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Abstract 

Due to coming emission legislations, the temperature is expected to increase in 

heavy-duty diesel engines, specifically in the hot-end of the exhaust system 

affecting components, such as exhaust- and turbo manifolds. Since the current 

material in the turbo manifold, a ductile cast iron named SiMo51, is operating close 

to its limits there is a need for material development in order to maintain a high 

durability of these components. When designing for increased life, many material 

properties need to be considered, for example, creep-, corrosion- and fatigue 

resistance. Among these, the present work focuses on the latter two up to 800°C 

improving the current material by additions of Cr, for corrosion resistance, and Ni, 

for mechanical properties. The results show improved high-temperature corrosion 

resistance in air from 0.5 and 1wt% Cr additions resulting in improved barrier layer 

at the oxide/metal interface. However, during oxidation in exhaust-gases, which is a 

much more demanding environment compared to air, such improvement could not 

be observed. Addition of 1wt% Ni was found to increase the fatigue life up to 

250°C, resulting from solution strengthening of the ferritic matrix. However, Ni 

was also found to increase the oxidation rates, as no continuous SiO2-barrier layers 

were formed in the presence of Ni. Since none of the tested alloys showed 

improved material properties in exhaust gases at high temperature, it is suggested 

that the way of improving performance of exhaust manifolds is to move towards 

austenitic ductile cast irons or cast stainless steels. One alloy showing good high-

temperature oxidation properties in exhaust atmospheres is an austenitic cast 

stainless steel named HK30. This alloy formed adherent oxide scales during 

oxidation at 900°C in gas mixtures of 5%O2-10%H2O-85%N2 and 5%CO2-

10%H2O-85%N2 and in air. In the two latter atmospheres, compact scales of (Cr, 

Mn)-spinel and Cr2O3 were formed whereas in the atmosphere containing 5%O2 

and 10%H2O, the scales were more porous due to increased Fe-oxide formation. 

Despite the formation of a protective, i.e. compact and adherent, oxide scale on 

HK30, exposure to exhaust-gas condensate showed a detrimental effect in form of 

oxide spallation and metal release. Thus, proving the importance of taking exhaust-

gas condensation, which may occur during cold-start or upon cooling of the engine, 

into account when selecting a new material for exhaust manifolds.   

Keywords: SiMo51, HK30, material development, exhaust manifolds, high-

temperature corrosion, high-temperature low-cycle fatigue.  

 


