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Cu-Ni-P Alloy Nano Powders Prepared by Electrical Wire Explosion
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Abstract  Cu-Ni-P alloy nano powders were fabricated by the electrical explosion of electroless Ni plated Cu
wires. The effect of applied voltage on the explosion was examined by applying pulse voltage of 6 and 28 kV. The
estimated overheating factor, K, were 1.3 for 6 kV and 2.2 for 28 kV. The powders produced with pulse voltage of
6 kV were composed of Cu-rich solid solution, Ni-rich solid solution, and Ni,P phase. While, those produced with
28 kV were complete Cu-Ni-P solid solution and small amount of Ni,P phase. The initial P content of 6.5 at.%
was reduced to 2-3 at.% during explosion due to its high vapour pressure.

Keywords : Electrical wire explosion, Cu-Ni, Ni-P, Cu-Ni-P, Nano powder, Electroless deposition

1.A B

AR & AFUES Bl A7]H F

fregtogd A" B0g sl ArA
3 (wire electrical explosion, WEE)’ ©] 3% 1.
T A Aoz ARMER. o] W] 9
s GFuE, 8o, YA, 78§ 99k £5%
e Fe] AR AFANS. H A7)
TS e YR sla) s xYHE F
&3] A= ghor] 1 HRA]] d= 2557 ol
o] £3& AME A FA IS Alxs)
AR 5E 5 5 U

Faolvt a573bEe] Atel= e g3k
AAZ AMgshE SolsH F i EE Axg
T ot Aer Eusdo s A7 E
e 982 ARl Cu-Ni, Cu-Zn, Ni-Ti &5

tlo

.
=

35

g
H’

*Corresponding Author :

e Rah S A zshe d3v) SR

E A7AdME Az el Balsla 714o| )
2 FFAANNA EFEe olF F5E A =5
THANE A7AAFYe) A8 ARSle A2y
WS AAEE B sleh AREE o] ubgell s
Cu-Ni, Al-Cy, Cu-Zn 5 4#9] <] &F Y=
LS AFTIRTH, B G M= A Nig
EF8 Cu AAE F8FE AMSld CuNi-P &
e Bke] AlzrbsAl S ebxlsisic)

2. Mg

FAsl =gl ARgE Cu AAY 272 0.3 mm
olglch. FAE Ni =5 GyddFEolA a3}
Qo =F F Ao AL 041 mm oI+, o}
A FAS Ni 29 FAE 0.055mm 7F Ew o

[Tel : +82-42-868-3623; E-mail : wbkim@kigam.re.kr]



715 el 218k Cu-Ni-P 35 e B Az 109

Table 1. Explosion parameters used.

Applied Voltage Capacitance

Wire Length Explosion

Experiment (kV) (uF) (mm) (/min) Atmosphere
] 6.4 11 20 15 Ar (2bar)
2 28.0 3.8 80 30 N, (2bar)
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Fig. 1. Optical micrograph of the cross section of electro-
less Ni plated Cu wire of 0.3 mm diameter.
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Fig. 2. X-ray diffraction pattern of electroless Ni plated Cu wire.

f 600um ' Electron Image 1

Fig. 3. SEM micrograph of powders produced by explosion
of electroless Nickel plated Cu wire. (a) 6 kV (b) 28 kV.
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Table 2. Composition of explosion products of electroless Ni deposited Cu wires (at.%).

Sample Cu Ni P
Electroless Ni Deposit 86.4 £ 0.6 13.6 = 0.6
Calculated overall composition 52.0 41.5 6.5
6 KV powder (<150 mesh) 68.1 + 0.5 29.8 + 0.4 21 + 02
residue (>150 mesh) 269 + 4.9 65.6 £ 5.0 75 £ 0.1
28 KV powder (<150 mesh) 55.8 + 0.2 412 + 03 3.1 £ 0.1
residue (>150 mesh) 553 £ 13 415 = 1.0 32 £ 03
wire : 80mm
(b) = 30 explosions /min 4-836 (Cg)
T voltage : 27 kV ;‘\l'lggo (Ni)
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Fig. 4. X-ray diffraction patterns of powders produced by explosion of electroless Ni plated Cu wires. (a) 6 kV (b) 28 kV.
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Fig. 5. Lattice parameters of Cu-Ni-P alloy nano powders
prepared by the explosion of electroless Ni plated Cu
wires. The Cu-rich solid solution and Ni-rich solid solution
were produced with 6 kV and Cu-Ni-P solid solution with
28 kV.

ZALZ Fgnt a9 4y o5 Hue XA 3
AFAeE CuNi®| TdgA ghge] AAE A&
HeJF3 gl o] NiPA= A3 Fhasist
ol A CuNi-P 7 £4o AAAFLE
3.5798A0I90ch. 1% 5= Alxdt BOEe AzMake

(a)

J=t —
40 i Sl

CuRRlAL - AR - ol

=

SREEES

o
&

Z £33 Aol 28 kvellM A28 Cu-Ni-P &
ol 739 Ni gk #1298 at% NiE 29
28 kV powder®] 73-%)& ARl CuNi &9
FAol| uhE AR Valova S[18]10) dHl¢JHE
ARg3el e ol AR (aye

a = —9.136107X (x=at.% Ni)+3.6152% FA]Ec}

A £ 4 3l AA¥ CuNiP 39 4
APy Cu-Ni dloJEle} #9) UdXshi gich
meld CuNi-P 3 ol &%d oF 2at% Ni
AZPETFr 2 S XA e o= oE gt
Heh Cu-Ni-P 59 A upd Axpts ¥ o]g]
= & 4 ggdok 3 6 kvelld A28 Cu-rich
449} Nirich 38412 Azl 242 36043
A(V) # 35500A(2) ol 9 Aeo=zXdE F
e 24E& AAPE Cu-rich 8412 AL 119
at% Ni 223 Ni-rich 18] 242 704 at%
Ni 8] 2ol gt

a9 63 72 AE vt we] TEM ARl ¢
T2A Asfo|t}. 6 kV W 28 kVE A F3 vk
o] 718 HAEYAS 247 52nmet 59 nm

Fig. 6. TEM micrographs of Cu-Ni-P alloy nano powders produced by wire explosion of electroless Ni plated Cu wires. (a) 6

kV (b) 28 kV.
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Fig. 7. Particle size distribution of Cu-Ni-P alloy nano powders produced by wire explosion. (a) 6 kV (b) 28 kV.

Table 3. Comparision of composition of Cu-Ni-P nano
powders measured by EDS in SEM and TEM (at.%).

Sample Cu Ni P
6 KV SEM 681 + 05 298 +£ 04 21 + 02
TEM 862 £ 75 134 £ 67 0.6 = 0.7
28 KV SEM 558 + 02 412 £ 03 3.1 = 0.1
TEM 549 + 253 43.0 £ 25.6 2.0 £ 2.0
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Fig. 8. SEM micrograph of explosion products of electro-~
less Ni plated Cu wire with pulse voltage of 6 kV.
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