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Laser ablation and its thermal expansion
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Comparison of lonization Species: Deterministic vs Stochastic
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Progress of the ionization process in the LIBS system
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Objectives and Research Methodology

Objectives

*Reproducible LIBS spectra on metals

Extract plasma parameters (ne, Te)

«Compare with deterministic—stochastic modeling

Experimental Setup

sLaser: Q-switched Nd:YAG (1064 nm, 7 ns, 70 mJ)

*Optics: 100 mm lens, ~100 um spot

*Collection: 45° geometry, 600 um fiber — Spectrometer (200-1100 nm)
«Samples: Cu, Brass, Pb, Al, Stainless Steel, Ti

*Preparation: surfaces cleaned, thin foils supported

Data Analysis

*Baseline correction & calibration (Hg/Ar lamp)
-Line identification (neutral/ionized)

«Stark broadening — ne

*Boltzmann plots — Te

Ceramic mounting block



Table 1. Main physical properties and characteristic LIBS spectral lines of analyzed metallic samples

Sample
Name

Copper

Lead

Brass
(Copper +
Zinc)

Aluminium

Stainless
Steel

Titanium
(Grade 2)

Material
(Chemica
LFormula)

Cu

Pb

Cu + Zn
(30-45%
Zn)

Al

Fe + Cr +
Ni (alloy)
Ti

Thicknes
s (mm)

0.1

0.3

0.1

0.5

0.3

0.5

Density
(g/cm’)

8.96

11.34

8.4-8.7

2.70

7.7-8.0

4.51

Melting
Point
(°C)

1085

327

900-
940

660

1400-
1450

1668

Optical
skin
depth &
at 1064
nm (nm)

20-25

12-18

13

20-30

18-22

Main LIBS
Spectral
Lines (nm)

324.7, 327.4,
510.5

367.1, 373.9,
405.8

Cu lines + Zn
lines 213.9,
334.5, 468.0

394.4, 396.1,
358.7

Fe lines
248.3, 302.1,
Cr/Ni lines

334.9, 368.5,
399.

Key Properties

High thermal and electrical
conductivity; oxidizes quickly
(clean before LIBS).

Very heavy and soft; easily
pierced by the laser if thin; secure
mounting required.

Alloy of copper and zinc; golden-
yellow color; good corrosion
resistance.

Lightweight; forms a stable oxide
layer (affects spectrum, requires
cleaning).

Strong, corrosion-resistant;
magnetic response.

Light and strong; relatively weak
LIBS intensity; must be tightly
fixed.

*Copper (Cu, 0.1 mm): high thermal/electrical
conductivity, but oxidizes quickly — surface
must be cleaned.

Lead (Pb, 0.3 mm): very dense & soft, low
melting point, laser easily pierces thin foils —
stable mounting needed.

*Brass (Cu-Zn alloy, 0.1 mm): combines Cu &
Zn lines, corrosion-resistant alloy, distinct
spectral features.

*Aluminium (Al, 0.5 mm): lightweight, forms
oxide layer affecting LIBS spectra — requires
careful cleaning.

Stainless Steel (Fe—Cr—Ni, 0.3 mm): strong,
corrosion-resistant, shows Fe/Cr/Ni lines,
magnetic response.

*Titanium (Ti, 0.5 mm): strong and light, but
weaker LIBS intensity — must be firmly fixed.
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Table 2. Identification of neutral (I) and ionized (Il) emission lines and average ionization ratios (/ion/Ineutral)
for analyzed materials

Material
(Sample)

Brass (Cu+Zn)

Lead (Pb)

Stainless

Steel (Fe-Cr-
Ni)
Titanium (Ti)

Neutral Line
(nm)

(ofoTe ] TA(T) AN 324.7 (Cu l)

324.7 (Cul)

367.1 (Pb )
394.4, 396.1
(ALI)

302.1 (Fe I)

368.5 (Til)

lonized Line (hm)

213.6 (Cu ll)
213.6 (Cull) (+ Znli
334.5)

220.4 (Pb Il)
358.7 (ALIl)

259.9 (Fe ll)

337.3(Till)

Average
Ratio lion
/Ineutral

0.35-0.40
0.38-0.42

0.30-0.35
0.40-0.50

0.25-0.30

0.30-0.35

Average ionization ratio (I_ion / |_neutral)

0.6

Al

Stainless steel

Ti

=13

e

=11

~:10

Saha-baseline temperature Te (kK)



Table 3. Full width at half maximum (FWHM) of neutral lines
and estimated electron densities (22€) based on Stark broadening
analysis

Neutral FWHM Stark n, (cm=3)
line (hm) [ (nm) Constant
w

| Aluminium | 394.4 1.75 0.0012 7.29E+18
324.7 0.75  0.0011 1.30E+18
324.7 0.5  0.0011 1.20E+18
(Cu+Zn)

367.1 0.0013
Stainless 302.1 1.75 0.001 1.90E+18
Steel

368.5 0.5  0.0012 2.10E+18

G(A) = m}% exp(— % 2_0’;‘0) )
L) = 7

™ (A= )2 + 72

o0

V(A o,7) = / G(\;0)L(X = X;v)dXN

—0o0

Selected optically thin neutral lines (e.g. Cu | 324.7 nm,
Al'1394.4 nm, Pb | 367.1 nm).

Fitted with Voigt profile: Gaussian (instrumental, =1.5 nm)
+ Lorentzian (Stark).

Instrumental broadening removed; Doppler contribution
negligible for heavy elements.

«Stark broadening relation:

AX355T"

— Ne = T . 1016 cm_3

Stark Ne
Ahrjz ™ =~ 20 (1016 cm‘3)

*When Voigt fitting failed: used quadratic subtraction
approximation.



Neutral Line Peaks for All Materials

Table 3. Full width at half maximum (FWHM) of neutral 7000} P
lines and estimated electron densities (22€) based on Stark e
broadening analysis s000r e
Neutral ne (cm' 5000 F —— Titanium
line (hm) Consta |?9) 3
ntw E 4000 I
7.29E+1
o 3000¢F
8 _
Copper 324.7 0.75 0.0011 1.30E+1 2000}
8 , /
Brass 324.7 0.5 0.0011 1.20E+1 10001 “‘“\f
(Cu+Zn) 8 , , . . . ;
Lead 3671 0.001 3 300 320 34ﬁave|ength ) 360 3B0 400
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Approx. upper-level energy E, (eV) = 1239.84 / A



Electron number density (m'3)
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Electron number density (m‘s)
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from Stark broadening
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*Squares (m): Values estimated from
Equation
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Mormalized Intensity (n.u.)

—— Continuum
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Table 4: Estimated Electron Temperatures (7¢€) Using the Boltzmann

Plot Method
Material” | T.(kK)  [Reliability
| Aluminium (A) | ~28.1 High (strong lines)
~4.9 Low (limited lines)
~16.4 Medium
~1.4 Low (weak lines)
Stainless Steel Unreliable Very low
(weak/overlapping lines)
~2.4 Low (weak lines)

-Stark broadening — ne: Highest in Al (7.3x10'® cm™) and Stainless Steel (1.9%x10'® cm™);
lowest in Brass (1.2x10% cm™).

«Saha baseline — Te: High-ionization materials (Al, Cu, Brass) = 12-13 kK; low-ionization
(Pb, Ti, Stainless) < 11 kK.

slonization ratio (lion/Ineutral): Highest in Al (0.50), lowest in Stainless Steel (0.25).
*Boltzmann plots — Texc: Most reliable for Al (28 kK) and Brass (16 kK); unreliable for Pb,
Ti, Stainless due to weak/overlapping lines.

*Deterministic + stochastic modeling: Including fluctuations (0=0.05) improves agreement
with experimental variability, strengthens diagnostics under non-LTE conditions.



