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Abstract: As newly-discovered member of the MAB phases, Cr,AlB, has much potential for high-temperature struc-
tural applications due to possible formation of a protective oxide scale. By use of “linear optimization procedure” and
theoretical model of “bond stiffness” based on first-principle calculations, the phase stability and mechanical behavior
of Cr,AlB, were investigated. No imaginary frequencies in phonon dispersion indicate the intrinsic stability. The lower
energy as compared with the set of other competing phases also shows the thermodynamic stability. Based on the
quantificationally calculated bond stiffness by use of the model of “bond stiffness”, strong covalent bonding is present
between Cr and B atoms as well as B and B atoms, while the Cr-Al (625 GPa) and B-Al (574 GPa) bond is relatively
weak. It follows that Cr;AlB4 can be described as layered structure of strong covalently bonded Cr-B blocks inter-
leaved by Al atomic planes where the bonding is relatively weak, similar to the well-known MAX phases, which
demonstrates the similar damage tolerance and fracture toughness of Cr,AlB4 with the MAX phases.
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Table 1 Lattice parameters and some basic property of Cr;AlB, and CrB

Lattice parameters Internal coordinates Densi DOSatE; Bulk Pressure
, / ?HSIE\'; /(States-eV™"- modulus deriva-
amm bhm c¢mm  Vnm'  yeq Yoo YA Ve VB2 (grem™) Unitcell ") /GPa tive
LDA 0.28766 1.8578 0.28867 0.15427  — - - - - - - - -
PBE 029312 1.8923 0.29512 0.16370  — - - - - - - -
Cr,AlB, GGA RPBE 0.29334 1.8963 0.29551 0.16439 0.2926 0.5875 0.5 0.3803 0.6720 5.64 7.031 234.16  4.55

PWO91 0.29197 1.8863 0.29435 0.16212  —

Exp!'™ 0.29343 1.8891 0.29733 0.16481 0.2936 0.5859 0.5 0.3839 0.6646  — - - -

CrB  Cal® 0.2924 0.7836 02911 0.06670 —

- - - -~ 625 - - -
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Fig. 1 Crystal structure of CryAlB, (a) and CrB (b)
CrsAlB4 can be regarded as CrB with Al monolayer inserted along the b axis
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Table 2 Bond length and bond stiffness in Cr AlB,, and Cr,AlB, as well as binary borides CrB

CI’4A1B4 Cr2A1B2 CrB
d/nm k/GPa d/nm®! k/GPal?® d/nm d/nm?7 k/GPa
Crl-Al 0.2662 625 0.26443 617 - - -
Crl-Bl1 0.2169 885 0.22014 813 0.21712 0.2158 917
Cr1-B2 0.2180 1190 0.21876 1149 0.2212 0.2200 1123
Cr2-Bl1 0.2224 1074 - - - - -
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B1-B2 0.1771 1123 0.17616 1099 0.17841 0.1722 1149
Al-B1 0.2269 574 0.22765 571 - - -
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Fig. 2 Phonon dispersions (a) and density of state (b) of Cr,AlB, along the high symmetry directions
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Fig. 3 Pressure dependence of the normalized cell volume V/V} as well as the normalized lattice parameters
alagy, b/bgand c/cy of CryAlB, (a) and the normalized bond length d/d, in Cr,AlB, (b)
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Table 4 Bader charge analysis of Cr,AlB,, Cr,AlB,; and CrB

Boder charge/e  Crl Cr2 Al B1 B2
CrB -0.79 - - 0.78 -
CrAIB,*" 037 - -1.50  1.12 -
Cr,AlB, -0.39 -0.76 -1.48 1.15 0.74
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Table S The calculated second-order elastic constants (c;;/GPa), shear moduli (G/GPa), bulk moduli
(B/GPa), Young’s moduli (E/GPa), Poisson ratio (), and Debye temperature (6p/K) of Cr,AlB,

Compound i cin 3 Cx 3 33 Cus Css Ce6 G B G/B E u Op/K
Cr,AlB, 594 112 126 472 120 467 185 176 231 194 245 079 460  0.19 923
CrnAIB,* 505 101 111 410 109 437 158 162 209 174 221 079 414 019 892
MoAIB®! 327 143 150 313 128 384 187 156 166 142 207 066 347 022 675
CrB 495 165 165 581 147 579 220 220 265 219 289 0.78 525 02 963
CrAIC®! 396 117 156 - - 382 173 - - 1469 2258 — 3577 0236 774
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A (BRI B2, 3 5 4 CraAlBy 1) B s 7 4L
M TR EYERE, K H S MAB M CrAlB,.
MoAIB, —Jcillft¥s CrB 1 MAX #H4kL &% Cr,AlC
HEATX e ciis eman 033 A3 AIERAR AT ENAR £ ex
ey HAMIERIE 10 o BA B KAA (594 GPa),
Cop FLA B /IME (472 GPa). 31X 5 7] R 45 P (B 95 45
— 3 (H 3). LR L BT B-B #mENItE, Ak
KB BT [ AT T B-B O #E A /7N f TR B,
Xt N CraAlBg4 [ a 3477 7] o

[ CrB #H L, CryAlBy 1) 1y B KM ¢, €33 BN,
R & CryAlBy 1 a Fili 7 [ N8 5% ) B-B L4
(1123 GPa)ifr & J7 1A, 1 CrB N ¢ Bl 7 A o £ i BUAH
[F 771, CrB [ B8t H KT CryAlBy, A
S5 Cr—Al 4 (625 GPa)#ll B-Al 5#(574 GPa)fdi H:3i
P BN o CryAlBy BB VIR TEAE caan c55+ Cos 5
CrB ML g A I/~ 5 MAB M Cr,AlB, M LL,
CriAlB, [ B 381 5 £ 8 K, CrAIB, AR JZE
Cr-B JZ, 1M CryAlBy NWZ, Cr-B 2= HAH = IR

FSIEFIH T CryAlBy H LREHUEH B, BHEIH
Fa b ) AA R 2 (B), # IRIEE (E)M B VIEL & (G),
IRAEFME T B ¢ T . CrAlBy AR (B),
KA & (B) A BT V) B & (G) i T A A MAB 1)
Cr,AlIB, 1 MoAIB, {HAKT —ollft¥ CrB. Bt4h,
CryAlB; 5 CrAlB, M CrB A & ML BIH A B,
CrAIC B ET =% . G/B Wil H Tk AR
AEJRMESETE, 18 G/B RN AE B, MRS
Pugh ARAER] /3 I 548 9 05771, CryAIB, 1 G/B t
HoN 0.79, KT 0.57 RIPILE T WML, R
e fHXTRH o = w BRI A MAX fH K MAB
FII 20 BT 3R AT 5, B MoAIB )4y #r v, 3
G/B BB AT B AT B I I B A PR, % AL R T
IFE N, fE R R 0 S PR AR o A R IR B X N T A
PR 0 B R AR, 1K S B b A R PN B 9 55 1T
M. XK CryAlB, H P8 G N 55 T CrB, JE R
FEE N EY A

ASHIF 78R 56 58 — e D B )<< 2 kA A v A
“HENIE IR AL T CraAlBy MAHER E
PRSI 4T R

1) CryAlBy 7E 75 T 1% v R B A, 5% B
BARMERGE M. e s 7R L F4 B E+
A, T Cr A1 AL B PSR SR AR E .
2) CryAlB, 5 HiAth Cr-Al-B &35 4 MiAHLL, BA
Rem, T#JERERE.

3) B E) B-B LM R BT CruAlBy A I ARAT
R R R, Hob o B PUE RS JBAF, ¢ fitibt
JEfe B2

4) CryAlBy H NIl FE B AR 1 B8 9 e i B 1) 0.48 i,
Rl E A SCT Cry AIB, FR B B 2L MAX AH I &
P15 7% PR AN B 24 40 1

5) BE#E Al J5E T4 CrB LA CryAlB,, HPEH;
KO AT PR . PRI 3 PRI U 3R O R N B
T3k 55 -
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