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Fig. 1. (a) Room-temperature XRD patterns of SmyFe;; and its nitride SmyFe;;N,; (b) crystal structure of SmyFe;;N, obtained from

refined room-temperature neutron diffraction pattern; (c) XRD pattern of magnetic field-oriented SmyFe;; and SmyFe;;N, samples,

the insert is the particle morphology of the oriented SmyFe;;N,; (d) magnetization curves of the oriented SmyFe;;N, with magnetic

fields parallel and perpendicular to the c-axis at 300 K and 2 K.

# 1 SmyFey; Ml SmyFe N, b #4145y (ICP-OES AR IN) FIHEAREERE Y Hoe

Table 1.
ties of SmyFe;; and SmyFe 7N,

Comparison of chemical composition (measured by ICP-OES and oxygen/nitrogen analyzer) and magnetic proper-

ICP-OES ON analysis Magnetic properties
Compound
Sm/% Fe/% N/% 0/% Mg (at 300/2 K) /(emu-g') my, (at 300/4 K) /up  Tc/K H,/T
SmyFe;; 20.81 78.88 0.02 0.29 113.2/151.4 1.45(24)/1.75(25) 389624 2.7 (plane)P
SmyFe;;N, 2145 7418 414 023 154.8/166.0 2.20(14)/2.66(31) 748 22.6 (c-axis)
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Fig. 2. Room-temperature neutron diffraction patterns of SmyFe;;N, and Al powder mixtures with different mass ratios.
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Fig. 3. Neutron diffraction patterns of a mixture of SmyFe;;N, and Al powder with a mass ratio of 1:2 at 300 K (a) and 4 K (b);
neutron diffraction patterns of a mixture of SmyFe;; and Al powder with a mass ratio of 1:2 at 300 K (c) and 4 K (d); Panel (e)—

(h) are the enlarged figures of panel (a)—(d), respectively.
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Fig. 4. Fe Mossbauer spectra of SmyFe;; and SmyFe;;N, at 300 K.

300 K —— 18h
0.94 . . . . . . .
—10 -5 0 5 10
Velocity /(mm-s—1)
4
*®2

Table 2.

distances are derived from neutron diffraction results.

Sm,Fey; #l SmyFe N, i) Z BT IS AL, Jerbam S8 )57 BU 280U ] R IR T R S UL i 45

Room-temperature hyperfine parameters of SmyFe;; and SmyFe;;N,. The coordination numbers and interatomic

Sample IS/(mm-s ') QS/(mm-s?!) By/T aFOIES:i{L . Atom(zr;f/;rgr;ment Distance/A
0.195(12) 0.137(22)  25.71(9) 6c 13 Fey 1 Sm dy, = 2.546; dg,, = 2.158
SmyFe,: 0.224(7) 0.205(18)  23.54(6) 9d 10 Fe, 2 Sm dp. = 2.446; ds,, = 2.820
(300 K) -0.12(6) 0.157(16)  22.40(6) 18f 10 Fe, 2 Sm dye = 2.446; dy = 3.130
~0.122(7) 0.141(13)  19.81(7) 18h 9 Fe, 1 Sm dp, = 2.462; dg,, = 2.732
0.067(6) ~0.095(12)  39.36(4) 6c 13 Fe, 1 Sm dy, = 2.442; dg,, = 2.625
SmyFe,,N,  0157(4) 0.052(8)  37.71(3) 9d 10 Fe, 2 Sm, 4N dp, = 2477; dg,, = 3.070; dy = 3.293
(300 K) ~0.053(2) ~0.199(4)  33.60(2) 18f 10 Fe, 2 Sm, 1N dp, = 2.465; dg,, = 3.189; dy = 1.911
0.022(2) S0.211(4)  29.74(2) 18h 9Fe, 1Sm, 3N  dp, = 2.503; ds, = 2.931; dy = 1.952
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060710

51S” = 0.012 mm/s. PG, W& % IS ¥4 ek, H.
PIRER BN BTk . DU 4324 (QS) 7ERE
N f i i Fe 18f i iy 1E AR fi H 46 SHE i K,
AN 9e [H AL G AT 2: 17 G5FRFFRYE P24 T 5%
W, 58 i 5 F 4R Y Fe 18f A1 Fe 18h J& 1Ay
FURIEAER, SR s e A W R 45 ) S

3.3 HEVHBR-HERE

T TR A ) S SEOW R R, R
XAS F XMCD $ARLLT f# Sm/Fe W KX H: A
TE-HUERNG . SCIRFIRSR T 256 (TFY) FlH
FrERE (TEY) PIFPE, S8 TFY B R4
Y XMCD 45 347 40 . 18 5 FE 6 43 5]
JETE TFY BT, 3 K I Fe Loz IH Sm M, 5 i
f) XAS & XMCD . XMCD 1 XAS 445 1 2
e (R XMCD {5 3 ) 1998 T3 3, Do
RWETETRIE. 76 3 K, 10 T4M7 F (18 5(a), (b) Fl
Kl 6(a), (b)), SmyFe,; [ Fe[a/A] F1& XMCD {7
SRR 11.5%, H Feb/A] {555 Z [F . Sm
() XMCD {5 54 b2 2%, H Sm[b/B] 5 Fe [,
98 ik 43.9%, T Smla/A] 5 Fe 2 i), 38 & K
16.7%. HE7 Sm F fnd& R AT REAEAE SOTAT 43
RALJE, Sm 1 XMCD 1553 54 IS . YoM
M 10 T 2 0 T B, ZAGHT S S AR T

(a) Lol3K, 10T A —— SmyFe;N,, py
UTPe Lo, —— SmyFey;N,, i
TFY [ ] SmyFeirNy pug+p-
@ 0.8 F \ SmoFei7 pa
= t Py SmoFey7 p—
;f 06l i SmpFe7 py+p_
>
&
~
2 04
o
0.2
0 L " "
700 710 720 730
Photon energy/eV
(b)
o1 3K,10T 2 [ SmoFei7Ny, py —p—

XMCD/
arb. units

—-0.1

700 710 720 730
Photon energy/eV

KW BELS. X T SmyFe;, Fe i XMCD {i
ORI AR N 0, M Sm B (E SRR T 20%,
R RK B P AR R 5 TR AR TG . 4R,
XfF SmyFe;N,, Fe Fl Sm i) XMCD {5 A fRFF
50% ZiA, Won KRG P (5 55k . R
G5 20 S04 m s s UM e AR F5IA
SmyFe,; B R MG 38 T B4R SRR A 45 1) S
R T A SR HIE, SmyFe;, N,
TR G ST RE RS I TRIREAS,, 24 TR KA
WA T

i“:_{ 3 3 K ‘F, Sm2F617 iﬂ] Sm2F€17Ny (‘k 10 T ﬂ:‘ﬂ 0 T T
1 XMCD {55180 (TFY #X).

Table 3. At 3K, XMCD signals of Sm,Fe;; and
SmyFe;N, for 10 T and 0 T (TFY mode).

SmyFe;; Sm,Fe;N,
Residue Residue
10T 0T (10 T—0 T) 10T 0T (10 T—0 T)
Fela/A] 115 0 0% 9.8 4.5 45%
Felb/A] 55 -2.1 — 3.5 0.8 —
Smla/A] -16.7 3.6 20% -8 4.8 60%

Sm[b/B] 43.9 6.3 15% 22.6 11.6 50%

Kl 7(a), (b) i TEY ML £ =0F, #ad 40
5 T #EY, 1€ 10 K #1200 K Fllf% SmyFe,,N, Y
Sm M, 51 XAS Fl XMCD . AR 4 R AL 1),

(c) Lol3K 0T —— SmyFe;N, py
| Fe Lo, — SmyFe7Ny, p_
TFY [ ] SmyFeirNy pug+p-
@ 0.8 F SmoFei7 py
F-EE T S W SmoFei7 p—
; 06l C i SmpFe7 py+po
o
&
~
2 o4
i
0.2
O 1 n 1 1 n "
700 710 720 730
Photon energy/eV
(d) 0.06
3K,0T a [ SmyFeirNy py —p—
" ]
~
A g 0.03
O B
Efg 0
—0.03

700 710 720 730
Photon energy/eV

K5 3K,10T F, Fe Ly 31 XAS (a) F1 XMCD (b) X% R (TFY #xX); 3K, 10 T T, Fe Ly 3 1 XAS (c) 1 XMCD (d) i

ZEH (TFY #ixt)

Fig. 5. Fe Ly 3 XAS (a) and XMCD (b) spectra measured under 10 T and 3 K (TFY mode); Fe Ly 3 XAS (c) and (d) XMCD spec-

tra measured under 0 T and 3 K (TFY mode).
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(@) 3K, 10 T A — SmoFerrNy iy () 3K, 0T A — SmoFerNy sy
1.0 —— SmoFe 7N, p_ 1.0 'Sm Mys, | —— SmyFe 7Ny, p_
[ ] SmyFerrNy py+p- TFY || [ ] SmyFei7Ny py+p-
" SmyFei7 puy W 08F ‘ SmaFer f14
= SmyFer7 - b= SmoFer7 p—
E U SmoFerr pi i E U SmaFerr pyp
8 5 0.6}
- -
3 &
>~ S~
p % ol
o o
0.2
0 PR o E ~ B N 0 - | ., i e
1060 1080 1100 1120 1060 1080 1100 1120
Photon energy/eV Photon energy/eV
(b) 0.30 (d)
3K, 10T |y, 010}3K,0T b
w0 SIII M4 5y M - w0 Sl‘ﬂ M475,
3% OPrTRy j " 3% 0.05[TFY
O 3 j\f\\ O 3 \"\ .
oo — o e
3 |:| SmoFe 7Ny py —p_ S \Jj |:| szFenN,/ g — i
—0.15+ Sm2F617 T /L, —0.05 a Sm2F817 Py — p,
1060 1080 1100 1120 1060 1080 1100 1120

Photon energy/eV

Photon energy/eV

K6 3K,10TF,Sm M;#1 XAS (a) Fl XMCD (b) Ml 45 R (TFY #=X); 3K, 10 T F, Sm M, 5 i1 XAS (c) F1 XMCD (d) il

KGR (TFY B=)

Fig. 6. Sm M5 XAS (a) and XMCD (b) spectra measured under 10 T and 3 K (TFY mode); Sm M5 XAS (c) and XMCD

(d) spectra measured under 0 T and 3 K (TFY mode).

Sm F BEREA (mSn ) MHLIE
(3) 20N (4) A xE:

5p — 3
mip =205 == (P Mucrom). @

( orb)_‘[uEh

mop = (Lz) = _277?”4& (4)
Forp, SR L, 43 502 € FA 3 i FVEUE ) Bl i
p F g 43 BRI WWGA AT Ly/ My 11 XMCD 2
Oy r ARG R XAS FUr: nae i AF BLE |
25 7B, nar =95 T B30, /] Z
W5 R 4 ZURAIL, IENMEE T Sm i mSm F
mSN IR LA, ¥ G M+ B - HUE A S OF
iane. AR mh/mSn| > 3.5, FBEERE
TR, 2B T Sm BESE Bk IE T HE
M, HEER GRS . 5 3d &8
HU3E A B i VR KSR, Smo ) Af BT Ry 3 HL 58
TE-FER G, FEEESH T = R B S S 5
P£. N 2p 5 Sm 4f [H]5®Ze b el 2 g xifrts, 5
A T3 1) B T R o Bl TRT SmyFe N & T
Nd,Fe,,B i K, {4.
Kl 7(c), (d) A TEY MK, 8 40
1.9 T #%%, 75 10 K F1300 K FUE SmyFe ;N Iy
Fe L, 331 XAS Fl XMCD %4 AR R AHLI 2,

Fe AREREH (mis, ) MIBERERE (mf, ) 1l F X
E:

=L == (P M1 11)), 9

4

Ho, naq 9 3d UIE LAY 2 7R, L 3.4 B8 T

n3d, (6)

#4 5TTF,200/100 K i SmyFe;;N, i Sm M, 5
XMCD {55 K45 (TEY #50), ik 1.9 T
T, 300/10 K B SmyFe,;N, i) Fe L,3; XMCD {5

5 RRESR (TEY )
Table 4. XMCD signs and magnetic moments for

Sm M, 5 of SmyFe;7N, at 200 K and 100 K under 5 T
and Fe L, 5 of SmyFe7N, at 300 K and 100 K under
1.9 T (TEY mode).

SmyFe;N, (5 T) SmyFe;N, (1.9 T)

T/K 200 100 T/K 300 10
Smfa/A] 25 5.5 Fela/A] 5.8 13.5

Smb/B] 9.5 81  Fe[b/B] 3.9 128

o (uB)
() 0-68(13) 0.82(17)

mST Ju 1.05(21) 0.87(17) m -0.11(3) -0.13(3)

mS™ fuy ~0:29(6) -0.10(2) m
-6.31

mon/man -3.63  8.6(2) f;m/morb ~6.18

mS iy 0.75(27) 0.77(19) mfFe | (uy) 0.57(10) 0.69(14)
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1 XAS (c) F1 XMCD (d) Mlik%5 5 (TEY k=)

i Sm M, 51 XAS (a) AT XMCD (b) i 45

© |, [SmaFenN, A — 300 K py
OTioT, TEY | — 300 K pu_
Fe Lo3 B| [1300 K py4p—
o 08F 1 10 K pop
‘5 "V'V':' 10 K N7
f 10K pytpe
5 0.6F f
- |
3
~
4 o4t
<
0.2
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Fig. 7. Temperature-dependent Sm M, ; XAS (a) and XMCD (b) spectra of SmyFe;;N, under 5 T; temperature-dependent Fe L,

XAS (c) and XMCD (d) spectra of SmyFe;;N, under 1.9 T.
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RESE TTRR, & imf b Fe E4E K/NE R 5i4B Fe
J T RN 5 B ARG, AL, TR LR R A4
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Fig. Al. TG curves of SmyFe;N,.
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Table Al.

derived from neutron diffraction results.
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| hysteresis loops: 13.7%
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—80 szFBn
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160 1 1.2%
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0.98
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I SmsFeq;
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—10

Relative transmisstion/arb. units
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Fig. A2. Measured magnetization curves of (a) SmyFe;; powder and (b) SmyFe;;N, powder under ambient and hydrostatic pressure

1.00

0.96
SmyFe; 7N,
5 K
0.94 —_—
—10 -5 0 5 10

Velocity /(mm-s—1)

K A3 FE5 K F, SmyFey; Ml SmyFe N, #5Fe B i 82 /R it%
Fig. A3. "Fe Mossbauer spectra of SmyFe,; and SmyFe;;N, at 5 K.

* AL

7E 5 K, SmyFe; il SmyFe N, BRGNS EL, Horb, IE4RJETBe i KU R UR T AT S0 4524

Hyperfine parameters of SmyFe;; and SmyFe;;N, at 5 K. The coordination numbers and interatomic distances are

Phase/

Atom environment

51 &1 Byy/T i
Sample IS/(mm-s!)  QS/(mm-=st) e/ atom site (=35 A) Distance/A
0.241(15) 0.155(19)  31.55(13) 6c 13 Fe, 1 Sm dpo = 2.568; ds,, = 2.616
SmyFe,,  0267(9)  -0.317(19)  30.04(5) od 10 Fe, 2 Sm o = 2.451; dg,, = 3.037
GR) 0.055(8) 0.552(18) 29.05(6) 18f 10 Fe, 2 Sm dpe = 2.451; dy = 3.053
0.170(10)  -0.138(24)  28.97(7) 18h 9 Fe, 1 Sm dpe = 2.454; dg,, = 2.937
0.250(19)  -0.142(19)  41.67(7) 6c 13 Fe, 1'Sm dre = 2.424; ds,, = 2.425
Sm,Fe,N,  —0.022(8) 0.052(14) 39.70(5) 9d 10 Fe;2 Sm, 4 N dp, = 2.478; dg,, = 2.951; dy = 3.289
(5 K) 0.070(3) ~0.206(7) 35.58(3) 18f 10 Fe, 2 Smy I N dp, = 2.478; dy = 3.194; dy = 1.871
0.151(3) ~0.191(7)  31.17(3) 18h 9Fe,1Sm, 3N dp, = 2.505; dg,, = 2.820; dy = 1.931
%—%%Iﬁk 67 3197
[5] Hidaka T, Yamamoto T, Nakamura H, Fukuno A 1998 J.
[1] Kaneko Y, Kuniyoshi F, Ishigaki N 2006 J. Alloys Compd. Appl. Phys. 83 6917
408-412 1344 [6] “Yamamoto H, Matsumoto S, Fukuno A 2001 J. Jpn. Soc.
[2] Coey J M D, Sun H 1990 J. Magn. Magn. Mater. 87 1251 Powder Powder Metall. 48 184
[3] Qian H D, Wang F G, Liang D, Lin Z C, Han J Z, Yang J B [7] Yamamoto H, Mori T 2003 J. Jpn. Soc. Powder Powder
2023 J. Chin. Soc. Rare Earths 41 439 (in Chinese) [T ¥ 7%, Metall. 50 865
EI5 5, Bk, Mrpp, SR B4k 2023 W EFE 1 2E R 41 [8] Sakurada S T A, Arai T 2003 J. Jpn. Soc. Powder Powder
439] Metall. 50 626
[4] Yoneyama T, Yamamoto T, Hidaka T 1995 Appl. Phys. Lett. 9] Kawamoto A, Ishikawa T, Yasuda S, Takeya K, Ishizaka K,

060710-10


https://doi.org/10.1016/j.jallcom.2005.04.169
https://doi.org/10.1016/j.jallcom.2005.04.169
https://doi.org/10.1016/j.jallcom.2005.04.169
https://doi.org/10.1016/j.jallcom.2005.04.169
https://doi.org/10.1016/j.jallcom.2005.04.169
https://doi.org/10.1016/j.jallcom.2005.04.169
https://doi.org/10.1016/j.jallcom.2005.04.169
https://doi.org/10.1016/j.jallcom.2005.04.169
https://doi.org/10.1016/0304-8853(90)90756-G
https://doi.org/10.1016/0304-8853(90)90756-G
https://doi.org/10.1016/0304-8853(90)90756-G
https://doi.org/10.1016/0304-8853(90)90756-G
https://doi.org/10.1016/0304-8853(90)90756-G
https://doi.org/10.1016/0304-8853(90)90756-G
https://doi.org/10.1016/0304-8853(90)90756-G
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.11785/S1000-4343.20230305
https://doi.org/10.1063/1.115161
https://doi.org/10.1063/1.115161
https://doi.org/10.1063/1.115161
https://doi.org/10.1063/1.115161
https://doi.org/10.1063/1.115161
https://doi.org/10.1063/1.115161
https://doi.org/10.1063/1.367590
https://doi.org/10.1063/1.367590
https://doi.org/10.1063/1.367590
https://doi.org/10.1063/1.367590
https://doi.org/10.1063/1.367590
https://doi.org/10.1063/1.367590
https://doi.org/10.1063/1.367590
https://doi.org/10.1063/1.367590
https://doi.org/10.2497/jjspm.48.184
https://doi.org/10.2497/jjspm.48.184
https://doi.org/10.2497/jjspm.48.184
https://doi.org/10.2497/jjspm.48.184
https://doi.org/10.2497/jjspm.48.184
https://doi.org/10.2497/jjspm.48.184
https://doi.org/10.2497/jjspm.48.184
https://doi.org/10.2497/jjspm.48.184
https://doi.org/10.2497/jjspm.50.865
https://doi.org/10.2497/jjspm.50.865
https://doi.org/10.2497/jjspm.50.865
https://doi.org/10.2497/jjspm.50.865
https://doi.org/10.2497/jjspm.50.865
https://doi.org/10.2497/jjspm.50.865
https://doi.org/10.2497/jjspm.50.865
https://doi.org/10.2497/jjspm.50.865
https://doi.org/10.2497/jjspm.50.626
https://doi.org/10.2497/jjspm.50.626
https://doi.org/10.2497/jjspm.50.626
https://doi.org/10.2497/jjspm.50.626
https://doi.org/10.2497/jjspm.50.626
https://doi.org/10.2497/jjspm.50.626
https://doi.org/10.2497/jjspm.50.626
https://doi.org/10.2497/jjspm.50.626
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

) 3B 3R Acta Phys. Sin. Vol. 75, No. 6 (2026) 060710

[10]

(1]
(12]
13]

(14]

[15]
(16]

(17]

(18]
(19]
[20]

21]

22]
23]

24]

Iseki T, Ohmori K 1999 IEEE Trans. Magn. 35 3322
Kolodkin D A, Popov A G, Protasov A V, Gaviko V S,
Vasilenko D Y, Kavita S, Prabhu D, Gopalan R 2021 J.
Magn. Magn. Mater. 518 167416

Matsuura M, Yamamoto K, Tezuka N, Sugimoto S 2020 J.
Magn. Magn. Mater. 510 166943

Matsuura M, Yarimizu K, Osawa Y, Tezuka N, Sugimoto S,
Ishikawa T, Yoneyama Y 2019 J. Magn. Magn. Mater. 471 310
Coey J M D, Stamenov P, Porter S B, Venkatesan M, Zhang
R, Iriyama T 2019 J. Magn. Magn. Mater. 480 186

Xing M Y, Han J Z, Zhang Y F, Liu S Q, Chen Z X, Wang C
S, Yang J B, Du H L, Yang Y C, Yue M 2015 J. Appl. Phys.
117 17A732

Yang Y C, Yang J B, Han J Z, Wang C S, Liu S Q, Du H LL
2015 IEEE Trans. Magn. 51 1

Ma X B, Li L Z, LiuS Q, Hu BY, Han J Z, Wang C S, Du
HL, Yang Y C, Yang J B 2014 J. Alloys Compd. 612 110
Qian H D, Xing M Y, Han J Z, Liang D, Lin Z, Wang Y, Liu
F, Zhang P, Zhu T, Tian G, Xu Q, Fang C, Liu S Q, Yang
W, Niu E, Cai D, Rao X, Yang J B, Yang Y C 2025 J. Alloys
Compd. 1011 178352

Okada S, Node E, Takagi K, Hashimoto R 2023 J. Alloys
Compd. 960 170726

Katter M, Wecker J, Kuhrt C, Schultz L, Grossinger R 1992
J. Magn. Magn. Mater. 117 419

Kou X, Qiang W, Kronmiiller H, Schultz L 1993 J. Appl.
Phys. 74 6791

Sippel A, Jahn L, Loewenhaupt M, Eckert D, Kerschl P,
Handstein A, Miiller K H, Wolf M, Kuz’'min M D, Steinbeck
L, Richter M, Teresiak A, Bewley R 2002 Phys. Rev. B 65
064408

Hu J, Dragon T, Sartorelli M L, Kronmiiller H 1993 Phys.
Status Solidi A 136 207

Miraglia S, Soubeyroux J L, Kolbeck C, Isnard O, Fruchart
D, Guillot M 1991 J. Less Common Met. 171 51

Katter M, Wecker J, Kuhrt C, Schultz L, Grossinger R 1992
J. Magn. Magn. Mater. 114 35

[25]

[26]
[27]

(28]
29]
(30]
(31]
(32]
33]
(34]

(35]
(36]

(37]
38]
(39]
(40]

[41]

[42]

(43]

060710-11

Iriyama T, Kobayashi K, Imaoka N, Fukuda T, Kato H,
Nakagawa Y 1992 IEEE Trans. Magn. 28 2326

Katter M, Wecker J, Schultz L 1991 J. Appl. Phys. 70 3188
Kato H, Yamada M, Kido G, Nakagawa Y, Iriyama T,
Kobayashi K 1993 J. Appl. Phys. 73 6931

Liu Z, Wu H C, Zhang C Y, Zhu C Q, Chen G X, Lu H M,
Chen R J, Yan A R 2024 Rare Met. 43 1724

Wang Y K, Lin Z C, Hu S X, Xu J P, Yin W, Zhu T, Zhang
PY,LiKW, Yang WY, Wang F W, Wang C S, Luo Z C,
Yang J B 2025 Rare Met. 44 7763

Rodriguez-Carvajal J 1993 Physica B 192 55

Rietveld H M 1967 Acta Crystallogr. 22 151

Knyazev Y V, Kuz’min Y I, Kuchin A G, Lukoyanov A V,
Nekrasov I A 2007 J. Phys. : Condens. Matter 19 116215
Diop L V B, Kuz'min M D, Skokov K P, Karpenkov D Y,
Gutfleisch O 2016 Phys. Rev. B 94 144413

Grossinger R, Sun X, Eibler R, Buschow K, Kirchmayr H
1986 J. Magn. Magn. Mater. 58 55

Sun J Z 2000 Phys. Rev. B 62 570

Brennan S, Skomski R, Cugat O, Coey J M D 1995 J. Magn.
Magn. Mater. 140-144 971

Pandey T, Du M H, Parker D S 2018 Phys. Rev. Appl. 9
034002

Bartoli T, Joubert J M, Provost K, Elkaim E, Paul-Boncour
V, Monnier J, Moscovici J, Bessais L 2021 Inorg. Chem. 60
1533

Schmitt D, Ouladdiaf B 1998 J. Appl. Crystallogr. 31 620
Odkhuu D, Ochirkhuyag T, Hong S C 2020 Phys. Rev. Appl.
13 054076

Wang J, Liang L, Zhang L T, Yano M, Terashima K, Kada
H, Kato S, Kadono T, Imada S, Nakamura T, Hirano S 2016
Intermetallics 69 42

van der Laan G, Figueroa A I 2014 Coord. Chem. Rev.
277-278 95

Soares M M, Lamirand A D, Ramos A Y, De Santis M,
Tolentino H C N 2014 Phys. Rev. B 90 214403


https://doi.org/10.1109/20.800512
https://doi.org/10.1109/20.800512
https://doi.org/10.1109/20.800512
https://doi.org/10.1109/20.800512
https://doi.org/10.1109/20.800512
https://doi.org/10.1109/20.800512
https://doi.org/10.1109/20.800512
https://doi.org/10.1016/j.jmmm.2020.167416
https://doi.org/10.1016/j.jmmm.2020.167416
https://doi.org/10.1016/j.jmmm.2020.167416
https://doi.org/10.1016/j.jmmm.2020.167416
https://doi.org/10.1016/j.jmmm.2020.167416
https://doi.org/10.1016/j.jmmm.2020.167416
https://doi.org/10.1016/j.jmmm.2020.167416
https://doi.org/10.1016/j.jmmm.2020.167416
https://doi.org/10.1016/j.jmmm.2020.166943
https://doi.org/10.1016/j.jmmm.2020.166943
https://doi.org/10.1016/j.jmmm.2020.166943
https://doi.org/10.1016/j.jmmm.2020.166943
https://doi.org/10.1016/j.jmmm.2020.166943
https://doi.org/10.1016/j.jmmm.2020.166943
https://doi.org/10.1016/j.jmmm.2020.166943
https://doi.org/10.1016/j.jmmm.2020.166943
https://doi.org/10.1016/j.jmmm.2018.09.084
https://doi.org/10.1016/j.jmmm.2018.09.084
https://doi.org/10.1016/j.jmmm.2018.09.084
https://doi.org/10.1016/j.jmmm.2018.09.084
https://doi.org/10.1016/j.jmmm.2018.09.084
https://doi.org/10.1016/j.jmmm.2018.09.084
https://doi.org/10.1016/j.jmmm.2018.09.084
https://doi.org/10.1016/j.jmmm.2019.02.076
https://doi.org/10.1016/j.jmmm.2019.02.076
https://doi.org/10.1016/j.jmmm.2019.02.076
https://doi.org/10.1016/j.jmmm.2019.02.076
https://doi.org/10.1016/j.jmmm.2019.02.076
https://doi.org/10.1016/j.jmmm.2019.02.076
https://doi.org/10.1016/j.jmmm.2019.02.076
https://doi.org/10.1063/1.4916495
https://doi.org/10.1063/1.4916495
https://doi.org/10.1063/1.4916495
https://doi.org/10.1063/1.4916495
https://doi.org/10.1063/1.4916495
https://doi.org/10.1063/1.4916495
https://doi.org/10.1109/TMAG.2015.2442244
https://doi.org/10.1109/TMAG.2015.2442244
https://doi.org/10.1109/TMAG.2015.2442244
https://doi.org/10.1109/TMAG.2015.2442244
https://doi.org/10.1109/TMAG.2015.2442244
https://doi.org/10.1109/TMAG.2015.2442244
https://doi.org/10.1109/TMAG.2015.2442244
https://doi.org/10.1016/j.jallcom.2014.05.142
https://doi.org/10.1016/j.jallcom.2014.05.142
https://doi.org/10.1016/j.jallcom.2014.05.142
https://doi.org/10.1016/j.jallcom.2014.05.142
https://doi.org/10.1016/j.jallcom.2014.05.142
https://doi.org/10.1016/j.jallcom.2014.05.142
https://doi.org/10.1016/j.jallcom.2014.05.142
https://doi.org/10.1016/j.jallcom.2024.178352
https://doi.org/10.1016/j.jallcom.2024.178352
https://doi.org/10.1016/j.jallcom.2024.178352
https://doi.org/10.1016/j.jallcom.2024.178352
https://doi.org/10.1016/j.jallcom.2024.178352
https://doi.org/10.1016/j.jallcom.2024.178352
https://doi.org/10.1016/j.jallcom.2024.178352
https://doi.org/10.1016/j.jallcom.2024.178352
https://doi.org/10.1016/j.jallcom.2023.170726
https://doi.org/10.1016/j.jallcom.2023.170726
https://doi.org/10.1016/j.jallcom.2023.170726
https://doi.org/10.1016/j.jallcom.2023.170726
https://doi.org/10.1016/j.jallcom.2023.170726
https://doi.org/10.1016/j.jallcom.2023.170726
https://doi.org/10.1016/j.jallcom.2023.170726
https://doi.org/10.1016/j.jallcom.2023.170726
https://doi.org/10.1016/0304-8853(92)90099-A
https://doi.org/10.1016/0304-8853(92)90099-A
https://doi.org/10.1016/0304-8853(92)90099-A
https://doi.org/10.1016/0304-8853(92)90099-A
https://doi.org/10.1016/0304-8853(92)90099-A
https://doi.org/10.1016/0304-8853(92)90099-A
https://doi.org/10.1063/1.355079
https://doi.org/10.1063/1.355079
https://doi.org/10.1063/1.355079
https://doi.org/10.1063/1.355079
https://doi.org/10.1063/1.355079
https://doi.org/10.1063/1.355079
https://doi.org/10.1063/1.355079
https://doi.org/10.1063/1.355079
https://doi.org/10.1103/PhysRevB.65.064408
https://doi.org/10.1103/PhysRevB.65.064408
https://doi.org/10.1103/PhysRevB.65.064408
https://doi.org/10.1103/PhysRevB.65.064408
https://doi.org/10.1103/PhysRevB.65.064408
https://doi.org/10.1103/PhysRevB.65.064408
https://doi.org/10.1002/pssa.2211360125
https://doi.org/10.1002/pssa.2211360125
https://doi.org/10.1002/pssa.2211360125
https://doi.org/10.1002/pssa.2211360125
https://doi.org/10.1002/pssa.2211360125
https://doi.org/10.1002/pssa.2211360125
https://doi.org/10.1002/pssa.2211360125
https://doi.org/10.1002/pssa.2211360125
https://doi.org/10.1016/0022-5088(91)90262-3
https://doi.org/10.1016/0022-5088(91)90262-3
https://doi.org/10.1016/0022-5088(91)90262-3
https://doi.org/10.1016/0022-5088(91)90262-3
https://doi.org/10.1016/0022-5088(91)90262-3
https://doi.org/10.1016/0022-5088(91)90262-3
https://doi.org/10.1016/0022-5088(91)90262-3
https://doi.org/10.1016/0304-8853(92)90330-Q
https://doi.org/10.1016/0304-8853(92)90330-Q
https://doi.org/10.1016/0304-8853(92)90330-Q
https://doi.org/10.1016/0304-8853(92)90330-Q
https://doi.org/10.1016/0304-8853(92)90330-Q
https://doi.org/10.1016/0304-8853(92)90330-Q
https://doi.org/10.1109/20.179482
https://doi.org/10.1109/20.179482
https://doi.org/10.1109/20.179482
https://doi.org/10.1109/20.179482
https://doi.org/10.1109/20.179482
https://doi.org/10.1109/20.179482
https://doi.org/10.1109/20.179482
https://doi.org/10.1063/1.349302
https://doi.org/10.1063/1.349302
https://doi.org/10.1063/1.349302
https://doi.org/10.1063/1.349302
https://doi.org/10.1063/1.349302
https://doi.org/10.1063/1.349302
https://doi.org/10.1063/1.349302
https://doi.org/10.1063/1.352438
https://doi.org/10.1063/1.352438
https://doi.org/10.1063/1.352438
https://doi.org/10.1063/1.352438
https://doi.org/10.1063/1.352438
https://doi.org/10.1063/1.352438
https://doi.org/10.1063/1.352438
https://doi.org/10.1007/s12598-023-02502-x
https://doi.org/10.1007/s12598-023-02502-x
https://doi.org/10.1007/s12598-023-02502-x
https://doi.org/10.1007/s12598-023-02502-x
https://doi.org/10.1007/s12598-023-02502-x
https://doi.org/10.1007/s12598-023-02502-x
https://doi.org/10.1007/s12598-023-02502-x
https://doi.org/10.1007/s12598-025-03452-2
https://doi.org/10.1007/s12598-025-03452-2
https://doi.org/10.1007/s12598-025-03452-2
https://doi.org/10.1007/s12598-025-03452-2
https://doi.org/10.1007/s12598-025-03452-2
https://doi.org/10.1007/s12598-025-03452-2
https://doi.org/10.1007/s12598-025-03452-2
https://doi.org/10.1016/0921-4526(93)90108-I
https://doi.org/10.1016/0921-4526(93)90108-I
https://doi.org/10.1016/0921-4526(93)90108-I
https://doi.org/10.1016/0921-4526(93)90108-I
https://doi.org/10.1016/0921-4526(93)90108-I
https://doi.org/10.1016/0921-4526(93)90108-I
https://doi.org/10.1016/0921-4526(93)90108-I
https://doi.org/10.1107/S0365110X67000234
https://doi.org/10.1107/S0365110X67000234
https://doi.org/10.1107/S0365110X67000234
https://doi.org/10.1107/S0365110X67000234
https://doi.org/10.1107/S0365110X67000234
https://doi.org/10.1107/S0365110X67000234
https://doi.org/10.1107/S0365110X67000234
https://doi.org/10.1088/0953-8984/19/11/116215
https://doi.org/10.1088/0953-8984/19/11/116215
https://doi.org/10.1088/0953-8984/19/11/116215
https://doi.org/10.1088/0953-8984/19/11/116215
https://doi.org/10.1088/0953-8984/19/11/116215
https://doi.org/10.1088/0953-8984/19/11/116215
https://doi.org/10.1088/0953-8984/19/11/116215
https://doi.org/10.1103/PhysRevB.94.144413
https://doi.org/10.1103/PhysRevB.94.144413
https://doi.org/10.1103/PhysRevB.94.144413
https://doi.org/10.1103/PhysRevB.94.144413
https://doi.org/10.1103/PhysRevB.94.144413
https://doi.org/10.1103/PhysRevB.94.144413
https://doi.org/10.1103/PhysRevB.94.144413
https://doi.org/10.1016/0304-8853(86)90122-8
https://doi.org/10.1016/0304-8853(86)90122-8
https://doi.org/10.1016/0304-8853(86)90122-8
https://doi.org/10.1016/0304-8853(86)90122-8
https://doi.org/10.1016/0304-8853(86)90122-8
https://doi.org/10.1016/0304-8853(86)90122-8
https://doi.org/10.1016/0304-8853(86)90122-8
https://doi.org/10.1103/PhysRevB.62.570
https://doi.org/10.1103/PhysRevB.62.570
https://doi.org/10.1103/PhysRevB.62.570
https://doi.org/10.1103/PhysRevB.62.570
https://doi.org/10.1103/PhysRevB.62.570
https://doi.org/10.1103/PhysRevB.62.570
https://doi.org/10.1103/PhysRevB.62.570
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1016/0304-8853(94)01468-X
https://doi.org/10.1103/PhysRevApplied.9.034002
https://doi.org/10.1103/PhysRevApplied.9.034002
https://doi.org/10.1103/PhysRevApplied.9.034002
https://doi.org/10.1103/PhysRevApplied.9.034002
https://doi.org/10.1103/PhysRevApplied.9.034002
https://doi.org/10.1103/PhysRevApplied.9.034002
https://doi.org/10.1021/acs.inorgchem.0c02884
https://doi.org/10.1021/acs.inorgchem.0c02884
https://doi.org/10.1021/acs.inorgchem.0c02884
https://doi.org/10.1021/acs.inorgchem.0c02884
https://doi.org/10.1021/acs.inorgchem.0c02884
https://doi.org/10.1021/acs.inorgchem.0c02884
https://doi.org/10.1107/S0021889898002672
https://doi.org/10.1107/S0021889898002672
https://doi.org/10.1107/S0021889898002672
https://doi.org/10.1107/S0021889898002672
https://doi.org/10.1107/S0021889898002672
https://doi.org/10.1107/S0021889898002672
https://doi.org/10.1107/S0021889898002672
https://doi.org/10.1103/PhysRevApplied.13.054076
https://doi.org/10.1103/PhysRevApplied.13.054076
https://doi.org/10.1103/PhysRevApplied.13.054076
https://doi.org/10.1103/PhysRevApplied.13.054076
https://doi.org/10.1103/PhysRevApplied.13.054076
https://doi.org/10.1103/PhysRevApplied.13.054076
https://doi.org/10.1016/j.intermet.2015.10.009
https://doi.org/10.1016/j.intermet.2015.10.009
https://doi.org/10.1016/j.intermet.2015.10.009
https://doi.org/10.1016/j.intermet.2015.10.009
https://doi.org/10.1016/j.intermet.2015.10.009
https://doi.org/10.1016/j.intermet.2015.10.009
https://doi.org/10.1016/j.ccr.2014.03.018
https://doi.org/10.1016/j.ccr.2014.03.018
https://doi.org/10.1016/j.ccr.2014.03.018
https://doi.org/10.1016/j.ccr.2014.03.018
https://doi.org/10.1016/j.ccr.2014.03.018
https://doi.org/10.1016/j.ccr.2014.03.018
https://doi.org/10.1016/j.ccr.2014.03.018
https://doi.org/10.1016/j.ccr.2014.03.018
https://doi.org/10.1103/PhysRevB.90.214403
https://doi.org/10.1103/PhysRevB.90.214403
https://doi.org/10.1103/PhysRevB.90.214403
https://doi.org/10.1103/PhysRevB.90.214403
https://doi.org/10.1103/PhysRevB.90.214403
https://doi.org/10.1103/PhysRevB.90.214403
https://doi.org/10.1103/PhysRevB.90.214403
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

) 3B 3R Acta Phys. Sin. Vol. 75, No. 6 (2026) 060710

SPECIAL TOPIC— Applied magnetism

Ultra-strong magnetocrystalline anisotropy of Sm-Fe-N
permanent magnetic materials”

LIN Zhongchong V?#  YE Yucheng?# ZHA Liang!) LIANG Dong"
AN Qi? LIU Wenqing® LI Tian® LING Langsheng® LI Zhiwei?
QIAO Liang” YANG Wenyun!  LUO Zhaochu'  HAN Jingzhi!
LIU Enke® HUANG Zhigao?® YANG Jinbo V91

1) (State Key Laboratory for Artificial Microstructure & Mesoscopic Physics, School of Physics,
Peking University, Beijing 100871, China)
2) (Fugian Provincial Key Laboratory of Quantum Manipulation and New Energy Materials, College of Physics and Energy,
Fugian Normal University, Fuzhou 350117, China)

3) (Department of Electronic Engineering, Royal Holloway University of London, Egham, TW20 0EX, United Kingdom)
4) (Department of Electrical Engineering and Electronics, University of Liverpool, Brownlow Hill, Liverpool L69 8GJ, United Kingdom)
5) (Xingzhi College, Zhejiang Normal University, Jinhua 321100, China)

6) (High Magnetic Field Laboratory, Chinese Academy of Sciences, Hefei 230031, China)

7) (Key Laboratory of Magnetism and Magnetic Functional Materials (Lanzhou University),

Ministry of Education, Lanzhou 730000, China)

8) (State Key Laboratory for Magnetism, Institute of Physics, Chinese Academy of Science, Beijing 100190, China)

9) (Yangtze Delta Institute of Optoelectronics, Peking University, Nantong 226010, China)

( Received 27 November 2025; revised manuscript received 27 December 2025 )

Abstract

The development of rare-earth permanent magnets that combine high maximum energy product with high
Curie temperature has become a central challenge in the field of applied magnets. Sm-Fe-N magnets exhibit a
theoretical maximum magnetic energy product comparable to Nd-Fe-B (~59 MGOe), as well as a higher Curie
temperature and greater magnetocrystalline anisotropy. Furthermore, Sm-Fe-N magnets do not rely on scarce
heavy rare-earth elements and are immune to price fluctuations of neodymium. These advantages position them
as a highly promising rare-earth permanent magnet material, providing significant potential for achieving both
high stability and coercivity. In this work, we use complementary neutron -diffraction, 5"Fe Mossbauer
spectroscopy, high-field magnetic measurements, and X-ray magnetic circular dichroism (XMCD) to
systematically investigate nitrogen content and site occupancy, magnetic structure, and hyperfine fields, as well
as the Sm/Fe spin-orbit coupling in Sm-Fe-N. The specialized sample preparation and absorption correction
methods enable the acquisition of high-quality neutron diffraction patterns for SmyFe;; and its nitrides. The
result reveals that N atoms preferentially occupy the 9e interstitial sites, forming fully nitrided SmjyFe ;N;. By
combining these measurements with the *’Fe Mossbauer spectroscopy analysis, it is found that the nitridation

reaction significantly enhances both the Curie temperature and the ground-state Fe magnetic moment, thereby
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improving the room-temperature magnetic properties. Furthermore, high-field magnetic measurements reveal
that the anisotropy field of SmyFe ;N3 reaches 22.6 T at room temperature and exceeds 50 T at 2 K. This
confirms the ultra-strong magnetocrystalline anisotropy of SmyFe;;N3, demonstrating its significant potential for
achieving high coercivity. XMCD measurements demonstrate that the magnetism of Sm is dominated by its
orbital magnetic moment, establishing its strong spin-orbit coupling as the physical origin of the ultra-strong
magnetocrystalline anisotropy. In contrast, the orbital magnetic moment of Fe is largely quenched, resulting in
the magnetic moment mainly coming from spin. This work clarifies the intrinsic relationship between the
content and site occupancy of interstitial nitrogen atoms and the magnetocrystalline anisotropy, and reveals the
spin-orbit coupling mechanism involving rare-earth Sm and Fe. These findings provide an important theoretical

basis for designing high-performance permanent magnet materials.
Keywords: Sm-Fe-N, rare-earth permanent magnet, magnetocrystalline anisotropy, magnetic properties
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