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First principles studies on mechanical properties
of ZrB;and NbB; under high pressure
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(1. Inner Mongolia Vocational College of Chemical Engineering, Hohhot 010070, China;
2. College of Science, Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: The mechanical properties and the electronic structures of transition metal compounds ZrB;
and NbB,; (m-AlB,, OsByand MoB; structures) under high-pressure are studied by using the first-princi-
ples within density functional theory. It was found that m-AlB, is the most stable structure under nor-
mal pressure. The pressure- induced phase transition occurs at the pressure of 40 GPa, OsB; structure
becomes the most stable one under high pressure. m-AlB,-NbB, has a maximum shear modulus of 204
GPa, the highest Debye temperature of 921 K, and the highest hardness of 27. 3 GPa. The hardnesses
are estimated to be 24. 9 GPa, 22. 6 GPa and 19. 8 GPa for MoB;-NbB, . OsB;-NbB;and m-AlB,-ZrB; ,
respectively. The calculated density of states (DOS) illustrated that the electronic structures of consid-
ered compounds are governed by the strong hybridization between M-4d and B-2p states. All compounds
are metallic.
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B 1 MB; (M= Zr ## Nb) dh 4k & ), KskAe sk Al K
A M(& BRI A BUHRT): () m-AlB, 254,
(b) MoB; #Z#F= (¢) OsB; & #
crystal structures of MB3 (M = Zr and Nb),
large and small balls represent the M (metal at-

Fig. 1

om) and the B (boron atom), respectively: (a)
m-AlB, structure, (b) MoB; structure, and (c)

OsB; structure

ZrB, B mAIB, 58, Z R R L. S%E
(DOS) 1l 2 Fron. Az ik o T e (A B R AR A6 i
JEBR AR A R 3, 4 s, WNE 1T RITES,
EHE R A MB, (M=Zr Fl Nb) 94 5G9/
TE, U X GRS A e 5 i

WIESM. 7E%E T, m-AlB,-NbB, 4 4= i 44 (4
/MR —1.73 eV, RUITEFZ EHRASY 2,
m-AlB,-NbB; #22 P it 5 2 . m-AlB,-ZrB; Y
ARG — 1.70 eV, $23F m-AlB,-NbB, (%4
BUGE. LB RMAE Z BN =M, m
AlB, JEH R FRE 145 H. MoB,-NbB; i £k iU k&
WA AN, BA — 1,64 eV, X378 MoB;-
NbB; 76 T R 2 5 & sk 3R #4021k
FBribictaE. IR 2, ATTE BT E B E Y
(R (NEE R o I = v o R M e RS VA 2 A
AT 1. 75 CIX ) e 1 A4 kL 50 4 A et 00 il A
B, =R g5 4 R 9 ZeBy 598 B A 24N T 20
GPa, BARENEAIE FREEEA B HAEEN &
m-AlB,-NbB, E 47 i K 1 55 Y B & 204 GPa, #t
YRR 921 K, R KAy AEE{H 27. 3 GPa
(£ 2), m-AlB,-NbB, J& T & 75 i) i 4 R} 5l % )2
HERE A BE. OsBy-NbB; 9 Cos fH e K, K8 T 692
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A 45 M. OsB;-NbB, i B A ¢ K B 55 U AR &
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Tab.1 Formation enthalpies /A H (eV), lattice constants a (A) and ¢ (A), cell volumes V (A®) for MB3 (M = Zr and
Nb) in different structures
m-AlB,- ZrB; OsB;-ZrB; MoB;- ZrB; m-AlB,-NbB; 0OsB;-NbB; MoB;- NbB;
AH —1.70 —0.61 —1.47 —1. 73 —1.10 —1.64
a 5.282 2.992 5. 266 5.209 2.922 5.218
¢ 3.504 5.133 7. 052 3.231 4.895 6.48
Vo 84.672 39. 783 169. 334 75.921 36. 188 152.78

R2 TEEHE MB, (M=Zr f1 Nb) K #4 5 # C, (GPa), & B (GPa), BHIEE G (GPa), HK&KE E(GPa),

EFRE 00 (K), AR IMBEE H(GPa)

Tab. 2 Elastic constants C; (GPa), bulk moduli B (GPa), shear moduli G (GPa), Young's moduli E(GPa). Debye tem-
peratures(K), Poisson’s ratios and hardness H(GPa) of MB; (M = Zr and Nb) in different structures

Cu Ca; Cu Ci Ci B G E v ®p B/G H
m-AlB2- ZrB3 422 363 171 131 100 207 155 372 0.199 818 1.34 19.
OsB3-ZrB3 324 563 144 137 82 198 131 321 0. 230 746 1.51 16.
MoB3- ZrB3 438 356 128 93 110 207 145 353 0.214 786 1.43 18.
m-AlB2-NbB3 553 444 206 121 124 253 204 481 0.182 921 1.24 27. ¢
OsB3-NbB3 413 692 234 198 115 261 174 427 0.227 847 1. 50 22.
MoB3- NbB3 543 366 208 93 175 258 189 454 0. 206 889 1.37 24,
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