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Abstract: The effect of Al element content on the mechanical properties of Ti-xAl (x = 1, 4, 6, 8, mass fraction,

%)

alloy solid solutions was studied by statistical fitting method and theoretical calculation method derived from alloy

valence electron theory. The results show that with the increase of Al element content, the hardness and strength of

Ti-xAl alloy exhibit a trend of parabolic increase. Based on the alloy valence electron theory, the valence electron

structure parameters of Ti-xAl alloy are calculated, and the quantitative model of the influence of Al element content

on the hardness and tensile strength in Ti-xAl alloy is established. The average error values of micro-hardness
tensile strength are 4.9631% and 6.3520% , respectively, which are in good agreement.
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Table 1 Chemical composition of Ti-xAl alloy ingots

Alloy Position Al o H
N Top — 0.085 0.0020
! Bottom — 0.088 0.0023
TLLAL Top 0.98 0.083 0.0020
Bottom 1.02 0.090 0.0023
AL Top 415 0.083 0.0020
Bottom 4.07 0.090 0.0023
TL6Al Top 6.20 0.083 0.0020
Bottom 5.93 0.090 0.0023
TL8AL Top 8.01 0.083 0.0020
Bottom 7.89 0.090 0.0023
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Table 2 Intragranular microhardness of Ti-xAl alloy

No. Pure titanium Ti-1Al Ti-4Al Ti-6Al Ti-8Al
1 171.17 191.18 262.52 351.85 333.67
2 170.20 187.69 263.34 356.95 333.67
3 172.47 184.78 255.36 351.85 315.79
4 167.89 189.67 237.62 28592 416.29
5 170.86 192.19 247.74 283.17 408.29
6 171.38 190.00 245.51 282.26 448.93

Average value 170.66 189.25 252.01 318.67 376.11
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Fig.1 Tendency chart of intragranular microhardness of

Ti-xAl alloy
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Table 3  Fitting curve parameters of Ti-xAl alloy intragranular

micro-hardness

Parameter Value
Yo -1.205 61+5.923 74
A 129.047 11+5.166 18
f -4.495 06+0.105 67
R*(COD) 0.992 89
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Table 4 Room temperature tensile properties of

Ti-xAl alloy

Alloy Rn/MPa Rpo.2/MPa Al% Zl%
Ti 310 186 57.5 60
Ti-1Al 470 279 20.3 30
Ti-4Al 607.5 425 18.5 23
Ti-6Al 785 555 13.3 11
Ti-8Al 950 678 7.0 9
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Fig.2 Tendency chart of room temperature tensile strength of

Ti-xAl alloy
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Table 5 Fitting curve parameters of Ti-xAl alloy room

temperature tensile strength

Parameter Value
qo -50.430 18+602.268 65
A 279.206 48 +=500.057 82
153 -3.916 24+3.758 48
R*(COD) 0.991 07
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Table 6 Lattice constants of Ti-xAl alloy

Alloy a/nm c/nm cla
Ti 0.295 03 0.468 31 0.158 73
Ti-1Al 0.295 50 0.469 62 0.158 93
Ti-4Al 0.294 54 0.468 39 0.159 03
Ti-6Al 0.293 51 0.468 80 0.159 72
Ti-8Al 0.292 34 0.466 94 0.15973
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Table 7 Statistical values of valence electron structures of

Ti-xAl alloy phase

Alloy Al content/at% Cell ", OoN
Ti-1Al 1.7617 o-Ti 0.24908 2
a-Ti-Al 023459 12
Ti-4Al 6.8879 o-Ti 0.24908 2
a-Ti-Al 023593 15
Ti-6Al 10.179 o-Ti 0.24908 2
-Ti-Al 023294 15
Ti-8Al 13.373 o-Ti 0.24908 2
a-Ti-Al 023524 13
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Table 8 Statistical values of valence electron structures of

Ti-xAl alloy phase interfaces

Alloy Interface Ap ' 1%
LAl a-Tila-Ti-Al 6.0467
" a-Ti-Al/o-Ti-Al 5.6494
W a-Tila-Ti-Al 5.6095
" a-Ti-Al/o-Ti-Al 53412
oAl a-Tila-Ti-Al 5.6095
" a-Ti-Al/a-Ti-Al 5.3412
sAl a-Ti/a-Ti-Al 4.6509
" a-Ti-Al/a-Ti-Al 47888
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Table 9 Theoretical calculation of microhardness of

Ti-xAl alloy
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Table 11 Comparison between experimental and calculated values

of microhardness and tensile strength of Ti-xAl alloy

a-Ti-Al

a-Ti/a-Ti-Al

a-Ti-Al/a-Ti-Al

Alloy ARV AHV HV

Ti-1Al  8.7451 9.0897 8.4925 196.99
Ti-4Al  31.027 32.970 31.393 266.05
Ti-6Al  56.282 48.723 46.392 322.06
Ti-8Al  63.406 53.072 54.646 341.78

# 10 TixAl EE&MABEERIRITEE (MPa)

Table 10  Theoretical calculation of tensile strength of

Ti-xAl alloy

Alloy AGET AgTie TN AT o,
Ti-1Al 31.768 33.023 15.426 390.22
Ti-4Al 112.72 119.78 57.024 599.52
Ti-6Al 204.45 179.71 84.271 778.45
Ti-8Al 230.33 192.81 99.263 832.40
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Microhardness/HV Tensile strength/MPa
Alloy  Experi- Calcu- Experi- Calcu-
mental lated Error mental lated Error
/% 1%
value value value value
Ti-1Al  189.25 196.99 4.0898 470 390.22 16.974
Ti-4Al  252.01 266.05 5.5712 607.5 599.52 1.3136
Ti-6Al1  318.67 322.06 1.0638 785 778.45 0.8343
Ti-8Al  376.11 341.78 9.1276 950 890.28 6.286
Average — 49631 — — 63520
value
3 %
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