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Table 1  Zr-Ti alloy systems used in the modeling and 

their phase structures 

System Structure 

Zr 

Zr

0.94

Ti

0.06

 

Zr

0.7

Ti

0.3

 

Zr

0.5

Ti

0.5

 

Zr

0.35

Ti

0.65

 

Zr

0.3

Ti

0.7

 

Zr

0.07

Ti

0.93

 

Ti 

Phase type: α 

Structure type: hcp 

Space group: P63/mmc 

Pearson symbol: hP2 

 

Zr 

Zr

0.5

Ti

0.5

 

Zr

0.11

Ti

0.89

 

Ti 

Phase type: β 

Structure type: bcc 

Space group: Im-3m 

Pearson symbol: cI2 
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ûÇ�ü�¸ýþ�ß(Cambridge serial total energy 

package, CASTEP)

[24]
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2
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2
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Y¸ý£�������!6�ÄGGAÅ�� Perdew- 

Burke-Emzerhof revised for solids(PBEsol)ù÷

[25]
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 eV/unit5N�Ø7¸ý�!G¸ý

�!�²��¸ý��T����.���¢£Íþ

ÄUltrasoftÅøùú(û�����+¦§5�£=�

����� l!"#$ k�%&N 0.42 eV/nm�ú(

û���·ñN 350 eV5Y�T²�¸ý��Ò�

Broyden-Flecher-Goldfarb-Shanno(BFGS)

[26]
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Table 2  Calculated and experimental values of crystal para- 

meters of hcp-structured Zr-Ti alloy systems 

Lattice parameters/×10

-1

 nm 

System 

a b c 

Refs. 

3.231 3.231 5.17 Present 

3.244 3.244 5.168 Cal.

[10]

 

Zr 

3.231 3.231 5.148 Exp.

[10]

 

3.149 3.149 5.059 Present 

Zr

0.94

Ti

0.06

 

3.148 3.148 5.054 Exp.

[16]

 

3.145 3.145 5.024 Present 

Zr

0.7

Ti

0.3

 

3.140 3.140 5.020 Exp.

[14]

 

3.057 3.057 4.866 Present 

3.104 3.104 4.912 Cal.

[10]

 

Zr

0.5

Ti

0.5

 

3.051 3.051 4.859 Exp.

[18]

 

3.043 3.043 4.964 Present 

Zr

0.35

Ti

0.65

 

3.040 3.040 4.960 Exp.

[19]

 

3.037 3.037 4.835 Present 

Zr

0.3

Ti

0.7

 

3.040 3.040 4.830 Exp.

[14]

 

2.992 2.992 4.773 Present 

Zr

0.07

Ti

0.93

 

2.991 2.991 4.768 Exp.

[16]

 

2.939 2.939 4.673 Present 

2.924 2.924 4.664 Cal.

[10]

 

Ti 

2.951 2.951 4.684 Exp.

[10]
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Table 3  Calculated and experimental values of crystal 

parameters of bcc-structured Zr-Ti alloy systems 

Lattice parameters/×10

-1

 nm 

System 

a b c 

Refs. 

3.525 3.525 3.525 Present 

Zr 

3.510 3.510 3.510 Exp.

[20]

 

3.373 3.373 3.373 Present 

3.424 3.424 3.424 Cal.

[10]

 

Zr

0.5

Ti

0.5

 

3.428 3.428 3.428 Exp.

[21]

 

3.332 3.332 3.332 Present 

Zr

0.11

Ti

0.89

 

3.353 3.353 3.353 Exp.

[16]

 

3.216 3.216 3.216 Present 

Ti 

3.327 3.327 3.327 Exp.

[22]
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Table 4  Calculated values of elastic constant of hcp structured 

Zr-Ti alloy systems 

Elastic constant/GPa 

System 

C

11

 C

12

 C

13

 C

33

 C

44

 C

66

 

Zr 159.2 48.1 64.6 173.9 14.7 55.6 

Zr

0.94

Ti

0.06

 136 29.1 47.9 136.8 27.7 53.5 

Zr

0.7

Ti

0.3

 139.9 31.1 50 147.7 27.6 54.4 

180.4 51.7 76.4 199.6 26.2 64.4 

Zr

0.5

Ti

0.5

 

158.9

[10]

 71.6

[10]

 70.1

[10]

 159.9

[10]

 27.9

[10]

 / 

Zr

0.35

Ti

0.65

 176.9 44.4 70.9 186.1 26.9 66.2 

Zr

0.3

Ti

0.7

 184.9 55.9 80.8 207.5 25.7 64.5 

Zr

0.07

Ti

0.93

 208.4 69 96.7 216.4 32.4 69.7 

Ti 206.3 68.3 75.8 216.4 48.7 69 
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Table 5  Calculated values of elastic constant of bcc structured 

Zr-Ti alloy systems 

Elastic constant/GPa 

System 

C

11

 C

12

 C

44

 

Zr 112.723 8 78.806 9 40.928 4 

91.571 78.491 1 21.445 85 

Zr

0.5

Ti

0.5

 

89.6

[10]

 99.2

[10]

 37.4

[10]

 

Zr

0.11

Ti

0.89

 129.798 3 91.036 95 29.492 65 

Ti 51.232 45 89.063 6 34.660 1 
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Fig.2  Effect of Ti atomic fraction on the elastic constants of hcp- 

structured Zr-Ti alloy systems 
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Fig.3  Effect of Ti atomic fraction on the elastic constant of bcc- 

structured Zr-Ti alloy systems 
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Table 6  Calculated values of elastic properties of Zr-Ti alloy 

systems with hcp structure 

System B

H

/GPa G

H

/GPa B

H

/G

H

 E/GPa ν 

Zr 93.705 6 31.987 41 2.929 45 86.158 52 0.347 

Zr

0.94

Ti

0.06

 73.028 35 38.980 87 1.873 44 99.278 42 0.273 

Zr

0.7

Ti

0.3

 76.347 7 39.768 96 1.919 78 101.656 2 0.278 

Zr

0.5

Ti

0.5

 107.087 4 43.379 49 2.468 61 114.656 6 0.322 

Zr

0.35

Ti

0.65

 100.945 6 43.965 92 2.295 6 115.176 4 0.310 

Zr

0.3

Ti

0.7

 111.719 4 43.287 35 2.580 88 115.008 2 0.328 

Zr

0.07

Ti

0.93

 128.253 8 48.748 89 2.630 91 129.801 0.331 

Ti 118.671 5 59.739 48 1.986 48 153.466 6 0.284 
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Table 7  Calculated values of elastic properties of Zr-Ti alloy 

systems with bcc structure 

System B

H

/GPa G

H

/GPa B

H

/G

H

 E/GPa ν 

Zr 90.112 53 28.743 2 3.135 1 77.942 0.356 

Zr

0.5

Ti

0.5

 82.851 07 13.350 9 6.205 7 38.011 0.424 

Zr

0.11

Ti

0.89

 103.957 4 24.924 05 4.171 69.239 0.389 

Ti 76.453 22 –123.742 - - - 
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Fig.4  Effect of Ti atomic fraction on B
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structured Zr-Ti alloy systems 
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Fig.5  Effect of Ti atomic fraction on B
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 of hcp-structured 

Zr-Ti alloy systems 
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Fig.6  Effect of Ti atomic fraction on ν of hcp-structured Zr-Ti 

alloy systems 
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Fig.7  Density of states near the Fermi level of the hcp-structured 

Zr-Ti alloy systems 
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Fig.8  Density of states near the Fermi level of the bcc-structured 

Zr-Ti alloy systems 
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First-principles Study on Phase Stability and Elastic Properties of Zr-Ti Alloy 

 

Yang Xiangguan, Liang Xiaoping, Wang Yu, Luan Baifeng 

(Chongqing University, Chongqing 400044, China) 

 

Abstract: The super-cell models based on SQS method and first-principles calculation were established to investigate the influences of Ti 

concentration and phase structure (hcp and bcc structure) (α and β phase) on phase stability and elastic properties in Zr

1-x

Ti

x

 systems. The 

results show that from the perspective of elastic properties, the structure of Zr-Ti alloy is more stable with the increase in Ti content. The α 

phase of Zr-Ti alloy generally has higher structural stability than β phase; Zr- Ti alloys generally have ductility. The α phase of Zr-Ti alloy has 

higher hardness and its hardness and toughness are proportional to the concentration of Ti. The β phase of Zr-Ti alloy has higher toughness. 

From the perspective of electronic structure, the concentration of Ti does not significantly change the DOS of hcp structure and the bcc 

structure of the Zr-Ti alloy systems. The Fermi level in the DOS distribution of the Zr-Ti alloy system is similar to that of the pure Zr system. 

Therefore, the content of Ti in the Zr-Ti alloy has little effect on the phase stability of the Zr-Ti alloy. 

Key words: first-principles; phase stability; elastic property; Zr-Ti alloy 
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