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Physical Properties of RE, Ti;Si, (RE=Gd, Tb, Dy, Ho
and Er) from First-principles Calculations
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Abstract :[Objective] Physical properties of the RE, Ti; Si, (RE=Gd, Tb, Dy, Ho and Er) are
studied. [Methods] We present the structural, electronic structure, mechanical and thermody-
namic properties of the RE, Ti;Si, (RE=Gd, Tb,Dy,Ho and Er) by using first-principles calcu-
lations based on the density functional theory (DFT). [Results]JThe calculated lattice constants
of RE,Ti;Si, are all in good agreement with experimental data. The single crystal elastic con-
stants of RE,Ti;Si, have been calculated,and the bulk,shear and Youngs modulus are all been
estimated in this work. Finally,using a quasi-harmonic Debye model, the bulk modulus, heat ca-
pacity,and coefficient of thermal expansion have also been obtained and discussed. [Conclusion]
The calculated formation enthalpies of the RE; Ti;Si, show tiny decline trend with the increas-
ing atomic number, which indicates that phase stability of RE,Ti;Si, enhance slightly with in-
creasing atomic number. The electronic densities of states indicate that Ti-3d and RE-5d peaks
show strong hybridization below the Fermi level.

Key words: first-principles calculations, Ti-based alloys, mechanical properties, thermodynamic
properties
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450e V., fii B YK X 89 X 4 & Hl Monkhorst Pack J5
FUREA 0. 1eV B 58 i Methfessel - Paxton 7
EH L ARG P R BCR ) Gd_3, Th_3, Dy _
3,Ho_3,Er_3,Ti,Si %, Birch-Murnagahan Rz H
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2.1 Z£HMHER

S — R B 0 A A R ECRUIE B0 DL AR S Y
SCEE AN 1 FTA L AT LLE L ) A A R RO S
BAEW AN TR B W Rk AR (A . 2R B
RE, Ti, Si, 1 & 4 & &bt 5T, Hoh Er, Ti, Siy, B
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REABEMASEHE R DO, NE 1/ EH,
RE, Ti, Si, i 25 % B A8 Ak 5580 2 0L, 7 BB 2 31 43
FEIE Si-35 ,Si-3p . Ti-3d F1 RE-5d 25 B 5Tk , ifif [
AT Ti-3d M1 RE-5d &0 vtk 6 & AE
—2~2.8eV X [H], Ti-3d fl RE-5d 4 % & 2 # 5k F1
(AR, S35 IR 1 s T LR L FE—9. 9~
—6. 1eV XA FE R Si-3s M TTHk, 7FE —4. 5~ —2.
7eV X E N E Si-3p ABYTTHER, 7E —2. 7~ —0. 7eV
FEE Si-3p. Ti-3d M RE-5d M 5Tk, M 7E —0. 7
~2.6eV X[ WA Ti-3d 1 RE-5d &8 5Tk,
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Table 1
pies of REz Ti3 Si4

The calculated lattice constants and formation enthal-

Lattice parameters Formation
System - - enthalpy Method
a(A) c(A) (eV/atom)
Gd, Tis Siy 7.082 13.031 —0. 785 GGA
6.997 12. 878 Exp. [29]
Tb, Tis Siy 7.084 13.018 —0.798 GGA
7.006 12. 875 Exp. [12]
7.021 12.916 Exp. [29]
7.020 12. 889 Exp. [29]
Dy, Ti3Siy 7.065 12.975 —0. 806 GGA
6.977 12.814 Exp. [12]
Ho: Tis Siy 7.044 12.928 —0. 809 GGA
6.970 12.793 Exp. [12]
Er; Tis Siy 7.028 12.893 —0.812 GGA
6. 964 12.776 Exp. [12]
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Fig.1 The density of states for RE, Ti; Si,
(a) Gd; Tis Siy» (b) Th, Tis Siy, (c¢) Dy, Tis Siy, (d)
Ho, Ti;Si, . (e) Er, Ti3 Si,.
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RE, Tis Sty 9 #LVEH BB HE S TR 2 .5 T
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i b DA B i 45 ) S M R 3k 2 BF7R . RE. Tis Siy
PRBURE & (% 3 5 (E b 4l oo R A9 R BURS & 3 OK (T
105. 1GPa,Si 99. 8GPa, Gd 38. 3GPa, Tbh 39. 9GPa,
Dy 38. 4GPa, Ho 39. 7GPa Ml Er 41. 1GPa)™", [d]
A5 A B D) B L 4 o0 3 A9 B D) B B K (T
39. 3GPa,Si 39. 8GPa,Gd 22. 25GPa, Th 22. 83GPa,
Dy 25. 38GPa,Ho 26. 66GPa fll Er 29. 6GPa)"™"'. #
ICRE & 3 5 b J2& 40 (Ti 105, 84GPa, Si
102. 9GPa, Gd 56. 15GPa, Tb 57. 43GPa, Dy
63. 11GPa, Ho 67. 03GPa #1 Er 73. 3GPa)"™', i i3
M & B RE: Tis; Siy 19 85 Y) 58 Fi A% TR & L 46 o0
R OUAHR R K 2~3 %, R A W A0 5 B 1 i
# b4l T R i B [ 2 B A A b Y R RE K
Faliou R M HERE
£ 2 RETi;Si,HTESH

Table 2 Calculated parameters of RE, Ti;Si; compounds

Gdy TisSiy TbyTisSiy Dy2TisSiy Ho TisSiy  Ers TisSiy

Cn 198. 67 197.3 201.3 206.0 209.2
Cr2 79.05 78.0 79.1 80. 4 81.2
Cis 63.73 61.8 62.6 63.8 64.5
C 3 234. 60 231.4 234.8 239.1 241. 4
Cu 75.39 74.6 75.7 76.9 77.5
Ces 97.59 96. 9 99.0 101.3 102.9
B 116. 01 114.3 116.1 118.5 120.0
G 77.06 76.5 78.0 79.6 80. 6
E 189. 28 187.7 191.2 195.1 197.5
v 0.23 0.23 0.23 0.23 0.23
B/G 1.63 1.49 1.49 1.49 1.49
A 1.51 1.62 1.62 1.61 1.61

WP B Cy (GPa) AU B (GPa) , BT ¥IBi i G (GPa) , 15 [ i1
E (GPa) AL v, $PES S VER T A LLK B/G L.

Elastic constants C; (GPa),bulk modulus B (GPa) , shear modulus G
(GPa), Young’s modulus E (GPa) ,Poisson’s ratio v, elastic anisotro-
py A and B/G.
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