
� 38� � 5� ��������	                           Vol.38,  No.5

2009�      5�                        RARE METAL MATERIALS AND ENGINEERING     May   2009

�����2008-05-23

���	����	
	1981��	��	����������	�� �� 110016	���024-23971767	E-mail: zkchu@imr.ac.cn

DZ951 ��������	
��

���

1,2

����

1

��	


1

���

1

����

1

(1. ��������	�� �� 110016)

(2. �������	�  100039)


 ����!"#$%&'()*� DZ951+,-./01(50~970 MPa)23()(650~1040 4)56789:; SEM

<=!56>?3>@ABCD3EFGH9GIJK	DZ951 *�356LMKN(O DZ40M *�	P DZ17G *

�QR9)MSO 800 4T	γ′QCU'VWX�BYZ)M[\ 900 4T	γ′QC]^_3`aGH9S)(<760 4)

b*�Jcdef>?	�)(760~850 4)bdefAgefh*a>?	iYj]dkl3?mn9()(>850 4)

b*�356>?oBdpqrsa>?	Nptu]dvw3?mn9

��: "#$%&'()*�Z5678ZEFZ>?xd

�������TG 132.2 ������ A �����1002-185X(2009)05-0834-04

��������	
����������

����������� ����!"#$%

[1]

&

'
�()*+,��-.�/01234�5�6

7-
�89:;<=

[2]

&>?@"�89�:;<

=-AB

[3~6]

CDEFGH�-IJ�KLM&NO-

PQ�RQSTUV�-NW�XY",ZZ[\NO

-ST]^N_%NW-`a&bc]d"!e�

[7]

���

[8,9]

NO-ABf?,ghij�-NWVkA

B-lmnfo&AB��NWp�q

[9]

,��r1

2-NWVkDs'tuvSwxyz{-|R}

~,�vSwxy�t��D�67�-|R}~�

{W�����&

DZ951�Dbc�����AB�A�-�

������	
��,��d
���J(1347 

�)���J(8.17 g/cm

3

) �-��,12����-

���������67&�AB'������

���-
�89<=	 ¡¢£¤�J¥+¦�§

NO ;S��& 

���������

�-¨©�L(ª«L@,%�¬)� C 0.05, B 

0.024, Y 0.017, Cr 9.0, Co 5.0, Al 6.0, W 3.0, Mo 3.0, 

Nb 2.2, «� Ni&DZ951®�'¯°±�²��

³,�����§´� HRSµ' ZGD2¶¯°±�²

¡�·,����¸¹� 6 mm/min&��§º»X

�J�¼1220 �, 4 h AC + 1050 �, 4 h AC + 870 �, 

4 h AC (AC�°½)&º»X¾�¿ÀÁ�ÂÃÄ�

25 mm�ÅÆ� 5 mm-89�§&89ÇÈ'ÉÊ

FC-20 ¶
�89�È�¡�K&�È�JË{�

650~1040 ����Ì%� 50~970 MPa&� JSM-6301F

¶Í�ÎÏÐÑÒ|RÓQÔ�ÕÖ �§NO& 

������	
�

���������	
����

�×Ø��Ù¶-Ú�ÕÖ(Û 1a)&º»X¾

S�Ü�ÝvÞST- γ′Y,ßà� 300~500 nm,Þ

áL@â� 65%(Û 1b)& 

�������������

Û 2��-89��-/0ãä,åæ 2ç�§

-xèé&89/0êë����J-ì
�í|�

î,ïí89/0hðÀ����JèñLò±& 

Larson-Miller ãä[ó�]ô��-89/0

 ïk�-89õJ,ö Larson-Miller÷@(P)vø

�¼P=Tù10

-3

(C+logt

r

),ö� T Dúh�J,t

r

D8

9NWp+,C �ó@,���û� 20&Û 3 �

DZ951�- Larson-Millerãä&�üýf,¬pþ

�ü DZ40M�

[10]

� DZ17G�

[11]

- Larson-Miller

ãä&����,DZ951 �-89õJí|
�

DZ40M�,U DZ17G�Y�& 

�������������

�'�¬�JÌ%�89NW¾-��y-Õ

ÖSTïí,�Jh γ′Y-ST	¨dí|-
�&



� 5�                                   ���y�DZ951*�35678P>?xd                             z835z 

�Jw� 800 �p,γ′YST	��d�;¨,�

��Ü�-ÝvÞST(Û 4a)�800 �p,γ	Þ[�

��;�,��;�,γ′Y���8ÝvÞST,�

�S¨��(Û 4b)��J� 850 �p,γ′Y�ü�

��¨,�� γ′��Y���S��¶ !,g"p

�dS�#$-�¶(Û 4c)&êë�J-ì
,γ′Y�

��¨%&À>&��J'( 900 �p,γ′YS�ü

#$-�¶(Û 4d)��J� 1000 �p,NO)b-

�¶��*Å���ev�,�DU��e���I

J(Û 4e)&'���-89NW�QÔ(¬§-q

+

[8]

&,Da�'
�Ì%�,�¿�q-.,��

jØ��e/0��e;�1���,2.-.¥¦

-�3�4�&AB5À��h����¨-


�

[12]

ïí,-.�q¾?e���6À γ′Y'xK�

/0ev�-�¨& 

 

 

 

 

 

 

 

 

{ 1  DZ951*�|}A~�f}EF 

Fig.1  SEM micrographs of DZ951 alloy: (a) as-cast, showing 

typical dendrite structure and (b) as heat-treated, showing 

cube γ′ phase with size of 300~500 nm  
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Fig.2  Relationship between applied stress and endurance life in  

DZ951 alloy 
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Fig.3  Thermal-Strength parameter curve of DZ951 alloy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

{ 4  W�56��b>?D�*�>@J� 4 mm����3 γ′QCU 

Fig.4  γ′ morphologies on longitudinal section at 4 mm away from the fracture surface of the alloy at conditions of 650 4, 950 MPa, 167 

h (a); 800 4, 580 MPa, 120 h (b); 850 4, 420 MPa, 118h (c); 900 4, 300 MPa, 118 h (d); 1000 4, 140 MPa, 114 h (e) 
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Fig.5  Fractographs of the alloy at low temperatures: (a) 650 4, 

950 MPa, 167 h and (b) 700 4, 860 MPa, 179 h 
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Fig.6  Fractographs of the alloy at intermediate temperatures: (a)  

760 4, 680 MPa, 175 h and (b) 850 4, 420 MPa, 118 h 
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Fig.7  Fractographs of the alloy at intermediate temperatures: (a)  

(b) 900 4, 300 MPa, 118 h; (c)(d) 1040 4, 100 MPa, 

108 h 
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Stress Rupture Performances and Fracture Behavior of DZ951 Alloy 
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Abstract: The stress rupture performances of a directionally solidified Ni-base superalloy DZ951 have been investigated over a wide stress 

range of 50 to 970 MPa at high temperatures (650 to 1040 4). The fracture surface and deformation microstructure were examined by SEM. 

The results show that the stress rupture strength of DZ951 alloy is much higher than that of DZ40M and almost the same as that of DZ17G 

alloy. It is suggested that γ′ particles remain cubic shape below 800 4, and when the test temperature reaches 9004, γ′ particles form fine 

rafted structure. At low temperature (<760 4), the fracture mode is cleavage-like. At intermediate temperature (760~850 4), the fracture 

mode shows both cleavage feature and quasi-cleavage feature, and cracks can initiate at the carbide/matrix interface. At high temperature 

(>850 4), the fracture mode turns to be microviod coalessence fracture and the alloy is sensitive to the shrinkage porosity. 

Key words: directionally solidified Ni-base superalloy; stress rupture properties; microstructure; fructure behavior 
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