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Electrochemical Synthesis and Explosion Performance Study of Ni-Cu Pre-Alloy Exploding Foils
SHEN Zi-an, ZENG Xin, ZHU Yan-li, ZHAO Wan-jun, JIAO Qing-jie
(State Key Laboratory of Explosion Science and Safety Protection, School of Mechatronical Engineering, Beijing Institute of
Technology, Beijing, 100081)

Abstract: In order to explore the ignition mechanism of alloy reactions induced by electric explosion plasma, further reduce
the ignition voltage and increase the energy utilization efficiency of the exploding foil (EF), an electrochemical method was
proposed in this study to in-situ deposit Ni-Cu pre-alloy films on the surface of Cu EF. The morphology, composition and electric
explosion characteristics were investigated systematically, then the alloy reaction path and energy release mechanism were
explored combined with electric explosion reaction monitoring. The results show that the electrochemical potentiostatic method
can be used to deposit Cu and Ni, the prepared Ni-Cu pre-alloy microcube are evenly distributed with the size of 5 pm, when the
applied potentials are -0.2 V and -0.8 V, reaction time are both 2 700s, respectively and there is no obvious oxide formation. The
energy utilization efficiency of prepared Ni-Cu pre-alloy exploding foil under 2 000V charging voltage is 2.11 times higher than
that of Cu exploding foil, the alloying reaction can be observed clearly after electric explosion occured 50 ps later, the plasma
expansion range and spark duration time are all significant larger than those of the traditional Cu EF, indicating its excellent
electric explosion performance.
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Fig.1 Preparation flow chart of the pre-alloy exploding foil

| = | [F—retm a®
SALEENe =
- -
—|pc HR— 2 SN
-
AL TG SRt - =
— IR

B2 BiF=ffRGmrEE
Fig.2 Schematic diagram of the electrochemistry
three-electrode system

SEIFFUATET, B TAEHRARAENTR . CEEREZE
WK R UGS T VE 15 min, DA AT BEFETE
PRI B AR)5T, PRUESSIC S50 0 Fe 704
FIFAEEMR L (CV) 7E-1.2 ~0 V AL X [a] F
I, FHERR 10 mV/s, K45 Cu A Ni iy
AR 4-0.2, -0.8 Vo PLZHL R MR FHHA 4>
BIPEFT Cu FINi [ HLAL A A TTORR, DRI
2700, hl#EmEY 5400, PURUBF M5 Ni s
Cu, il e 5E BT FHAEZR IR K e L 2 BRI
A Ni-Cu FIA S ET .

2 tEmIEIE

2.1 TEERRRSTSRAE

TR & e e MR A B, A
TR (SEM ) RALFG SIS FIRRL R,
FIH X HHFRERHY (EDS ) RIEWA S0 R AL
Bt SOV

2.2 EJRMREMIK

A AT R RENI R G WA 3 R, R
R BRI Gty 0~4kV, FEEEHR 1%0)
SRR R L RS (S SA CT41L/0.2 pF/3.0kV )
oL SR 0~ 3 kV Ak e . ki b THA
[ARKTF 100 ns ., Bk PRSI T 1 ps Ak i
REFAIE, R EIoe (R R, B SR
i RQ-8001 ) $ttfl & (55, (75w IS,
R RIK RS C X ETAIES Tl 1] B% A i
LI IR 2 1(r) SR KESE PR () L R AR S B 28 UGo) 2R
B CLRIE (IS HIAS g 5008C ) FIEEN 1 000 F5HY =
FEGERHFA TN, BRI AR e as CRAEH
RAMETF 1GS - s1) TG R ERGERIER
[Fi) R H LU T TS A FR SRR 1 P S s i)
PRRHE . BRI, Ih AR A R SRR
[, R R R AL SR A SR E A TEAN R FE
HUE T U S R R, A8 200 000 /s,
Uk~ R T 7 SN LT I =10 N L 2
]

filk B
TR

l [

FRIRE
TR

E3 mEEREit RS
Fig.3 The measurement system of electric explosion
performance

3 HRE5IVNL

3.1 MEEMIRFEIRFK S

KA AR A DT 48 Cu RN, B
HAA5H-0.2, -0.8 V, JUMHFIEIFI A 2 700s, S0
SRR T AR R R R AT AT SRS B S o, [RE X
HUM R TIAT 07A: o FRAR Ni-Cu B ETETTRR RS
RSN 4 B, I 4 AT OL7E Cu JKESR 2RIk
HH BB ETIRZ, X F Ni-Cu 52k



2024 4 10 A & T

(=)

4T 31

iR, ORI Ni-Cu A SRR IETESNEL 5 (a)
~ (d) Fizs. 5 (a) IRI3HEF SEM RIESREH]
MR 3, E5 (b) ~ (o) Mk
SEM ZE SRRV Ni-Cu HiEEMEE S wm R
SHRST T IIES B S (d) REIMELEA —E 1T
SERL, FEST TR K EGOKR R ST r iRk, H
HRSE RS, BAS— , REEBYIN XF Ni-Cu
WA AR U T EDS REIG T, Wil S (e) Fr
AR, MPEHARIIZER] Ni, Cu FIZbH O BIFFETE.

(a) wARA (b) wAE
E4 RS
Fig4 Exploding foil

@ ©
5 Ni-Cu FAEIBHIEIERE SEM [EIF0 EDS

Fig.5 SEM image and EDS image of Ni-Cu pre-alloy

exploding foil

H1 T A2 2 S o B DRGSR, B 5B TURR Y
Ni bR FEEAERTE N2, S5, TETURI
Cu RI Ko AAE BIZMNT T IREsH, JEEEpED R O
AU (< 10% ). EDS FALETREN], % Ni-Cu il
B ERA B B 3)Z454 , B Cu 5 Ni Z [l
SRR L G ARG A B B . TR
R A SRR R S AT AR e, &R
BH 7 AT AR CAE AR SR AR rTHE0URR, SOk Jr
PREEFHRRIUR FRTE A R e U R e fmi A,
i s, Wb, Wkl a kb LA

In /KA

3.0 3.0 2.0 2.0
2.5 2.5

2.0 2.0 ' :
1.5 A0 1.5

1.0 A U@) 1.0

0.5 \ \ 0.5

0 L \ ?::3

-0.5§ :f 0.

-1.0 B

-1.5

-2.0,

WEHIA RN R AR, 2 5%, v—&
TR IR G IR AR TR HEAT o BRI, sl
R WA R s 5 B IA A T, R
YIRS PR, IR IR N AICE AN A B B AR
Lt e G | R R A (R AT A SN E £ LT
TG - e AR A A S T P R S I g,
T4 A P A M R AN RE R R 3R
3.2 EBIEMEMERE

X} Cu MEFETH . Ni-Cu PG S EIAE 7E L L
k1500, 1800, 2000 , 2200, 2500V [KHLEEKEM]
BRI TR, WS BRI . HRBER (2R fk
HhZani&l 6 s .

1.5 2.0 2.0
1.0 1.5 1.5

s M0 10
“=Sos) M 0 oL
] = \ v U@ =
w0 Z7 0 \ 0
0.5 0.9 105

e 110 -1.0 4-1.0
0.5 1.0 152.0 253.0 3.5 0 05101.520253.03.5

t/ ws o t/ s
@ 1500, Nicurieesh o () 1800 1 Nicures
. 2.5

2.0 .
s 20 A 2.0
{15

1(t)
1.0 1.0
105 Zo's j o) 055
0 ié ol \ \ AN “~ o z
105" 0.5 R, 05
1-1.0 -1.0] \}U -1.0
-1

T R ST, -1.

05101520 253.0 3._51'5 0 0.5 1.0 1.52.0253.0 3.5
t/ s t/ ws

(©) 2 000 V, Ni-CutEsh (@ 2200V, Ni-Culphksl _

t/ ps

(&) 2 500 V, Ni-CutB¥sh () 2 000 V, CulpEsh
6 Ni-Cu FEERIES. CulBEEERRIREEET
R
Fig.6 Voltage and current curves of the Ni-Cu pre-alloy
exploding foil and Cu exploding foil under different
charging voltages

T SCUEAE L N 2 MR TR At 22, FOARR A HL
THE . RN DURAESR . A B RE IR A
MRpHRDEmNA (1) ~ (5):

=— (1)

x X



32 7225 . Ni-Cu FUE SRR M T HL AL 8 S AR P RERIT S

2024 4F5 5 1

= x (2)
=, 00d (3
0=5 2 (4)
== (5)

K(D~(5)H: pp MBELHIRERE, MA -cm?;
Iy BRI, As h, w, dArARYESEINK . 98
FUERE, 229018 0.5, 0.5mm 4 wm; Pp AR
IE(E, MW; U, WEERHLUE, kV; E NTTGER,
ml; e AL, ns; Eo MATAGRER, m); Cl
FEHARHARE,02 wF; U NEAEG T,
Vi p HRERFIFR, %, iR sk
1 Ffizs.e

FT 1 CulRHESE. Ni-Cu TRASIRIESERIBIENIK SR

Tab.1 Electric explosion parameters of the Cu exploding foil
and Ni-Cu pre-alloy exploding foil
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Fig.7 High-speed photography images of the electrical
explosion process of Ni-Cu pre-alloyed exploding foil under
different charging voltages
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