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Fig.1. Diagram of the device for preparing nanoparticles through electrical wire

explosion in an atmosphere environment.
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Fig.2. Equivalent circuit diagram of electrical wire explosion.
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Table 1. Wire load and input voltage parameters.

A5 dar (mm)  dri (mm)  dee (MmM) -~ dni(Mm)  dey (MM) L (cm) U (kV)

ik 0.3 0.3 0.2 0.3 0.3 5 20/30/37
7&K 0.3 0.3 0.2 0.3 0.3 5 20/30/37
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Table 2. Relevant parameters for thermodynamic calculations.
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J& R (°C) 660 1668 1538 1455 1085
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Fig.3. Curves of current (1), voltage (Uw), and cumulative energy deposition (E)
varying with time during the electrical ex-plosion of wire process in argon medium
and distilled water under different charging voltages (20, 30, and 37 kV): (a) argon (b)

distilled water.
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Fig.4. TEM morphology and particle size distributions of AlTiFeNiCu-based

multicomponent nanoparticles prepared in different media: (a) TEM image of

nanoparticles prepared in argon, (b) TEM image and particle size distribution of
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nanoparticles prepared in argon, (c) TEM image of nanoparticles prepared in distilled
water, (d) TEM image and particle size distribution of nanoparticles prepared in
distilled water.
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Fig.5. Microstructure, elemental distribution, and lattice structure characterization
of the quinary alloy particles prepared under argon atmosphere: (a) HAADF-TEM

image, (b—f) TEM-EDS elemental mappings of Al, Ti, Fe, Ni, and Cu, respectively, ()

HRTEM image with enlarged lattice-fringe regions and (h) TEM-EDS line-scan

profiles of the quinary alloy particles.
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K6 781K T 1l 4% 1 Tooc & SRR OB S . TT a0 A0 S di kg 4 kb 3=
fE: (a) HAADF-TEM #3558, (b-f) Al. Ti. Fe. Ni A1 Cu Jjt&) TEM-EDS [
SMAGEL (9) HRTEM EEJRERaR I AR SO, (h) Tt & S8k TEM-EDS

LA R

Fig.6. Microstructure, elemental distribution, and lattice structure characterization

of the quinary alloy particles prepared under distilled water atmosphere: (a)
HAADF-TEM image, (b—f) TEM-EDS elemental mappings of Al, Ti, Fe, Ni, and Cu,
respectively, (g) HRTEM image with enlarged lattice-fringe regions and (h) TEM-EDS

line-scan profiles of the quinary alloy particles.

W 6 JEoR T K P 4 BE i (3TKV) 50nm JURE R TEM B K Hont v
ff) EDS SR A 4R EW, AlL Ti. Fe. Ni Al Cu Fbh a3 £ WM X 35 Py
Bynr g 2, H AR A o Hl S 0B SR AR X A — 3, i 2 R m A o3t
FZ5 7 RRE G R . JR1, ANFE TR AEAS FIRORL o B A 5 SR A7 AL B
Z 5t HAmAr MR A BAUSRT AT igAoeR, R YFE 8 a1 — B SAH [
TESEHE, AR — 8 B SR R 7 B0 6(9) 11 HRTEM KR LR,
RIURL PN A AE KT AR 82 HLIG T A A A% 2 20, 3R] 37 KV KA & A T il 25 1
RORLATY BA B e 45 B 5, T AR CAJC e I A D0 o 22 NI DX ot T ) B A 9 %
. pihn, B o6(gl) A 6(g2) Hh ik S BUa BT R B S R EE 4 M £ 2.08 A
207 A, ZHEERBUN, URURCRER G B —SERE. IRAh, TERH TR
fioh DX 3 ) 0 % 8 W G AR AR C I, R PR BE R R AR AR T AT A . X K
T it ) [ R O AR a7 FRUURE HE B, 110 PT RESRYR TR A UL AE VAR LA L T &
AR R A, R KSRV T A R R 4 6(h) #J EDS Zfd4
SR B2 5EAAE SHLIRE, AlL Ti. Fe. Ni fil Cu AP oLk

14



DX A AR AL AL, RSB AR N BB TR IR . B,
I 37 KV BE G BTG R 70 A1 22 5 T R I AN [RLBURL 2 18] R B e 5l T
AERORL N R R E A B EREORFE, PIRIRUT B ZE SR AN EL R A T BRI
B R BARRAT ), 165 280K B A 5 20 SRR 82 2 3N ) 2 ks 4,
KA T P R I o PR A AR W AR O SR v A 5, i3k — 20 S < S 2K SRR
A REIFAIPRIE R S5 S FEP 280, AR A2, SR v B s o, 2t d

JEARIR A I 78R S RE SRR, AT BE A 5 (i it e 2 (M AR 73 5

IRV _—

37kV 37kV

Ti 2p
30KV

B (a.u.)

BE (au)

0 78 7 )
Lk At r
it (eV)

37kV
Sag

S (a.u.)
R (an.)

LA EV)
7 AR T 24 1) TLoT A 4 Pk i XPS 14

Fig.7. The XPS images of quinary alloy particles prepared in an argon atmosphere.
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Fig.8. The XPS image of the quinary alloy particles prepared in a distilled water
environment.
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Fig.9. The XRD patterns of quinary alloy particles prepared under different

environments: (a) argon gas, (b) distilled water.
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3 MK N AR E YK XRD M & 545 S5
Table 3. XRD peak fitting and structural parameters of electrical explosion products under argon

and distilled water environments.

e s T ) 8 () EAR SRR £(%) 6x10° (nm?)
BCC (110) 2.10 4.84 2.62
Ar-20 FCC (111) 2.06 7.79 7.06
HEE/% BCC :FCC = 35.09% : 64.91%
BCC (110) 2.09 14.89 25.16
Ar-30 FCC (111) 2.05 5.62 3.70
HEEEBI BCC :FCC = 56.71% : 43.29%
BCC (110) 2.09 16.56 31.01
Ar-37 FCC (111) 2.06 5.35 3.35
HEE/% BCC :FCC = 32.26% : 67.74%
AINi-H20 (001) 7.40 10.93 1.08
Cu (111) 2.08 2.76 0.87
NiCu (111) 2.06 1.94 0.44
7K-20
FeNi (111) 2.05 3.17 1.18
Ni (111) 2.04 3.36 1.34
HEE/% AINi-H20 : Cu : NiCu : FeNi : Ni =30.70% : 32.31% : 6.69% : 15.18% : 15.12%
AINi-H20 (001) 7.51 19.76 3.42
Cu (111) 2.08 8.78 8.83
7k-30 FeNi (111) 2.06 413 1.99
Ni (111) 2.05 6.46 4.90
HEE/% AINi-H20 : Cu : FeNi : Ni = 13.45% : 30.01% : 3.49% : 53.04%
AINi-H20 (001) 7.41 19.32 3.36
Cu (111) 2.08 3.69 1.56
K-37 FeNi (111) 2.05 5.86 4.01
Ni (111) 2.04 451 2.41
HEE/% AINi-H20 : Cu : FeNi : Ni = 12.06% : 14.35% : 39.93% : 33.66%

K9 25 T M ZR /KA B i & - 0 ) XRD Bl o ik — 8 BIEAN ]
FEGHIARZL G, X FEEAT AT 1R, FTHRE XS N S R R AR AR
AR, AR R SRR B R, AR 3 . B9 (@) %R T A FEHAHE T
FAAE R HBSEFIN XRD B R PR F BRI K0 )E T BCC Y
A1 FCC AULEH, HgAi 7355 AINiTi(PDF#65-4198) #1 FesNi (PDF#65-5131)

BONERIL, AHOC PDF R A (U TS BT i AR 5 /28R, AR &R
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HPIA WA, T FCCIBCC ML Hu&4 M, 5 HRTEM EAL4E

— 3 IR E S R E I, Ar-20, Ar-30 F1 Ar-37 RESISTFTME T FCC(111) A
BCC(110) S5HFEfTSfIG, HESIAEE R AH N B EX =4 FCC/BCC AALL
191 S AR BB AE AT W R . BRI 4, SRR T AR BE BRI T FCC
A1 BCC HUEHAA M4 WAL LS, IX AT IH PR T/ ot B 5~ N s e B, e
ki, ATStIEARS. FERMRHIE T, RERMIAAIR, 2408 L MR RIRS
FREEAE, FI ) FCC ik, Ar-20 #Efhrh FCC 40 B ks s AR A7
5 P AR LG FAdRE b ¥ FCC 44 e, BEHA T FCC AR h 4778 5 1 I 11 [V
. HHETHER Ar-30kV I, fAREEM RN, ©ELiMEEMZ TR
RERERR, Al Ti. Ni FoRERsSHEGERMHERL. Al T /i
SRR RPN B TIRIE, JEI5E BCC 5N BBIR, Fitt BCC AL

FFE3) 56.71%. AR 4.84% (Ar-20) #4403 14.89% (Ar-30), foftkesfir

N

MIEINF] 25.16 <103 nm2, PLIHHFZEH LT BCC A KETE

N

A% I PRE R, AL

N

VR S W A A R 2 P KR o EL M B R — 25 T B Ar-37 kV i}, BCC #H
EC A S iy PR AR S 32.26%, FCC AHE M Tt %] 67.74% . X5 W vy v S AN T
BCC JB#. 37 kV I, HEEReREMm e | &/ Lot Ra LS
[E T R4 8 iR R TR BCE . BT Fe. Ni 1 Cu S8 &4
TR E BN TR FCC [ ¥4, FCC MIZE Pudig [ i R i 4t 2 2 K I Ak
AEGMH. SR, FE7ai Kk LAH BCC RugibMimm Al F1 Ti 18
FCC f Py [l 3 52 SRR, vl RESE M) T-7E )/ i X i 4, JF5 5 BCC Al
fER. BCC MIH T & 4R TRRFGHI AUTI J5, JL R AR i 35 4 5,

RIS S AR (16.56%) FIALESEE (31.01 X10° nm), [fif FCC #h k& i
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Fig.10. (a) The ICP-OES results of the quinary alloy particles-particles prepared in

an argon and distilled water environment, (b) Binary mixing enthalpy matrix of the
AlTiFeNiCu system, (c) Comparison of melting and boiling points of constituent
elements and (d) Temperature-dependent saturated vapor pressure of constituent
elements.
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T4 RFBER R 23640 T AITiFeNiCu 32 4T M 12 S H0xt L
Table 4. Comparison of thermodynamic parameters of AITiFeNiCu-based multicomponent

products under different experimental conditions.

ASmix AHmix

FE o(%) VEC ?
Jmol2K» (kJ/mol)

HIth 6.76 13.01 -16.47 7.72 1.21
Ar-20 5.95 12.04 -8.96 8.62 2.03
Ar Ar-30 5.14 1151 -4.48 9.00 3.96
Ar-37 5.08 11.47 -4.25 9.04 4.19
3 7K-20 4.85 10.89 -1.49 9.23 10.76
e /K-30 5.12 11.57 -4.47 9.06 4,05
K 7K-37 5.54 11.88 -6.87 8.89 2.71

B AT S B TG R LB AT RE S ) 0A 4 R L IC LU AR TE I AR B, UKW 46
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e AT B K B B B oy B 4 R AR, AR 28U E N &R A&
SR 22, TS B HAE Y E VAR T S 9 o BT S o3 T 5 A 3 1Y
Ar-20. Ar-30 M Ar-37 FEE ) 6 J9 5.08%-5.95%, ASmix N 11.47-12.04
Jmolt KL, AHmix N —8.96 & —4.25kI'mol?, Q@ ¥JKT 1.1, WG
BA— 22 Aol A i . S8, s VEC Thm% 8.62-9.04,
1% VEC FI9E HBAR R4 SR TR FCC [EVEAH. {5 XRD 45 2R, &
S L FCCIBCC WUMIFEZ4FAE o 3 38 P 1 i 090 ) 3 S Rt S e A
ST T a3, R DA 6 A4 38 B AR N K JBURL A (1) 52 e Jo Al 2 44

IEWNICP-OES 454041, MR IEI R th A [Fl TG R il « W BERI BUZ AT J A7
E2ST, AP OBV TS » %5 & ) 2 /i I TEM-EDS 4 H1 HIXRD 43
Prigfgt TAFEEE I, BIAL Ti TR Bol. 5 FelNilCu 352
[MAFAE— B R, JRE8 AUTING B0 ATi/Fe &4 XIEH R T-FaE BCC

HIgER), T Fe/Ni/Cu #HX'E £ XN EAHF| TR FCC [EHEH. &)@ hiE
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Fig.11. Static magnetic property analysis of the electrical explosion products prepared
under different media and input voltages: (a) magnetic hysteresis loops of the samples
prepared in argon and distilled water at different input voltages, with the inset showing
the enlarged low-field region, (b) comparison of remanent magnetization (My),
coercivity (Hc) and remanence ratio (My/Ms) of different samples.
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Fig.12. DLS characterization of the dispersion behavior of quinary alloy particles:

(a) Zeta potential and (b) hydrodynamic size distribution.
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Study on Dielectric Environment-Regulated AlTiFeNiCu
Electrical Explosion Behavior and Characteristics of Its
Alloy Nanoparticles

Liang Liwen? Li XinY Liu Xingyu? Shi Huantong? Wau Jian® '
1) (State Key Laboratory of Electrical Insulation and Power Equipment,, Xi’an Jiaotong University,

Xi’an 710049, China)

This study is based on the electrical wire explosion technology and
investigates the discharge characteristics, energy deposition, and evolution
laws of product structure components during the formation process of
AlTiFeNiCu alloy nanoparticles in argon and distilled water media. The
experimental platform employs a 50 kV high-voltage power supply, a 4
JF energy storage capacitor, and a coaxial discharge cavity. Using a
five-element metal wire (Al, Ti, Fe, Ni, Cu) as the raw material, discharge
experiments are conducted at different input voltages of 20/30/37 kV. The
results show that the current rise rate is higher in argon, and the energy
injection is faster. The distilled water medium has stronger confinement
and higher dielectric strength, which can prolong the energy deposition
process. The maximum deposition energy is nearly twice that in argon.
Different media induced distinctly different particle formation pathways:
in argon, the products consisted of BCC/FCC dual-phase solid solutions
with relatively better dispersion, whereas in water, the products exhibited
smaller particle sizes (<30 nm). However, strong quenching, interfacial
reactions, and non-uniform nucleation in water tended to induce elemental
segregation, hydrated oxide formation, and aggregation of fine particles.
Particles in argon gas exhibit better dispersion  stability as voltage
increases, while the reduction of magnetic anisotropy and magnetic
hysteresis behavior further endows the material with improved soft
magnetic behavior. This work clarifies the synergistic role of input energy
and medium environment in regulating the structure and properties of the
products, providing a basis for the controllable synthesis of alloy
nanoparticles by electrical explosion of wires.

Keywords: high entropy alloys, application of pulsed power technology, electrical explosion

of wire; nanoparticles
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