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Abstract

This work aims to study the exploding copper wire plasma
parameters by optical emission spectroscopy. The emission spectra
of the copper plasma have been recorded and analyzed The plasma
electron temperature (T,), was calculated by Boltzmann plot, and the
electron density (ne) calculated by using Stark broadening method for
different copper wire diameter (0.18, 0.24 and 0.3 mm) and current
of 75A in distilled water. The hydrogen (Ha line) 656.279 nm was
used to calculate the electron density for different wire diameters by
Stark broadening. It was found that the electron density ne decrease
from 22.4x10'® cm™ to 17x10% cm™ with increasing wire diameter
from 0.18 mm to 0.3 mm while the electron temperatures increase
from 0.741 to 0.897 eV for the same wire diameters. The optical
emission spectrum (OES) emitted from the plasma have Ha line,
small peak at 590 nm corresponding to sodium and others peaks
belong to Cu 1. The relationship between the plasma electron
temperature, emission line intensity and number density with the
formed copper nanoparticles size and concentration were studied. It
was found that the nanoparticles concentration increase with
emission line intensity while its size decrease. It can be conclude the
existence of a controlled relationship between the plasma parameters
and the formed nanoparticles concentration and size.

Shial plall el (ulaill el La 35 cdlalaa Al jal i gual) ilay) cigha

WS Gpn (i gs 9 3343 a3 Jaa
é\)ﬂ\ el calar dxala ‘?JM‘ Z:JS cglﬁ‘}:\ﬂ\ e.uﬁ

Key words
Exploding wire,
spectroscopy,
Boltzmann plot,
plasma
characteristics.

Article info.
Received: Jul. 2017
Accepted: Jul. 2017
Published: Dec. 2017

-
-

Ladal)

syl Y] Gy Ll S aiial) Guladl) el Lo 3O e o ) Gl 138 Cangs

5 Obe 35 Aalae Jlasialy 05 SV ,) pa A )3 cana g clag g i sl La 330 (e i) Ciplall
75 s ke (0.3 €0.24 <0.18) (olail) &l (pa Adlina SULEY 5 &l jlin Alalae (e il g IV AGES
Os A AES Clual gl 656.275 i Ha Omosovedl 4ad Cilasinl 5 ki) el 8
5003 ae 17x10% cm™ LV 22.4 x 10" (e J85 o5 SIVI AUS () an g DY) (e ddlida Y
<lsd s €< 0.897 A 0.741 (e 323 05583 ja da jo Laiw ale 0.3 ) 0.18 (e Gllidl Hlad
Siasili 590 e 3 a5 315 G soulell a5 A ey Lo O A gudall i) Cada UaEY) il
Cilagi¥) Jaglad 885 s IV 5l a a3 G Al Al 3 w3 alaill 33 (g AN add g p gu guall 3 sa
Clapaall 58055 o an s Al all JDA (e 4 sSiall 4 gilil) Cilapnll 58 55 ana e 0l IV AEUSY

Leana Ji g Slasill Jad 505 30l ) a2l 35 4 6l

142



Iragi Journal of Physics, 2017

Introduction

Optical emission spectroscopy is
one of plasma diagnostics method. It is
used to obtain information about the
nature of plasma, such as the chemical
compositions and plasma species,
density of the plasma and electron
temperature [1]. Emission spectrum
often consists of a number of
characteristic atomic or ionic spectral
lines [2].

The spectral line intensity (I;) can
also be described as [1]:

Ij = %ngﬁhUjie_Ej/kB Te (1)
where U(T) is the partition function, N
number of levels, g; is the density of
states, E;j is the upper level energy, Aji
transition probability between the
transition states of upper level (j) and
lower level (i) and T is the electron
temperature.  Thus the electron
temperature of plasma can calculated
using Boltzmann relation [3]:

Ln (Lt ﬂ) —(_E) L ND
n(g]'Aji ( )+( )

KT, Uu(T)
where %;, are the
corresponding to the
between level j and level i.
While, the electron density can be
calculated, utilizing stark broadening
relation [4]

ne(em™*) = |
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wavelength
transmission
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2ws(A,Te)

| v, 3)
where, AL is the FWHM of the line,
and s 1is the electron impact
parameter, that can be found in the
standard tables, N, is the reference
electron density which equal to
10" (cm™®) for neural atoms and 10"’
(cm™3) for singly charged ions.

There are many parameters used to
characterize the plasma such as Debye
length (Ap) which calculated as
follows [5]:
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kBTe

Y
AD - (4nezne) i

where T, and n. are the electron
temperature and electron density.
Plasma frequency w,which can be
calculated as [5, 6]

(4)

(5)

The nanoparticles are produce by
different techniques like chemical,
physical, mechanical and biological
methods etc. One of them is wire
explosion  technique, which has
recently gained high attention [7].
Plasma formed by exploding wires
using high electric energy pass throw it
within short time in different ambient.
Several parameters have a control in
exploding wires technique such as
voltage, current pulse, material type
and their wire dimension, and the
medium in which the explosion is
performed, etc. [8].

Experimental part

The explosion of wire is
characterized by the energy introduced
into the wire, which is higher than the
evaporation energy of the material.
The energy input time is shorter than
the time required for the current to
spread into the wire. The basic circuit
for exploding the copper wires used in
produce nanoparticle is shown in
Fig. 1. A copper wire with different
diametr (0.18, 0.24 and 0.3 mm) and
20 mm long is used to produce nano
copper particles in volume of 100 ml
distilled water. The emitted spectrum
produced by the exploding wire was
carried by optical fiber to be analyzed
using a spectrometer connected with a
computer to record the spectra, which
then used to study the effect of wire
diameter on the properties of the
produced plasma.
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Fig. 1: Schematic diagram for the basic circuit used for exploding the copper wires and
produce nanoparticles.

Results and discussion

Fig. 2 shows the optical emission
spectrum (OES) emitted from the
Plasma produced by exploding copper
wire with different diameter (0.18,
0.24 and 0.3 mm) and current of 75 A.
from the figure the peak located at 656
nm corresponding to H, line for
hydrogen atoms produced from water
molecular dissociate. The small peak at
590 nm corresponding to sodium
which comes from the impurity in the
water. The others peaks belong to
atomic copper peaks (Cu ) as the
index to each of them, and some of
ionic oxygen lines as shown in the
inset figure. It can be noticed that the
peaks intensities  increase  with
decreasing of wire diameter, which
corresponding to increase the current
density passed into copper wire. This
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result is in with
reference [7].

The electron temperature (T¢) were
calculated by Boltzmann plot using
twelve of Cu I lines (at 406.16, 427.12,
450.93, 453.37, 458.66, 464.77,
510.15, 515.03, 520.52, 529.07, 578.31
and 569.97) nm for different wire
diameter, as shown in Fig. 3. The T,
values were deduced from reveres of
best fitting line for the relation

between Ln( ) Versus upper

agreement

1jidji
hc gjAj;
energy level (E;). The constants values
for the copper emission lines taken
from reference [9]. The equations of
fitting lines and the R? were shown in
the figure where R? is the statistical
coefficient indicating the goodness of
the linear fit.
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Fig. 2: Emission spectra for copper exploding wire.
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Fig. 3: Boltzmann plot from the Cu I lines produced by exploding wire with different
diameters in distilled water and the current of 75 A.
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Fig. 4 shows the 656.279 nm copper
line peak profile. Where the full width
at half maximum was found by
Gaussian fitting. From the measured
width which depending on Stark effect

Vol.15, No.35, PP. 142-147

and the standard line width which
equal to 0.901nm when n=9x10® cm™
[10] for this line, the electrons density
were calculated by Eq. (3) for the
different samples.
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Fig. 4: Cu 1 656.279 nm peaks broadening and there Gaussian fitting using different wire
diameters.

Fig.5 shows the variation of
electron temperature (Te), calculated
by Boltzmann plot, and electron
density (ne), using Stark broadening

current density. This result is agree
with reference [7]. The decrement in
concentration cause decreasing in
collision which caused to increase in

effect, with wire diameter. This figure electron temperature, where the
shows that the n. decrease from electron temperature lose by different
22.4x10% cm to 17x10™ cm™ with ways excitation and ionization
increasing wire diameter from 0.18 collisions.
mm to 0.3 mm as a result of decreasing
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Fig. 5: Electron temperature T, and electron density n, for copper plasma produced by
exploding wire for three different wire diameters.
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Table 1 shows the calculated Debye
length (Ap) and plasma frequency (wp)
for copper plasma produced by
exploding wire for three different wire
diameters at 75A dc current.

This table also shows a comparison
between T, ne. and the copper
nanoparticles concentration, where the
copper nanoparticles concentration
measured by atomic  absorption
spectrometer. It can be seen that the Cu
nanoparticle concentrations decrease

Hammad R. Humud and Sawsan Hussein

with increasing wire diameter and
when compared with the intensity
Fig. 2 of the copper emission lines,
there is a clear correlation between the
lines intensity and the copper
nanoparticle concentration.it can be
say that increasing wire diameter leads
to decrease electron density cause to
reduce the nanoparticles yield (The
amount of material produced for a
single pulse).

Table 1: Plasma parameters calculated from emission spectrum lines emitted from copper
plasma produced by exploding wire with different wires diameters and produced

nanoparticle per one pulse.

: : 16 *1 (12
wi re(g]'r?]r)mter T. (eV) F\(’m)'v' r(‘é*ri%) "(’;a C}g) ho *10°%(cm) | Yield (ng)
0.18 0.741 2.240 22.4 26.70 1.351 7.336
0.24 0.863 2.220 22.2 26.58 1.465 5.423
0.30 0.897 1.700 17.0 23.27 1.707 3.166
Conclusions [2] M. Zhukov, Plasma Diagnostics,
Study the optical  emission Ch. 5. UK: Cambridge International

spectroscopy from exploding copper
wire in distilled water shows many
points as follows:

e The electron density decrease from

22.4x10% cm™ to 17x10" cm™ with
increasing wire diameter from 0.18
mm to 0.3 mm as a result of
decreasing current density. While the
electron temperature increase from
0.741 to 0.897 with it.

eThere is a controlled relationship
between the plasma parameters
and the formed nanoparticles
concentration and size. There is a
high-intensity peak at 656 nm
corresponding to H, line which
indicates the dissociation of water
molecules by plasma effect this effect
needs more attention.

References

[1]D. M. Devia, L. V Rodriguez-
Restrepo, E. Restrepo-Parra, Eng. Sci.,
11, 21 (2015) 239-267.

147

Science Publishing, 2005.

[3] S. S. Hamed, Egypt J. Solids, 28, 2
(2005) 349-357.

[4]N. M. Shaikh, S. Hafeez, B.
Rashid, M. A. Baig, Eur. Phys. J. D, 44
(2007) 371-379.

[5] S. Eliezer, Plasma Phys. Control.
Fusion, 45, 2 (2003) 181-181.

[6] M. G. Umran Inan, Principles of
Plasma Physics for Engineers and
Scientists,  vol.1.  New  York:
Cambridge University Press, 2011.

[7] P. Wankhede, P. K. Sharma, A. K.
Jha, J. Eng. Res. Appl., 3, 6 (2013)
1664-1669.

[8] A. Algudami and S. Annapoorni, J.
Nanopart Res, 10 (2008) 1027-1036.
[9] J. E. Sansonetti and W. C. Martin,
Am. Inst. Phys., 34 (2005) 1-6.

[10] A. Lesage, J. Phys. Chem., 31
(2002) 819-927.



