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µ�¶�Û&'Î'¸Å©�=.>½?@���6
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£GHI�� 50 µm� Ti�@ 30 µm� Ni��

ò�.JKLM Ti:Ni=50.5N49.5OP��.#Q±�

�R°�� 8 h.S| Ni/Ti���/�äS Ni/Ti�

��T
UVW°.X`��)�Ð�.Y.U�

M� 10:1.£ 400 r/min�Z�UV 20 h.Ð 74 µm

[.S| Ni/TiUV�/� Ni/TiUV�� 200 \];

^_ 3 h.S| Ni/Ti^_�/JE)M Ni/Ti^_�`

Ni/Ti���=30N70OP��.#Q±��R°�� 8 

h.S| Ni/Ti�¯�/� Ni/Ti�¯�a
ub�c.

def3.gh�cij.Saº Ni/Ti �¯��

ub��k/��lmn�#�kÙo.pqGª�
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���¤¥ Ò) Φ6 mm�s® NiTi�� 2.0 g.J 0.2 

g/mL`
©Ë¥(5%ª«�MEM©Ë¬)10 mL.# 37 

\P 24 h/¦'â�¤¥`® 3 g/L¯°�©Ë¥.

# 37 \±T 24 h/§'â�¤¥`OP���²³´

2.0 g.J 0.2 g/mL`
©Ë¥.# 37 \µ 24 h/;

¨â�¤¥ ©̀Ë¥.# 37 \±T 24 hV7�¶· 48 h

6�¸¹º»f¼½÷øL-929�÷ø¾/N� PBS

¤¥â¶· 2X£¦ây6�� L-929÷øÅ©¿ÀÁ

Â.Ã�ÄÅéÆ¥N÷ø^o.# 37 \�T 3 min.
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 10%ª«�MEM©Ë¬Ç×éÆ.Iõ÷ø¥�

10 mLÈÉv°.£ 1000 r/minÈÉ 3 min.Ê�¦«¥.
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©Ë¥f÷øË¥.<Å©÷ø9y/$%÷ø

Ì�.`©Ë¥ÍÎf 5×10

4

�/mL �÷øË¥.`
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24 h.Ê�ò©Ë¥.'�'Ò`
��P¥�¦'

â�¥�§'â�¥£�;¨â�¥.Ð��8 3�ñ

®.T�©ËÑ# 37 \ÓÔ©Ë 72 hV©Ë�~3�

Ð�·~���@÷ø6�ÕÖV�@î×3.Ð®`


 10 µLØÙÚ(MTT).ÓÔ©Ë 4 h.i3�Û©Ë¥.

Ð®`
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Æ 1 �[\]OPÇNi/TiÈkOÉabc�deÊªghËÌlÍÎ�Ï 

Fig.1  Macroscopic images of samples prepared by space-controlled self-propagating synthesis process with Ni/Ti mixed powders:     

(a) without preheating, (b) preheating at 300 ÐÑ@and (c) preheating at 400 Ð�

b 

c 
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ºè)¥���în3±f�ïð.£�¥����
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Æ 2  Ni/TiÒÓOl XRDÆÔU SEMÕÖ 

Fig.2  XRD pattern (a) and SEM image (b) of Ni/Ti degreased powder 

 

 

 

 

 

 

 

 

 

Æ 3  abc�deÊª|:Dl×¼-�cØÙ 

Fig.3  Time-temperature profile during space-controlled  

self-propagating synthesis process 
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100~500 µm� .�#���®µº �0���1

�6�V 

®µ�¶âs® NiTi���Û&'º2è3æV

â��
0®µ.#®µ�/�Á45678õ°V

�ª�#çuáë|./�Á456U56./��

��7�8�{u/��ª�./�Á�78õ°y

¸9qç:�»Ü.<#áë_è�Ð�°.NSç
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¶@ª�56�*²®µ.s®��2'è.Û&'

ç3Vg¬67�:; ¡���)ª&����
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>½��ã�g#��ÂA¬gu��ÂB�.#�

7Ð�°.ÂB�56� 12 MPa �ò�.å#ÂB
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Æ 4  ij NiTikl�ÏÕÖ 

Fig.4  Macroscopic (a) and OM (b) images of porous NiTi alloys 

 

 

 

 

 

 

 

 

 

 

 

Æ 5  ij NiTikÚÛÜÝl XRDÆÔ 

Fig.5  XRD patterns of porous NiTi alloys at the upper center (a), 

one quarter of the upper center (b), the central center (c), 

the bottom center (d), and one quarter of the bottom  

center (e) 
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Æ 6  ij NiTikÚÛª«¬¯°>±-²±lª�-ª«ØÙ 

Fig.6  Stress-strain curves of cyclic loading-unloading of porous NiTi alloys under 2.5% strain (a) and 4% strain (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Æ 7  ���u��lÞ�ÀßàÕÖ 

Fig.7  OM images of blank control (a), negative control (b), positive control (c) and experiment control (d) in MTT tests 
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��.}�÷ø 'Îj� 1 j(÷ø_�àÓ

k24%).¨£TU�eBh�N��VV 

��������

1) 7�:; ¡�«ýOr±²î¿�®µ

''Hõ�» ���s® NiTi ��V���®µÓ

� 34%.®µ±²BU±.� 100 µmÝÞ�+6®@

200~500 µm�X6®�f.�»���� B2»�fV 

2) s® NiTi��Û&'�l.# 2.5%7Ü@ 4%

7Ü|Å© 3XLC`á-ìá.Hä56#~�QR

7Ü.2 t7Ü|â7�7�8�'Ò� 250 @ 363 

MPa.&'()� 15.4 GPaV 

3) s® NiTi ��÷ø 'Îj� 1 j.¨£T

U�eBh�N��VV 

100 µm 

d 

b 

a 

c 

0.0 0.5 1.0 1.5 2.0 2.5

0

50

100

150

200

250

 

S
t
r
e
s
s
/
M
P
a

Strain/%

 1st cyc.

 2nd cyc.

 3rd cyc.

a

0 1 2 3 4

0

100

200

300

400

 

Strain/%

 1st cyc.

 2nd cyc.

 3rd cyc.

b



Å1014Å                                       LMN<=%9:                                              � 49� 

 

����    References  

[1] Niinomi M, Nakai M, Hieda J. Acta Biomaterialia[J], 

2012, 8: 3888 

[2] Andani M T, Moghaddam N S, Haberland C et al. Acta 

Biomaterialia[J], 2014, 10: 4058 

[3] Yu Zhentao ���( ), Yu Sen �(  �), Zhang Minghua 

���( ) et al. Materials China 	
���( )[J], 2010, 

29(12): 35 

[4] Geetha M, Singh A K, Asokamani R et al. Progress in 

Materials Science[J], 2009, 54: 397 

[5] Gepreel M A, Niinomi M. Journal of the Mechanical 

Behavior of Biomedical Materials[J], 2013, 20: 407 

[6] Krishna B V, Bose S, Bandyopadhyay A. Acta 

Biomaterialia[J], 2007, 3: 997 

[7] Balla V K, Bodhak S, Bose S A. Acta Biomaterialia[J], 

2010, 6: 3349 

[8] Bandyopadhyay A, Espana F, Balla V K et al. Acta 

Biomaterialia[J], 2010, 6: 1640 

[9] Zhu S L, Yang X J, Chen M F et al. Materials Science 

and Engineering C[J], 2008, 28: 1271 

[10] Kujala S, Ryhanen J, Danilov A et al. Biomaterials[J], 

2003, 24: 4691 

[11] Elahinia M H, Hashemi M, Tabesh M et al. Progress in 

Materials Science[J], 2012, 57: 911 

[12] Bansiddhi A, Sargeant T D, Stupp S I et al. Acta 

Biomaterialia[J], 2008, 4: 773 

[13] Liu X, Wu S, Yeung K K et al. Biomaterials[J], 2011, 32: 330 

[14] Zhang Xinping(á�â), Zhang Yupeng(áãä). Chinese 

Journal of Materials Research(<=#$�å )[J], 2007, 

21(6): 561 

[15] Yuan B, Zhang X P, Chung C Y et al. Metallurgical and 

Materials Transactions A[J], 2006,37: 755 

[16] Sadrnezhaad S K, Hosseini S A. Materials Design[J], 

2009, 30: 4483 

[17] Li H, Yuan B, Gao Y et al. Journal of Materials 

Science[J], 2009, 44: 875 

[18] Aydogmus T, Bor S. Journal of Alloys and Compounds[J], 

2009, 478: 705 

[19] Li B Y, Rong L J, Li Y Y et al. Acta Materialia[J], 2000, 

48: 3895 

[20] Biswas A. Acta Materialia[J], 2005, 53: 1415 

[21] Tosun G, Orhan N, Ozler L. Materials Letters[J], 2012, 

66: 138 

[22] Taya B Y, Goh C W, Gu Y W et al. Journal of Materials 

Processing Technology[J], 2008, 202: 359 

[23] Yeh C L, Sung W Y. Journal of Alloys and Compounds[J], 

2004, 376: 79 

[24] Zhang Yupeng(áãä), Zhang Xinping(á�â), Zhong 

Zhiyuan(æçè). Acta Metallurgica Sinica(N�å)[J], 

2007, 43(11): 1221 

[25] Greiner C, Oppenheimer S M, Dunand D C. Acta 

Biomaterialia[J], 2005, 1: 705 

 

Preparation and Performance Characterization of Porous NiTi Alloys by 

Space-controlled Self-propagating Method 

 

Chen Feng

1,2,3

, Yan Zhiqiao

1,3

, Shi Qi

1,3

, Liu Yong

2

, Liu Bin

2

 

 (1. Guangdong Institute of Materials and Processing, Guangdong Academy of Sciences, Guangzhou 510650, China) 

(2. Central South University, Changsha 410083, China) 

(3. Engineering Research Center for Powder Metallurgy of Titanium & Rare Metals, Guangzhou 510650, China) 

 

Abstract: A newly designed space-controlled self-propagating synthesis process was used to prepare porous NiTi shape memory alloys (SMAs) 

after the pretreatment of Ti powder and Ni powder. Properties including pore structures, phase composition and superelasticity of the alloys were 

characterized, and the biological safety was evaluated by in vitro cytotoxicity test (MTT). The results show that it is difficult to obtain SMAs 

with ideal pore structures without pretreating the mixed powders. After pretreating the raw powders properly, SMAs with excellent 

comprehensive properties can be fabricated. Nearly spherical pores with 34% porosity and diameters between 100 ~500 µm are homogeneously 

distributed in the alloys. The alloys are composed of single B2 and have good superelasticity. After three cyclic loading and unloading 

compression tests at the strains of 2.5% and 4.0%, no residual strain is generated. The corresponding compressive strength is 250 and 363 MPa, 

respectively, and the elastic modulus is 15.4 GPa. MTT tests show morphologies of cells in SMAs leaching solution are normal and the 

cytotoxicity is estimated level 1, indicating SMAs have good biological safety. 
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