#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 12 (2025) 126101

1%t X S84 AlICoCrCuFeNi &£ H
FAERE ORI N1 =4 T AR

WYY BRARY BREZRY KEEY xEY

B & DI

1) (ZBTM R R Bl S TR, Dkl 243002)
2) (MBI TR AR, GIE  238024)

(2025 4E 3 H 6 Hik#H; 2025 4F 4 A 8 HUREMERH)

TGRS B A TERE B 4 . W A AL . P RS TR LA S5 A DG SRR A — i i I T 5% . SR JH E KOG I
& (SLM) BB £ ARTEAR R T 2280 T #1451 AlCoCrCuFeNi @& 4x, X4 4 AR 4L i . (O 4 8L 454 | 1
PEAE RO 1 24 AT A HEAT T RS MAFSE. S5 LW, SLM BB A 4 4 F 05707 (BCC) JER K F/b
UEARLBRIE B THT O S7 D5 (FCC) R K AT HH AR AL AR, 0 R A 5 o 25 380 T S5 4 338 I i /), i o5 41 4 0 3 1 A2 1k
FE— 2 U B I 2, (R 4 A3 52 B O 55 ) O 0 24 M, L L8 oK R U A AR T AL 5 1 4 G5 6 B 5 A8 3
W, EEZAHEIS B E S SLM BB A G 43 3R 00 SR (% 2 R R, AR ARG L B 22 SLM T. 2. 346
M5/, PRFETE 43 A-m? kg A2 A7 ; W00 ) B SO E TR I G NN 1.72 KA /m B4 %) 2.71 kA /m, Bl % 945 0
fR 3% A 2.37 kA /m I8 /N H] 1.98 kKA /m. REVERERT TR, Z U 2 AlCoCrCuFeNi & i & 4 (R PERE A 2
T2 N T REFE LA S5 4T0. A TAE 7T R J5 2200 Ak SLIM @905 6 42 10 256 R 27 VE R LA % 94 K F IR 2 3R s A5 4L

il S A — 5 A BHE SR 0 S5 T )

F4EI VEXIOEIL, AlCoCrCuFeNi B4 4s, LREREERE, fHOW J12

PACS: 61.72.Hh, 67.80.dk, 73.61.At, 75.60.Ej
CSTR: 32037.14.aps.74.20250286

1 3

T4 JE R R PR R N AR i —2,
AR E TR, . T AR AT R AR
BT 26 48 AR, (R R TS/t T
WA FERCR, HARN T B w1 2 T
SEXTREPERT RN ] H g 38 10 v SR A PR i, 1%
PEG AW T Ak, A5 21 3 30 H G
PR Z —. ARG G A TR R T —Fh
SR ERREPE TR (Fe, Co Fl Ni) 1B F 2 147,
FEIA A VR 2 T0 F R R il O ZH 2L 45 48 P .
Feln, f£ G G A 4 () Ho<1 kA/m) )

i

*ER AREIESA (S 52272263) B BhRYIAYEL
t BIEMEE. E-mail: alxia@126.com
© 2025 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.74.20250286

$& TV EER (Fe-Si), J 5 A 4 (Ni-Fe), S &4
(Fe-Al), 8 iEMS & 4 (Fe-Si-Al), #4454 4 (Fe-
Co) LAY Fe-Cr REA5E; WiiA4 (H, >
24 kA/m) 1 $5 2 &4 #L R (Fe-Co-V) & 4 U I
ALNi-Co ZE 4% PRG54 (1 kA/m < H, <
24 kA /m) U5k EHI R (Fe-Co-Mo) & 4x DL Kk
BREREE (Fe-Ni-Al-Nb) & 455 . AR Paf% 4e iy
e, ZH06 85 IE NSRRI G Y E0L
ME A=A Y, HB MM E SR, JiEae2, A
TE 43T X Bl B 2% 00 T8 20 2 &5 4 el A5 T i 42
ZANRINE 21 506 T AT T2 FI0E 245 4 i Ik
FIRFICR. (HSE, 7F 21 thetw), Yeh4 F1 Cantorl”!
I THRaEGemEitie& A TeEe 4

http://wulixb.iphy.ac.cn

126101-1


http://doi.org/10.7498/aps.74.20250286
https://cstr.cn/32037.14.aps.74.20250286
mailto:alxia@126.com
mailto:alxia@126.com
http://wulixb.iphy.ac.cn
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 % 3R Acta Phys. Sin. Vol. 74, No. 12 (2025) 126101

(high-entropy alloys, HEAs) B4 &. HEAs #
MR EDH AR FEECE (FIR T80T
bb) ik, HAEROTER WL 5% 2 35% Z A1)
H4&. T2 EE TR A S AR RIREGR A
AR, A e B b S A e
P, o HE iR AR E R 2. HEAs % s 4 0 4m
il T & EE AP IE AR, Jf HARSE T 5 nEE e 1
A R IIE K, B A s g5 (BCC). L ST
75 (FCC) MEHES )7 (HCP). HEAs %8 %8 (1) i oy
PR AT, (R EA P S B AU RE A B AL 2 1
fE, MR AR 225 35 I AR 5 $A 610 R
TR R S B oy FH v i B R A S 2 A LA
RE A AL 2= R RE A A, 7RI 218 00 T B AH = A
B A HARMER BRSO A RS r 2
H o Hr A4 ) HEAs A RE T 4 R v B 09 5
PR 21, 0t B i R 2 AT TR 5 00 E B R 7
], 4N, Han 45 12 531 EAA BRpEME SR IR
PEGIR AT AT A Z 40 S 54 (Cogy Fess g
Niy; 7 Tas oAly ), BRI ILF L5 G W RE R )
PERE. Li % 19 a5 | AGORGARTAT HAHFZ A4
THHH, & T HHE G 4 (FeygCogsNiggCuys
Aly31Gagyg), ST SR BE | BAME RN 0 ) )7
Yu & M T b RS A IE ) CoCrFeCuNi Fil
CoCrFeMnNi £ 4 W RGP RE, & B0 MG 1 1
TR (M) 2535 K, H CoCrFeCuNi & 4 HA
e 5 I ERREPERE. PRI, 7ERkREME T (Fe, Co Al
Ni) AYZERE it —2 & BRI R A 4 e T DU
SRVEHFEE AL HEAs FFIALRR SO FZE &1
PERE. SR, KI5 TR G 4 1= Re oY
FEAETPFERLA | 45 S g R R A, AR S
LA OIS DO T 1= ki1 e e B S R Y
G e TR AR AR SR 1018 XGRS R
AR AT AR T /. FRATTIR AL 8 F ] Berkovich
FESKAGE T W AR A7 20 A7 X HT BN CoCrFeMnNi
I A B IR AR IR AR (1) 5 i 19,

H R, 081 A 4 058 3R A5 F 0wl ) X [a] 7€
3—20 kA/m WA EHERFR. XREE MY Kugar
Il 2 AR SR RE SR AEA Ak, SOOI g e AT A
e oK. (HE X REFEALA R0 I RR R N S 5, 2
PR RG4S 7E 1—2 kA /m PR % IX
6], %S EE 0 B8 T O % b T R b
MRS — s T HLRE Ty, b PR D)3kt e PR 3t v
W 75 S SR G /3R P BT T 2 Al S AR

i PO X RO BT A 2 Rl AR AR AL BT
BT YURE Ty L AP RS WP, ()4 2 Tl
FHRY P SR

PEXFOEHEE (selective laser melting, SLM)/
FOLK ARG Rl (laser powder bed fusion, LPBF)
VE Ay i e Aok e Ji ol B e R 4 )8 3D AT EEOR
Z—, AR R R R AR B 2 LR )
WA T —SER BB T R, m A el
GE ) BUE T2 245 R IR M 21| 1 2 30
W 22231 )R S5 1 1 2 A 1241 LR T S A3 1
/NF 100 K /525260, ifif SLM BB i3 B A B AR B i
IR PS8 A0 2 R PR PR V8 2R (105—10% K /s)P7, i
G 4 bhkbL A/, FTARAL SO AF£5 G 124 A 3
PEfE. Song % 28 FIF LPBF H AR s ifil e h T
Coyr sFeys sNijgSiz 4Aly 6 G, IR G
THEARRI L ST G 4 0 HOW 2 2548 S 5k
127458, Ozden 45 P R GEIHTSE T LPBF &
BT ASHO YIRS S IR R | O ZE 4 A
REPERE R RZ . (H2 ) X SLM BB A & A
4 I~ R 1 R AR 2 TR A 0K e TR A 1 25 5 PR
5 340 A DL A PR 2 A A

Zia PR REE, R TR AR 2 A
(1 WF 5% Beai PO, 3 — 2B ik SLM $iR T2 24K
(TR ), TERRREYE (Fe, Co Fl Ni) JGER IR
AR T L AR R REFETE R (AL Cr T Cu),
) b ] A S 2 5 R ) 2 P RE DL Y AlCoCr
CuFeNi S &4, REHMAFF T RF T2 SH000
G 4 YL UEE ) | P R R PR R IOW ) 25 B 52 0
() 4B 7S 5 AHZELI A s A2 R IR SR S5 O 2
LU 2 il AR T IR ) 2247 O B2 e AL L K
FIRAUK IR BT A ARTEHLH], %A A
V2 TR AL sy,

2 IR RO %
2.1 MREIEITTE

ARSLG R 3161 ANGEHVE I FTENSEM, S256
HH AL TS DL S N BN TC/K CBEEYE. SRR
JEAT HLB A LB A B2 R L B RS LA i A
1 AlICoCrCuFeNi milfi & AR (46N 99.99%),
Ky AR R BRI, AR R 5—98 pm, £
£EP7E 33 pm. AlCoCrCuFeNi B &4 AT HR
H A B R OCHRRIE S =R 1 g,

126101-2


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

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 12 (2025)

126101

# 1 AlCoCrCuFeNi My AR ML i XA TCR R FHES L

Table 1.  Chemical compositions and element-characteristic parameters of the AlCoCrCuFeNi powders.

Elements Al Co Cr Cu Fe Ni

Mass fraction/% 8.85 18.86 16.59 20.28 17.25 18.11
Density/(g-mm %) 2.7 8.85 7.75 8.90 7.87 8.85
Melting point/K 933 1770 2123 1356 1811 1728
Average atomic/nm 0.1432 0.1363 0.1249 0.1280 0.1270 0.1240
Structure FCC HCP BCC FCC BCC FCC

VEC* 3 9 6 11 8 10

*VEC—valence electron concentration.
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K1 SLM BUB % (a). SLM T. 2R3l (b), LK SLM U A i T 529 & (c)
Fig. 1. SLM equipment (a), schematic diagram of the SLM process (b), and the top-view physical picture of SLMed alloys (c).
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Table 2.  Process parameters of fabricating Al-
CoCrCuFeNi HEAs using SLM technique.

TE2% LICiEs
Laser thickness (f)/pm 40
Laser power (P)/W 110—150
Scan velocity (v)/(mm-s!) 1350—1550
Hatch spacing (h)/pm 50
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Fig. 2. Variation of porosity with laser power and scanning
speed of the SLMed AlCoCrCuFeNi HEAs.
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Fig. 3. The XRD spectra of SLMed samples, (a) processed
at 1450 mm/s laser scanning and different laser power
(110-150 W), (b) processed at 130 W laser power and dif-
ferent (1350-1550 mm/s) laser scanning speed, respectively.
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#3  KRE#EET% (P) F SLM BUEZ AlCoCrCu
FeNi @43 4:1) XRD 2L

Table 3. The XRD parameters of SLMed AlCoCrCuF-
eNi HEAs at different laser power.

P/W  Vpee/% Viee/% apoc/A apco/A

VBec =

110 94.89 5.11  2.870940.0006 3.610040.0006
2.8726+0.0017 3.6280+0.0007
2.8752+0.0012 3.6289+0.0017
2.8762+0.0011 3.63104+0.0023

2.8763+0.0006 3.6367+0.0014

120 94.38 5.62
130 94.24 5.76
140 93.41 6.59
150 92.04 7.96

*4  AKRRHEE (v) F SLMIE & AlCoCrCuFeNi
R4 XRD S8

Table 4. The XRD parameters of SLMed AlCoCrCuF-
eNi HEAs at different laser scanning.

vf/(mm-s1) Veoo/% Veco/%  apcc/A apco/A
1350 94.84 5.16  2.8840+0.0029 3.6460+0.0012
1400 94.89 5.11 2.8825+0.0012 3.6289+0.0017
1450 93.75 6.25  2.881040.0034 3.643040.0006
1500 94.13 5.87 2.8773+0.0015 3.6358+0.0021
1550 93.62 6.38  2.873740.0009 3.629740.0024
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Fig. 4. Typical microstructures of SLMed samples: (a), (b) SEM images; (c), (d) bright-field TEM images; (e), (f) the selective area
electron diffraction; (g) TEM bright field image showing the dislocation pile up and entanglement.
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Fig. 5. Hysteresis loops (a) and variation in M, H, (b) of SLMed AlCoCrCuFeNi specimens at different power, respectively. The

illustration is partial enlargement of panel (a).
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Fig. 6. Hysteresis loops (a) and the variation in M, H, (b) of SLMed AlCoCrCuFeNi specimens at different scanning speed, respect-

ively. The illustration is partial enlargement of panel (a).
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Fig. 7. Nanoindentation test. The curves of load on surface vs. displacement into surface of printed samples with different P (a) and

v (b).
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# 5 ARHEECEIIRT E&EMNIRIES
Table 5.

power.

Nanoindentation of alloys at different laser

P/W H,.x/nm  Nano-hardness/GPa E/GPa
110 321.54+13.8 8.840.9 202.348.4
120 322.442.1 8.7+0.2 202.546.7
130 323.2413.6 8.74+0.8 208.9415.6
140 326.846.2 8.5+0.5 201.84-2.3
150 332.3+8.4 8.240.5 203.845.0

£ 6 AREBOCHBHEET &SR RS
Table 6.

scanning speed.

Nanoindentation of alloys at different laser

v/(mm-s1)  Hy,/nm Nano-hardness/GPa  E/GPa
1350 331.04+6.3 8.240.4 199.24+10.9
1400 323.2413.6 8.7+0.8 208.9415.6
1450 322.343.8 8.840.2 201.74+8.6
1500 338.748.5 7.7+£0.4 197.047.7
1550 332.348.4 8.1+0.5 193.345.0
3.5.2 MARERETAITA
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Fig. 8. Nanoindentation test: (a) Curve of load on surface vs. displacement into surface; (b) fitting creep curve.
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T Bl AR IR AR RN A 3. AlCoCrCuFeNi =i
G AR EAREY HOdOY, iR TR IR
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4 % i

1) SLM P & 55 Ji F Lt AlCoCrCuFeNi 5
A 4 B TR TR AT ka0 AR K
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BYSIHT s A A BRIE 90K 2% FCC AHLLI;
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A 1 AT S TR A S 3 Ak B
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hef s BB O G 3R I G T2 R R
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AR AR B B, ELE AR AR, T B2 A A s Bl
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5) SLM WJE 25 AlCoCrCuFeNi % M & 4 &
SHRIET 22808 P = 110 W, v = 1450 mm/s,
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Abstract

Magnetic high-entropy alloy (HEA) has certain application prospects in the fields of energy conversion,
hysteresis motor, electromagnetic control mechanism and others. In this study, AlCoCrCuFeNi HEA is prepared
by selective laser melting (SLM) with different process parameters, and the phase composition, microstructure,
magnetic properties and micromechanical behavior are studied systematically. The results show that the SLMed
alloy mainly consists of a BCC matrix phase with a small quantity of approximately spherical FCC precipitated
nanophase. The nanohardness decreases with the increase of laser power and fluctuates in a certain range with
the change of scanning speed, but the whole sample shows excellent micromechanical properties. Besides, it is
found that the room-temperature nanoindentation creep deformation mechanism of AlCoCrCuFeNi HEAs is
mainly controlled by dislocation motion, which is different from the results given by the traditional classical
creep theory. Both of SLMed alloys exhibit typical semi-hard magnetic properties. The saturation magnetization
is affected slightly by the SLM process parameters and remains at about 43 A-m?/kg because all samples have a
similar quantity of ferromagnetic elements (Fe, Co and Ni). However, the coercivity increases from 1.72 to
2.71 kA/m with the increase of laser power (P), and decreases from 2.37 to 1.98 kA/m with the increase of
scanning speed (v), which can be attributed to the different effects of porosity and internal stress on the pinning
of domain walls under different process parameters (P and v). This work provides a theoretical basis and
experimental direction for further studying the optimization of comprehensive magnetic properties and the room
temperature creep mechanism of SLMed high-entropy alloy.

Keywords: selective laser melting, AlCoCrCuFeNi high-entropy alloy, semi-hard magnetic property, micro-

mechanical behavior
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