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Heat Resistance Properties of Thin Section HiSiMo Ductile Iron
for Exhaust Manifold
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Abstract: In this study, the microstructure, mechanical properties and high temperature oxidation
characteristics of HiSiMo and HiSiMoM ductile iron for exhaust manifold were investigated. The
HiSiMoM ductile iron was developed by optimization of alloying element addition and casting design. The
exhaust manifold prototype was fabricated using the HiSiMoM iron and this resulted in the weight saving
of 0.73kg. The microstructures of the HiSiMo and HiSiMoM irons were similar each other and graphite
nodularity was 89% and 93% respectively. Tensile strengths of them were 663.5 and 6744 MPa and
Brinell hardness were 235.3 and 243.9 respectively. Both irons showed parabolic weight gain behavior in
high temperature oxidation atmosphere. Oxidation layer was divided into external and internal layers. The
weight gain of the HiSiMoM iron was lower than that of the HiSiMo iron after isothermal oxidation test
at 900C. This should be rationalized by higher Si enrichment at the interface of the matrix and internal
layer of the HiSiMoM iron.

Key Words : Exhaust Manifold, HiSiMo Ductile Iron, Graphite Nodularity, Tensile Strength, Brinell
Hardness, High Temperature Oxidation
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Fig. 1 3D schematic diagram of exhaust

manifold for solidification simulation
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Table 1 Chemical composition of HiSiMo and T3}
HiSiMoM(wt.%) Unit - mm
specimen | C Si Mn | Mo Cu Mg | 1539
| |

e 2.8-140-1 03 | 0.8- 0.1 0.025 - ~

HiSiMo 37 | 45 | max. | 1.2 | max. min. — O O

. 25-| 45-1035 | 06-| 0.1 | 0025 L3 | | _so | |35 ||20] pa
HiSiMoM 3.0 | 5.0 | max.| 0.8 | max. | min. r T LT | |'_'|
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Fig. 2 Shape and dimension of tensile test

specimen
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2 7203 Y AFAHA A = ZA(Bull's eye Table 2 The result of mechanical property tests

structure) 0. 82 22 A EAVL galelga, S F Classification HiSiMo | HiSiMoM

243hg S AT HiSIMoE F 89%, HiSiMoM-S °F Section Area (mm’) 153.9 153.9

93%SATF. HiSiMo 7455 ol ]34 HiSiMoM Gage Length (mm) 50.0 50.0

o] FAke] ZA YAV B} A% Ao 2 A2y Yield Strength (MPa) 548 564

Qom myZErel o AT AFH nAd B Tensile Strength (MPa) 663.5 674.4

o] F2lo] = wMA3 ZA (Cementite)S T2 Break Elongation (%) 11.15 12.75

LA e Brinell Hardness (HB) 2353 243.9
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Fig. 4 The results of weight change of HiSiMo
and HiSiMoM at 800C in air by TGA
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Fig. 5 Weight gain of HiSiMo and HiSiMoM

after isothermal oxidation test at 900C
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Fig. 6 Relation between weight gain and
time(sec'?) of HiSiMo and HiSiMoM after

isothermal oxidation test at 900C
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Fig. 7 SEM micrograph and EDX mapping of
cross section of oxidation layer after isothermal

oxidation test at 900 C
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