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Table 1  Comparison of calculated values and experiment values for different alloys in four ternary systems 

Composition/at% 

No. 

Ti Al Fe Mn 

Phase transformation 

reaction 

Calculated 

temperature/� 

Experiment 

temperature/� 

Error/ 

±� 

Relative 

error/% 

Ref. 

1 - 10.4 70.7 18.9 1095 1100 –5 0.45 [9] 

2 - 10.7 67.4 21.9 1109 1100 –1 0.09 [9] 

3 - 12.1 59.3 28.6 1104 1100 +6 0.55 [9] 

4 - 13.4 49.6 37.0 1108 1100 +8 0.73 [9] 

5 - 14.1 47.1 38.8 1095 1100 –5 0.45 [9] 

6 - 11.1 73.5 15.4 1004 1000 +4 0.40 [9] 

7 - 12.1 68.8 19.1 1006 1000 +6 0.60 [9] 

8 - 13.1 63.5 23.4 1007 1000 +7 0.70 [9] 

9 - 14.1 58.2 27.7 1004 1000 +4 0.40 [9] 

10 - 14.4 56.3 29.3 1008 1000 +8 0.80 [9] 

11 - 13.1 70.5 16.4 894 900 –6 0.67 [9] 

12 - 14.1 66.0 19.9 899 900 –1 0.11 [9] 

13 - 15.1 60.9 24.0 905 900 +5 0.56 [9] 

14 - 16.1 56.5 27.4 898 900 –2 0.22 [9] 

15 - 16.4 54.0 29.6 

bcc_A2→fcc_A1 

909 900 +9 1.00 [9] 

16 34.0 2.9 63.1 - 1004 1000 +4 0.40 [10] 

17 28.9 3.0 68.1 - 991 1000 –9 0.90 [10] 

18 29.2 4.2 66.6 - 1004 1000 +4 0.40 [10] 

19 29.5 6.2 64.3 - 1011 1000 +11 1.10 [10] 

20 34.1 7.9 58.0 - 1010 1000 +10 1.00 [10] 

21 28.7 2.0 69.3 - 911 900 +11 1.22 [11] 

22 28.9 2.6 68.5 - 

bcc_A2→ 

LavesC14 

913 900 +13 1.44 [11] 
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Composition/at% 

No. 

Ti Al Fe Mn 

Phase transformation 

reaction 

Calculated 

temperature/� 

Experiment 

temperature/� 

Error/ 

�� 

Relative 

error/% 

Ref. 

23 29.3 3.8 66.9 - 902 900 +2 0.22 [11] 

24 29.5 5.2 65.2 - 904 900 +4 0.44 [11] 

25 29.7 6.7 63.6 - 902 900 +2 0.22 [11] 

26 29.2 1.5 69.3 - 789 800 –11 1.38 [10] 

27 29.2 1.7 69.1 - 797 800 –3 0.38 [10] 

28 29.5 2.6 67.8 - 788 800 –12 1.50 [10] 

29 29.5 3.3 67.2 - 804 800 +4 0.50 [10] 

30 29.7 3.8 66.5 - 

bcc_A2→LavesC14 

805 800 +5 0.63 [10] 

31 31.8 41.2 - 27.0 1158 1150 +8 0.70 [12] 

32 32.3 37.9 - 29.8 1153 1150 +3 0.26 [12] 

33 32.8 35.1 - 32.1 1148 1150 –2 0.17 [12] 

34 33.1 32.8 - 34.1 1156 1150 +6 0.52 [12] 

35 33.7 34.4 - 31.9 1009 1000 +9 0.90 [12] 

36 34.7 26.0 - 39.3 1008 1000 +8 0.80 [12] 

37 35.7 18.7 - 45.6 1011 1000 +11 1.10 [12] 

38 36.7 12.6 - 50.7 1005 1000 +5 0.50 [12] 

39 38.0 6.2 - 55.8 

bcc_A2→LavesC14 

1012 1000 +12 1.20 [12] 

40 51.8 41.9 - 6.3 bcc_A2→hcp_A3 1311 1300 +11 0.84 [13] 

41 53.1 44.8 - 2.1 1303 1300 +3 0.23 [13] 

42 51.1 0.45 - 3.9 

hcp_A3→γTiAl 

1304 1300 +4 0.31 [13] 

43 52.7 39.9 - 7.4 1208 1200 +8 0.67 [13] 

44 47.8 40.6 - 11.6 

bcc_A2→γTiAl 

1187 1200 –13 1.08 [13] 

45 55.9 41.8 - 2.3 hcp_A3→γTiAl 1199 1200 –1 0.08 [13] 

46 62.2 36.9 - 0.9 Ti

3

Al→γTiAl 994 1000 –6 0.60 [13] 

47 78.2 - 19.1 2.7 1010 1000 +10 1.00 [14] 

48 75.8 - 16.9 7.2 1011 1000 +11 1.10 [14] 

49 73.8 - 15.9 10.3 1012 1000 +12 1.20 [14] 

50 72.4 - 15.0 12.6 1005 1000 +5 0.50 [14] 

51 70.6 - 14.6 14.8 

bcc_A2→bcc_B2 

1009 1000 +9 0.90 [14] 

Mean absolute error�6.65 �               Average relative error�0.669% 
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Table 2  Effect of element content on phase transformation of titanium alloys

[15]

 

Element type Element Element content, ω/% Effect to transus temperature 

0~2.0 +14.5�/1.0% 

Al 

2.0~7.0 +23.0�/1.0% 

N 0~0.5 +5.5�/0.01% 

O 0~1.0 +2.0�/0.01% 

α stabilizer 

C 0~0.15 +2.0�/0.01% 

H 0~5.0 –5.5�/0.01% 

Mo 0~5.0 –5.5�/1.0% 

Fe 0~15.0 –16.5�/1.0% 

Nb 0~10.0 –8.5�/1.0% 

β stabilizer 

Cr 0~7.0 –15.5�/1.0% 

Zr 0~10.0 –2.0�/1.0% 

Neutral element 

Sn 0~18.0 –1.0�/1.0% 
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Element T

βi

/� Applicable concentration range, ω/% 

Al 27.48609×[Al]–0.79419×[Al]

2

+0.01277×[Al]

3

 0~20 

Zr –3.53793×[Zr]-0.04004×[Zr]

2 

–

 

0.00037309×[Zr]

3

 0~40 

Sn –0.19057×[Sn]+0.11067×[Sn]

2

–0.1343×[Sn]

3

+0.01559×[Sn]

4

–0.000571637×[Sn]

5

 0~10 

Mo –12.2307×[Mo]+0.29652×[Mo]

2 

–

 

0.00633×[Mo]

3

 0~20 

Nb –12.1312×[Nb]+0.08178×[Nb]

2

–0.000334771×[Nb]

3

 0~40 

Ta –7.4877×[Ta]+0.13494×[Ta]

2

–0.00175×[Ta]

3

 0~30 

V –13.53979×[V]+0.08516×[V]

2

+0.00126×[V]

3

 0~30 

Cr –21.48489×[Cr]+0.36581×[Cr]

2

–0.00103×[Cr]

3

 0~13 

Mn –21.97489×[Mn]+0.1711×[Mn]

2

 0~15 

W –6.68016×[W]+0.05419×[W]

2

+0.000207331×[W]

3

 0~25 

Cu –3.84825×[Cu]-0.08633×[Cu]

2

–0.07605×[Cu]

3

 0~6 

Nd 14.39801×[Nd] 0~1.2 

Fe –17.01977×[Fe]+0.00975×[Fe]

2

 0~16 

Si –15.78794×[Si]-19.2475×[Si]2+9.52107×[Si]

3

 0~0.6 

O 134.88076×[O]+21.00293×[O]2+8.39629×[O]

3

 0~1 

N 374.18356×[N]+32.57964×[N]

2

 0~1 

H –348.02535×[H]–114.61708×[H]

2

 0~0.25 

C 232.86868×[C]+37.23438×[C]

2

 0~0.2 
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Fig.1  Calculated values by empirical formulas and Calphad method 
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Table 4  α+β/β phase transformation temperature of alloys with different Al content (�

��

�) 

Al Content, ω/% 1.5 2.25 3.0 3.75 4.5 5.25 6.0 

Calculated by Calphad method 870 885 900 914 926 938 948 

Calculated by formula (4)  897 908 918 929 940 951 962 

Calculated by formula (5)  905 922 940 957 975 993 1010 

Calculated by formula (6)  872 889 909 925 941 958 971 
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Abstract: The Ti-Al-Fe-Mn thermodynamic database was optimized by Calphad method. Based on this database the beta transus temperatures of 

four ternary systems in Ti-Al-Fe-Mn system were calculated and they were in good agreement with experimental values. In this way the reliability 

of Ti-Al-Fe-Mn quaternary systems was verified. Then α+β/β phase transformation temperatures of a series of titanium alloys were calculated by 

Calphad method and compared with values calculated by previous formulas. In addition, a more accurate formula was established based on the 

values calculated. The results may provide a feasible way for the determination of titanium beta transus temperature. 
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