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Sm,Co;;-type permanent magnets have attracted considerable attention as high-temperature permanent magnets for aerospace,
defense, and high-temperature motor applications owing to their high Curie temperature, excellent thermal stability of coercivity, and
relatively low temperature coefficients of magnetic properties. Although Nd-Fe-B magnets are widely used owing to their high
maximum energy product, their thermal stability is limited at elevated temperatures. In contrast, Sm,Co,;-type magnets can maintain
stable magnetic properties under harsh thermal environments, but further improvement in remanence and maximum energy product is
still required for broader applications. The magnetic performance of Sm,Co,;-type magnets is strongly governed by their characteristic
cellular/lamellar microstructure, consisting of 2:17R cell interiors, 1:5H cell boundary phases, and Zr-rich lamellar phases. Cu
segregation into the 1:5H cell boundary phase produces a domain-wall energy difference between the cell interior and cell boundary,
leading to strong domain-wall pinning and high coercivity. This review summarizes the fundamental microstructure, coercivity
mechanism, heat-treatment effects, and roles of major alloying elements in Sm,Co;;-type permanent magnets. Finally, key
microstructural design strategies for improving the magnetic properties of high-temperature Sm,Co;;-type magnets are discussed.
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Fig. 1. (Color online) Comparison of major raw material prices (USD/t). Redrawn by the author using price data from Shanghai Metals Market

(SMM, metal.com, 2026.06.15.).
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Fig. 2. Typical cellular/lamellar microstructure of a Sm,Co,; magnet,
consisting of diamond-shaped 2:17R cell interiors phase, surrounding
1:5H cell boundary phases, and a lamellar Z phase extending across
both phases.
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Fig. 3. (Color online) Overall heat treatment process for Sm,Co;7
magnet fabrication.
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Table 1. Heat treatment process and changes in microstructure and magnetic properties of Sm,Co;;-type permanent magnets.

Process Main Function

Effect on Magnetic Properties References

Homogenization of initial composition and
Solution treatment
formation

providing a basis for subsequent cell structure

Improves Hgj, Hi, Hep, (BH)max at optimal
temperature; excessive temperature may cause [14]
abnormal cell growth

Isothermal aging structures

2:17R/1:5H/Z phase Formation of cellular/lamellar

Changes in cell size, boundary phase, lamellar phase
density, and Hy depending on aging time and
temperature

Slow coolin . .. .
W & and formation of composition gradient

Segregation of Cu into the 1:5H cell boundary phase

Enhances domain wall pinning; drastic
improvement in coercivity

Pre-aging Formation of fine cell structures

Potential improvement in demagnetization curve
squareness and (BH)payx
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Table II. Summary of the roles of alloying elements in Sm,Co,;-type permanent magnets.

Element Main Function Issues with Improper Composition/Distribution References
Phase stability, composition ratio control, high Excessive Sm or improper z values can lead to degradation of

Sm . . S [2,16,17]

temperature coercivity stability phase distribution balance
Segregation at 1:5H cell boundaries, formation of Excessive or broad Cu distribution may hinder the
Cu domain wall energy differences, improvement of simultaneous optimization of Hcj and high-temperature [3,6,7,16]
coercivity stability
Fe Improvement of saturation magnetization, Excessive Fe can lead to decreased coercivity, increased soft [18-20]

remanence, maximum energy product magnetic components, and potential weak-point depinning

7r Formation of Zr-rich lamellar phase, stabilization of ~ Excessive Zr can lead to the formation of abnormal 2:7 phases [10,11,13]

cellular structure, assisting in Cu redistribution and potential decrease in magnetization

10
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Cu content /(at%)

—v—27z=7.3
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Applled Fleld /(koe) 20 30 40 50 60 70 80 920

Length /(nm)

Fig. 4. (Color online) (Left) Demagnetization curves of Sm(CopyFegCugg9Z1o03)Z (z = 7.0~7.3) magnets at room temperature. (Right) TEM and
HRTEM images of cellular structure of the Sm(Coy,Feo 1 CuggeZry3)z magnets with z = 7.0 (a, ¢) and 7.2 (b, d) and Cu distribution of the cell
boundary phases of the Sm(CopaFeg1Cug g9Zro03)z magnets with z= 7.0 and 7.2 (e) [17].
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Fig. 5. TEM images showing the effect of Fe content on the morphology of the 1:5H cell-boundary phase in SmyCo;; magnets. A well-developed
diamond-shaped cell structure with cell boundary (SmCos) network is observed in the lower-Fe specimen, while the higher-Fe specimen lacks the

characteristic cell structure with only a few isolated facets of 1:5 cells [20].
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A5 A, 830 °Collx Helgh AlEe 420 °CollA] FSH
AlHol| vigl A A AdolMe] Cu 57 O YAl Cu 2
7} B WA YelsT) olgig ¥ Cu E¥e BAE 257
F 2 —0.134%PCoNA 2 -0.113%/°CE ZHAaAA BHAH
o] 2% oS sl o, A A AdolAe] Cu 24
o] golgle] we} A BAFES FAlel 7HAsT). ol
2 BEAEY e HAE Al g EYS Cu v
A BAl HASREA] &S 7 U= vIgITH17].

Fex I3Asle} 2 ASLUEE Pl 583 9o
o|t}. Peng 18-S Fe S 7P} B, © (BH)n 30l
7|4t ARE, 54 Fe ¥ olFolle BAtEo] AT 4 3
S BT 18], Guo 9] EiloM% Fe $afo] 713}
W 3 B BH)wWE 57F F #4810, 2 Fe A3
Al BArE &A1) ddigho] AokA a1 QFgAde] g
kS HAUH19]. &3 Duerrschnabel 152 Fe o] <
42 tolo2E FHIE 7= 1:5H A 737 ] 3497
THQl ¥ g 2o dx P Ao s Tkl A
SIATHFig. 5). °152 AA| HAfHo] oAl HH AHe]
et 9 ZA=x} 2:17Re] 7FIAKE e} 1:5H Al 2 2
Z phase®] nxp¥} o] FHopdog Agsle 52 A
TE EIAEA] FY9oMY tud(depinning)oll 2Jsl AuiE
T s BAsTH20].

Zr& Zrrich 2feld FA47 AEY vAlTFR Fgs)

BN

83 eaoltt. Zr o] 7 uet epdebd 28
A T2} wsleln, 278 3F Helelie =& BAES g
B3 Qlok. v, 7o) sl HrkE A3, 2R 3t
22 ozpdo] FAduEo] HAalgo] A 4 Jlom, HIx
T A A B STEE 8 Z3As M =3 At
= = JUH10]. B3 Zr-free ZANME FE3F Cu7t Y
g AEe] 727 B9 AshAY edE 4 A
ok, olo] Bla| Zrrich AP A 25 HSAT]AL
Cu®] AREE S5t Mt A2E Aoz By 3R
o 71ed3H11].

VI. 228 Sm,CoAl A9 4| Y&

SmyCo Al A 3128 FA oz 535 AHS
ZEAt, AA S-8-5 Ssixe 9 5449 st oY
‘e AEY Tl FasHt AR BAE] EHE 12
N FA3] FAsEAY, F2 Z4g/g0] v Aol 2] 9
Uz|Ho] FESIA| ko AA| 1. 5 Al2Flo] H8-3}
7] oFEc} b Sm,CoAl AFe] A= BAlE, 2+
T AR, Ho A7) oURAF, Bt eAlE, i 7}
B4 B Knee field 55 THH = aefalol h4,13,15].

AMAZ, A A Fo] AT 24 dIS ok
St} 1:5SH A 77 o] EAEH R FAEAY Cu 32
7F Etdshd TH|Ql ¥ mdo] AR ofslEal, o=
A 2] HAE 9 2 AP Atz ool 4 ok
[3,13]. FHAIE, Cu T2 FTE31= H=3kA] @A Alofsh
of gt} Cu T THll= B 3ol dFHo|ARt, He
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[
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FA-3 Cu
Al 28 %E‘r[ I AHAR, =2 Fe
F fAl Atolo] o] éﬂohﬂr Fe Z}v 2t
oF Hoj 2] o|q=14 %‘%‘01] 7|EARE, F=3 Fe
HAl T2 TFE8S AHsllskAY %4"“&/@?} FFNA o
e gulsle] BAE Ak x#E 4 [17-19]. ¥}A]
‘-3_&, Zr 9} 2pdeld ¥ Cu XHT':HH L
oPgsle)l dAEER, 7r e A uldls BAERg
ofle} ghdleld Frh A B ozt A TR EA
aesfiof ghe10,11,13].

Aar 128 SmyCo Al FTAMIe] 9578+ A4 54
IRE feiMe 54 A4 W 7 e Tl gAY
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= % =
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M oX
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X rlr
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18 ox

L‘ ar 4B BN
H
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WIS os A% vaTE, A 27 39 5t
=ojel ¥ sy v BHoR Aosls W] &
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VIL & =

Sm,Co Al BTARIE H& F] 259 953 1.8 2]
S BIRIOZ Nd-Fe-BA| AHAo] H-8E]7] ofgdg -2
A FQ3F TR Az HriEch 28U Nd-Fe-BA|
AR mlal vk Hoj 2P| AUAF T R AGEEE
3] jdo] Bad HEolH, o]F Yelire TRt =
de] g Aozt FA ot

SmyCo Al A9l BA}ELe 2:17R A WHF A, 1:5H A2
A % B Zrrich SEepo R FAE AEY et viA

T} WA TEo] ot 53] EAE] F 1:5H A2 7
Al FoR ANEE Cus A U et A A A Alol9]
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H 9y 2 BAjEo
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I AN ME e Ao gt wEbd aAE
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