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Abstract: The diffusion behavior of elements in titanium alloys is crucial to the preparation, processing and service of
these materials. In this paper, the diffusion behavior of alloying elements in the bec phase of a Ti-Al-Fe system at 1 000
and 1 100 ‘C was studied. Eight pairs of bce-Ti-Al-Fe single-phase alloy diffusion couples were prepared and annealed
at 1 000 and 1 100 ‘C. The composition-distance profiles of these diffusion couples were determined by using EPMA. An
atomic mobility database of the bce phase in the Ti-Al-Fe system was established by the CALPHAD (calculation of phase
diagrams) approach based on the obtained diffusion coefficients. In the optimization process, HitDIC software was used to
obtain the atomic mobility parameters and interdiffusion coefficient. Using the obtained atomic mobility parameters, the
diffusion processes of the diffusion couples were simulated. The calculated results are consistent with the experimental
diffusion characteristics (interdiffusion, composition-distance profiles and diffusion paths), indicating the accuracy of the
database. This research is highly important for further understanding the microstructure evolution and properties of titanium
alloys.
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1 Ti-Al-Fe R & IR : (a) 1 000 C; (b) 1 100 T2
Fig.1 Isothermal section of the Ti-Al-Fe system: (a) 1 000 C; (b) 1 100 ‘C™*
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Tab.1 Composition, annealing temperature and annealing
time of the Ti—Al-Fe diffusion couples

Diftusion Composition Temperature Time
couples /at. % /C /h
Al Ti-1.33Al-5.4Fe/Ti-4.1Al 1 000 8.5
A2 Ti/Ti-2.2Al1-5.6Fe 1000 8.5
A3 Ti/Ti-4.2A1-3.1Fe 1000 8.5
A4 Ti/Ti-5.3Al1-2.5Fe 1 000 8.5
Bl Ti-2.8Al/Ti-2.8Fe 1100 7
B2 Ti-7.0AVTi-7.2Fe 1100 7
B3 Ti-6.6Al/Ti-8.1Fe 1100 7
B4 Ti/Ti-6.5A1-10.2Fe 1100 7
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(a) Al; (b) A2; (c) A3; (d) A4
Fig.2 Model-predicted composition-distance profiles of different bee-Ti-Al-Fe diffusion couples annealed at 1 000 C for 8.5 h:
(a) Al; (b) A2; (c) A3; (d) A4. Here, the solid lines represent the profiles calculated using current atomic mobility parameters, while the
symbols denote the experimental data
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&l 3 RS 219 bee-Ti-Al-Fe #7HUETE 1 100 ‘CF 480 7 h J5 A9 4 — 1 2 ih 22 (P rh 92 28) 5 92 30 45 3L (B P BUR) X L« (a) B
(b) B2; (c) B3; (d) B4
Fig.3 Model-predicted composition-distance profiles of different bee-Ti-Al-Fe diffusion couples annealed at 1 100 C for 7 h: (a) Bl
(b) B2; (c) B3; (d) B4. Here, the solid lines represent the profiles calculated using current atomic mobility parameters, while the
symbols denote the experimental data

¥ 4 B34S 2 Y bee-Ti-Al-Fe 48 & A (197 10 18 (18] b 522k ) 5 92 36 (i (B )X H < (a) 1000 “C/8.5 h; (b) 1100 C/7 h
Fig.4 Model-predicted diffusion paths in the bee-Ti-Al-Fe system: (a) 1 000 ‘C/8.5 h; (b) 1 100 ‘C/7 h. The solid lines represent the
profiles calculated using current atomic mobility parameters, while the symbols denote the experimental data

SR RIS B P BGE I BN SRR 4 R
4 ALY HUBER R s TRk X RRRRAEA T M
W Tl B, I T bee HAHX AN .
PR EOE PR A

A AR B EAR FAR Ak 2k 2 [R) R 25 18 T SCik[23,
241 T EICEE . ESCHER[23, 24] PR E IR BRI
YRR IR B 2, {AEL 150 11200 C
G3OGOS B A R g i 2R R, AR T
AR XsF SC ik H Y B 43— B R 4k 1% BB AL S
S5 0L 5 ST BT AR B IO i R - B B il 4k BoE —
) 0 A7 PEAR AR AL, B 2B L 25 SR 5 S0 08 24 R
Fb sl 5 fros . Al LA B B EE R 5 S0 45 W)
AR,

3.2 Ti-Al-Fe {K & bec HEFB IS MR
F H HitDIC %X 415 1 19 Ti-Al-Fe {& & bee #H
YRR st 2508 T3k 2, (1) AT T, ZEHitDIC
B 0 B A B b T B EORS B 1 AT 2R O
A TAEBY AT 48 Ok H Zhang % P & R 1
Ti-Al-V-Fe #1288 B . Ti-Al fil Al-Fe 0 R
B 712 4 H Chen 5P 45 3 Ti-Fe 0 &ML
AR TF & Ti A4 T8 s Bds 200,
AR R ot 28, 18 T Ti-Al-Fe
& bee AHH AL 43 M 0 at. %~12 at. %, Fe A5
0 at. %~8 at. %ol 737l Fil WA [6] i3 T~ 1 —JC 5 B

FHD Ton Do Diere FND Yoo = TC 5™ 15 A BLSY



(it A N07/2024 118, % . Ti-Al-Fe 45 & bec #83 B R M REF B <677

[ 5 BEALAS 2 19 bee-Ti-Al-Fe 37 AU A9 A 73— 85l 28 (18] v 52 2R) 5 SCHIR[23, 24] i 552 36 25 2R (11 v Bl )6 L
(a) T/Ti-7.0Al-10.5Fe, 1 150 ‘C¥"#ik 23.95 ks;(b) Ti-13.5AUTi-13.5Fe, 1 150 ‘CH #k 23.95 ks;(c) Ti/Ti-10.5A1-7.0Fe, 1 200 C
P 1 14.4 ks;(d) Ti-3.5AVTi-3.5Fe, 1 200 ‘C4 " 14.4 ks
Fig.5 Composition-distance profiles of different bec-Ti-Al-Fe diffusion couples: (a) Ti/Ti-7.0Al-10.5Fe , annealed at
1 150 °C for 23.95 ks; (b) Ti-13.5A1/Ti-13.5Fe ,annealed at 1 150 C for 23.95 ks; (¢) Ti/Ti-10.5A1-7.0Fe ,annealed at 1 200 C for
14.4 ks;(d) Ti-3.5AVTi-3.5Fe,annealed at 1 200 ‘C for 14.4 ks. Here, the solid lines represent the profiles calculated using current
atomic mobility parameters, while the symbols denote the experimental data from Refs[23, 24]
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Fig.6 3D surface plot of the calculated interdiffusion coefficients in the bee phase of the Ti-Al-Fe system as a function of the Al and Fe

compositions at 1 000 and 1 100 C: (a) Db (b) Dl (c) Dl (d) DL,
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Tab.2 Assessed mobility parameters for the bee phase of
the Ti—Al-Fe ternary system

Element Mobility Parameters, J/mole Reference
. RTIn(5.91x10%exp(-23 700/RT)
i +1.47x10%exp(-121 000/RT)) (271
o -199 404.05-90.78xT 127]
o -183 366.04-93.54xT [27]
Ti o " -103 961.05+116.6xT [27]
" 280 172.98-157.8xT 27]
o -484 458-294.362xT [30]
o -1 660.16+0.59xT This work
N RTIn(7.8x107exp(-132 000/RT)
re +2.7%10%exp(-230 300/RT)) 7]
o -218 000-83.036xT [27]
o -218 000-83.036xT [27]
Fe e -488 133+299.999xT [27]
o 155 103.69 27]
o 52711 [27]
opr -1171.88-26.86xT This work
+  RTIn(5.19x10"%exp(-96 000/RT)
2 +5.51x10%%xp(-204000/R T)) (7]
o -215 000-80.2xT [27]
™ 215 000-80.2xT 127]
Al o -429 380.7+44.5xT [27]
oo -344 886-124.5xT [27]
o -103 042.84 [27]
o -138 569.51 27]
o 20 996.09+31.64xT This work
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Tab.3 Statistical results of diffusion coefficients and in
the composition range of Al: 0 at.%~12 at.%, Fe: 0 at.%
~8 at.%

Diffusion coefficients/(m*-s™)

IR BT B Al TR iAo B, Y
Fe &8 i+ 0 i), H Ti-Al 1R A9D T, 0 — T .
PR, 1000 °CFHIDY, A4 A8 b $hai
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Temperature/'C Values ~ ~
Dl Diise
Minimum 8.35x10™ 7.05x10"
1000 Maximum 2.89x10™" 3.08x10™
Average 2.16x10™" 1.38x10™"
Minimum 2.12x10" 2.44x10™"
1100 Maximum 8.10x10™" 7.87x10™"
Average 5.82x10™" 4.11x10"
Minimum 3.36x10™" 4.28x10™"
1150 Maximum 1.34x10™" 1.21x10™"
Average 9.44x10™" 6.76x10™"
Minimum 5.28x10™" 7.26x10™"
1200 Maximum 2.18x10™" 1.81x10™
Average 1.51x10" 1.08x10™"
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