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ABSTRACT 

High temperature fatigue crack growth tests in Molybdenum (Mo) and Titanium Zirconium 

Molybdenum (TZM) alloy were carried out. Crack length was estimated with compliance 

method by using a measuring system developed. TZM alloy showed slightly higher fatigue 

crack growth resistance compared to Mo at all temperature tested. Fatigue crack growth 

resistance decreased with increase in testing temperature in both Mo and TZM alloy. The 

reduction in fatigue crack growth resistance at elevated temperature might be induced by 

reduction in elastic modulus as well as change in crack growth mechanism. 

Keywords: Mo, TZM alloy, fatigue crack growth behavior, high temperature. 

 

INTRODUCTION 

Molybdenum (Mo) and its alloy have been widely used for high temperature application due 

to high melting temperature and excellent mechanical properties at elevated temperature. 

Therefore, fatigue property in Mo and its alloy is important to understand to considering 

reliability of a component used at elevated temperature. Study on high temperature fatigue 

behaviors in Mo and its alloy have been carried out (Maday, 1996)(H.J. Shi, 1998)(H.J. Shi, 

2000) but limited. In this research work, fatigue crack growth behavior of Mo and Titanium 

Zirconium Molybdenum (TZM) alloy were investigated at high temperature (<700ºC). In 

order to avoid a problem of oxidation for the specimen, all high temperature tests were carried 

out inside a chamber with Ar gas atmosphere. Therefore, crack length was estimated at 

elevated temperature with change in compliance of a specimen during the fatigue test by 

using a measuring system developed. 

 

RESULTS AND CONCLUSIONS 

Chemical composition and mechanical properties for materials used are shown in Tables 1 

and 2. Figure 1 shows a measuring system for deformation of a specimen inside a chamber. 

According to comparison in crack lengths measured with compliance method and measured 

with microscope by interrupted test, crack length was successfully estimated with high 

accuracy with the compliance method by using a system established in the present study. 

Moreover, crack closure behavior was possible to evaluated by the method at elevated 

temperature. TZM alloy showed slightly higher fatigue crack growth resistance compared to 

Mo at all temperature tested. This difference in crack growth resistance might be due to effect 
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of precipitate of TiC or ZrC in TZM alloy. Fatigue crack growth resistance decreased with 

increase in testing temperature in both Mo and TZM alloy. Reduction in fatigue crack growth 

resistance due to increase in testing temperature was more significant in Mo alloy. Crack 

closure was observed for all testing temperature in the both materials. According to crack 

growth curves arranged by effective stress intensity factor range, ∆Keff, it was considered that 

difference in crack growth curves with different temperature for the both materials were not 

only induced by difference in clack closure. Figure 3 shows fatigue crack growth curves 

arranged with ∆Keff divided by Young’s modulus, E. Change in Young’s modulus at elevated 

temperature was also estimated by using a testing system developed. It was observed that 

difference in fatigue crack growth curves at different temperature became small by arranging 

∆Keff /E. According to fracture surface observation, mixed mode fracture morphology between 

intergranular and transgranular was mainly observed in a specimen tested at room 

temperature. However, intergranular fracture mode was predominantly observed in higher 

temperature for the both materials. It was speculated that the reduction in fatigue crack growth 

resistance at elevated temperature might be induced by reduction in elastic modulus as well as 

change in crack growth mechanism. 

Table 1 - Chemical composition for materials used 

 Mo Ti Zr K, Si 

Mo ≧99.95 - - 500 ppm 

TZM Bal. 0.5 0.075  

 

Table 2 - Mechanical properties for materials used at RT 

 Mo TZM 

Young’s modulus, GPa 337 340 

Poisson’s ratio 0.29 0.28 

Tensile strength, MPa 790 960 

Hardness, Hv 233 272 

          

Fig. 1 - Schematic illustration of measuring system for deformation of a specimen inside a chamber 
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