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Effect of Alloying Element on the High Temperature Tensile Property
of Ferritic Stainless Steel for Automotive Exhaust System
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Abstract : Ferritic stainless steel is currently increasingly used for automotive exhaust material. The material for
exhaust manifold is used in the temperature range of 500~850°C. Therefore, high temperature characteristic is an

important one that affects it's life span. It has been investigated the effect of alloying elements of Cr, Mo, Nb, Ti
in the ferritic stainless steel for exhaust manifold on the high temperature temsile strength. There was a few
difference in the tensile strength at 600°C with the exception of low Cr steel, but the steels containing higher Cr,
Mo or Nb elements showed significantly higher tensile strength at the temperature of 8007T. The precipitates of
the specimens after heat treating at the test temperature were electrolytic extracted, and quantitatively analysed
using by SEM-EDS and TEM. The alloying elements of Cr and Mo increased the tensile strength as a solid
solution strengthener, and on the other hand Nb element enhanced the strength by forming the fine intermetallic

compounds such as NbC or Fe;Nb.
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Fig. 1 Component parts of an automobile exhaust
system

Table 1 Service temperatures of exhaust system parts
No Parts Service temp. (T)

1 | Cylinder head gasket 100
2 | Exhaust manifold 900~ 800
3 | Front pipe
4 | Flexible pipe 800~600
5 | Converter shell
6 | Center pipe 600~ 400
7 | Muffler
400~
8 | Tail pipe 00~200
120 . 41 . 120
|/ s, |
]
T |

Fig. 2 Geometry of tensile test specimen
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Table 2 Chemical composition of used ferritic stainless steels

(2Ti+Nb)
C Mn Cr Mo TI Nb N C+N HCN)
14Cr 9 0197 1405 001 048 0156 0331 60 150 43
18Cr5Nb 116 0277 1796 0.0 0038 0196 0483 65 181 48
18Cr3Nb2Mo 57 0247 1865 194 0057 0018 0343 71 128 30
18Cr5Nb2Mo 76 0834 1824 178 0054 0125 0463 62 138 52
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(b) heat treatment at 800C
Fig. 3 Optical micrographs of 18Cr3Nb2Mo steel
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Fig. 4 The variation of grain size according to the
time of heat treatment at 800°C
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Fig. 5 The tensile properties of specimens at the
temperatures of (2)6007T, and (b)800T
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Fig. 6 SEM photographs of electrolytic extraction
residue of type 18Cr5SNb2Mo stainless steel
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Fig. 8 Change of the amount of combined alloying
elements in precipitates of 18CrSNb2Mo according
to the ageing time at 800
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