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Fig. 1 Structure models of TiAl: (a) L1, unit cell of y-TiAl; (b)
D09 unit cell of a,-TiAl
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Fig. 2 y-TiAl/o,-Ti;Al interface models: (a) Model 1;
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Table 1 Geometrical and energy properties of Mo, Cr and V-doping y-TiAl/a,-TizAl interface systems

System alA b/A c/A VoA E/eV E'ev
So 5.7677 11.4728 20.9231 1196.2008 —75234.1603 —0.3142
Mo-S,, 5.7771 11.4477 20.9097 1193.0495 —75567.7197 —0.3112
Mo-S,, 5.7560 11.4611 20.9226 1192.9852 —75567.4283 —0.3072
MO-S.(13 5.7558 11.4606 20.9310 1193.2194 —75567.5127 -0.3084
Mo-S,, 5.7614 11.4587 20.9256 1193.1441 —75567.7068 —0.3111
MO'Sa5 5.7615 11.4516 20.9259 1193.1915 —75567.7150 —0.3112
Mo-S;, 5.7852 11.4609 20.9441 1195.4385 —77113.9630 —0.3055
Mo-S,, 5.7814 11.4306 20.9449 1195.5520 —77113.9598 —0.3055
MO-Sb3 5.7617 11.4614 20.9648 1195.7794 —77113.4170 —0.2979
Cr-S,, 5.7686 11.4356 20.8843 1189.2835 —76098.0230 -0.3037
Cr-S,, 5.7525 11.4484 20.9002 1189.4320 —76097.6831 —0.2990
Cr-Sa3 5.7504 11.4550 20.8910 1189.2705 —76097.8674 —0.3016
Cr-S,, 5.7556 11.4579 20.8937 1189.8566 —76098.0541 -0.3042
Cr-S,, 5.7539 11.4380 20.8964 1189.1314 —76098.0646 —0.3043
Cr-S,, 5.7762 11.4592 20.9045 1191.9527 —77644.3107 —0.2986
Cr-S, 5.7756 11.4212 20.9089 1191.6606 —77644.3140 -0.2987
CI’-Sb3 5.7538 11.4466 20.9290 1191.8211 —77643.8144 —0.2917
V-8, 5.7613 11.4556 20.9033 1191.7133 —75607.1811 -0.3091
V-8, 5.7609 11.4598 20.8943 1191.8465 —75607.0329 -0.3070
V—S213 5.7567 11.4620 20.9014 1191.8222 —75607.1168 —0.3082
V-S., 5.7600 11.4615 20.9058 1192.0863 —75607.2384 —0.3098
V-8, 5.7602 11.4543 20.9037 1191.9144 —75607.2407 —0.3099
V—Sb1 5.7668 11.4752 20.9387 1194.1563 —77153.4119 —0.3032
V-Sy, 5.7672 11.4421 20.9343 1194.2093 —77153.4072 -0.3031
V-Sy, 5.7624 11.4659 20.9250 1194.1921 —77153.0155 -0.2977
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Fig. 3 Average formation energies of Mo, Cr and V-doping
y-TiAl/a,-TizAl interface systems
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Fig. 5 Densities of states of interface systems near Fermi level: (a) Sy; (b) Mo-S,; (c) V-S,; (d) V-Sy,
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Fig. 6 Maps of charge density of crystal face (001) passing

through impurity atom in interface systems: (a) Sy; (b) Mo-S,;

(¢) V-Sy;; (d) V-Sy,
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Table 2 Mulliken populations and charges numbers in system
So, Mo-S,; and V-S,,

Mulliken population/e Charge

s P d  Total number

System Atom

Ti(0) 235 684 275 11.94 0.06
Ti(1,4,5) 236 688 278 12.02 -0.02
Ti(2) 235 685 275 1195 0.05
Al(3,6) 099 208 0.00 3.07 -0.07

Mo(0) 246 680 523 1449 -0.49
Ti(1,4,5) 233 6.86 2.77 11.96 0.04

o Ti2) 232 680 273 1185 0.15
Al(3,6) 097 206 000 3.03 -—0.03
V(0) 239 681 381 1301 -0.01
vs, Ti(1,4,5) 235 688 278 1201 —0.01

Ti(2) 235 684 275 1194 0.06
Al(3,6) 097 2.08 0 3.05 —0.05
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Table 3 Overlap populations of system Sy, Mo-S,, and V-S,,.

So Mo-S,, V-S,,

Chemical bond Overlap population Chemical bond Overlap population Chemical bond  Overlap population
Ti(0)—Ti(1) —-0.13 Mo—Ti(1) -0.23 V—Ti(1) —-0.14
Ti(0)—Ti(2) 0.27 Mo—Ti(2) 0.12 V—Ti(2) 0.25

Ti(0)—Ti(4,5) —0.06 Mo—Ti(4,5) —0.14 V—Ti(4,5) —0.08

Ti(0)—AIl(3,6) 0.20 Mo—AI(3,6) 0.17 V—AI(3,6) 0.19

3 ZEip

1) Mo+ Cr #1 V JeE BV T XU »-TiAlop-TizAl
MG, SNSRI SRR P KGR A 7
B, RHEATTT DL 250 6 & e fe e A E. X T
Mo~ Cr 1 V & EHAR Ti 5k Al JR T /5, SAMERM
PIYTERREEAI ZEA K. XK & JE Ti A5 5 E Al AL
MR ZE AN K

2) WigIh iR, AR Mo-S, Ml Cr-S,, (145 Ao
WIS, AR T EEE S S RIENE: KRR V-S, 4G
SREEARANK, X IEVEE TTRRE N /KR Mo-S,,
Cr-Sy, A1 V-Sy, (S5 Gom R, AR T 208 & ek
MR o

3) HEELER, WAER Mo-S,, (5 V-S,,), Mo(ak
VTR BN TR TR MES 5 p-d PUs R AL oL 15
Wb, SEETREREAS, RIS T AL ET IS SN RELAS BT,
AR TSR AEE; 2V CRB RIS
SRR V-Sy, V&R ALETJE, kR0
I, 38 7 SR A G RREE, AT SEEARHE T .

4) HLA % FE IR, XA R Mo-S, (B V-S,.), Mo({
V) IS N8 Y il G am A m R X3, % X3
55 ) TR A X33 45 6 0 45 [ e PR B R %, XA
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Effect of Mo(or Cr, V) substitution doping on energy, ductility and
electronic properties of dual-phase y-TiAl/a,-Ti;Al interface

SONG Qing-gong" 2 GU Wei-feng', ZHEN Dan-dan®, GUO Yan-rui', HU Xue-lan®

(1. Institute of Low Dimensional Materials and Technology, College of Science, Civil Aviation University of China,
Tianjin 300300, China;
2. Sino-European Institute of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: The average formation energies, Griffith fracture works and electronic structures of Mo (or Cr, V) doping of
y-TiAl/a,-Ti3Al interfacial systems were calculated with density functional theory. The results indicate that these systems
possess energy stability and can be prepared by experiments and exist stably. The Griffith fracture work and density of the
representative system show that the bonding strength of Mo-S, (or Cr-S,,) is weakened and the densities of state of Mo-d
and Ti-d electrons of Mo-S,, are increased. The charge density map of the (001) plane passing through impurity atom and
populations of the doping system show that, there is an electron cloud aggregation effect surrounding the dopant caused
by the doping of Mo (or V) atom, which forms a region with a slightly higher bonding strength. As a result, the
anisotropy degree of the combination of this region is reduced, which is the internal reason of the improved ductility for
TiAl alloys.
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