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Fig. 1. Morphology and size distribution of as-prepared La(Fe, Si);3 powders: (a), (b) SEM images of Mn0 and Mn0.64 powders;

(c), (d) particle size distribution results of Mn0 and Mn0.64 powders.

MnO #3 K AR 4% 4 29.1 pm, Mn0.64 #5AK 1
SRR R 27.7 wm, H kiR FEAAETLE 15—
53 pm X [A]PY. B3R Y R BRI B 50 B4R T R A%
B PRI T AL S A T sl RBAS 7085315 6
PO A RIS Rl iR 28 X Ry AR ik Sl R ) T 2%
SR, AN A il 4% Hh s BB Y 3D T B ™= S b A
A3

& 2 MITENZS CGAs Byl & i e M S R A
K. 855 % HH GLPBF 454K 54 BO0H R K
J&fl (LPBF) BoARMM, HAZ 02 RAE TR TKF
FEEE AR T AEDRBRANE 2(a) Fis. EA%H
K B A K MnO F1 Mn0.64 RYPIFPERIE A& 4k R
T HE T M AR 43 A DX sk 0 A 26 07 1) iR AT A TR A
W, B HIE R Y-Z P THERE TR Y S8k
KA YIS Z 805 m ¥ 55046, IRE T
W X By 10 W SRR RE A0 IR SIS, BB EER
RSB FHTE TAE i, R GLPBF AR
#EAT 3D FTEN, Hil #1533 Lagy ,Cey sFeq; 65 ,Mn,Si 35
CGAs, J Mn & &3 X7 m M\ 0 #2725k =
0.64. [¥1 2(b) /R T 3D FTEIHIEHIARIES CGAs

THEMG (N EZETF: SrrYeREE K AR AL
iy R ARHOIREE ). il e S5 SRk BT oK,
JRSFR 120 mmx 10 mmx4 mm (K x 58 x5 ) §
SEREA SR PR S, W RS B T 1) AT U0 R Ak
RS 62 PRSI /INRGTRE G, HOFEY
RSF410.24 mmx4.15 mmx1.71 mm (£x 5Ex ),
FHRRRREF 45 N S1—S62, BEE S S HIHE K, Mn
TN 0(S1) K ZE 0.64(S62).

La(Fe,Si)5 B #414: fig 3 2k i T NaZngs
113 TUREAE, T L3 A e iR W Aa A, A
La(Fe, Si)s ME-BAEA 1:13 A, 28 -
Fe fl LaFeSi(1:1:1) B #i T AH. B34 1:13 AN
B o-Fe Al 1:1:1 FHAE = A B )R Gt o &
A AR AR AR 2, R KR A 2 H DL L,
TCK Y T2 5 A ™ 5 1 29 T R il 45 R0 25271,
1M 3D FT B 4% AR 52 A FEAR D 9 8 40 3 (107—
10% K/s), BESEAT M il & 4 58 [ i A2 b i) ok 5
ALK, b LIS HMIREIE S EF S T AR
25, DT A e 40 J AR X A BRI 5 s ] 281, FEARF
g, FETF 3D FTENHI & AT ENASAE &, TR 4t

237501-3


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

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 23 (2025) 237501

(a) Gradient powder delivery (b)
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Fig. 2. Preparation of as-printed CGAs: (a) Preparation flow chart; (b) macrographs of gradient samples with different shapes;
(c) 62 samples obtained by slicing along the gradient direction, numbered as S1—S62.
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Fig. 3. Microstructural and compositional evolution of as-annealed CGAs: (a) XRD patterns; (b) corresponding lattice parameters

via Rietveld refinement; (c) Fe and Mn contents of the 1:13 phase by EDS point scanning.
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Fig. 4. Magnetic phase transition temperatire of as-annealed CGAs: (a) M-T curves under magnetic field of 10 mT; (b) dM/dT

curves; (c) Curie temperature results.
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Fig. 5. Magnetization isotherms of as-annealed CGAs measured under a magnetic field of 0-3 T.
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Magnetocaloric properties of additively manufacturing
La(Fe, Si);3-based gradient alloys with
wide temperature range’
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( Received 24 September 2025; revised manuscript received 23 October 2025 )
Abstract

Magnetic refrigeration technology, featuring environmental friendliness, energy efficiency and high
performance, is recognized as a next-generation refrigeration technology with the potential to replace gas
compression refrigeration technology. However, current magnetic refrigeration materials typically exhibit an
excessively narrow phase transition temperature range (<10 K), thus necessitating the stacking of materials
with multiple compositions to meet the practical refrigeration temperature span. In this study, the typical
La(Fe, Si);s3-based magnetic refrigeration material is selected, and an innovative gradient laser powder bed
fusion technology is adopted to obtain 3D-print Laj 7oCeq soFe1q 65-,Mn,Si; 35 alloys with horizontal compositional
gradients (where the Mn content varies continuously from 0 to 0.64). Systematic characterization of their
microstructures, magnetic properties, and magnetocaloric effects indicates that this technology enables a
controllable gradient distribution of compositions along the powder bed plane and high-throughput preparation,
thereby achieving a continuous variation of the Curie temperature of the gradient alloy over a wide temperature
range from 134 K to 174 K. With the increase of Mn content, the phase transition of the alloy gradually
changes from a weak first-order phase transition to a second-order phase transition, and the peak shape of the
magnetic entropy change curve shifts from “sharp and high” to “broad and flat”. The full width at half
maximum of the temperature range is extended to 83.3 K, allowing the gradient alloy to maintain high
refrigeration capacity (RC ~130 J/kg, 3 T) at all time. This study breaks through the bottlenecks of traditional
material preparation and performance via gradient additive manufacturing, providing a novel technical pathway

for achieving high-throughput preparation and performance optimization of magnetic refrigeration materials.
Keywords: magnetocaloric refrigeration, gradient additive manufacturing, wide temperature range
PACS: 75.30.Sg, 81.30.Kf, 75.30.Kz DOI: 10.7498/aps.74.20251317

CSTR: 32037.14.aps.74.20251317
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