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Abstract 

The influences of cobalt (Co) on creep rupture lives and dislocation structures in nickel base 

superalloys with and without rhenium (Re) are investigated. The creep rupture test condition were 

high temperature low stress (1100 /150MPa), intermediate temperature and stress (982 , 

1010 ) and low temperature high stress (850 /586MPa). The results show that increasing Co 

content could enhance the creep rupture lives at low and intermediate temperature, and does not 

degrade the creep rupture lives of alloys at high temperature. In Re-containing alloys, at high 

temperature low stress (1100 /150MPa), the effects of Co on the dislocation structures are 

negligible, while at low temperature high stress (850 /586MPa), stacking faults are generated in 

alloy with 12% Co, and in alloy with 3% Co and free of Co, gamma prime particles are sheared by 

dislocation pairs. In Re-free alloys, at intermediate temperature and stress (1010 /248MPa), large 

quantities of stacking faults appear in alloy without Co, while in alloy having 12% Co, gamma 

prime particles are sheared by dislocation pairs coupled by anti-phase boundary (APB). The 

gamma prime sheared by stacking faults or by dislocation pairs coupled by APB depends on the 

competition of stacking faults energy and APB energy which is affected by temperature and the 

interaction of Re and Co. 
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1. Introduction 

Nickel (Ni) base single crystal superalloys are widely used as the gas turbine engine blades and 

vanes materials. In order to further enhance the engine efficiency, the turbine inlet temperature 

increases, which demands the superalloys having superior elevated temperature properties, 

especially the creep resistance[1, 2]. Current commercial Ni-base single crystal superalloys are 

highly alloyed with strengthening elements, such as aluminum (Al), titanium (Ti), rhenium (Re), 

tungsten (W), tantalum (Ta), molybdenum (Mo), chrome (Cr), cobalt (Co) and platinum group 

metals (PGMs). Additions of these elements impart a remarkable improvement of elevated creep 

resistance, especially the introduction of Re. Re is a potent solid solution strengthening element [3, 

4], which can reduce the diffusion coefficient [5-7] of alloys thus slow down the 

diffusion-controlled processes, such as γ′ coarsening,[7, 8] climb or cross slip of dislocations and 

heighten the creep properties [8, 9]. Re is the essential element in advanced superalloys. However, 

Re additions can increase the precipitation of topologically close packed (TCP) phases [8, 10-14]. 

TCP phases are deleterious to the mechanical properties of superalloys and should be eliminated. 

Platinum group metals (PGMs) (such as ruthenium) can retard the precipitation of TCP phases 

[15-19], but these elements are expensive and induce the increase in cost. It is a new attempt to 

search for the cheap elements which can resist the precipitation of deleterious phases and do not 

degrade the creep properties. Substituting these elements for PGMs can keep the good creep 

resistance and lower the cost of superalloys. In there, Co is a potential choice due to previous 
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