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NdyFe 4B H IR S 547, BB 445 b &4 Fe
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FE480 £, Vienna Ab-initio Simulation Package), X
PAW-GGA Xt it s 2 50t A7 Ak, 13 FH B ¥A-H e
WAl TT AR R LT 25 WA e B FR A
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SOL i+ 4., 35 B A BN 712317 1 X iR,

T8 R 4R 4f BT 1S E R AR, T
Af TR NS AL, 75 VASP &, X 4f
L AT A v 1) S el A 3, G H g B ) N R R
W3 AN 4f HLFORNERES, 1A 4F NI, Dy 1)
[ 9 A 4f T ORIEES, 1A 4F BT AMES. i
T 4f WL IJo ok G AR, IX R Ak B 75 AT AL
PR A VI 45 6 BE 5 T8 e (7R TE SRV
PEJR B, R RLAL 2 S AF A FTE X A& 152
W LETHE AR RN TN, IR BT S R AT B IR,
5] NH#iiR 2518l Hartree-Fock 2R/ E R HAE S 4L
U (GGA+U) THEALE W0 R 7RG, R STk
i 0100 PRt = T8 R P Fe JRL T RAME TS5
5 SRag ot th, AR SO ERLGE TR 2 R GGA+U
P73, BIEEL U =6 ¢eV.

2.2 mRiELEHIRENL

RyFe 4B & VU5 8514, 2 0B Py /mnm. EHUE
T SRR SO R4 A R, W 1, (NdoFe4B:
a=>b=0.8805nm, ¢ = 1.2206 nm!'!l; Dy,Fe4B:
a=b=0.8760 nm, ¢ = 1.2013 nm!"%). 1x1x1 )

i 4 4> RyFeysB 73 VA%, fE— MmN A
68 MMET, K5 8 M RET, 56 4 Fe Ji¥,4 1B
JRF. R IRTFA MW NN db k= ALE (41, 4g), Fe
JRFH 6 NMAEN SR FALE (4e, de, 8j1, 8ja, 16K,
16kz), B J& F AN —MAEM AL B (4f).

3 HEERGIT®

3.1 &R

FI ] Murnaghan 75 8 13 %5 4 5 5 B AR A4
AR o B AT, 1535 T NdoFesB &
Dy, Fe 4B P-4 fht& 4, Wk 1.

2 T8 5, NdoFe4B I 2 25 P47 5 4% 2 LL
SR (M 23 MK 0.84% M1 0.90%, ¢/a fEAK 0.07%;
DyoFe4B [ 35 4741 4% & $ bb sz 368 120 43531
fiX 1.00%F1 1.29%, c/a {EAIK 0.29%. " EN#ETHE
RSP A% S SEERE AR R . TR LN
“i50r TR, SCIE N =R T AR, AT DU R T SRAE
FE SIS A BEAI. A X 1A B AT T 7855 (15t 74,
i P AR A B AR IR FE /N T 0.09 A AT DLHE
FUESLIY) RyFe14B fid FAT BT G5 i e E L.

© ~a-4f

O Nd-4g

© Fe

o B

Atom | Site z Y z
Nd 4f [0.1415 | 0.1415 0
Nd 4g | 0.7313 | 0.2687 0
Fe 4c 0 | 0.5000 0
Fe |16k, | 0.7235 | 0.0671 | 0.3731
Fe |16k,| 0.4621 | 0.1413 | 0.3237
Fe 8j, | 0.4021 | 0.4021 | 0.2951
Fe 8j, | 0.1826 | 0.1826 | 0.2535
Fe de 0 0 ] 0.3856
B 4f 1 0.3757 | 0.3757 0

1 Nd,FesB dfy A A7 2% JR 7 &5 ir

# 1  NdyFe B Fl Dy,Fe 4B (1 i it 7 45 1

Nd,Fe,B Dy,Fe,,B
Cale. Exptll A/% Cale. Expt!  A/%
a/nm  0.8731 0.8805 —0.84 0.8672 0.876  —1.00
¢/nm 12096  1.2206 —0.90 1.1858 12013 —1.29
c/la 1385 138  —0.07 1367 1371 —0.29

JNHFE Dy 1E NdyFe 4B H AR S 5 Ar B F 5%
T 1 R S e, SHE 425 % 35 ) 11 i A A i M B 52 o 7
M5 &, 1 Dy Ji ¥ 1E NdoFe 4B il N B 11
(002) [l FaEA7 B 48, 73 0l 5 48 (002) [T 4f A7 1 —X%F
Nd J51 K 4g ST HI—X Nd J5i, B4R R 1 4>
LA 2.9%, AH R4 28 (Ndo 75Dy 25)2Fe14B.
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i, E™ Jyid i & )& Fe B MR &, EB N B
BB L RE A

BHAEN RS RUEMERB KU EYRIE
JIRE 2

_ (Ro75R}) 55)2Fe 4B
Esub = Eformat 2

N B IR AE B, XF Nd, Dy, Fe, Bl14-17]
afi 28 0 1) & M 45 R FE A TR IR T E SRR R kAT T4,
THAE AT S R (A 1R 2. M M. AT 43 NdyFe 4B,
Dy,Fe 4B Fll (Ndy 75Dy .25)2Fe 4B I . fig I &
fe, Wk 3.

e TH L W] Dy,FeisB tb NdyFe 4B JE ik
RE K, 55200 45 A AT, Dy 78 NdoFeyyB i
BN B AE N FE, R Dy SR {E RyFeyB
WS RS 2. 24 Dy (4R 4f ALRHE S YIRS R

R2F€14B

format

Nd,Fe4B F#1K T 28.9%, E#:HEN —1.113 eV/unit.
X Dy ¥ 4g A7, JE KRR #E NdaFesB F#AK 1
24.9%, B GEN —0.959 eV/unit. i Dy J&E 1 1]
H & it N\ NdyFe4B dnfA & #: Nd 71, JFik e 5
PEaf .

®2  HHE& RTINS
Nd Dy Fe B
Eo/(eViatom) — —4712  —4526  —8.164  —6.686

%3 ZJ0K Dy B4 (4f AL 4g £i1) (¥ RyFesB &t 7E A AE
Nd,Fe,,B (Ndo.75Dyo.5)2FeisB Dy,FeysB
4f-Dy 4g-Dy
E\o/(eV/unit) —525.453 —526.193 —526.040 —527.839
Eforma/(eV/unit)  —3.846 —4.959 —4.805 —7.721
Eqb/(eV/unit) — —1.113 —0.959 —

5 Dy # 4%t Fe & T oL M B %0

1E31T GGA+-U 1B IETHE )5, RyFesB fi il
R F IR 3 4.

#4  =J0K Dy 544 (4f KR 4g £i7) (] RyFe s B fit# A Fe TR 5745 92 B APW+ol!8) K Szag s 191 fy st i
Nd,Fe 4B Dy,Fe 4B (Ndo.75Dyo.5)2Fe14B
ATAE APW+o!'®! Exp.[!”) AT AE Exp.[!”) 4f-Dy 4g-Dy
(SOI) (wlo SOI)

B -0.15 —-0.15 —-0.17 0 —0.15 0 -0.15 —-0.15
Fe(4c) 233 2.35 2.47 275 221 24 233 2.34
Fe(16k,) 2.15 2.16 2.29 2.6 2.18 26 2.18 2.19
Fe(16k,) 2.24 2.25 238 2.6 2.17 2.5 222 2.23
Fe(8j1) 2.15 2.14 231 2.3 2.10 2.5 2.14 2.15
Fe(8j,) 2.63 2.64 2.74 2.85 2.64 3 2.66 2.67
Fe(4e) 1.95 1.95 2.16 2.1 2.12 2.5 1.94 1.95

55 SCHR AR T8 1 S 36 AE K 280~ TR I = S
18 (APW+lo) 15 25 BAHLLE, At E4E RS
Z A AREF. SO [ H 5 45 F 3R, BUIE Wi o1 ik
AR, BEAEAE AN B, XA B8 2 T 7£ VASP
M o6 3= 1) GGA # R B B A 08, % & SOI
THEPTF R RE = L AW - B MR 5 AR
(Eiop = —527.973 eV) .

Frit &2, B WE TN

—0.15 pp/atom, 16 A 9 & A Bl R 2 A TG BT R,
AN TR fib M 5 A2 Fe JE 7 o, Fe(8jp) M LA 34
N B¢ &, Fe(4c) Al Fe(de) XK. X T NdyFe4B
1 Dy,FesB & % o 2 J& 1 W6 70 A m] &, %)
R,Fe 4B WA STk 5 K )4 Fe J5i¥, HAE Dy,Fe 4B
W, Fe [ J5 T B 4E tb NdyFeyB ¥4 — € 2 &
(I BEAK. 5 NdoFeisB # LL, 7 Dy Ji T 2 16
(Ndo.75Dyo.25)2Fe 4B fn#s o Fe [ il o T 5
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AR Rash, AL 05 4g 7 B 10 Dy BT, (5 4f {7
B Dy R 718 Fe J& 7R A T3 — D1 TR,
Nd,Fe4B 1 Dy,Fe 4B H i i 1) 52 56 48 53 0 H
B A 37.7 g /fu. A1 113 pp/ful?. i+ Dy &
T T8 o s AF AL, R AR B A R
T, %} RoFe 4B fEAE 5200 2 B K — 1k,

(002) 1Hl b Dy J& 1 B & ¥ — € 2 AR
T NdaFe 4B 1 & 4% 0 BRVE, ¥ f I N B A4S IR 7
Mo AE &5 [F) R 7 24T 2 B, K ILB 2R 5 (002)
e 1A JE BBl 1) Fe J&1 7 19 B 0 AH ) 48 46 B KL 7
(Ndo.75Dyo.25)2Fe14B i il H, #R 40 J5 - 8] #E 43 #r,
1E A AR & s 5 Ar (Bl 85, £in) ) Fe R+, 5
$2% Dy TR 5.0 ALLN I Fe JR 7 REMEE EL
52 BE KT 5.0 AR Fe JEFEAK 0.5% A 47, Xt
BH W L J5 X Fe 51 IR 52 e 5 Ji - ) PR L

I8 H 8 I, o] DAY B b W 2% B RoFe4B
H L 2o A B 2 i e R IR S A0
f 25 FE R iR o 0.1 AR, R AICH 0, Hoh &5 2k 2
FE8 0.01 $47. B 2 7F Nd,Fe 4B fll Dy,Fe 4B Hi
i 5 5 R A DL 1) 22 Bl er ESER HRE Fe J5T R
2) Fe Jii 7 & Bl 1 HL 7 = B0 SR B AR 47 IR R K R
P, B BRI 3) 6 LR IR R Fe A
B T BUR BRI LA 4) B R 280 7 R
Fm S, 5REEE 20T BRI g, Ul
B B Jif ¥ ARG W B AR I A DR, H R X TR
RyFe 4B fi k& faike 1 S EE A 2122,

T Dy Jg T EM Lt &, 7£ Dy,FeiyB 1, Dy
JAH Fe J& 1 L7 2= % [0 7 VEAH L NdoFe 4B 2298,
% &5 Tanaka WF 72 4H7F 4. B /EA RyFe 4B [ 22 T%
ot K 2 FiEIR Fe 5 B /£ Dy,FeyB H 28 T
SR A LA BRI, IX fERE T T GRETH A DA &
LA TP 1) DysFei4B B ANESE PG

1t RyFe1sB 1, R-R UL K R-Fe [ i [A) FE # 4
i, R 4f B DR 4 F 3d P R AN HE,
M A2 8 I A% T L A 7= AR TR A8 A, (R
3d &8 11 B BEREAE AN 4f 4R 0 B HeRE R B ST
AT HEF. MRS Hund 3£, 7E NdoFe4B S50 110
G, LT R R AR Rk B e, M
J& B R T WS Af 48 0 E e 77 W A I, R Fe
(1) 3d HLF E HEREAE 55+ 4 8 SR 1 RE R S (R 1)
ITHES, BPERETERE & s T AE DyoFesB S5 B 140
G, TR T IA B Bk e, M
J& B R TS Af 48 0 B e 77 W A [E], R Fe

(9 3d HLF B e R AR AN - Ji 7 R e VR A A
). X AERE T Dy J57 8 B Fe /T HZFELE Nd
JEL Jed ARG iR AL

¥ 2 R,Fe;sB (002) T (¥ L % BE & (a) NdyFesB; (b)
Dy,FesB

TE RyFe 4B H & 1 ] X6} i M A 1R 25 221 5
w231, 78 NdyFey4B 1, 4f 74 Nd J5i 75 Fe Ji T
RBP4 5.09 A, 4g A7) Nd Jii 75 Fe JR-F 1)
FHABE BN 5.77 A, £E Dy,FeyB W, 4f £7 ) Dy J&
5 Fe Ji FHIFE RS 158 4.98 A, 4g A7) Dy Ji T
5 Fe JET PR B R 5.67 A. 4f ALFG Lo &K
55 Fe [WBE B 53T, 1X ] A8 & T 280 4f AL 1 57X
J&l Bl Fe J 1R 52 5E K ) R 2R

6 % it
TR T VB 5 4R U R K

5 1F J5 18 %5 1 32 B (PAW-GGA), %} Nd,Fe4B
Dy,Fe 4B 2 A A% B 1 A Dy 1E Nd,Fe 4B SEZS
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FAT THEA, KA T GGA+U HIfE IE 7 Xt
Dy 5 2555 W A A sz e i 1 i 9

1. NdyFe 4B } Dy,FesB = uib &t &
g5 R IR: NdyFesB 1TE B RE N —3.846 eV/unit;
Dy,Fe 4B K fAEN —7.721 eV/unit. Dy,Fe 4B fi#
F Lt NdyFe 4B 5% S N €.

2. 4f 1 E # Dy Ji ¥ ERE . NdoFe4B 4l
o JPEAC T 28.9%, B#tAEN —1.113 eV/unit. 4g {7
B Dy T ITE R BE L NdaFe 4B 4l i g ] FEAIC

T 24.9%, BIHEN —0.959 eV/unit. X FEH Dy 5
T T B e NdyFe 4B H11#0 Nd JiET1, FMim+ 5
$& Nd,Fe 4B i o A i 4f 7.

3. WHEERM T Dy 5 Fe RS
WEHE L Nd 75 Fe i T & #OE(S, FEHIHE
gE R RN, B LR TAE 4f AL B X Fe JR TR
SR, IX P RE 4f #6515 Fe J5 T8 B
AR

J&t HIMI-Toyota & 1E 35 B %t 4B 5t 1) S HF.
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First-principles calculation of preferential site
occupation of Dy ions in Nd;Fe 4B lattice and its
effect on local magnetic moments of Fe ions*

Hao Hong-Fei Wang Jing Sun Feng Zhang Lan-Ting"
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Abstract

The ground states of lattice properties, formation energy and magnetizations of R,Fe 4B (R: rare-earth element) were calculated
by the first-principles method based on the generalized gradient approximation (PAW-GGA). GGA+U method was applied to deal
with local magnetic moments from 4f shell of rare-earth elements. Magnetic moments were calculated with and without spin-orbital
interactions (SOI). Site occupation of Dy ions in Nd,Fe 4B lattice is studied by partial substitution of Dy for Nd on different lattice
sites. Calculated substitution energy indicates that the Dy, Fe 4B is more stable than Nd,Fe 4B and the Dy ions prefer to occupy the 4f
sites in Nd,Fe 4B lattice. It is also found that rare-earth ions occupying the 4f sites will interact more strongly with Fe ions and thus
show a greater impact on the local magnetization of Fe. The interaction between rare-earth ions and Fe ions is positively correlated
with distance.

Keywords: Nd,Fe 4B, site occupation, formation energy, local magnetic moments
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