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¡ 1  ¢£ Ir-13W-6Al-xTa�� BSE¤¥ 

Fig.1  BSE images of as-cast Ir-13W-6Al-xTa alloys: (a) Ir-13W-6Al, (b) Ir-13W-6Al-2Ta, (c) Ir-13W-6Al-5Ta, and (d) Ir-13W-6Al-8Ta 

γ' 

γ 

20 µm 

5 µm 

γ' 

γ 

20 µm 

5 µm 

Eutectic γ/β 

γ' 

γ 

5 µm 

γ+γ' 

β 

a 

1 

2 

3 

20 µm 

20 µm 

b 

c 

d 



 3622                                            ����¦§¨�©                                          � 49ª 

� ���� 1a� Ir-13W-6Al���������  

Table 1  Contents of elements at different positions of 

Ir-13W-6Al alloy marked in Fig.1a (at%) 

Position Ir Al W 

1 81.71 2.92 15.36 

2 81.09 4.51 14.40 

3 80.49 19.51 0.00 
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Table 2  Calculation results of β phase volume fraction 

in Ir-13W-6Al-xTa alloys 

Alloy S

β

/px S

γ/γ′

 /px φ

β

/% 

Ir-13W-6Al 22 282 1 384 386 1.6 

Ir-13W-6Al-2Ta 44 702 1 375 614 3.1 

Ir-13W-6Al-5Ta 49 315 1 382 535 3.4 

Ir-13W-6Al-8Ta 73 007 1 380 466 5.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¡ 2  ¢£�� EDSGO«¬J�hi 

Fig.2  EDS elemental line-scanning results of the as-cast alloys: (a, a

1

) Ir-13W-6Al-2Ta, (b, b
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¡ 3  ®¯�t Ir-13W-6Al-xTa�� BSE¤¥ 

Fig.3  BSE images of heat-treated Ir-13W-6Al-xTa alloys: (a) Ir-13W-6Al, (b) Ir-13W-6Al-2Ta, and (c) Ir-13W-6Al-8Ta 
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¡ 4  ¢£ Ir-13W-6Al-xTa��@uvwx 

Fig.4  Vickers hardness of as-cast Ir-13W-6Al-xTa alloys 

 

 

 

 

 

 

 

 

 

 

 

¡ 5  Ir-13W-6Al-xTa��2 1300 °:@}`*x 

Fig.5  Compressive strength of Ir-13W-6Al-xTa alloys at 1300 ° 
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¡ 6  Ir-13W-6Al-xTa��`at±²@ BSE¤¥ 

Fig.6  BSE images of the vertical cross section of Ir-13W-6Al (a) 

and Ir-13W-6Al-8Ta (b) after compressions 

k¦I�L§#�¨"©$ª«¬��pD�e��

��"��� 

���������

EBSD ��PRNO��x®O��"��¯

°�¡�,; 7a�7c%<��;I�de�Ir-13W-6Al

/0��I��±����²³�´µ��]��¶

·�� 800 µm�L Ir-13W-6Al-8Ta����'B¸¹�

��¶·º 220 µm�»' TaOW"UA�S�¼¸

����½¾c¿78��¯°"��TÀÁ�+

Â¯°"½¾kl*m�¡ÃÄ,; 7b�7d%<��

;�Å�NO��x®O��I�+Â¯°kl*

m�Æ�Çj�Èo(100)¯°"��h�ÆQ"½

¾56S`É*����5¯°���(Ê�Èo(110)

¯°"���Ë¯°���pq�Ir-13W-6Al-8Ta �

�-."JK½¾c¿56� 14.2 GPa�L

Ir-13W-6Al ��I-.½¾56"JKÌÍ� 13.1 

GPa�À�ÎÏÐR TaOW"Z�[\� 

������	�

 Ir-13W -6Al-xTaÑXÒÓI��R-.( γ(

q��e�R γ'-Ir

3

(Al,W)Ôβ-IrAlÕr(�Ta"AÖ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¡ 7  ¢£ Ir-13W-6Al.��³´µ¶¡Nyz[�\]J·¡ 

Fig.7  Grain orientation (a, c) and nanohardness of different orientations (b, d) of as-cast alloys: (a, b) Ir-13W-6Al 

and (c, d) Ir-13W-6Al-8Ta 
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Abstract: γ'-Ir

3

(Al,W) phase-strengthened Ir-13W-6Al (at%) superalloys exhibit promising applications for aerospace industry. An 

experimental set-up was based on Ir-13W-6Al ternary superalloy and 2at%, 5at%, 8at% Ta elements were added. The effect of Ta on the 

microstructure evolution, the amount of γ' strengthening phase, the precipitation behavior, room/high-temperature mechanical properties 

and fracture characteristics of γ+γ′ two-phase Ir-based superalloys were investigated. The results show that with the increasing Ta content, 

the volume fraction of γ′ strengthening phase increases and the Vickers hardness/nano-hardness of the alloy after adding Ta is higher than 

that of the Ir-13W-6Al ternary superalloy. The addition of Ta improves the high-temperature mechanical properties of Ir-13W-6Al 

superalloys at 1300 °C, and the increased compressive strength can be attributed to the precipitation of γ′-Ir

3

(Al,W) phase and 

solid-solution strengthening of Ta. Ta effectively improves the room- and high-temperature properties of Ir-13W-6Al superalloys. This 

study provides experimental and theoretical guide for the development of novel γ+γ′ two-phase Ir-based superalloys. 

Key words: Ir-based superalloys; γ′-Ir

3

(Al, W) phase; microstructure; solid-solution strengthening; mechanical properties 
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