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� 1  15Cr-15Ni; Ti=>?@AB 20%5���tLM 

Fig.1  Optical microstructure of 15Cr-15Ni titanium-modified 

austenitic stainless steel with 20% cold-worked reduction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  20%5��89� �<��uvt SEM��� EDS 

/� 

Fig.2  SEM image (a) and EDS spectrum (b) of bulk precipitate in 

the cold-worked sample 
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� 3  20%5��89� �<£¤¥¦uvt SEM ���

EDS/� 

Fig.3  SEM image (a) and EDS spectrum (b) of small precipitated 

particles in the cold-worked sample 

 

 

 

 

 

 

 

 

 

� 4  20%5��89� �<^_¥¦ 

Fig.4  TEM-SADP image of the cold-worked sample 
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� 5  20%5��89� @¨xy©EF 336 h�tLM 

Fig.5  Optical microstructures of 15Cr-15Ni titanium-modified austenitic stainless steel with different aging temperatures for 336 h:  

(a) 550 D, (b) 650D, and (c) 750 D 

 

 

 

 

 

 

 

 

 

� 6  K�YEFGH�<^_I�ª«<¬®¯° 

Fig.6  TEM weak beam dark field micrographs of the samples with different aging temperatures for 336 h:  

(a) 550 D, (b) 650 D, and (c) 750 D 
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� 7  550~750 DEF 336 h< SEM-BSE�� 

Fig.7  SEM-BSE images of samples with different aging temperatures for 336 h: (a) 550 D, (b) 650 D, and (c) 750 D 
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� 8  650 �/336 hEFZ��� Sigmat TEM��� EDX/� 

Fig.8  TEM image (a) and EDX spectrum (b) of the Sigma phase in the sample aged at 650  for 336 h�  
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� 9  Sigmat<uvd!±²|}wEFxy<I�³  ́

Fig.9  Volume fraction (a) and average size (b) of Sigma phase as functions of isochronal aging temperature of 550, 650 and 750 D for 336 h 

 

 

 

 

 

 

 

 

 

 

� 10  20%5IJ���EF��Y 650 �©OPQ/wEFxyI�³  ́

Fig.10  High temperature (650 ) tensile properties as function� s of aging temperature of samples with 20% reduction aged for 336 h: (a) yield strength, 

(b) ultimate tensile strength, and (c) elongation 
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# 11  20%��$%�&�	
�'()* 650 �+��,- SEM./ 

Fig.11  SEM images of the sample with 20% cold-worked reduction (a) and samples aged at 550 � (b), 650 � (c), and 750 � (d) for 336 h 

 

 

 

 

 

 

 

 

 

 

# 12  20%��$% 650 �/336 h�	
�'()* 650 �+��,-�0123 SEM./ 

Fig.12  SEM images of high temperature (650 ) tensile fracture in longitudinal section for the samples with�  20% cold-worked reduction (a) and   

aged at 650 � for 336 h (b) 
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Influence of Aging Treatment on the Microstructure and High Temperature Mechanical 

Properties for 15Cr-15Ni Titanium-modified Austenitic Stainless Steel in 20% 

Cold-worked Condition 
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Abstract: Titanium-stabilized 15Cr-15Ni austenitic stainless steel in 20% cold-worked condition is considered as a promising candidate high 

temperature structural material for core components in liquid metal-cooled fast reactors (LMFR). Microstructure and high temperature mechanical 

properties of the as cold-worked alloy and the ones with different aging treatments were investigated by metallographic microscope, scanning and 

transmission electron microscope, and tensile testing machine. The results demonstrate that the recovery takes place when the alloy is aged at 550 

°C for 336 h. The emergence of twins is attributed to dislocations movement. When the aging temperature increases to 650 and 750 °C, the amount 

of twins are reduced because of alloys’ further recovery. Sigma phase precipitates from austenitic matrix along grain boundaries when alloys are 

aged at 650~750 °C for 336 h. The amount and size of Sigma phase increase with the increase in aging temperature. Because of the grain boundary 

strengthening, alloys aged at 550 °C have slightly higher yield strength and ultimate tensile strength than the as cold-worked alloy. The high 

temperature yield strength and ultimate tensile strength decrease significantly, while plasticity increases observably at the aging temperature of 650 

and 750 °C.  

Key words: titanium-stabilized 15Cr-15Ni austenitic stainless steel; aging treatment; high temperature tension; Sigma phase 
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