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Where ci is the mole fraction of element i.  and Tm are the average atomic radius 𝑟̅

and the melting point of the alloy, respectively. The  represents the mixing ∆𝐻𝑚𝑖𝑥𝑖𝑗

enthalpy of a binary system of equimolar composition in the liquid phase. The detailed 

data of parameters are listed in Table S1 and S2.

Tab. S1 Binary mixing enthalpies for each atom pair in–Fe–Co–Ni–Cu–Mn-B alloys.

(kJ×mol-1)∆𝐻𝑚𝑖𝑥𝑖𝑗
Cu 4 13 6 4 0

/ Mn 0 -5 -8 -32

/ / Fe -1 -2 -26

/ / / Co 0 -24

/ / / / Ni -24

/ / / / / B

Tab. S2 Melting point, crystal structure and atomic radius.

Element Fe Co Ni Cu Mn B

Melting point (K) 1811.15 1768.15 1728.15 1357.75 1519.15 2349.15

Atomic radius (pm) 126 125 124 128 127 90



The powders prepared by the high-frequency swing ball-milling are of flake shape 

with uniform size distribution, as shown in Figs. 1(a)-(f). Due to the good ductility of 

Cu, it can be seen from the distribution histogram that the sample particle sizes are still 

in 0-20 μm with the increase of Cu contents, but the number of large size particles 

increased. EDS was used to characterize the element distribution of sample C2 with 

low Cu content and C6 with high Cu content, as shown in Fig. S2(a) and (b), 

respectively. The five elements were evenly distributed, except for the Cu element in 

the C6 sample, which has a high mixing enthalpy with the other four main elements 

and is very susceptible to segregation (Cu enrichment) at a high content.

Fig. S1. (a-f) SEM images and size distribution histogram of (a) C1, (b) C2, (c) C3, (d) C4, (e) C5 
and (f) C6.

Fig. S2. Elemental mapping images of samples (a) C2 and (B) C6.



Fig. S3. (a) Hysteresis loops of FeCoNiCuxMn (x = 0, 0.1, 0.3, 0.5, 0.7 and 1.0) measured at an 
applied magnetic field range of −20,000 Oe to 20,000 Oe. (b) The zoomed region of magnetic 
hysteresis loops near origin.

Tab. S3 Electrochemical parameters of equivalent circuit under different stray current density.

Samples Rs
(Ω cm2) Rt

CPE1-T 
(μΩ-1 cm2 sp)

CPE1-P
(F/cm)

Rox
（Ω 

cm2）

CPE2-T 
(μΩ-1 cm2 sp)

CPE2-P
(F/cm)

C1 1.934 191.90 0.00034143 0.66969 11141 0.00035281 0.8057
C2 3.885 74.13 0.00014257 0.71157 8387 0.00021383 0.85088
C3 3.432 31.01 0.00011395 0.74334 10032 0.00021001 0.8606
C4 4.047 37.24 0.00021770 0.70175 5242 0.00022326 0.86027
C5 4.066 48.14 0.00019731 0.80791 4282 0.00017672 0.70457
C6 4.283 92.77 0.00017291 0.67537 7407 0.00021109 0.84194
C7 2.977 50.18 0.00022577 0.74733 8125 0.00020569 0.78808

Fig. S4. (a) Dielectric loss factor and (b) magnetic loss factor of samples.



Tab. S4 Comparation of corrosion-resistance performances of different HEAs. [1-6]

Alloy Solution icorr (μA/cm2) Ecorr (VSCE) Ref.

FeCoNiCu 3.5 wt.% 
NaCl 5.04 -0.364 1

FeCoNiCu 3.5 wt.% 
NaCl 5.78 -0.430 2

FeCoNiAl0.3
3.5 wt.% 

NaCl 5.02 -0.204 3

FeCoNiCrBSiNb 3.5 wt.% 
NaCl 5.2 -0.390 4

Ti21.6Al11.3Cr19.4Si23.5V22.0O2.

2

3.5 wt.% 
NaCl 6.14 -0.541 4

FeCoNiCuAlCe0.01
3.5 wt.% 

NaCl 5.27 -0.430 2

FeCoNiCuAlCe0.03
3.5 wt.% 

NaCl 4.61 -0.430 2

FeCoNiCuAlCe0.09
3.5 wt.% 

NaCl 4.01 -0.450 2

AlCuCrFeMn 3.5 wt.% 
NaCl 6.97 -0.892 5

AlCuCrFeMnW0.05
3.5 wt.% 

NaCl 6.12 -0.876 5

AlCuCrFeMnW0.1
3.5 wt.% 

NaCl 5.39 -0.716 5

AlCuCrFeMnW0.5
3.5 wt.% 

NaCl 4.32 -0.503 5

AlCuCrFeMnW1.0
3.5 wt.% 

NaCl 3.32 -0.313 5

FeCoNiCrMnAl0.5
3.5 wt.% 

NaCl 9.56 -0.428 6

FeCoNiCu0.1Mn 3.5 wt.% 
NaCl 2.31 -0.098 This work



Tab. S5 Comparison of EMA performances with the related materials. [7-13]

Samples Thickness
(mm)

RLmin 
(dB)

EAB 
(GHz) Ref.

FeCoNiCrCuAl0.3@air@Ni-NiO 1.30 -41.40 4.00 7

FeCoNiCrAl 1.50 -35.30 2.70 8

FeCoNiCrCuAl0.3 1.70 -40.20 4.48 9

FeCoNiCuC0.04 1.72 -61.10 5.10 10

FeCoNiCuC1.0 3.56 -59.90 5.20 10

FeCoNiCuTi0.2 2.16 -47.80 4.76 11

FeCoNiCuAl 2.00 -19.70 2.50 12

FeCoNiTiCr@C 4.50 -20.43 2.50 13

FeCoNiTiV@C 4.50 -26.43 2.95 13

FeCoNiCrCu@C 2.00 -20.82 3.00 13

FeCoNiCu0.1Mn 2.79 -71.0 6.79 This work
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