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Fig. 1. Schematics of deformation modes and crystal structure: (a) Pure shear; (b) compressive-shear coupling; (c) crystal structure

of CrB, with blue and gray spheres representing Cr and B atoms, respectively.

*1

BTSSR WAL (a, b, o) AR (B), BTUIELE: (G) FIARALL (v) SEAEERER L

Table 1.  Comparisons of the simulated lattice constants (a, b, ¢), bulk modulus (B), shear modulus (G), and Poisson’s
ratio (v) with available results.
CrB a/A b/A c/A B/GPa G/GPa v
Experiment?2 2.959 7.846 2.919 260.9 — —
This study 2.924 7.838 2.914 302.4 227.4 0.199
Other’s work!*? 2.924 7.833 2911 305.3 227.5 0.200
Other’s work!*! 2.924 7.836 2.911 297.8 224.3 0.200
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%2 OB MFERHL Oy (GPa) SEATHELERAN H
Table 2. Comparisons of elastic constant Cj; (GPa) of CrB with available results.
CrB Cn Cas Cs3 Cp Ci3 Cos om Css Coo
This study 506.0 182.8 177.2 613.3 136.4 609.3 227.8 279.3 219.2
Other’s work!2 507.9 176.1 174.5 601.2 160.6 616.3 230.4 276.3 226.0
Other’s work!*! 503.5 182.8 159.3 588.2 158.9 586.8 237.1 272.6 219.2
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Fig. 2. Mechanical responses and microstructure evolutions of the samples under tension along different crystallographic orienta-
tions: (a) Stress-strain ( o-e ) curves; (b)—(d) microstructural evolutions along (b) [001], (c) [010], and (d) [100] directions.
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Fig. 3. Three-dimensional ELF distribution in CrB under uniaxial tension along [100] direction, where the isosurface value is 0.73,

with yellow region representing areas of strong electron localization.
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Fig. 4. (a) Pure Shear strengths of sample along different directions on (010) and (001) planes; (b) stress-strain curves of sample

subjected to compressive-shear along (010)[100] direction with various normal stresses.
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Fig. 5. Microstructural evolution of CrB subjected to compressive-shear along (010)[100] direction under different o, : (a) o, =

40 GPa; (¢) o.. = 80 Gpa; (b) trajectories of Cr atoms.

AR N S 2R (U o, = 40 GPa A ),
SRR A R T R A S R B B 9 53 JZ R E.
A G YR, B RIS ASIE AN LT R
EN R, I LA S 0He Cr R F17 k. AT
B Cr J5 781438 A—D PUJZE (K 5(a)). MB8T5
AE N0 BEINZE 0.255 B, A—D #2558 v 05
] A AR TR PR | LU PR, AR FR AL T sk
ZRRRY B, AR 0.26 BF, SRR, Sk rh
WHEFEEWERE: AZE Cr JBF A F i,
D JZ At 1) 22 %, 1 B 5 C R RIH 10 A2
(AL RS, (R BE AR XT38/, k=4 A—B 25
C—D ZEzZ ey A m. ki 5b) i
IR LA SR FRTENZE M 0 3 0.255 i FErh Cr
JF 10328 sh G, 21 €6 [ 5 X AR R 0 s A
i, AL FRIRTEN AR 0.255 2 0.26 Z [H]
Cr i F Wiz shual, &k 7 e/ i F R 2
BlJ7 ). BT B R T A R AR R R T A

. E—2 &M, A—B A C—D ZEZHF
BT Cr—Cr tHEAERHYE R, PLoyUIaE )1 5059,
Roh Kk Z R, 1 B—C EZ R T Cr—
Cr M EAEFAN, AR Cr—B M2y,
K W J2 5 TR A% 3, DA Rl 1 ]
M AT . (HARE R A4, Han % P2 7E 2015 4F
A CrB I B A5 Cr—Cr W48 2 0 T 1 55
SPIEEAR . ASCHTHE G RAE - R FIESE 13X
—JE.

HEEER AT (0.. = 60—90 GPa), CrB
ORI A PR @I RST BN VAR =) 2 T2 N iR D
0.. = 80 GPa Wi, TR RAEWIUG i B B2 B 1 457y
FR35 ] A TR, SR 85 M T 0% . BEE 55 V1N
ARPA O HE T A 0.215, S A PR VR BT Y5 I &
A AT R, AR I HE A LR R 25 4 PR AR e
(I 5(c)). X4~ 0.215 B, BYUIR J1 ik B WEAE, I
TEBESG 2 Ay ~ 0.015 [ DX [H] N AR FEFAR, RIUIAR

030814-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030814

PEAE B R ERS. Yy HINE 0.23 i, N 1R
IR AR A3, SAUERSE N R 5|
EIINPAB AT E - ZNE

St S ROULIR) £ B A3 M LR a5 R, ek
[ W 7124 40, 80 GPa R 433l T A A AR R A
T "4k ELF 5045, I %500 LR 25 i i 7 238 BE 43
AHEAT T 43, 25K nE 6 fis. [ 6(a) 5 6(c)
SR WA 1) e 7 A e 8 R A A (A T (A
B 0.115). ZEm R T, MR 18 D3 i Sk r 4 067 B
LT —E MY AT B, AEAIUE T, X LT
TCHLT 43 AR . 3 Ik ) ) 3SR S B2 AR
B OB E &R, ML SRR T
e S ERAE.

& 6(b) FIE 6(d) 45 T PR E R E S R AR
AR Z4E ELF 23040 K. fE35 10 18 40 GPa
(8 6(b)) 24T, MRiAE 0 B, £0 6 FRIRXTFR
X IR ¥4 57 #b oy i fE B T JE L BEE AR A 0 3
Tz 0.255, FEEUMMERT, x40 X a5 i ok 2
X FRPEIE KA TR, I — o B T AR
HE—25 M 0.255 BEHNF] 0.26 IF, B 57 JE [ H TR
Ao A B I R T AR ETE R AE X
WTR), X —ARRIEFIE 5(a) BiR g Cr T
JZEAHIE RS (AR A, PRI R,
P SRyl fl s B O Ak Ak, BRI B

BEUIRAFEE R TR £ 5. K 6(d) Bs
T LW J12h 80 GPa Bl ELF 434 . 45 R &M
LA Bt 2 0 A8 ) B in i 7= A BH 8 AR 2S5 S
HIRORZE A AT A B EDE, #E— 25Ul B i iR
RIELER IR ORRE T8 i H R e .

MYIEHLE LA, mikm RN ) B & 46 Cr—
Cr W& @ 2RI, s T2 RS VER, i il
TIZEER. R, RRE L2 IS E LR
N AERE; TSR T IR AZ B, e 7R R PRl
R, RAVDREEBIERBIEARR. 52,
CrB 7E 5 6 T 1 R0 iy itk i 38 e A0 oy B
R

3.3 FRMEIERL XS S YIRS

TSRS SO A0 AR i 1) R ) 32 AR TR AR
RIRE B2 B Jry P b A8 T 4 B AR TEE
Frh TR AIZERCESK (Vickers indenter), 7:17]
FE1 SBIIN H Z BRI RN N 0. =0y tan D,
O — I 68° B R R, IFLE G- 4(b) Y
T REGUIN J129°R 40 GPa, TI 15X R R 3% 6] )
27 100 GPa. H:T i, A8 SO ] 30 il 15
BRAELE 0—90 GPa LUk A B[R Ik
EAAR T2y ) B KRB, B 3.

0.70
0.63
0.56
0.49
0.42
0.35
0.28
0.21
0.14
0.07

¥=0.15 y=0.215

Bl 6 AR I T i (010)[100] 995 1) 44 28 f HL4f 25 BE 204 55 — 4k W T JRBBR AL (ELF) B (a), (c) 1K J1 4 40, 80 GPa i
A £ 25 JBE A P (B (BT 0.115); (b)), (d) AHRE 5% 8 T S [\ i AR A5 1 ELF 43 A

Fig. 6. Charge density and two-dimensional electron localization function (ELF) distributions for the (010)[100] shear system under

different normal stresses: (a), (c) The charge density distributions at normal stresses of 40, 80 GPa, respectively, with an isosurface

value of 0.115; (b), (d) the corresponding ELF maps at different strain states.
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Fig. 7. (a) Shear strengths of sample sheared along different directions on (010) plane under various normal stresses; (b) variations

of shear strengths along four directions (0°, 30°, 60°, and 90°) with compressive normal stress; (c¢) dependence of maximum shear

strengths along (010) [001] and (010)[100] directions on compressive normal stress, with black “x” representing calculated data for

[001] direction and blue lines their linear fitting; orange “+” representing calculated data for [100] direction and red lines their lin-

ear fitting.
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Fig. 8. Microstructural evolutions of CrB subjected to compressive-shear along (010) [001] direction with typical normal stress (o.,):

(a) 0., = 0 GPa; (b) 0., = 50 GPa.
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First-principles study on mechanical response and
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Abstract

With the increase of demand for materials capable of withstanding extreme service environments in fields
such as advanced manufacturing, aerospace, and nuclear energy, the development of materials combining high
strength, hardness, and thermal stability is of great significance. Chromium monoboride (CrB) due to its unique
crystal structure and excellent mechanical properties, has attracted considerable attention; however, its
deformation and failure mechanism under complex stress condition are still unclear. In this work, first-principles
calculations are employed and combined with electronic structure analysis, to investigate the mechanical
response and microstructural evolution of CrB under uniaxial tension, pure shear, and shear coupled with
normal stress. The results show significant tensile anisotropy: the tensile strength is the highest along the [100]
direction (69.92 GPa) and lowest along the [010] direction (44.69 GPa). The minimum pure shear strength
(35.68 GPa) occurs along the (010)[100] direction. Under pure shear and low normal stress, the Cr—Cr
bimetallic layers undergo interlayer slip at a critical shear strain, leading to a sudden stress drop. In contrast,
under high normal compressive stress coupled with shear, the interlayer spacing between Cr—Cr bimetallic
layers is significantly reduced, which enhances

. . . . L 1 st Higt 1 st
interlayer bonding and suppresses interlayer slip. As a OW norma’ stress  eh normal stress

result, strain energy accumulates within the crystal
lattice, eventually causing an abrupt structural collapse
and catastrophic failure. Further analysis shows that
the effect of normal stress on shear strength is non-
monotonic: it increases with pressure at low stresses
but softens under high pressures. The sensitivity to

Shear strength/GPa

normal stress varies significantly with crystallographic

orientation, and the anisotropy is further amplified as

pressure increases. This study elucidates the instability Y
. .. L 0 10 20 30 40 50 60 70 80
mechanisms of CrB under multiaxial stress, providing o../GPa

theoretical guidance and design reference for its

applications in extreme environments.
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