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Table 1  Compositions of three type testing alloys (ω/%) 

Alloy C Re Ta W Nb Al Ti Co Cr Mo Ni 

A1 0.1 0 0 10.4 1.1 5.2 2.2 9.3 8.1 1.3 Bal. 

A2 0.09 0 3.1 10.1 1.0 5.0 2.2 9.4 7.8 1.3 Bal. 

A3 0.09 2.0 3.1 8.3 1.0 5.1 2.2 9.3 7.7 1.3 Bal. 
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Table 2  Heat treatments of three type testing alloys 

Alloy Solution treatment Aging treatment 

1220

 

�, 4 h AC 1100

 

�, 4 h AC A1 

- 1100

 

�, 8 h AC 

1260

 

�, 4 h AC 1100

 

�, 4 h AC A2 

- 1100

 

�, 8 h AC 

1260

 

�, 4 h AC 1100

 

�, 4 h AC A3 

- 1100

  

�, 8 h AC 

 

Cu

2

SO

4

 4 g+HCl 10 mL+H

2

O 20 mL��»����!

³� 5 g (NH

4

)

2

SO

4

+7 g���+600 g�	S&

�

»�� 5 g���+95 mL 7% H

2

SO

4

S�»eÙÕø

3& A3 
���U�×�mò�
� γ ­Æ���

m γ'U��3��×BD&���� X�Ð��jU

mÚÂXRDÃ! 

¹l�ÙÕøÏ/º_����ÂSEMÃì��, 

�]¥�&U.m� º³� SEM &Q!"#

ÂEDSÃ³$«%� 10�ú�â��&ª! 

��������

���������	
�

3�
�¹lhijk'¸( 1!Q!mÚK)Î

ahijºJ MC*hij!{]�A1
�& MC�

+,-J��Rõ./E0«�1&23- MC hi

jÂ( 1a4�- MCÃ!A2+A3
�]& MC�23

-hijJ��`¸�Ta&��5�\23- MC&

g.!23-hij`mJ�Æ�mÂ( 1 ]é6J

AÃ�78&9�Æ- MCÂ( 1]é6J B�E:;

< γ/γ'ù
Ã!  

3 �
�]«R=#& MC .m^_q,�&Ø

>Â¸( 2Ã!e«R
� A=# MC&.m��?E

i`B(W

0.43

,Nb

0.27

,Ti

0.3

)C�(Ta

0.48

,W

0.16

,Nb

0.17

,Ti

0.19

)C�

(Ta

0.5

,W

0.15

,Nb

0.19

,Ti

0.16

)C�̀ �@A A1
�] A=#

MC & W ¬BUe,��A2+A3 
�] A =# MC

& Ta¬BUe,�!3�
�] B=# MC& Nb¬

BC,�Â( 2Ã!| A1 
�UD�A2+A3 
�]

«R=# MC] W¬B&Øò)E�F!±²]âG

�H Re �� MC�I7�Re &��e MC &.mu

v«�!  

���� Re�

��

�Ta ��
������

��

�DSC�

��

� 

3 �
� DSC J�KÐ¸( 3!|{LM­��


�UN

[5,6]

�Oq�HìJ�PQmòe� γ­Æ+

MChij� γ/γ'ù
&RSÚA�H! 

DSC 5F& 3 �±²
�&¿ÀT�¸K 3!{

] T

e

J γ/γ'ù
þ�RS�H�T

MC

J MCRSk.�

H!Oq Ta+Re &���γ/γ'ù
�� MC &k.�

HEU¥�!| A2 
�UD�A3 
�V� Re &�

��EW¥�\ γ/γ'ù
k.�H�¾XYJ-\ MC

k.�H! 

2.3  3 ��� MC ����� 

3�
���À�+õb3Z[\( 4Î]!̀ �

@A�A1
�& MC^FP�-�_ MC_`g.�

B&MaU�âk. γ'.b!cMaUÚA�H,��

_ 1220 ËdefRS.g MC ÚA

[7]

�EDS mÚ�

HcUha,�¬B& W+Mo�# Co+Cr-�
�

.m�J M

6

C*hijÂ¸K 4Ã! 

A2 
�& MC ^FP,��\( 4b Î]!��

À�+õbÕø3i_�ò&j ÚA\ W ¬B<

80%&MaUÂEDSkl¸K 4Ã�J α-WU!_{L

� W��
�]m��DÜ¤N&ÚAU

[8]

! 

A3 
�& MC ^FPn� A1 R A2 op���

À�+õbÕø3��F&MaU_ MCÕg.�qO

qcU&ÚA�MC �g\EFGH&mýâg. γ

 

'

Â( 4cÃ!EDS klK)cÚAU& Re+Cr+Co ¬

B,�ÂK 4Ã! 

3 �
� 1100 Ëö÷-�õb3Z[�i¸(

5!eD( 5 �( 4 `r�-�õb5�\ A1 � A3


�]MaU&ÚA�A1
�]&MCmý��st�

A3 
�]�Buv,�& µ U_ MC _`k.!w

A2 
�] MC ,^F�xÚAUk.!�×��&

XRD±²yFcUJ µU�¸( 6! 

 

 

 

 

 

 

 

 

� 1  3B��
�� MC�CDEF� 

Fig.1  Morphologies of primary MC carbides in the as-cast alloys: (a) alloy A1, (b) alloy A2, and (c) alloy A3 
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Fig.2  The compositions of Ta, Ti, Nb, W at different regions 

(region A and B in Fig. 1) of three alloys 
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Fig.3  DSC curves of the experimental alloys 
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Table 3  Formation temperatures of eutectic and MC 

in three type testing alloys 
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A1 1243 1317 

A2 1276 1338 

A3 1280 1331 
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� 4  3B����_�+���A MC5-wnF� 

Fig.4  Morphology of MC and different precipitates in three alloys after high temperature solution and aging heat treatment: 

(a) A1 alloy 1220 �, 4 h AC+1100 �, 4 h AC, (b) A2 alloy 1260 �, 4 h AC+1100 �, 4 h AC, (c) A3 Alloy 1260 �, 

4 h AC+1100 �, 4 h AC 
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Table 4  Composition of the precipitates measured by the EDS accessory (ω/%) 

Alloys Phase Ta Ti Nb W Re Co Cr Ni Al Mo 

A1 M

6

C 0.00 3.00 0.00 53.69 0.00 6.32 7.29 21.58 0.48 7.68 

A2 α 0.00 2.23 1.85 77.12 0.00 1.67 2.49 11.9 0.29 4.30 

A3 µ 0.00 0.51 0.00 33.58 18.67 9.70 9.82 24.24 0.23 5.98 
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Fig.5  MC and precipitates morphologies of A1 alloy (a), A2 alloys (b), and A3 alloys (c) after AC aging at 1100

 

� for 8 h 
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Fig.6  XRD pattern of A3 alloy powder after phase extraction 

(solution at 1260 �, for 4 h, AC followed by aging at 

1100 � for 4 h) 
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Effect of Re and Ta Addition on the Formation and Decomposition of Primary 

Carbides in a 2

nd

 Generation DS Superalloy 

 

Zhao Tan

1,2

, Zhang Jian

2

, Chen Guang

1

 , Lou Langhong

2

 

(1. Nanjing University of Science and Technology, Nanjing 210094, China) 

(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China) 

 

Abstract: The formation and decomposition of MC carbides in alloys with different contents of Re and Ta were investigated by DSC, 

SEM, EDS and XRD. The results show that script MC carbides in three alloys was formed by eutectic solidification. The addition of Ta not 

only decreased the W concentration but also minimized the difference of W composition in MC carbides formed at difference freezing 

period in three alloys. Meanwhile, the addition of Ta also increased the formation temperature and the thermal stability of MC phase 

significantly. Re was not found in MC carbides. The addition of Re slightly decreased the formation temperature of MC carbides and 

promoted the precipitation of µ phase from the oversaturated γ matrix. 
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