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Fig. 1. The crystal structure of TizBy: (a) The unit cell;
(b) the supercell. The blue balls in the figure denote the Ti
atoms, and the green balls refer to the B atoms.
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Fig. 2. The stress-strain relationship of Ti3B, under uniaxi-

al compressions.
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Bl 3 BRI ORI AR T TiB, Al 89 4544 F1 ELF 4345 &

(a) € = 0.00; (b) € = 0.10; (¢) € = 0.15; (d) € = 0.24; (e) € = 0.242

Fig. 3. The structural and ELF at various strains under e-axis uniaxial compression: (a) € = 0.00; (b) € = 0.10; (c) € = 0.15; (d) € =

0.24; (e) € = 0.242.
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Fig. 4. Variation of bond lengths as a function of e-axis uni-

axial compressive strain.
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Fig. 5. The ELF at critical strains of (100) crystal plane in

TizB, structure under e-axis uniaxial compression: (a) € =
0.24; (b) € = 0.242.
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Fig. 6. The structural and ELF at various strains under b-axis uniaxial compression: (a) € = 0.10; (b) € = 0.14; (c) € = 0.26; (d) € =

0.268.

—a— {YokliT I B4—B5fE

351 —o— b7 10 B3 —B4f

—A— JZHTi2—Ti3fk

- 2HTil—Ti2k
JEHNTil—B14k

3.0 — ZTi2—B3f#

LR /A

0 0.05 0.0 015 020 025
AR

B 7 Ti;By s RTE bAESE T LSRR A

Fig. 7. Variation of bond lengths as a function of b-axis uni-

axial compressive strain.
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Fig. 8. The ELF at critical strains of (100) crystal plane in

TizB, structure under b-axis uniaxial compression: (a) € =
0.14; (b) € = 0.20; (c) e = 0.26; (d) € = 0.268.
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Fig. 9. The structural and ELF at various strains under c-axis uniaxial compression: (a) € = 0.10; (b) € = 0.13; (c) € = 0.18; (d) € =

0.20; (e) € = 0.26.
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Fig. 10. Variation of bond lengths in Ti;B, as a function of

c-axis uniaxial compressive strain.
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Fig. 11. TDOS and PDOS for undeformed TizB,.
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*1

Wl A FIAMA B 4Ry Ti JRFf1 B JRF#Y PDOS Fl TizBy 19 TDOS (states/eV)
Table 1.  The PDOS of a Ti and a B atom and TDOS of Ti3B, at Peak A and Bottom B (states/eV).

D(Ti-s) D(Ti-3p) D(Ti-3d) D(B-2s) D(B-2p) D(Total)
WA 0.0137 0.0959 0.5610 0.0308 0.527 13.0945
HHEB 0.0001 0.0007 0.1996 0.0010 0.019 2.2669

TisBy RICN G @, i — LUt eI & W¥h
K4 Jm T by E 2L I 11 AT RUE 1, BB HRLTE
[-12, —4]eV i [l 1 # DOS & Z i B-2s fl B-
op BB AL BERAE [-3, 0eV JL RN, BI 3% KAk
SR RFFIT, A T DOS % Ti-3d A1 B-2p #L
T ZARTE B AR 5 IS, DOS 2l Ti-3d %L
SI=REE N A i R i g NI @ S [ 2 )
0.98 eV AMETEIRRERT (DOS M4k i 2 K AEGR KT
PRI 2 ] g [ R (42430

J T m UL AN T X TigBy 9 TDOS (1)
TUER, & 1A T Ti i1 B B i 25 A ILE )
B 11 TR I A AT A B 4 TDOS 19 51 Rk .
XFFUEME A, BAR Ti-3d (0.561 states/eV) Fl B-2p
(0.527 states/eV) Ky EETTEAE . H T Ti;B 4
A 64 Ti 7 f 84> BJR T, BULnl LIAE
Ti-3d LB A1 B-2p #Li& X {EH A 4 TDOSH) 57
k90 N 25.7% F1 32.2%. T Ti-3d BLiE il B-
2p BLIE A ST AR I, BB TisB, rf A Sk f f =
& Ti-3d BB 1 B-2p B Z2 LI B, X 5
TiB, 45H4F1 TiB 2544 432 RLT200 KT, X T4%
& B, Ti-3d #1118 (0.20 states/eV) K F E vi#k &,
BT i B 53 R 52.9%. BRIILTE TigB, H, L REBR
J=H Ti-3d FLE Al [ AL, X5 TiB 4549 28
1129, SR 711, 5 TiB, Al TiB AN[H), TiB, ) AERR
S Ti-3d B 0 B-2p B 24 1k I8 Y 7,

wE 2 firoR, TisBy MGG EAE N AS 3500 e =
0.242 (a'fll), e = 0.268 (b4l) Fl e = 0.19 (c%h).
n EPIR, TisBy S5 AE IR F 4 B A8 Ak e A= T AR
KA, AR B TDOS A1 PDOS 434t 4x
A WAL, E 12 FR. SeIREE L, 4K
J& 1) TisBy 3R B4 R . [RBF ZEARRE X Bk, A8
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WA B A IS RERR. (2 Y1 E o Wk, 428
JE I Ti3By HBSRAFAENE BERR, (H2 mIRBE Ty M %
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Fig. 12. TDOS and PDOS for Ti3B, at critical strains un-
der uniaxial compressions: (a) € = 0.242 (@-axis); (b) € =
0.268 (b-axis); (c) € = 0.19 (c-axis).
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78, FRUIILET TisBy ML PEREREAL.
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Abstract

As an important Ti-B component, Ti;B, has been widely used in industry and military applications.
However, its deformation behaviors are not clear, which greatly limits its applications. First-principles methods
based on density function theory were employed to investigate the mechanical, electronic properties and
deformation mechanisms of Ti3B, under uniaxial compressions along different axis. The results show that the
structure underwent a massive change under different axial compressions. Strong anisotropic of deformation
behaviors in Ti3B, was observed. The compressive strength along b-axis is the highest in Ti3B, structure. Under
a-axis compression, the interaction between intralayer Ti—Ti bonds becomes weaker as the compressive strain
increases, causing the partly damage of Ti;B,. However, in this process, the structure is not destroyed and can
sustain the stress continuously. After that, the interlayer Ti—Ti bonds and the intralyer B—B bonds which are
along b-axis, are broken and then it causes the sudden drop in stress, implying that the Ti3B, structure is fully
destroyed. Under b-axis compression, the changes of Ti—B bonds in TisB, structure lead to the decrease of
stress. Similarly, the structure can sustain the stress continuously in the process. Then, the B—B bonds which
are along b-axis are broken, resulting in the sudden drop in stress. Under c-axis compression, the formation of
interlayer Ti—B bonds and the breakage of intralayer Ti—B bonds result in structural instability of TisB,.
Meanwhile, the deformed TisB, still exhibits a metallic feature in the crystalline state after uniaxial
compressions. However, there is no noticeable pseudogap in DOS spectra for e-axis and b-axis compressions.
While for c-axis compression, there still exists a pseudogap around the Fermi energy, but it moves to the lower
energy. And the pseudogap becomes narrower than that of the initial structure, which means that the covalent
properties of TizB, are reduced after deformations. The present work provides necessary insights in
understanding the mechanical behaviors and deformation mechanisms of TizB,, which is the basis for improving

the mechanical performance of TisB, at macroscale.

Keywords: Ti3;B,, First-principles methods, mechanical properties, deformation mechanisms
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