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Table 1  Nominal composition of RENE-N5 alloy (ω/%) 

C Al Mo Cr Co Hf Ta W Re Ni 

0.4 5.8 1.5 7.1 7.8 0.3 6.1 5.1 3.0 Bal. 

 

 

 

 

 

 

 

 

× 1  �hXØ5fg4=>wÙ 

Fig.1  Position of the metallographic sample and blade structure 
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× 2  =>ÚÛ 

Fig.2  Appearance of the blades served for 25 000 h (a) and 

50 000 h (b) 
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Suction side Trailing edge 
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× 3  /0 25 000 h=>5 γ'hÞß 

Fig.3  γ′-phase morphologies of blade served for 25 000 h: (a) tenon, (b) pressure side, (c) suction side, (d) leading edge, and (e) trailing edge 
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× 4  =�fgde/012 γ'hÞß 

Fig.4  Morphologies of γ'-phase at pressure side with different 

service time: (a) 25 000 h and (b) 50 000 h 

 

\»Íw��É�RSuh<fg�;3�4¬9�

ÕÜ7¼�ð·½¾ÍÎ γ'Ä�åæ<�0iÅ��4

Ny���>�p�u� γ'Ä�ÕÜ/3yN,qå

æð�Þd7¼,¿0�0�()�u γ'ÄpÀ�Á

a 

b 

Square shape γ′ 

c d 

e 

Independent γ' 

 

a 

b 



� 8�                            �  �Õ&@A<8=>B�/0FGÔOJ_QNO!"                        Ö2733Ö 

I>o ¨

[17]

ÍÎ0åæ4wx��­ò«��� γ'

ÄåæÂ8]Í 24 

®Í 2d¯��� 50 000 h�Ý��� γ'Ä3E

�� 25 000 hÄx��� γ'Ä�#$��­N� γ'Ä

ê\VÃÄÅÅó�#$��­òÄN�γ'Äê\Ì

e��RSfg�;Ä34 

2.2.3  γ′
������ 

¶E γ'Älm:\�cÐ#$785Å�#�ö#

γ′Ä�%$;
çº�·�5öÆ78�=$V+

[18]

4

çº�·p,q γ'Ä��ð��wÇd9¹�78&

$;V+� !²³w78�#$��UV

[19]

478

MFE γ'ÄH���$;z��­�γ'ÄMê\<N3

�x­�ÈAÉÊË����

[6]

4ËÌ��$;ÍÎ

Æ#hiÏ��%$;�γ'Ä���;Ì34M/�

�;×Ø����γ'Ä�ü��§¨�m�jÄ��

Ð® γ'Äçº�·>gPz�

[20]

4 

ÔuvÑDÒÓ·@¨8áwxfg�;z� γ′

Äçº�·�M 2~41234·���¥� 216�Ò

ÓÔ@�]� 54ÌÔ@�E γ′Ä�8·q 1�ÌÔ@

�E γ′Ä�Ðç��8q 0.5�ÌÔ@�EÐç�8q

04�¿Â8ÙÕ�Ô@�·��«Þq γ′Äçº� 

 

 '""()*+, γ′-./012�3 

Table 2  γ'-phase size and volume fraction of cross section 

for blade 

Service time/h Position Size/µm Volume fraction/% 

Leading edge 0.93 65.9 

Trailing edge 2.71 64.5 

Pressure side 0.69 66.7 

25 000 

Suction side 0.71 66.8 

Leading edge 1.3 60.2 

Trailing edge 3.05 57.2 

Pressure side 0.74 62.6 

50 000 

Suction side 0.78 66.5 

 Tenon 0.67 71.8 

 

 

 

 

 

 

 

 

 

 

× 5  γ′h5lm!nàb¡á×â 

Fig.5  Method for calculating volume fraction of γ′-phase 
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× 6  ãäå��|Cop γ′hÞß 

Fig.6  Morphologies of secondary γ'-phase before (a) and after thermal exposure experiment: (b) 1100 �/2 h with air cooling 

and (c) 1100 �/2 h with furnace cooling 
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Table 3  Base channel width and secondary γ'-phase size 

Service time/h Position Width Size/µm 

Pressure side 0.15 0.039 

25 000 

Suction side 0.17 0.094 

Pressure side 0.17 0.057 

50 000 

Suction side 0.16 0.059 
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Table 4  Results of simulated test 

Test condition Cooling method Width Size/µm 

Air cooling 0.25 0.027 

1100 �/2 h 

Furnace cooling 0.11 - 

 

 

 

 

 

 

 

 

 

 

× 7  TCPhÞß 

Fig.7  Morphology of TCP-phase and element aggregation 

 

¶9Ü�j� TCP Ä�p EDS ���µÄ��

W<Re >�����Í 5 q��ÙÕ�� XRD FÄ

��¾�µÄq µÄ�]� 84 

56#$78�I3� W<Re<Ta<Mo >��

78��9ö#&$V+4M789ø6�.YN�

���ø6A�Eø6òß]����Ëø6Aß]

�� W<Re<Mo >#�@78���ø6òß]¸ 

 A""TCP-B&� 

Table 5  Composition of TCP phase (ω/%) 

Ta Cr Co Mo W Re Ni 

4.08 15.83 8.84 6.08 19.61 36.4 9.11 

 

 

 

 

 

 

 

 

 

 

 

× 8  TCPh5 XRD×æ 

Fig.8  XRD pattern of TCP phase 
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× 9  çAÞè�®¯éê 

Fig.9  Morphology of dendritic and element aggregation 
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Table 6  Microhardness (HV) value of blade 

Service time/h Position HV/MPa 

Leading edge 4010 

Trailing edge 3770 

Pressure side 4270 

25 000 

Suction side 4200 

Leading edge 4100 

Trailing edge 3530 

Pressure side 4030 

50 000 

Suction side 4090 

 Tenon 4170 
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× 10  DE_Q� γ′hij5¤» 

Fig.10  Relationship between microhardness and size of γ′-phase 
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Fig.11  Relationship between microhardness and volume fraction 

of γ′-phase 
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Abstract: The high pressure turbine blades of gas turbines at the service time of 25 000 and 50 000 h were selected to evaluate the damage 

of microstructure and the deterioration of mechanical properties after long-term service of single crystal turbine blades. The 

metallographic structure quantitative analysis and microhardness test were conducted at the middle of the blade body. Then, the size of γ' 

phase, volume fraction of γ' phase, size of secondary γ' phase, width of γ matrix channel and the Vickers hardness at different service time 

and positions were measured. The results show that the coarsening degree of the size of γ' phase is various at different positions in the 

same leaf. Moreover, the γ' phase size at the leading edge and the trailing edge (at high temperature zone) is larger than that at the pressure 

side and suction side. While the γ' phase volume fraction is slightly smaller than that of the other two places. It is interesting to notice that 

the γ' phase size of serviced 50 000 h blade is greater than that of the serviced 25 000 h blade at the same position. However, the volume 

fraction displays the opposite law. Furthermore, the secondary γ' phase precipitates in some positions; meanwhile the width of the base 

channel significantly increases at the secondary γ' phase precipitation position. It is verified that the secondary γ' phase precipitation is 

related to the high working temperature and the way of cooling by air cooling/furnace cooling experiment of 1100 °C/2 h. The TCP phase 

precipitates in the abnormally high temperature region, which is rich in the elements of W and Re. After analysis, the phase is identified as 

the µ phase. The microhardness at each position decreases at different service time. The decrease of microhardness and the increase of the 

size of γ' phase demonstrate that there is a negative correlation between them. On the contrary, the microhardness decreases with the 

decline of volume fraction, indicating that the microhardness is positively correlated with the volume fraction. Therefore, these results 

suggest that the γ' phase size and volume fraction can be used as the evaluation parameters for evaluating the damage of the material. 

However, when the harmful phase is precipitated or the material is in high stress, it is necessary to comprehensively consider the variation 

of the γ' phase parameter caused by the two factors, and the degradation of the material performance. 

Key words: turbine blades; single crystal superalloy; metallographic structure evolution; mechanical property degradation; damage evaluation 
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