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Ferritic Stainless Steel for Automotive Exhaust Use
—High Heat-Resistant Ferritic Stainless Steel with High Formability,
“JFE-MH1,” for Automotive Exhaust Manifolds—
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Abstract:

To develop a high heat-resistant stainless steel with high formability for automotive exhaust manifolds, the influences of Mo
and Si contents on formability, oxidation resistance, and high temperature strength of 15%Cr ferritic stainless steel were
investigated. Mo addition increased oxidation resistance and high temperature strength remarkably. On the other hand, Si
addition increased significantly oxidation resistance but had little effect on high temperature strength. Based on these findings,
a high heat-resistant Mo-added ferritic stainless steel with high formability, JFE-MH1 (15%Cr-0.3%Si-0.5%Nb-1.6%Mo), has
been developed. The newly developed steel possesses not only the advantage of the existing high heat-resistant type but also
that of high formability type stainless steels. Namely, JFE-MH1 possesses high temperature strength and fatigue properties
equal to those of conventional SUS444 steel, JFE434LN2 (19%Cr-0.3%Si-0.3%Nb-1.9%Mao), which is considered to be a high
heat-resistant steel for automotive exhaust applications, combined with formability equal to that of conventional JFE429EX
(15%Cr-0.9%Si-0.5%Nb), which is used as a high formability steel in the same applications.
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Table 1 Chemical composition of steel used
(mass%)

C Si Mn Cr Mo Nb N

0.01 | 005-15 | 02 | 15 | 02 | 0.5 | 0.01
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Fig.1 Effects of (a) Mo and (b) Si contents on 0.2% proof
stress at 900°C
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Fig.2 Effect of Mo content on weight gain of 15%Cr-0.2%Si-
0.5%Nb stainless steels by continuous heating at 950°C
for 200 h in air
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Fig.3 Effect of Si content on weight gain by continuous
heating at 950°C for 200 h in air
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Table 2 Chemical composition of JFE-MH1, JFE429EX, and
JFE434N2 (mass%)

C Si Mn Cr Mo Nb
JFE-MH1 0.004 034 0.18 145 1.6 046
JFE429EX [ 0.008 0.86 0.37 14.6 - 0.44

JFE434LN2 | 0.005 028 0.16 187 1.8 0.34

Table 3 Mechanical properties of JFE-MH1, JFE429EX, and

JFE434LN2 (mass%)
Direction YS(MPa) TS(MPa) El(%) r
L 307 474 37 1.6
D 330 500 31 1.1
JFE-MHI
C 320 478 36 2.1
Average 322 488 34 1.5
L 308 483 36 1.5
D 337 511 32 1.1
JFE429EX
C 330 495 34 2.0
Average 328 500 33 1.4
L 366 518 33 1.2
D 400 543 29 0.9
JFE434LN2
C 390 528 32 1.6
Average 389 533 31 1.2

Sheet thickness: 2.0 mm

JFEO O No.4 20040 501

Table 4 Mechanical properties of ERW pipes (1.5 mmt X
42.7 mmg) according to JIS 11

YS(MPa) TS(MPa)  El(%)
JFE-MHI1 496 528 51
JFE429EX | 516 534 49

Point of the maximum
H thickness reduction ratio

-

Photo 1 Appearance of ERW pipe of JFE-MH1 after
50 mm~R-90° bending at three positions
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Fig.4 Comparison of thickness reduction ratio after 90°
bending between JFE-MH1 and JFE429EX stainless
steel ERW pipes
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Fig.5 Strengths at elevated temperatures; (a) 0.2% proof
stress, (b) tensile strength
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Fig.6 Oxidation test results at 800°C to 1 000°C for 400 h in air
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Fig.8 Relation between 10’ cycles fatigue strength vs.
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Fig.9 Comparison of thermal fatigue life between JFE-MH1
and conventional stainless steels
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