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¦ 1  CCDL*+4l§()] 

Fig.1  Aligned colonies of CCDL 

 

 

 

 

 

 

 

 

 

¦ 2  CCDL$u*+ Alefg¨4 EPMA©) 

Fig.2  EPMA result of Al element for as-cast structure of CCDL 
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¦ 3  TiAl ! PST/1 0°_ 45°c'()4®¯°± 

Fig.3  Schematic illustration of deformed behavior for PST-TiAl 
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Fig.4  Spherical fine-grain structure along the colony boundary 

of as-cast sample after loaded at a stress of 300 MPa for 

30 h at 800 · 
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Fig.5  Microstructural degradation in the colony of as-cast sample 

after loaded at a stress of 300 MPa for 60 h at 800 ·:  

(a) lamellae coarsening induced by thermal activation and 

(b) lamellae spheroidization induced by shear deformation 
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Fig.6  Microstructural degradation of as-HIP sample after loaded 

at a stress of 300 MPa for 20 h at 800 ·: (a) spherical 

structure by recrystallization of equiaxed gamma grain 

and (b) micro-void near the recrystallization region 

a 

5 µm 

45° 

10 µm 

b 

a 

b 

5 µm 

10 µm 



¥564¥                                           ª«!¬��,­C                                           � 47� 

U¡b�L 6bc��N±ÎÏ�©� 3 ������N

��.���:;ÇÈ� Xm�*®Õ:;

[24]

5 

b2c=>E]#��� γS�5®Õ¿$ÇÈ��

_�?X��*�½¡$�Í:¡ÑÒ^ÓÔÕ�=>

E]#�«�:;��°±.rsÁ�«�U¡5N.

����Ø±H<�=>E]¬�­�qwÇÈ���

γS�56ÇÈëZ±H<�=>E]ãäèw��� γ

S�6Ð�*=>hi�U�E�(E÷^�Ñ +�

���U����+�(�Á�«��ëx]#:;�

Òr$ò�m6ü��U¡5mË�=>E]#���

γ S����.���:;ÇÈ� Xm�*®Õ:;

���³U

[25]

5 

b3c=>�&pë5.��� 1.5 h�Ø»�=>

�&�³®Õ¿$ 0.12 µmpë� 0.24 µm5Î*�]=

>:;�=>E]=>�U��±=>`a�hi\2

+�5ÝÞÓ2

0

ln( )

2π 2

Gb L

L b

τ =

bG�hi���b�Ô

ÕÖ��L�=>�&c�=>�&pë»�×Ø��f

Hpë�×Ø6=>`aÙ�H�n��=>E]#h

i�U�En��ã¹k£�6�� γ S��=>E?

��+�:;Òr$ò��Nn�ÇÈ� 5 

Ú¨ÐC�=>E`�� γS�C�+�S`���

=>E] γ S��=>�&pëk=>E]hi�U�

En��ãävë�q=>:;�Òr$ò��N��

�n��]=>:;�ÇÈ�t5 

��������

�� 3Û â�CCDL:;× PSTST���:;

ÛÜvÎlÇÈëZ±H<:;æ�¯¡£qH��ë

�F)5ÜÝ·Þ�ßt±� AlXYij��N½7 α

2

Í] γÍ�h��.���±H<�� γS��=A��

à�	=>:;�hi�U�E�v�z*±�ÇÈëZ

±H<�:;æ���NîïÇÈ���E5Þ���A

îï CCDL:;�	���E�6���KLáf5 

�����Zr���� 

���CCDL:;������±H<��~ α�

�Í��â·0

[6]

5UN�»¼6���ãäÊQ��

��Í�~ αÍ��óÊ�]=>:;�|5åë Nb�

W�Mo�Ta�Y�	��XY� °±n�ij¾��

	:;r����ãäXYv��r� βÍXY5åë

ãäXY�å����±H<A@�� βÍ��* βÍ

� αÍ�×]Q¾�6��µ¶»U¡ 12�£qo]�

α �T

[25]

�£tU¡�]=>:;5N¥�	'æç β

Íh���� B2 ÍÎÃ'ÄÅÆ�£z

[26]

5UN�£

tåëãºXY5 

�èVW

[8]

�Aq Zr6����KLáf�6��

éêl�Ø�5b1cZr × Ti À*q�éêXY���

Íq�ST12�Bt=0´ë¿�� TiU¡zµ�S

T5� Zr�r� βÍXY��leVÐw* Nb�W�

Mo�XY5U��ß²� Zr�åë�� t£àá α

��Í���fñ5VW+@�åë 0.2 at% Zrì!î

� α��Í����|

[8]

5b2cåë Zr�n�q γÍ�

Sì¬� c � a��N½wqSíT�

[27]

�qdpëq

�Àî1�E

[28]

�ã~�v tn� Al XY�ij5

� uï�Q* Zrn� AlXYij¾���TVW�

�¿ô+@�åë 0.2 at% Zr±�q¬­®¯�]=>

:;Ti-47.5Al-2.5V-1.0Cr (at%) ��.���»�� γS

��=A�qd�z*îïl 750~800 �ÇÈëZ±H

<�=>:;�r��

[8]

5ãv�ðaOX�6 TiAl�

�<åë6� Zr��z*n� Al XY�ij��	=

>:;�r��5b3cZr½w=>�&��z*�	=

>:;������l<��o]b0°� 90°c=>ñ

�Xm

[29]

5ãOX�Zr6��� t�z*�	¢BÐ

C�]=>:;�hi�U�E5Ú¨ ��Zr6��

��z*�	CCDL:;�ÇÈëZ±H<�:;r�

���NîïlÇÈ���t5 

�����C� Si���� 

VW+@�K5��<6 α

2

Sò�U¡� H9ò�

óbTi

2

AlCc� ζ9ô�óbTi

5

(Si,Al)

3

c��z*ÊÇ α

2

/γ

=>`a�r���ì�z*�	=>:;�hi�U

�E��NXmîï�������t

[30]

5�t�u�

VW+@�Si���=A ζÍbTi

5

(Si,Al)

3

c qdn�

TiAl�����(��Bw��xy�ì�	��rs

t
��� 

[31,32]

5Bª�©ôVWu+@�6¬­®

¯�]=>:; Ti-47.5Al-2.5V-1.0Cr-0.2Zr (at%) &õ

¨�åë 0.2Si� 0.1C�kl 800 ¥/300 MPaÇÈ� 

�� 20 h�	� 200 h

[33]

5�� ��Ú� Zr�C�Si

6���å t����	CCDL:;ÇÈëZ±H<

�:;r����NîïlÇÈ���t5 

������	�

1) TiAl��¬­®¯�]=>:;×ØÙ�PSTS

T�6���:;ÛÜö÷�6=>E`
wG�o]

Û�AlXY¡$Ñ=� α

2

ÍT�$�	*.E½^ÓÔ

Õ5�t�»¼.����Øu���� γ S�=A�

=>�&pë5 

2) ãä:;ÛÜÎ�]=>:;ÇÈëZ±H<

�:;æ�¯¡q£qH��ë�F)5l<�=>E

`�wG�o]ÛÎ:;æ�àá�H�Âw5AlXY

Ñ=� α

2

ÍT�$�±	�ë�qÇÈëZ±H<=>



� 2�                      ���z�"#$%&'() TiAl !>?@AD4*+EFk��PQ                 ¥565¥ 

:;�«��§��n�q=>E?�hi�U�E�

�N¹��]=>®Õ:;ÇÈëZ±H<�:;æ

�5.����Øº©��� γ S�+�S`����

��ëxq=>E`�=>E]�:;$ò��N��

�]=>:;ÇÈ� Xmn�5.���±H<=>

�&pë��hi�U�En����H�¨uëxq

:;æ���Nn�¸:;�ÇÈ� 5 

3) ë© ±� AlXYij�XY Zr��z*îï

¬­®¯�]=>:;ÇÈëZ<�:;æ�5C�Si

6����6=>E`º©øj��Í�	=>�hi

�U�E��z*±�=>:;æ�5Zr�Si�C 3�X

Ya��ØKL��z*����	¸:;�ÇÈëZ

±H<�:;r����NXmîïlÇÈ�t5 

 

����    References  

[1] Yamaguchi M, Inui H, Ito K. Acta Materialia[J], 2000, 48(1): 307 

[2] Kim Y W, Dimiduk D M. Structural Intermetallics 1997[C]. 

Warrendale: TMS, 1997: 531 

[3] Parthasarthy T A, Subrananian P R, Mendiratta M G. Acta 

Materials[J], 2000, 48(2): 541 

[4] Yamaguchi M, Johnson D R, Lee H N. Intermetallics[J], 2000, 

8(8): 511 

[5] Laptin J, Gabalcova Z. Intermetallics[J], 2011, 19(6): 797 

[6] Zhang Ji(¸ ¹), Zhong Zengyong(º�»). Materials China(D

¼���½)[J], 2010, 29(2): 9 

[7] Zhu Chunlei(���), Zhang Xiwen(¸¾¿), Li Sheng(À Á) et 

al. Rare Metal Materials and Engineering(ª«!¬��,­

C)[J], 2014, 43(9): 2124 

[8] Luo Chen(Â Ã), Zhu Chunlei(���), Li Haizhao(ÀÄÅ) et 

al. Chinese Journal of Rare Metals(ª«!¬)[J], 2012, 36(5): 

700 

[9] Zhu Chunlei(���), Li Haizhao(ÀÄÅ), Zhang Ji(¸ ¹). Acta 

Metallurgica Sinica(!¬qÆ)[J], 2014, 50(12): 1478 

[10] Maruyama K, Yamamota R, Nakakuki H et al. Materials Science 

and Engineering A[J], 1997, 239/240: 419 

[11] Zhu H, Maruyama K, Seo D Y et al. Metallurgical and Materials 

Transactions A[J], 2006, 37(10): 3149 

[12] Beddoes J, Wallace W, Zhao L. International Materials 

Reviews[J], 1995, 40(5): 197 

[13] Zhang Ji(¸ ¹), Zhang Zhihong(¸ÇÈ), Zou Dunxu(ÉÊË) 

et al. Journal of Aeronautical Materials(ÌÍ��qÆ)[J], 1998, 

18(3): 29 

[14] Fujiwara T, Nakamura A, Hosomi M et al. Philosophical 

Magazine A[J], 1990, 61(4): 591 

[15] Yokoshima S, Yamaguchi M. Acta Materialia[J], 1996, 44(3): 873 

[16] Asai T, Hirata S, Takeyama M et al. Materials Science and 

Engineering A[J], 2002, 329: 828 

[17] Semiatin S L, Mcquay P A. Metallurgical Transactions A[J], 

1992, 23(1): 149 

[18] Liu C T, Maziasz P J. Intermetallics[J], 1998, 6(7): 653 

[19] Zhang Ji(¸ ¹), Zhang Jianwei(¸ÎÏ), Zou Dunxu(ÉÊË) 

et al. High Technology Letters(�ÐÑÒÓ)[J], 1997, 3: 4 

[20] Appel F, Paul J D H, Oehring M. Gamma Titanium Aluminide 

Alloys: Science and Technology[M]. Weinheim: Wiley-VCH, 

2011: 56 

[21] Zhang Ji(¸ ¹), Zhang Zhihong(¸ÇÈ), Ma Wanqing(ÔÕÖ) 

et al. Research Progress for Hot Isostatic Pressing Technology 

(oz{|ÐÑ���½)[C]. Beijing: Metallurgical Industry 

Press, 1996: 181 

[22] Gouma P I, Subramanian K, Kim Y W et al. Materials Research 

Society Symposium Proceedings[C]. Warrendale: Materials 

Research Society, 1999: 552 

[23] Beddoes J, Zhao L, Dudzinski D et al. Structural Intermetallics 

1997[C]. Warrendale: TMS, 1997: 109 

[24] Zhu Chunlei(���), Li Haizhao(ÀÄÅ), Luo Chen(Â Ã) et 

al. Transactions of Materials and Heat Treatment(��o×Øq

Æ)[J], 2014, 35(3): 79 

[25] Burgers W G. Physica[J], 1934, 1(7): 561 

[26] Sun F, Cao C, KIM S E et al. Metallurgical and Materials 

Transactions A[J], 2001, 32(7): 1573 

[27] Kawabata T, Fukai H, Izumi O. Acta Materials[J], 1998, 46(6): 

2185 

[28] Huang Yuyang(ÙÚÛ), Wu Weiming(ÜÏV), Deng Wen(Ý 

Þ) et al. The Chinese Journal of Nonferrous Metals(D¼«ß

!¬qÆ)[J], 2000, 10(6): 796 

[29] Yao K F, Inui H, Kishida K. Acta Metallurgica and Materialia[J], 

1995, 43(3): 1075 

[30] Kardge M, Kim Y W, Gouma P I. Metallurgical and Materials 

Transactions A[J], 2003, 34(10): 2129 

[31] Tsuyama S, Mitao S, Minakwa K N. Materials Science and 

Engineering A[J], 1992, 153: 451 

[32] Noda T, Okabe M, Isobe S et al. Materials Science and 

Engineering A[J], 1995, 192-193: 774 

[33] Zhang Xiwen(¸¾¿) , Li Haizhao(ÀÄÅ), Zhu Chunlei(��

�) et al. Foundry($%)[J], 2013, 62(9): 881 

 

 

 



¥566¥                                           ª«!¬��,­C                                           � 47� 

 

 

Microstructural Degradation During Creep Loading and Improvement Methods 

for a Directional Lamellar TiAl Alloy Prepared by Conventional Casting 

 

Zhu Chunlei, Zhang Xiwen, Luo Chen, Li Sheng, Zhang Ji 

(Central Iron and Steel Research Institute, Beijing 100081, China) 

 

Abstract: Microstructure differences between the polysynthetically twinned crystal (PST) and the directional lamellar structure prepared by 

conventional casting for TiAl based alloy were analyzed, in order to discuss their influence on the microstructural degradation during creep loading. 

And micro-alloying methods were proposed to decrease the adverse effect. The results show that microstructural differences mainly include colony 

boundary, Al segregation and excess α

2

 phase. In addition, equiaxed gamma grain precipitation and lamellar coarsening during hot isostatic 

pressing are also different. These differences aggravate the microstructure degradation of directional lamellar structure prepared by conventional 

casting during creep loading. Al segregation and excess α

2

 phase promote the microstructural degradation for as-cast sample, and the equiaxed 

gamma grains precipitated during hot isostatic pressing aggravate the microstructural degradation. They cause significant reduction of creep 

rupture life. The effect of Al segregation is less than that of excess α

2

 phase. The colony boundary has a little effect on the microstructural 

degradation. Besides, the idea that minor addition of Zr, Si, C improve the creep rupture properties by inhibiting microstructural degradation was 

also discussed. 

Key words: TiAl; directional lamellar; creep loading; microstructural degradation; conventional casting 
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