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Theoretical calculation of elastic properties of TiB, and TiB

YAO Qiang, XING Hui, MENG Li-jun, SUN Jian
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Abstract: First-principles calculations were carried out to investigate the elastic properties and electronic structure of
TiB, and TiB, using the method of ultrasoft pseudopotential within the generalized gradient approximation based on
density functional theory. The moduli of the polycrystals for TiB, and TiB were calculated from the theoretical elastic
constants by Voigt-Reuss-Hill averaging scheme. The calculated results of elastic properties agree well with the
experimental values and those calculated in the literature. Based on several empirical criterions of Pugh rule and

Poisson’s ratio v, TiB, and TiB are brittle in nature, and the brittleness of TiB; is higher than that of TiB. The difference in

elastic properties between TiB, and TiB is discussed with their electronic structures.
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Fig.1 Crystal structure of TiB,
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Fig.2 Crystal structure of TiB
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Table 1 Equilibrium and experimental lattice constants for

TiB, and TiB(nm)

Compound a b c
4 0.300 6 0.300 6 0.321'1
TiB, 18 18 18
0.303 0¥ 0.303 0U'® 0.323 2118
B 0.608 8 0.303 5 0.455 4
1
0.612 01! 0.306 01" 0.456 01

F 2 TiB, AL AL
Table 2 Calculated elastic constants for TiB,(GPa)

Method Cy Cp, Cis Gz Cy Ces
Present

. 673 65 101 473 267 304
calculation

FLAPW? 650 79 100 443 256 285
Experimental ?1 660 48 93 432 260 306
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Table 3 Calculated elastic constants for TiB(GPa)

Method Cy Cy Cs; Cp Cis
Present s 520 409 86 106
calculation

FLAPW!! 411 524 410 91 107

Method Cx Cus Css Ceo
Present 61 201 182 224
calculation
FLAPW!! 61 189 186 193

AR B R A% 57 T, Hill 38 o B8 )5 BEAIE B, Voigt
I Reuss B (1715545 R #EH 20 BRBR . Hill
RIS Voigt F1 Reuss #EHY (1115 45 GLH— AN 1] .
AR VRH 18y, Hogh SORSEBR i E 5 0
— P Hill BRI VRH V5305 2 SRR R AR
i K fIY)AsEiE G i E N

Ky = Ky +Ky) @)

Gy =%(GR +Gy) 3)

XF7NT7 B & R, K Voigt Al Reuss iR
KRG sl

1
Ky :5[2(6'11 +Cp)+ Cy3 +4C5] “)
_ (G + GGy -2C3 (5)
R +Cpy +2C5; —4C,
1
Gy :E(Cll +C33 —2C13 +6Cyy +5C) (6)
5
GR :E ><
((Cpy +Cp)C53 — 2C123)2 CysCos
3KyCyuCos +((Cyy +C1p)C55 — 2C123)2(C44 +Ces)
(7

&4 TiB, Ml TiB MEHOARIE . DI SRt B AL

KH] Voigt Al Reuss BALTHE AR 5 &R A1) K
G IR

1 2
Ky :§(C11 +Cy, +C33)+§(C12 +Cy +C3) (8)

1

= ©)
(811 + 8y +833)+2(S), + 853 +813)

Ky
1 1
Gy :E(Cll +Cp +C33)_E(C12 +C3+Cyp)+

1
g(c44 +Css +Ceg) (10)

15
- 4(S1; + 85 +833) —4(S1, + 813 +823) +3(S4y +Ss5 +S¢6)
)
Kb S8 0 Cy IBFERE . SPERTE E FVAFALE v T

G

E:ﬂ (12)
(BK+G)
_(BK-E)

e (13)

K Eik 28 A5 1) TiB, A1 TiB AR s AR
. DI B ANAIA LK 4.

M 2 AT, ASSOR IR T3 B s B e
(DFT)HMEFAT BT IRk T TiBy s PR AL v 57 45
RELEAAFEAY G WK 4 W UE T, TiB, 1A
ik, R AR A B OK T TiB A48}, TiB
(R AR L EE TiB, K, (HARX T — e ATk =
HORE AR, dn gk e BERALAE 120 GPa
Jedio TiBy MEHAHPERR . DI RCE MR RER (K7
A 38 KT 52504 - Ormeci S5 PRI E Sl AR BT
TR R B A SR, IFA FATEE — Pk B
N e A L R SR Eii SN TS = G2 A
P it P AR L SR N i EL el T3 — PR
BV SEPTAFE R BEAE 0 K FEASAF T, pr Lt
B TSRO R TS0, H AT EOE B TiB A
FHRPERCR (SRR E R, ER A A A

Table 4 Bulk moduli, shear moduli, elastic moduli(Gpa) and Poisson’s ratio for TiB, and TiB

Compound Method Ky Ky Ky Gy Gr Gy E G/K %
Present Calculation 261 257 259 271 266 268.5 599 1.04 0.11

TiB, FLAPW?" 251 585 0.12
Experimental ! 240 259 569 1.08 0.11

4 Present Calculation 208 206 207 195 192 193.5 443 0.93 0.14
o FLAPW!? 207 206 206.5 186 183 184.5 427 0.89 0.15
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