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Abstract

Through optical emission spectroscopy, zinc (Zn) plasma produced on the basis of a laser can be
investigated in the proposed study. Zinc plasma spectral emissions were studied as a function of laser
energy (200, 300, 400, and 500) mJ. Record plasma emission with a 100 ns integration time. The
spectral lines of zinc were determined, and the electron temperature (T,) and electron density (n,) were
studied using Boltzmann diagrams. It is noted from the results that as the laser energies increase, the
values of T, and n, rise as well, as the values range from (1.075 — 1.467) eV for electron
temperature, while the electron density values range (2.939 x 108 —3.535 x 10'®)cm™3. Also, in
this paper, other parameters investigated included Debye length (_D), FWHM, and plasma frequency

(fo).

Keywords: Density of electron, Electron temperature (T,), Laser ND:YAG, Spectroscopic analysis,

Zinc plasma.

Introduction

Since the creation of high-potential-power lasers,
numerous theoretical and empirical studies have
concentrated on laser-produced plasma *. This
plasma is created by focusing a beam of intense
laser on a target’s surface and then evaporating the
target, resulting in very hot and extremely dense
plasma. It is possible to transfer energy through a
variety of mechanisms, including shock waves and
radiation because of plasma density gradients 2. Due
to its uncomplicated experimental setup, the Laser
Induced Breakdown Spectroscopy (LIBS) technique
is a highly simple method used for element analysis.
Properties of the physical and chemical
environment, attributes of the medium composition
and pressure of chemical mixtures, as well as
characteristics of laser pulse width, spot size,

wavelength (A), and laser irradiance, are all terms
used to describe laser *’. The effect of plasma on
laser-to-metal energy transfer appears to be critical
in a variety of applications 8. In a plasma, density
(n.)and temperature (T,) of electrons are the most
critical properties. These characteristics are
influenced by numerous empirical conditions, like
wavelength, laser energy effect, and target material.
To increase the measurement precision of (T,)
and (n,) further fundamental investigations and
data processing approaches are required *°. The
(T,) and(n,) are essential laser-ablated feather
characteristics. These parameters have been derived
on the basis of the local thermodynamic balance®.
The collision processes that perturb the emitting
ions and atoms govern the form and breadth of the
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plasma-emitted spectral lines. The density of
plasma may thus be derived from the line spectrum
trend 2. The plasma emission spectrum is critical
for identifying and quantifying emission species in
ablated material. In addition to the target material's
physical and chemical qualities, laser energy,
wavelength, and pulse duration all have an impact
on plasma properties 3. For the laser-induced Zn
plasma's emission, an iterative Boltzmann approach,
the electron temperature is determined, after which
the alteration in the correlation coefficient and
electron temperature, thus, T, may be calculated
using the standard Boltzmann plot approach®.

Aijil;; 1
UG (B +1 ‘ R |
" LAjing wr (B) +1n U(T)

Wherein the wavelength (in nanometers) and l;i
are the proportional intensities (in random units) of
the lines of emission among i and j levels of energy,
the degeneration or empirical weight of the
transition's emitting higher level | has represented
as g ji., where Aij denotes the likelihood of a
spontaneous change in emission of radiation from
level i to level j, k is the Boltzmann constant, and E;
is the level i excitation energy in eV, as well as N is
represented the density of state. When a weighty
particle (ion or atom) interacts with a charged
particle, it causes the displacement of its two layers
in a radiative transference, which causes the Stark
broadening °. The stark line's width could be
calculated by Eq. 2. *°.

Materials and Methods

The empirical setup of the used technique is
represented in Fig. 1. The pulsed laser focuses on
zinc (Zn) targets using a convex-type lens, a focal
length of 100 mm, at atmospheric pressures in the
air and is shown in Fig. 1 with 1064 nm as the
fundamental wavelength and pulse duration of 9 ns.
The beam spot size was measured using an optical
inspection peak scale loupe (part No. TS-1983,
START International, USA) and found to be 2.2
mm. Emitted light from the plasma was picked up
using an optical fiber, and optical emission
spectrometer was utilized as a diagnostic instrument
by evaluating surface Zn target plasma in the range
of 200 mJ to 500 mJ laser energy to assess plasma
properties. After focusing, Gentec-CO's MAESTRO
joule meter was used to calibrate the laser energy.
As the pulsed laser ablating source, a pulsed Q-
switch Nd:YAG laser (Huafei Technology's (China)

AMpwam = Dobservea

- Alinstrument TR TTRTTR T 2

Where AA is the real FWHM. Through Eq. 3, It is
possible to use the spectral line widths to compute the
electron density (n,) *°.

_ [AA]N 3
Ne = 2|

ws is denotes to the theoretical line of full width
Stark broadening factor, electron density Nr =~1.1 x
10®cm™3. The Debye length (D) is proportional to
the value of the square root of electron temperature
(T,) and inversely correlated to the square root of
electron density(n,). The electron plasma frequency
(wpe) and Debye length (Ap) can be calculated by

Eq. 4 and 57,

1
1 = (soKT) 2 4
D -_ neez Wes wws wms wEs wws
1
n e\ 2
Wpe = e e e e D
&om,

Where e: is the charge of the electron, mentioned
above, ¢, is the permittivity of free area, and m,:is
the mass of the electron. In this paper, we examined
the spectroscopic atmospheric pressure properties
created by zinc plasma in a 1064 nm Nd:YAG laser.
T, and n, of the spectroscopic research using Zn
plasma have been detected. The results that were
obtained were examined and then contrasted with
the results of the National Standards Institute and
Technology (NIST).

Model HF-301 was used), Gentec Electro-Optic,

Quebec City, Canada.
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Figure 1. Refer to the schematic experimental
design 8.
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As shown in Fig. 2, the emission spectrum captured
by the main channel has a strong continuous

Results and Discussion

Fig. 2 depicts the Zn target plasma emission
spectrum created by the interaction with Nd:YAG
laser pulses under vacuum reaching 2 x 10~2 mbar
for Zn target plate. Spectra collected showed
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8
8
207.01:Zn
256.77:
Znll

N W
o O
o O
o O

component as well as multiple neutral Zn lines.

distinctive peaks that have been assigned based on
the NIST, where each wavelength is labeled for
each element as an atom or ion, and the values of A,
0, Ex, and E; are taken.
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Figure 2. Laser-induced Zn target emission spectra at different laser intensities.

From Fig. 2, the result shows that the abstraction of
laser radiation by plasma causes the emitted
intensity to grow with laser energy, i.e., as the
intensity increases, more of the radiation will be
absorbed by the target, thus ablating a higher
concentration of atoms from the target, leading to a
higher concentration of atoms / ions and increase
flux of light intensity emitted from the plasma.
Briefly, the emitted intensity increases with laser of
energy increases because of the abstraction of laser
radiation by plasma, At the same time, plasma turns
the laser beam transparent, thus increasing radiation
and eventually increasing the spectral lines
intensity, this agrees with reference *°. In short, as
the laser energy increased, intense plasmas with
higher temperatures were attained; however, only a
moderate increase in the density of electrons was
perceived. The spectroscopic constants  of
Zn (II) the temperature estimation lines were taken
from the NIST database 2°. Table 1 displays the
calculated plasma
parameters (Ap, f,, T, , FWHM and n,) that
satisfied the standard of the plasma. The result

indicates that the f, increase with laser energy
increases due to the fact the plasma frequency is
directly proportional withn,, while Ay appears
different value at laser energies increasing.

Table 1. Zn plasma characteristics using diverse
energy lasers.

Laser T, FWHM n.10® f, D
Energy (eV) (nm) (cm® (Hz) *10
(mJ) *108  S(cm)
200 1.075 2.760 2.939 1539 0.449
300 1.246 2.960 3.152 1.594 0.467
400 1.304 3.160 3.365 1.647 0.463
500 1.467 3.320 3.535 1.688 0.479

Where n. donates the electron density of plasma,
FWHM is half, and W signifies the electron impact
width parameter. The laser-induced Zn plasma has
an electron density of around 3.365*10* cm?® and an
electron impact width parameter corresponding to
this width. The Boltzmann plot requires peaks of
the same source and ionization (peak is employed in
Zn 11 species for 481.05 nm) at Zn (pellet), as
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illustrated in Fig. 3. The same figure shows the
plots of (ji hc Aji gj) versus E;(eV) for the various
laser energy, the top energy, statistical weights, and
transition probabilities can be obtained from NIST.
Moreover, T. is equivalent to the opposite of the
fitted line slope (the fitted line slope is equal to (-
1/T). R? is a statistical indicator of the quality of a
linear fit that accepts values in the range of 0-1. For
all fitting lines, the linear equations and the R? are
shown in Fig. 3. The higher one has an R? value
closer tol the better the fit.
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Figure 3. Boltzmann plots for Zn plasma.

The calculated electron temperatures (T, ) used in
the Boltzmann diagram reveal that the n,
and T, rise when the energy of the laser pulse
increases, as illustrated in Fig. 4. Wherein the laser
peak energy is increased, the laser beam is
practically stable, which protects the target, and
thus, the plasma will pass the laser®.
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Figure 4. Shows the changes of (n,) and (T,) vs
energy of laser for Zn.
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Conclusion

A Nd:YAG laser (1064 nm) was utilized for testing
of plasma Zn metal. As the laser energy increases,
the emitted intensity also increases, and the plasma
becomes the laser beam transparent. Larger plasma
(higher density) at higher temperatures was
attained, and a moderate increase in the density of
electrons was perceived, as all laser parameters
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