FaA9 K E T FmF AR
2020 4F 7 A SURFACE TECHNOLOGY - 215 -

£EBE&4&1 X (X=Sr. Zr. Sn, Ce)
¥ RuAl i L EgEZ AT EH R

=LV, BWBE ', BROG"”, EEE’

(FEAZ AFEESLEHRITHIEERSERENE, K 410082;
2 KEXFMBLIWERWE RS, W KKFR 427000)

W E. B#) TR RuAl 892542 LA L R ALO; F= RuO, BARZALA B X 2, B7 4 BAC AR
., Gk RAFEZRLBHE—MRE, #3 RuAl H542E kT X ALK AM O BT 4 RuAl-X-O
b AR S LA AL = 4 ALO; F= RuO, 89 fh IRAE Al 25 R 3+ 3169 ALO; #» RuO, BALAEZ R 27, ALO; #9 &,
LAk (—11.43 eV/O,) tt RuO, 8 844k (—2.28 eV/O,) Iy, RuO, ¥ RALAEMA L O 1id A4, EHB T4
MAE T W Z | WA 5 Z A5, RuAl 9B ) 4R BAL =4 ALO; RitAT., 28 X 4L,
RuAl #8484 AlL,O; #2 RuO, #) BALAEARIG I, BALEE Z1E (eV/O,) MK B IMRK A Zr(0.29)>Ce(0.28)>
Sn(0.22)>Sr(-0.49), H ¥, 28 Zr 5233 RuAl AL A 89 80CR B, 3 569 B IR k. e Ao
MEERFERE®, 2 X BT RuAl 8962 %1ILT RuAl #49 O BlEE, M35 RuAl ¥ A AL
K. % 2% X RT A RuAl 896-44¢, A RuAl 2@e) O sl M3y 4, 3 “RAaL” 4t
A, £ RuAl R ER @ e @ LA S oS . HEH ALO; AL ZE, #3 RuAl # AL 4,
XKi#iF: RuAl; %—R¥; RASMRE; 2, Rk

hESES: TG172  THEFRIEME: A XEHS: 1001-3660(2020)07-0215-07

DOI: 10.16490/j.cnki.issn.1001-3660.2020.07.027

Calculation of the Effect of Metal Alloying X (X=Sr, Zr, Sn, Ce)
on Anti-oxidation of RuAl

YUAN Jiang'?, ZHOU Dian-wu', WEI Hong-wei'?, XUE Hai-hua®

(1.State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China;
2.Zhangjiajie Institute of Aeronautical Engineering, Zhangjiajie 427000, China)

ABSTRACT: The work aims to study the metal alloying of RuAl and the oxidation relation between Al,O; and RuO, to reveal
the anti-oxidation mechanism. Based on the first principle of density functional theory, the RuAl-X-O cell model of RuAl doped
metal atom X and its interstitial O atom and the cell model of its oxidation products Al,O3-X and RuO,-X were established. The

calculated oxidation energy of Al,O; and RuO, showed that oxidation energy of Al,O3 (-11.43 eV/O,) was smaller than that of
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RuO, (-2.28 eV/0,) and the oxidation energy of RuO, was close to 0. Under high temperature conditions, the structure had poor

stability and was easy to decompose and the anti-oxidation of RuAl was mainly dependent on Al,O;. After metal X alloying, the

oxidation energy of Al,05;-X and RuO,-X increased, and the difference of oxidation energy (eV/O,) from large to small was

Z1(0.29)>Ce(0.28)>Sn(0.22)>Sr(-0.49), among which the effect of metal Zr alloying to improve the anti-oxidation of RuAl was

the best. The calculated oxygen gap formation energy and charge density showed that the alloying of RuAl by metal X atom

decreased the solid solubility of O in RuAl and the rate of internal oxidation in RuAl. The alloying of RuAl by metal X atoms

hinders the diffusion of O on the surface of RuAl to its interior and the formation conditions of "internal oxidation". It is easy to

form continuous and dense Al,O; oxide layer in the transverse direction of RuAl surface interface to improve the oxidation

resistance.
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Fig.1 Structural calculation models

P8 (SCF) R Pulay ZEERAE!Y, AR M
I EEE 2.0x107° eV/atom, B F 8 %
T 0.1 eV/inm, AZMWMB/NT 2.0x10 nm, [ S22
/N 0.1 GPal”l,

2 HEERSHSIHE

2.1 BRESH

WL L SIS | 79 3P S ik S8 T 3R
1. ALO; V15 A& 28T HAH 0=0.524 nm. a=
55.30°, SE{E"Ha=0.513 nm. 0=55.28°, 1 fhH&
SR A S LR MIR RN 2.14%; RuO, F
1 S S B 0=0.468 nm. ¢=0.302 nm, L4
H1%4=0.460 nm. ¢=0.293 nm, Vi futs SEiE
5 52 iR 2 K 1.73%., A TAEMR I
SRV KT RE, REFENEEEHFE GGA

1 HERBENTEEHERIESH
Tab.1 Equilibrium lattice parameters
of calculation model

Phase Condition a/nm ¢/nm a/(°)
Present 0.524 55.30
GGA-PW® 0.519 55.31
ALO; 53]
LDA-HL 0.512 55.32
Exp!'? 0.513 55.28
Present 0.468 0.302
GGA-PBE"! 0.463 0.296
Ru02

GGA-PBE!® 0.459 0.297
Exp!'? 0.460 0.293
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Fig.2 Effect of alloying on the oxidation energy of oxide
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Fig.3 Oxidation energy difference of alloying to oxide
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Tab.3 Charge transfer of Al,0; and
RuO, by X metal alloying

eV
Phase  Condition Ru/Al o Metal
Clean +2.483 —-1.682
Sr-doped +2.493 -1.719 +1.473
Al,O;  Zr-doped +2.487 —-1.553 +1.831
Sn-doped +2.478 -1.556 +1.812
Ce-doped +2.485 —-1.684 +1.829
Clean +2.301 -1.136
Sr-doped +2.304 -1.139 +2.695
RuO,  Zr-doped +2.261 —-1.123 +2.699
Sn-doped +2.267 -1.128 +2.684
Ce-doped +2.243 -1.159 +2. 803
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Fig.4 Structural calculation model
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Tab.4 Space formation energy in RuAl when different
alloy elements and oxygen are doped together

Doping elements EHO)/eV
0] 0.232
O. Sr 0.438
O. Zr 0.290
O. Sn 0.266
0. Ce 0.286
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Tab.5 Charge layout on unit bond length

Doping elements E(O)/eV
O-Ru 0.013
0-Al 0.032
O-Sr 0.041
O-Zr 0.063
O-Sn 0.056
O-Ce 0.069
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‘ ‘ ' ‘ ‘ AL,
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Base metal Base metal
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Fig.5 Schematic diagram of reaction of Al,O; under the
environment of different generation: (a) internal oxidation;
(b) external oxidation
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