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Fig.1  Schematic diagram of texture sampling (a) and its testing direction (b, c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  459<=> 

Fig.2  Macrostructure images of the ingots 

Axial direction 

Radial direction 

Cross section 

Vertical 

section 

Cast alloy 

a 

b 

RD 

ND 

TD 

Cross section sample 

c 

ND 

TD 

RD 

Vertical section sample 

a 

b 

c 

d 

Cross-section 

Vertical-section 

F
a
s
t
 
c
o
o
l
i
n
g
 
(
F
C
)
 

S
l
o
w
 
c
o
o
l
i
n
g
 
(
S
C
)
 



� 10�                          ����-DEFG. Ni

47

Ti

44

Nb

9

4Z1�=>6>?8HI                       �3187� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  45tuv8 OM�� 

Fig.3  OM images of vertical section of the ingots: (a) fast 

cooling and (b) slow cooling 
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Fig.4  SEM images of the vertical section of the ingots (a) (A is 

primary NiTi, B is eutectic phase (NiTi+β-Nb), C is Ti

2

Ni) 

and magnified eutectic phase B (b) 
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Fig.5  ODF diagrams of cross section of the ingots: (a) fast cooling and (b) slow cooling 
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Fig.6  ODF diagrams of vertical section of the ingots: (a) fast cooling and (b) slow cooling 
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Fig.7  Schematic formation of the ingots: (a) fast cooling and (b) slow cooling 

Cooling water 

Metal liquid 

Solid-liquid interface 

Water cooling 

Copper crucible dendrites 

a 

b 

Cooling water 

Metal liquid 

Solid-liquid interface 

Water cooling 

Copper crucible dendrites 

a 

φ

2

=45° 

b 

φ

2

=45° 

φ 

φ

1

 

 

φ 

φ

1

 

 

 

{113}<uvw> 

{113}<uvw> 

a 

b 

φ

2

=45° 

φ

2

=45° 

φ

2

=0° 

φ 

φ

1

 

 

φ 

φ

1

 

 

{113}<uvw> 



� 10�                          ����-DEFG. Ni

47

Ti

44

Nb

9

4Z1�=>6>?8HI                       �3189� 

JÃ
tz¸5þdgF/zÙ`\gF�n�Iû

z¯ßhi�`\

[19]

vnÃ�fzÙt;MH
ij�

�iz��D´izÉ�zÙ+��`\gF<113>

gFóØ\��Â¹º�»�
izû¼½`\v�

�����T�X ��0B
hizø� 3aúo&

ed{113}<uvw>
:;MNø� 5a � 6aú.� 7b ,

�\ôb����Ð:�:;
��8&«¬¡�ô

Øb©Ã�b°±²�³
��!Ù¾¥E¿µ�t


f��r�À��¯
æ#�tz¯ÁV�¡3Â

�ÃUÄ�Å
�fÆ`�v2´�z¯�����

×"
��!Ù¾¥�ÅÇt
f��ÀT"!��

(��3µÈ
5ª��§J5ª�/]�z`\Ø

�
��ÅÇ��õûAB���5ª�ÉHFtf

Æ½F`\

[20]

v�������M½�F
]�zÐ

:ø� 3bú�29D´iz
`\gF<hkl>q<113>

gF�û�iz
�F<uvw>q<361> <332>»<141>

gF�/� 6b��
:;���. 

������
�

1) ×"Ø�ij Ni

47

Ti

44

Nb

9

��
Ð:�Ê�ó

Øb©æ#òST�X
hizÐ:�ûôØb©æ

#ò����M½gF
]�hiz. 

2) �� Ni

47

Ti

44

Nb

9

����<113>gF
���

F`\MN. 

3) ×"Ø�� Ni

47

Ti

44

Nb

9

��
:;����

ËÆÌ'�óØb©ÍÎò��
� ������

{113}<uvw>
�:;vûôØb©ÍÎò���6:

;���t
¬g�93{113}<361> {113}<332>ß

�{113}<141>6. 

 

����    References  

[1] Piotrowski B, Zineb T B, Patoor E et al. Physics Procedia[J], 

2010, 10: 204 

[2] Wang Lei(� �), Yan Desheng(���), Jiang Zhimin( ¡

¢) et al. Journal of Materials Engineering(���	)[J], 

2004, 7: 60 

[3] Zhang Chunsheng(£¤�), Cai Wei(¥ ¦), Zhao Liancheng 

(§¨©). Acta Metallurgica Sinica(���ª)[J], 1991, 27(3): 

211 

[4] Yan Ying(« ¬), Jin Wei(� ¦). Chinese Journal of Rare 

Metals(�\��)[J], 2008, 32(4): 404 

[5] Feng Zhaowei(­®¦), Mi Xujun(¯°±), Wang Jiangbo(�

²³) et al. Rare Metal Materials and Engineering(�\��

����	)[J], 2013, 42(11): 2284 

[6] Zhang Panxin, Zhu Ming, Wang Leyou et al. Rare Metal 

Materials and Engineering[J], 2010, 39(5): 762 

[7] Yan Ying(« ¬), Jin Wei(� ¦), Cao Mingzhou(´µ¶). 

Acta Metallurgica Sinica(���ª)[J], 2008, 44(2): 139  

[8] Li Lingxia(·¸¹ ). Study on the Microstructure, Phase 

Transformation and Texture of Ni

47

Ti

44

Nb

9

 Shape Memory 

Alloy Tubes(Ni

47

Ti

44

Nb

9

dy��1�º�=>:�»�>?

8�
)[D]. Shenyang: Northeastern University, 2008 

[9] Feng Zhaowei(­®¦). The Evolution of Shape Memory Alloy 

Deformation Texture and Its Effect on the Recovery Strain(�

�1�¼�>?8½»¾¿ÀÁ.ÂÃ�Ä8HI�
) 

[D]. Beijing: General Research Institute for Nonferrous Metals, 

2013 

[10] Wang Yonghui(�ÅÆ), Feng Zhaowei(­®¦), Mi Xujun 

(¯°±) et al. Hot Working Technology(~¼��%)[J], 

2014, 43(24): 106 

[11] Feng Zhaowei(­®¦), Wang Jiangbo(�²³), Mi Xujun(¯

°±) et al. Rare Metal Materials & Engineering(�\��

����	)[J], 2013, 42(10): 2174  

[12] Yan Y, Jin W, Li X W. Metallurgical and Materials 

Transactions A[J], 2013, 44A: 978 

[13] Zheng Yufeng(ÇÈÉ). NiTi Alloys for Engineering(�	L

ÊË1�)[M]. Beijing: Science Press, 2014: 206 

[14] Hamilton R F, Lanba A, Ozbulut O E et al. Shap Mem 

Superelasticity[J], 2015(1): 117 

[15] Gao Ka(Ì Í), Li Shuangming(·Î�), Fu Hengzhi(ÏÐ

¡) et al. Rare Metal Materials & Engineering(�\���

���	)[J], 2015, 44(11): 2762 

[16] Kurz W, Fisher D J. Translated by Li Jianguo(·Ñ�), Hu 

Qiaodan(ÒÓÔ ). Fundamentals of Solidification(DE�

�)[M]. Beijing: Higher Education Press, 2010: 58 

[17] Hu Hanqi(ÒÕÖ). Fundamentals of Metal Solidification(�

�DE��)[M]. Beijing: China Machine Press, 2000: 242 

[18] Hirsch J, Nes E, Lucke K. Acta Metall[J], 1987, 35: 427 

[19] Chang Guowei(×�Ø), Wang Jianzhong(�Ñ�). Crystal 

Growth and Control During Solidification of Metals(��D

E}	�8rÙ�a�Ú# )[M]. Beijing: Metallurgical 

Industry Press, 2002: 88 

[20] Mao Weimin( Û Ü ¢ ). Crystallographic Texture and 

Anisotropy of Metal Material(����8rÙ�>?�Ý

^Þ�)[M]. Beijing: Science Press, 2002: 28 

 

 

 



�3190�                                          �\������	                                           � 47� 

 

 

Influence of Solidification Rate on Microstructure and 

Texture of Ni
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Ti
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 Cast Alloy 

 

Sun Mingyan, Meng Yutang, Zhang Yonghao, Fan Qichao, Wang Yingying, Li Jingmin, Huang Shuke 

(China Academy of Engineering Physics, Mianyang 621900, China) 

 

Abstract: The microstructure and texture of the Ni

47

Ti

44

Nb

9

 ingots under the conditions of fast and slow cooling were studied through 

optical microscope (OM), scanning electron microscope (SEM) and X-ray diffraction (XRD). And then the effect mechanism of the 

solidification rate on microstructure and texture was discussed. The results indicate that the preferred growth direction of Ni

47

Ti

44

Nb

9

 cast 

alloy is <113> and there is an important effect of solidification rate on the microstructure and texture of Ni

47

Ti

44

Nb

9

 cast alloy. In detail, 

when the cooling rate is fast, uniform dendrites with a texture of {113}<uvw> can be achieved, while in the case of slow cooling, columnar 

dendrites with a specific direction can be obtained, and the main textures of the vertical section are {113}<361>, {113}<332> and 

{113}<141>. In addition, the directional growth of dendrites induced by directional heat conduction during the process of solidification is 

found to be the main reason for the formation of cast microstructure and texture.   

Key words: shape memory alloy; Ni
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; solidification rate; texture; ingot 
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