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Fig. 1. Schematic diagrams of three types of Laves phase: (a) C14 structure; (b) C15 structure; (c) C36 structure.

J& 3G MTEA PRI T A AR k.
I, N T ZR G0 bR R 500 R A RS R B 5
M, 563 S RN AR IR 2y, B A TH M TE A
fil, 38— A RO T 1 S5 R A
H HBE, IRABISE Coy(HE, Ta) & 4 R E L5 I
P B

2 HEFE
2.1 SRR

Laves #f 73y 3 Fh 45 ¥ 26 A0 | 43 il J& Cl14
(P63/mmc), C15 ( Fd3m), C36 (P63/mmc). iX 3
FhEEH AL anIE 1 s, dnfE BE AR 1. )
ik e 25 5 B, M T AR SO Laves A CopHf
il CopTa MUH) 4G A HIATRY, PG5 &0 R FF R
LI SAL, X AR S EGH T IEAL.

2.2 F—HEETEHT

AR SCHEET 2 pR B, e CASTEPRY
A B RE S (OTFG-USPP), SR SRS
T Perdew-Burke-Ernzerhof jZ pg [25:26] > 2% & Jsi
SEE L DL R sg # OCER AN . 2R ] Monkhorst-
Pack J5& P XT Brillouin KT k SRR, AR
SR, SF- T A R BT BRI R 435.4 eV,
MRS — 1 k% B, XF T Cl4, C15, C36 %5
), kB0 B E B R 6x6x4, 6x6x6, 6x6x2. K
H Broyden-Fletcher-Goldfarb-Shanno (BFGS) fIi
A5 15 29, X AR SE R HEA T S5 R Ak SR F A 1Y
WS, BB HE L L L ) A 6 B8 i W BB
HESM A 1.0x10°% eV /atom, 0.03 eV /A, 0.05 GPa
& 0.001 A MR R Sy -REAE Ik L IR T A 4
Coy(HfTa) [y 5 5 B S PR i R T AR
P Ty ik B RE FEBOCR, PR T A RIR
@

(e)

—

o°
’) O o Co(B
8 Q ‘ o OHf/(Ti(A)
o
Q (*
ey T

(a) C14 £544; (b) C15 45#4; (c) C36 4514

126102-2


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 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024)

126102

#£ 1 Laves tHER AR EAGE; £ 2= 1/6, 2 (C14-A,) = 9/16, 2 (C36-A,) = 21/32, 2 (C36-A,) = 3/32, 2 (C36-B;) =
1/8 PR T-OL &R, BE A #1 B (9AIE, 6h Fl de, 4f SLIALESEL = Ml 2 256 /N E{L

Table 1.

Details on Laves phase crystal structure. Depending on A and B sites, the position parameters x and z of the 6h

and 4e, 4f sites slightly vary around the ideal atom position values of z = 1/6, z (C14-A;) = 9/16, z (C36-A,) = 21/32,

2 (C36-A,) = 3/32, z (C36-By) = 1/802.
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G AP ey B 23 (A ¥
T Y z
A 8a 0 0 0
C15 MgCu, 227
B 16d 5/8 5/8 5/8
A 4f 1/3 2/3 2
cl4 MgZn, 194 B, 6h x 2 1/4
B, 2a 0 0 0
A, 4f 1/3 2/3 2
A, 4e 0 0 2
C36 MgNi, 194 B, 6h . 2 1/4
B, 6g 1/2 0 0
B, 4f 1/3 2/3 2
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2 Co Hf Fl Co,Ta Laves AHIY MR HE o 1 o AKFR V. B0 RBREHE M. JEIAE AH. B TG HBEALIRS T i RE &=
25 AE, KRR TR S8 s A

Table 2. Lattice constants a, ¢, volume V, local magnetic moment M, formation energy AH, energy difference AE with and

without spin polarization state , and available experimental or simulated data of Co,Hf and Co,Ta Laves phases.

R 4ty a/A c/A V/(A3.atom™) M/(ug-atom™)  AH/(eV-atom!)  AE/(eV-atom') Refs.
Cl4 4873  17.939 13.605 g‘gg ~0.3788 -0.017
4.870 13.615 0.76 ~0.3752 ~0.002
Cl5 4824 Cal.k2
Co,Hf 4.909 13.945 Cal.B!
0.68
4876 15.837 13.585 0.70 -0.3779 -0.007
C36 0.58
4816  15.650 Cal.??
0.33
4766 7.750 12.703 -0.2378 ~0.002
Cl4 0.68
4797 7.827 12.730 Exp.l1¥
N 4.759 12.702 0.40 ~0.2442 -0.005
oTa 15
4.791 12.957 Cal.B1
0.39
€36 4760  15.529 12.698 0.41 -0.2447 ~0.003
0.27

%3 CoHf Ml CoyTa (1 C14, C15 Fl C36 Z5#9 LUK Coy(Tay Hf,) FASLEHIBPERE L ¢ (GPa), Horh, Z5H5355, FM
1 PM ARG FIIRE A, K7 156, 186 Fn =S M ff
Table 3.  Elastic constants c; (GPa) of C14, C15, C36Co,Hf and Co,Ta as well as Coy(Tay JHf,), where the structural part,

FM and PM represent ferromagnetic and paramagnetic states, and the numbers 156, 186 represent the space group.

(i3 45tk Ci1 C33 Caq Ci2 Ci3 66, C14™ Refs.
Cl4-FM 274.14 332.76 81.86 86.14 126.48 94.00
C14-PM 299.75 348.07 73.80 90.11 113.04 104.82
C15-FM 308.80 85.60 154.53
Co,Hf C15-PM 298.50 106.00 139.12
C15 270.20 85.50 117.50 Cal.B4
C36-FM 308.11 293.50 80.53 121.99 113.90 93.06
C36-PM 329.08 343.58 81.90 120.83 117.89 104.12
C14-FM 407.15 430.80 97.10 138.20 151.11 134.48
Cl4-PM 442.04 421.53 89.27 167.32 137.34 137.36
C15-FM 357.11 141.47 137.90
Co,Ta C15-PM 395.37 151.94 165.32
C15 383.50 143.90 173.40 Cal.l
C36-FM 424.64 429.32 98.18 154.27 143.77 135.19
C36-PM 444.08 481.10 88.70 174.90 177.34 134.59
CoyHfy 95T ag 75 156-FM 390.67 383.02 80.43 153.72 146.41 -1.13
Co,Hfy 5Tag 5 186-FM 358.36 362.80 84.35 132.40 126.78
CooHfy 75Tag o5 156-FM 327.16 312.04 77.66 130.90 122.88 0.68

*: ego e BHRA, HrP R STTIN ¢ U, HABAT I o ¥UHL

M 3l LB, Co,HE (1 378 %5/ PRI R 5T TR RIS R, 2805118 B9 HE R
T Co,Ta MARNIZE R, X /R T Co—Ta Y Ui R, A S Bl ), (A LAY 2 24 o B4 i 5
5T Co—HE#. AR WEZS 15 R W BUR ALK, SR AR A 2 B 45 i) S
JH A i PR S e ORI AR, T SRy N T BE—2 A Bl 122 77 TS Co HE Al
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AAHIRE I o Bl X F FM Co,Hf 1) C36 4544 |
PM Co,Ta [ C14 4544, c1q > ¢33, FomniXSELER A
o i U RARIRE ST EE ¢ BhsiR. Co,HEfK) C36 45
¥ FI CoyTa B9 C14 2544, % & B e LX) a A
¢ X B 1) FR 4R B A — 2 B2 e R Voigt-
Reuss-Hill *F¥ 7, 1158 TR B, 55 P)R
G. e ERNANS L v, g5 R E 4 B, 8%
F B/ G A B FiAks kb v B9 XA ER A SERE P, %
BWESH B/G = 1.75 (v = 0.33). WK 4 i, B
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—— \ [
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Fig. 2. Phonon dispersion of Co,Hf (a) and Co,Ta (b) Laves phases with FM and PM at 0 GPa.
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Fig. 3. Lattice parameters (a) and formation energy (b) of Coy(Hf,Ta, ,) alloys versus the Hf composition.
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Abstract

There exists still the controversy over the stable structure of Laves-phase Co,(HfTa) alloys with the C14,
C15 or C36 structures. In this study, the stability, electronic and thermodynamic properties of Laves-phase
Coy(HfTa) are investigated. In order to fully understand the influence of magnetic state and temperature on
phase stability, we systematically study the free energy change at finite temperature, elastic stability, and
phonon dispersion. The low Curie temperature can be estimated, which suggests that the Co,(HfTa) alloys
possess the paramagnetic state in a wide temperature range. Results indicate that the lattice vibration and
electronic excitation have an important effect on the phase stability. The ground state of Co,Hf compound has
a Cl4-type structure, while the ground state of Co,Ta has a C36-type structure, without the effect of
temperature. After doping Hf with different concentrations (0.25, 0.50, 0.75) into Co,Ta, the most stable
structure still possesses the C36-type structure. After considering the contribution of vibration entropy and
electron entropy, the relatively stable structures of Co,Hf and Co,Ta undergo the C36 and C14 phase
transition, respectively. In addition, the thermodynamic properties, including Debye temperature, heat capacity,
and vibration entropy, which vary with pressure and temperature, are studied. The electronic properties of
CoyHf and CoyTa compounds are analyzed by the charge difference and density of states. The similar electronic
density of states between different phases suggest that the Lave phases have the similar stability. The Hf-Co
bonding with a certain direction is revealed. Our results are of great significance in understanding the structure

and properties of Co,Hf and CoyTa compounds.
Keywords: Co,(HfTa), Laves phase stability, thermo-physical properties, first-principles calculation
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