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Fig.1  Formation enthalpy for Ti-Zr alloy systems: (a) calculated 

by Eshelby model and calculated by Friedel model 
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Fig.2  Formation enthalpy for Ti-Nb alloy systems: (a) calculated 

by Eshelby model and calculated by Friedel model 
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Fig.3  Formation enthalpy for Ti-Al alloy systems: (a) calculated 

by Eshelby model and calculated by Friedel model 
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Fig.4  Formation enthalpy for Ti-Mo alloy systems: (a) 

calculated by Eshelby model and calculated by Friedel 

model 
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Table 1  Exp. and cal. enthalpy for some binary alloy 
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Fig.5  Formation enthalpy for Ti-Sn alloy systems: (a) calculated by Eshelby model and calculated by Friedel model 

(1) Ti

0.919

Mo

0.081

  (2) Ti

0.886

Nb

0.114

  (3) Ti

0.858

Al

0.081

B

0.061

  (4) Ti

0.903

Al

0.087

Sn

0.010

  (5) Ti

0.877

Al

0.086

Cu

0.037  

(6) Ti

0.959

Mo

0.027

Ta

0.014

  (7) Ti

0.919

Mo

0.066

Ta

0.015

               

(8) Ti

0.941

Mo

0.038

Hf

0.021

  (9) Ti

0.893

Al

0.086

Fe

0.021

  (10) Ti

0.888

Mo

0.083

Zr

0.029

  (11) Ti

0.638

Mo

0.027

Zr

0.335

  (12) Ti

0.902

Mo

0.082

Nb

0.016

  (13) Ti

0.925

Al

0.052

V

0.023

  (14) Ti

0.862

Al

0.102

V

0.036

  

(15) Ti

0.859

Al

0.105

Nb

0.036

 (16) Ti

0.846

Nb

0.076

Zr

0.078

  (17) Ti

0.756

Nb

0.224

Sn

0.020

  (18) Ti

0.729

Nb

0.230

Sn

0.041

  (19) Ti

0.793

Nb

0.048

Cr

0.104

Al

0.055  

(20) Ti

0.884

Al

0.103

Nb

0.010

Ta

0.003        

    

(21) Ti

0.880

Mo

0.066

Zr

0.035

Fe

0.019

  (22) Ti

0.879

Mo

0.065

Zr

0.035

Sn

0.021

  (23) Ti

0.930

Al

0.045

Mo

0.012

Zr

0.013

  (24) Ti

0.833

Mo

0.081

Zr

0.028

Al

0.058

 (25) Ti

0.906

Mo

0.025

Nb

0.015

Al

0.054

              

(26) Ti

0.901

Mo

0.082

Nb

0.016

Sn

0.001

  (27) Ti

0.784

Nb

0.151

Zr

0.026

Sn

0.039

  (28) Ti

0.725

Al

0.053

V

0.121

Cr

0.101

 (29) Ti

0.720

Nb

0.201

Ta

0.046

Zr

0.033

  (30) Ti

0.907

Zr

0.072

Nb

0.014

Ta

0.007

               

(31) Ti

0.875

Zr

0.089

Nb

0.024

Ta

0.012

  (32) Ti

0.698

Nb

0.237

Zr

0.048

Ta

0.017

 (33) Ti

0.693

Nb

0.240

Ta

0.018

Zr

0.049

  (34) Ti

0.687

Nb

0.242

Ta

0.020

Zr

0.051

  (35) Ti

0.625

Nb

0.290

Ta

0.050

Zr

0.035

               

(36) Ti

0.510

Nb

0.263

Zr

0.191

Mo

0.036

 (37) Ti

0.880

Al

0.104

Nb

0.010

Ta

0.002

Mo

0.004

  (38) Ti

0.882

Zr

0.088

Nb

0.023

Ta

0.006

Pd

0.001

  (39) Ti

0.874

Zr

0.090

Nb

0.023

Ta

0.012

Pd

0.001            

                 

(40) Ti

0.861

Al

0.080

Nb

0.031

Fe

0.018

Mo

0.010

  (41) Ti

0.851

Mo

0.051

Nb

0.022

V

0.020

Al

0.056

  (42) Ti

0.900

Sn

0.069

Nb

0.024

Ta

0.006

Pd

0.001

 (43) Ti

0.770

Al

0.055

V

0.077

Cr

0.057

Mo

0.020

Zr

0.021

               

(44) Ti

0.913-0.831

Nb

0.054-0.116

Zr

0.006-0.024

Fe

0.018

Al

0.009

 (45) Ti

0.915-0.848

Zr

0.057-0.092

Nb

0.022-0.048

Ta

0.006-0.012 

(46) Ti

0.929-0.851

Sn

0.044-0.096

Nb

0.023-0.049

Ta

0.003

Pd

0.001

                              

(47) Ti

0.921-0.829

Zr

0.056-0.122

Nb

0.022-0.048

Pd

0.001 

 

��������

��������	
��
���

Miedema

�

���������������������� 

!"#�$%&'()


Ti

���� !�����

*+��

Ti

���,-./(0�1

Al

2

Sn

�34

567� !�89:;<

Ti-Zr

��=��� !�

>?� !�@ABC�D��� !,�EFGH

� !@AIJKL&

 

 

����  

References

 

[1] Kohn David H. Current Opinion in Solid State and Materials 

Science[J], 1998(3): 309 

[2] Niinomi Mitsuo. Science and Technology of Advanced 

Materials[J], 2003(4): 445 

[3] Okazaki Yoshimitsu, Gotoh Emiko. Biomaterials[J], 2005, 26: 

11 

[4] Lin D J, Chern Lin J H, Ju C P. Biomaterials[J], 2002, 23: 

1723 

[5] Kim J I, Kim H Y, Inamura T et al. Materials Science and 

Engineering[J], 2005, A403: 334 

[6] Zhou Ying Long, Niinomi Mitsuo, Akahori Toshikazu. 

Materials Science and Engineering[J], 2004, A371: 283 

[7] Okazaki Yoshimitsu. Current Opinion in Solid State and 

Materials Science[J], 2001(5): 45 

[8] De Boer F R, Boom R, Mattens W C M et al. Cohesion in 

Metals[M]. Amsterdam: North Holland, 1988: 1 

[9] Guo Qiti, Kleppa O J. Journal of Alloys and Compounds[J], 

1998, 266(1~2): 224 

[10] Witusiewicz V T, Arpshofen I, Seifert H J et al. 

Thermochimica Acta[J], 2000, 356: 39 

[11] Witusiewicz V T, Arpshofen I, Seifert H J et al. Journal of 

Alloys and Compounds[J], 2002, 337: 155 

[12] Bakker H. Enthalpies in Alloys[M]. Uetikon-Zuerich: Trans 

Tech Publication, 1998: 1 

[13] Miedema A R. J Less-Common Met[J], 1973, 32: 117 

[14] Miedema A R, De Chatel P F, De Boer F R. Physica[J], 1980, 

B+C100 (1):1 

[15] Zhang B W, Jesser W A. Physica[J], 2002, B315: 123 

0.0 0.2 0.4 0.6 0.8 1.0

-20

-15

-10

-5

0

a

 

 

 TiSn  (4)   (17)

 (18)  (22)  (26)

 (27)  (42)  (46)

XSn

Ti

Sn

0.0 0.2 0.4 0.6 0.8 1.0

-20

-15

-10

-5

0

b

 

 

 TiSn  (4)   (17)

 (18)  (22)  (26)

 (27)  (42)  (46)

XSn

Ti

Sn

∆
H
/
k
J
·
m
o
l

-
1
 

∆
H
/
k
J
·
m
o
l

-
1
 

–

–

–

–

–

–

–

–

X

Sn

 

X

Sn

 

0 

0 



�1202�                                         �������	
                                           � 38� 

[16] Takeuchi A, Inoue A. Mater Trans JIM[J], 2000, 41: 1372 

[17] Gallego L J, Somoza J A, Alonso J A. J Phys Condens 

Matter[J], 1990(2): 6245 

[18] Seitz F, Turnbull D. Solid State Physics[M]. New York: 

Academic Press, 1964: 275  

[19] López J M, Alonso J A, Gallego L J. Phys Rev[J], 1987, B36:  

3716 

[20] Murty B S, Ranganathan S, Rao M M. Mater Sci Eng[J], 

1992, A149(2): 231 

 

 

 

Formation Enthalpy of Medical Ti-Based Alloys Calculated  

by Modified Miedema Model 

�

Peng Haojun

1

, Liao Shuzhi

1

, Chen Jia

1

, Wang Xiaoli

1

, Zhang Chun

2

, Xie Haowen

1

, Ouyang Yifang

3

, 

Zhang Bangwei

4,5

 

(1. Key Laboratory of Quantum Structures and Quantum Control of Ministry of Education, Hunan Normal University, Changsha 

410081, China) 

(2. Hunan Normal University, Changsha 410081, .China) 

(3. Guangxi University, Nanning 530004, China) 

(4. Hunan University, Changsha 410081, China) 

(5. International Centre for Materials Physics, Chinese Academy of Sciences, Shenyang 110015, China) 

 

Abstract: The formation enthalpies of medical Ti-based alloy are calculated by a modified Miedema model. The results show that the 

formation enthalpy is evidently reduced when the non-transition metal Al or Sn is added into the medical Ti-based alloy. The contribution 

of elastic enthalpy is bigger than that of chemical enthalpy in the Ti-Zr alloy systems. 
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