, B E Alloy 718 OFFMEILER S B
ZhkHZ Ll

51. U5 7t— 3 iHMlRER

3.3, B CERAE L 24K 4 B 3855 1 & 0 bRz L 72 4%,
WRIELE T Z & bh 3 A BEsii g & R Tia ke
MERK I k-7 Z0%, GEZZ-Y Vv MLickdi
PEIZ30% 20 5 40% HL OO $ A& AR, #ibd 5
A ERBRRE T 50 RER OBV A 35 Z 2, Fig. 11 BEIRD
FUREERER SN L 72,

)7 v— 3 VikBRZ ASTM E328-13%1c#EHLL ¢
Fhi L, MR 12 mm, 5RO A 1% O&MFIZH T
BIB T OREZA A& KR 50 Bl % Tiogk L 72, B
13 800°C, 850°C, 900°C & L, tig& LT Alloy 718 & ¥
B CRHM L 72,

VI 7= g VilBORER % Fig. 1212789, 900C 12
B+ 5 Alloy 718 DIREILTNE X T Th » 72— 5, FAFEM
TI3H 35 MPa%%->TH 0, Alloy 718 K0 & &Y 5
Y= 3 VEEICEND Z AR TE . ORI
BRI IOm B, B YT o@D v 2k
MELTI00C FTREICAHAELZZ EIZKD, HilRTO
SRR T X 72720 LRI 5.

5.2. BfEEE MM ER

FABRE R I2E 5.1, T IRIRR (2 B RO 1 K 0 ke A 1R
#%, PATHEE X 20 mm, B 4.5 mm ORI L7238
DEHWE, £F, REBH %2270 — 7 LRBEN Ty 2
FEABEET 5 1150C £ T 100 A2 THEL, 601
REFL 72, 2D, 10C/s OME TABREE (900C 22 6
1200C) £ T, & L<IFFMRL T 60 IR L 2%, ~
T2~y F#E 50.8 mm/s THlRBEA2 B Z - 7. 7P
GBI T BT BF DAL D 50% DL L2345 6 4 2 s sk & £
W ZE nT REARGDH & 282 L "%, Alloy 718 & JLugaFffi L 7=
(Fig. 13). & 512, PAFHM I LU Alloy 718 123654 % WkAH

Ef‘ ______ —— =1

20 60 20
110
Unit: [mm]
Fig. 11 Sample shape for relaxation test

BEO Y OBLGEOWEMRAENEE Thermo-Calc 2L D
5L 7= (Fig. 14).

Fig. 13 & 1, {KIRMIA 5 950°C & TIXFHFEM D 72355 0
fEIZIGO2Y, Z DL ORI T T O 5 2348 0 il i1
EV. ZOMM%E Fig. 14 K0 FET 5 &, BFEAMISICHERM
T Alloy 718 &0 & v EAGENE W20, BRIy
Mt U g < ZEMEADMIE R % — 5, il < ik s L
BT S AHBI D & B ik 238 < FEPEAERR S B 720 L
"BiXh3.

PLE& Yy, BRI SRR LERETOHVE D, Alloy 718
2R U S IE v BERE O FRRATEA L T B, Z DM

150
<
o
= Q
@ AN
> \
2 100 - .
\
B '
2 ‘. Developed alloy
@®© N
% 50F ..
< RN
3 ~J§|\ )
3 Alloy 718 "~ I
(14
0 : : 0
750 800 850 900 950
Test temperature [°C]
Fig. 12 Relaxation properties of developed alloy and
Alloy 718 using round bar test pieces
100
90 @ -
D-,."‘D\ S\ © | 3
80 o O« S
’,E( /. \ \ > | Fe]
— o - AR S 0
S 0r o LY ©
— D 7z h \ — =
© ’ \ ° o
o 60 + e Vo = |3
< e [ R ]
5 50 PS I - =
] ! o | =
5 ! 450°C L e £ 5
ks - } [} © 3 o
s % | R
3 =
x 30 \ [ I
B | E
20 V3 T
-0~ Alloy718 RN
10 H Lo 3
- ® - Developed alloy o ©
o
o
600 800 1000 1200 1400

Temperature [°C]

Fig. 13 Result of Gleeble test for developed alloy
and Alloy 718



Honda R&D Technical Review

Vol.37 (2025)

TR BN A W] RE 2 VS FEPH IR 450C TH D, PR H
it 350°C L EAER L 722 L 2SR T X 72,

5.3. ARy NAETTRER

HAEAMELZRMAHNT, 3EBI U4 ETHREL
T PRbE Ay, WAL CRA YA i & SR TE L, Alloy 718 &
LRI —FEX 045 mm IS T U724 27 » b &fE8LL
7= FDH A7 v b % Fig. 15 D XK 5 I2HE SUS303, JEX
20 mm O M10 7¢D A EIC A, Kou FCRERS L, A
TEWRE T 50 FERIR XU 2852 L 72,

FHEE IE T A MR THROKE - FEE &L, Alloy
718 LA B T 572, &, ©— FHlIEMEIZY -
AR TH B AN &AL PBOFREENEWERN (Area
A) L L, Fig. 16 127 DHRERNT.

900C TOFRY — Fig X i3 Alloy 718 280 pm TH 3D
WAL, BRI 64 nm TH - 72, ZHIEPIFM O AL
Fy' 23 900C & TREIAFAEL T B 7280 &g & h, B
KAV T FOME»S LIRSz ZOMBE, FFEM
DINCHE — FEEidsg—7r v b &35 Alloy 718 D
750C Y — FE & 56 um & L\l Tk, BAFEH R4
FER LT3 T EWERTE 7=,

0.30 T
------- Alloy 718 H

0.25 L —— Developed alloy

0.20

0.15

0.10

Mole fraction of phases [-]

0.05

0.00 : — : .
600 800 1000 1200 1400

Temperature [°C]

Fig. 14 Calculated mole fraction of y' and liquid
phases for developed alloy and Alloy 718

Gasket

Fig. 15 Layout of gasket test and evaluated bead
area after heat exposure

100

O Alloy 718
@ Developed alloy

Bead height after tightening test [um]

700 750 800 850 900

Temperature [°C]

Fig. 16 Result of tightening test after exposure at
each temperature

Jl[][

6. &

ShOPERA ZBEHRIE & W Z 900C & T2 — )L T[EE
A A0y MM E RS %7280, Alloy 718 Ok %
N= 2102, v & & U TRIRIGH L 72 Co 7 V) — 4 il
ZRFEL 72,

(1) Thermo-Cale &\ 723155 5 Ti+Al=5.9 at%, Al/
Ti=1.0 (at%/at%) 2B Z T, VIt — 3 VEF
HEmEEE5y OEERAESE, FEAIKT &
% JEARALAE n O & P & 1 7=

(2) [FIFRIZ Thermo-Cale & HW=FINSEIEIZHED X, Nb
BXUCr #2021 1.3 mass%, 15 mass% & Alloy
718 LTIk E &5 Z & Camlbifb U, BARIEALTTAE
WREHIPH A 450°C DI ERER L 72,

(3) WO A L RO v EEAZBE L, Wi
e A 30% 705 40% IZE%ET S Z & T, 900CITH

7% n Ot Is KO0y BT REIR O A 2 ) L 7.

(4) BEXRE L 2 CEE L 2BIMDOH 27 v b

13, BEMRERIZI VT Alloy 718 5 X v b D
750CH Y — FE & % 900C THEIR T & 5 Z & % fifse
L7

SZ XMk

(1) https://www.meti.go.jp/shingikai/sankoshin/sangyo_
gijutsu/chikyu_kankyo/pdf/2022_001_03_00.pdf,
(2022/5/27)

(2) /NFREAE PERRAMR D b L v F BRSO B, A%


https://www.meti.go.jp/shingikai/sankoshin/sangyo_gijutsu/chikyu_kankyo/pdf/2022_001_03_00.pdf
https://www.meti.go.jp/shingikai/sankoshin/sangyo_gijutsu/chikyu_kankyo/pdf/2022_001_03_00.pdf

Q00 CHICHFRRA X7 v bA v #HFE{EE Co 7 V) — Mk

e, B T2, 7%, p. 546-551, (2003)

(3) Kulawik, K., Buffat, P. A., Kruk, A., Wusatowska-
Sarnek, A. M., Czyrska-Filemonowicz, A.: Imaging
and characterization of y' and y" nanoparticles in
Inconel 718 by EDX elemental mapping and FIB-SEM
tomography, Materials Characterization, Vol. 100,
p. 74-80, (2015)

(4)Reed, R. C.: The Superalloys: Fundamentals and
Applications, Cambridge University Press, p. 49-51,
(2006)

(5)Reed, R. C.: The Superalloys: Fundamentals and
Applications, Cambridge University Press, p. 40-49,
(2006)

(6) Cremisio, R. S., McQueen, H. J.: Some observations
of hot working behavior of superalloys according to
various types of hot workability tests, Superalloys,
G-1-G-36, (1972)

(7) Sims, C. T., Stoloff, N. S., Hagel, W. C.: Superalloys
II: High-Temperature Materials for Aerospace and
Industrial Power, Wiley-Interscience, p. 107-109,
(1987)

(8) HEHAIFE, S2HIVER]:Ni HEAEIZK T 2 HEILHED
#&Hl, HAGEF22W, 5B 16 4, 45, p. 231-239,
(1977)

(9) Reed, R. C.: The Superalloys: Fundamentals and
Applications, Cambridge University Press, p. 238-239,
(2006)

(10) WHH A, BrHIfRYA, RGREE, AR, Mains:
TlsE R YL TH Fe SEEBA SO, B
i, 2570 %, & 3%, p.205-214, (1999)

(11) Detrois, M., Jablonski, P. D., Hawk, J. A.: The effect
of N phase precipitates on the creep behavior of alloy
263 and variants, Materials Science and Engineering:
A, Vol. 799, No. 2, Article 140337, (2021)

(12) Farvizi, M., Asgari, S.: Effects of cold work prior to
aging on microstructure of AEREX™350 superalloy,
Materials Science and Engineering: A, Vol. 480,
Issues 1-2, p. 434-438, (2008)

(13) MR, vHILEKR, EBFBR: ZF ) =2 ATy
FHENEERA -2 T4 P RZAT VL AMO
FA%E, Honda R&D Technical Review, Vol. 15, No. 2,
p. 167-174

(14) ASTM E328-13: Standard Test Methods for Stress
Relaxation for Materials and Structures, (2013)

(15) ek ve i, Jef, KEFCHE, BPHREG : Phxi s 7
K= v 7 Vit EE DB, HONDA R&D Technical
Review, Vol. 9, p. 185-190

mE Enl

A fl 2

W R

77

e

i

Py

\J
7/

2N






