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Table 1  Chemical composition of alloy 690 tube (ω/%) 

Ni Cr Fe C Si Mn Ti Cu 

Bal. 27.52 9.36 0.083 0.24 0.74 0.25 0.013 
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Fig.1  Microstructure of alloy 690 tube 
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Fig.2  Curves for the fatigue crack growth rate of alloy 690 tube 

at RT and 325 D 
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Fig.3  Fitting curves for the fatigue crack growth rate of alloy 

690 tube: (a) RT in air and (b) 325 D in air 
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Fig.4  SEM morphologies of TiN inclusions among etched surface of alloy 690 tubes: (a) near grain boundary, 

(b) among grain, and (c) continuously inside grain 
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Fig.5  EDS spectrum of the TiN inclusions 
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Fig.6  SEM images of TiN inclusions on the fatigue crack 

surface: (a) continuous TiN and (b) isolated TiN 
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 7  ��!*1� SEM23�� 

Fig.7  SEM side view of fatigue crack surface 
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Fig.8  SEM side view of fatigue crack tip and TiN inclusion ahead of crack tip: (a) crack tip, (b) location of TiN, and (c) TiN inclusion 
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Fig.9  Schematic of effects of TiN inclusion on fatigue initiation and propagation: (a) isolated TiN among the grain, 

(b) TiN with microcracks and microvoids surrounded, and (c) TiN with passing around by the main crack 
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Abstract: Fatigue crack growth rates (FCGR) of alloy 690 tubes were obtained in air at room temperature (RT) and 325 °C by pin-loading 

tension (PLT) and a direct current potential drop (DCPD) method. Testing data were fitted with Priddle model, and thus the threshold stress 

intensity factor amplitude ∆K

th

 and fracture strength K

c

 were predicted. Results show that at higher temperature, fatigue crack growth rates 

are much faster than that at RT; as a result, the ∆K

th

 and K

c

 decrease at higher temperature. Scanning electron microscopy (SEM) results 

reveal that the propagation of fatigue crack is transgranular attack, and the fracture surface is covered with a lot of TiN inclusions. It is 

reasonable to believe that TiN inclusions could enhance fatigue crack initiation and propagation of alloy 690 tubes. 

Key words: alloy 690; fatigue crack growth rate; TiN inclusions 
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