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ABSTRACT

Heat generation in the process of formation of nanoparticles plays
important role. Copper wire exploded by current pulse undergoes many
intermediate stages, whose detailed study is required for formation of
desired size, shapeaswell as of the possibility of generation of new material.
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In this paper we will discuss about those intermediate stages of copper
oxide by varying overheating of wire, which occurs dueto variation of the
energy injection into the wire. Sample was characterized by X-ray
Diffraction for composition and grain size variation. The result showsthe
systematic increase of oxidation of copper with decrease of grain size.
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INTRODUCTION

In recent years, there are many evolving experi-
mentsemphasi zing the synthesi sand fabrication of dif-
ferent size and shape of metal nanoparticles Meta
nanoparticles display many significant applicationin
optics, nano electronics, information storage etctY,
Copper powder areinterest of many researchersdue
toitsgpplicationingastestingfacilities, lubrication bear-
ings, electrical connections, cutting toolsand copper
oxide have applicationsin ap type semiconductor(,
Consderable experimenta studieswerecarried out on
generation of nanoparticles of oxidesby thewireex-
plosion process®®. Therefore, itisamost desirableto
characterizeintermediate stages of the formation of
copper oxide during the processing of copper
nanoparticlesinwireexplosion method. Inthisstudy;

thethermal oxidation of copper nano particlesby wire
explosion technique has been reported.

EXPERIMENTAL TECHNIQUE

Itisdifficult to clearly understand the processin-
volved in nanoparticlesformation by exploding wire
method asit undergoes multiphase phenomena. The
entire processinitiate around theamount of energy de-
posited into thewire. Understanding of formation of
nanoparticlesof particular composition, morphology
requiresamethodica experimenta study, whichisvery
time consuming but necessary to determinemany high
temperature phenomenaand materia behaviour where
high temperatureand shock involved.

Thebasiccircuit involvedisacapacitor discharg-
ing LCR circuit figure 1. Inthe present work, the ex-
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perimentswerecarried out by imparting different levels
of dectrica energy to theexploding conductor. Theca
pacitor of 7.1 uf was charged from 7.5 kV to 11.5 kV.
Theenergy stored inthe capacitor wasdischarged into
thewireof 0.19mm diameter and 12 cmlengthin short
interva of timeasof micro second. Maximumenergy it
can deposit into thewireintime period t isgiven by
E=V xIxtl¥, Thevoltage devel oped acrossthewirewas
measured by voltage probeand current through thewire
was measured by current transformer. Themagnitude
of current flow inthecircuit dependson theres stance
andinductance of thecircuit. Thecurrent flowinginthe
wire causesthejouleshesting of thewire. That leadsto
thetemperaturerise of the conductor. Higher theen-
ergy of deposition, higher theincrease of temperature.
Dueto vaporization of thewire, theresivity increases,
thisleadsto sudden drop in the current. Voltage and
current waveform of different charging voltage are
showninfigure2-5. Restriking occurswhenwegoto
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S: Spark gap
EW:Exploding wire

R: Resistance of circuit

L: Inductance of the circuit
C: Capacitor

Figurel: Circuit diagram of exploding wireexperiment.
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Figure2: Current and voltagewavefor m for the charging
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higher voltage. Energy deposited inthewirefor respec-
tivecharging voltagesareshowninfigure®6.
The powder sampleswere characterized by x- ray
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diffraction (XRD) to determinethegrainsizevariation
and evolution of thermal oxidation of copper at higher
temperature. XRD pattern of different phasesof cop-
per and copper oxide nanoparticleswiththevariation
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TABLE 1: Grainsizevariation with overheating factor

Over heating Grain size (nm)
Sample No factor XRD
1 13 59.68
2 25 51.13
3 29 45.9
4 3.8 39.61
500
. ;8 b A g ¢
|
|
AL
10 20 30 an 50
Ten-Thets (deqg)
Figure7: X-ray diffraction pattern of the samplefor over-

heating factor 1.3
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Figure8: X-ray diffraction patter n of thesamplefor over-
heating factor 2.5
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Figure 9 : X-ray diffraction pattern of the sample for
overheatingfactor 2.9

of overheating factor, which isdefined astheratio of
energy depositedinto thewireto sublimation energy
areshowninfigure7-10. Sublimation energy required
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Figure10: X-ray diffraction pattern of thesamplefor over-
heating factor 3.8

10 20

for thewireinour caseis113 Joule. Thegrain sizewas
measured by Scherrer’s equation. Variation of grain size
with overheatingfactorisshownin TABLE 1.
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CONCLUSION

In the exploding wire experiment, nanoparticles
form by Brownian coagul ation of theexplosion mate-
rial. Herethe explosion was carried out in atmosphere
air. Itisobserved that for the overheating factor 1.3,
coreof nanoparticlesiscopper withvery little oxida
tion of Cu,O onthe surface. But with theincrease of
overhesting factor surfaceoxidation of copper increases
in the same ambient condition. Grain size measured
showsdecreasing trend with increase of overheating
factor. Thisindicatesfor higher temperature of vapour
moleculesand small sizeof the particles, rate of coagu-
lationisvery smdl.
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