10*" Euro-Mediterranean Symposium on
Laser-Induced Breakdown Spectroscopy

Brno|Czech Republic
8th- 13t September




PII_083

PII_084

PII_085

PII_086

PI_087 @

PII_088

PII_089 ®

PII_090

PII_091

PII_092 @

PII_093

PII_094

PII_095

PII_096 @

Characterisation of iron type meteorites using simultaneous broadband and nar-
row- high- resolution laser induced breakdown spectroscopy (LIBS)

Michaela Hornackova, Vayakkara Kolaprath Unnikrishnan, Milan Garguldk, Pavel
Veis

Towards Real time ore grading in [VAMOS! Underwater Robotic Mining systém
Pedro Jorge, Rui Martins, Miguel Ferreira, Diana Guimardes, José Almeida, Alfredo
Martins, Stef Kapusniak, Eduardo Silva

A combined LIBS/Raman underwater system and its sea trial in the South China

ea
Wangquan Ye, Chunhao Liu, Qingsheng Liu, Jinjia Guo, Ronger Zheng

Developing LIBS applications for the mining and minerals industry
Marinus Dalm

LIBS methodologies for the determination of halogen molecular species in gyp-
sum from thermal power plants

Luis Javier Ferndndez-Menéndez, Cristina Méndez, César Alvarez-Llamas, Jorge
Pisonero, Nerea Bordel

Considerations on the formation mechanisms of emitting species from organic
and carbon-containing inorganic compounds in CO2 atmosphere using LIBS
Luisa Maria Cabalin, Tomds Delgado, Laura Garcia, Patricia Lucena,

Javier Laserna

A non-calorimetric study of hygrothermal aging of pyrotechnic material by using
laser-induced breakdown spectroscopy
Ji-Hoon Ryu, Jun-Ho Yang, Jack J. Yoh

Effect of IR laser energy on several polymers using LIBS analysis
Kenza Yahiaoui, Sabrina Messaoud Aberkane, Sylia Banoun, Roufaida Belala, Amira
Bendjaballah

Analysis of HPHT diamonds by laser-induced breakdown spectroscopy during
the laser-induced graphltlzatlon proces

Fedor L , Kirill Vladimirovich Pavlov, Alexander Viadi-
mirovich Koliadin

Nanoparticle analysis by LIBS and ICP-MS in industrial and environmental sam-

ples

Ddvid Paldsti, Albert Kéri, Lajos Villy, Tyra Biros Addm Bélteki, Bdlint Leits, Patrick
Janovszky, Attila Kohut, Eva Kovdcs-Széles, Zsolt Geretovszky, Zoltdn Galbdcs, Gd-
bor Galbdcs

Application of LIBS for elemental analysis of composite nanoparticles in solutions
Vasili Kiris, Alena Nevar, Natalie Tarasenka, Mikhail Nedelko, Nikolai Tarasenko

Evaluation of silver nanoparticles on indium-tin-oxide (ITO) type SERS substrates
for nanoparticle-enhanced LIBS analysis of liquid samples
Dadvid Paldsti, Pawel Albrycht, Karolina Paszkowska, Gdbor Galbdcs

Laser-Induced Breakdown Spectroscopy as a Novel Readout Method for
Nanopartlcle Based Immunoassays

i, Zdenék Farka, Matej Pastucha, Pavel Potizka, Karel Novotny,
Petr Sklddal, Jozef Kmser

Plasma relative emission efficiency for LIBS and NE-LIBS
Vincent Gardette, Marcella Dell'Aglio, Alessandro De Giacomo

38

PII_097

PII_098

PII_099

PII_100

PII_101

PII_102

PII_103

PII_104

PII_105

PII_106

PII_107

PII_108

PII_109

PII_110

PII_111

Double-Pulse Nanoparticle-Enhanced LIBS (DP-NELIBS)
Francesco Poggialini, Stefano Legnaioli, Beatrice Campanella, Stefano Pagnotta,
Vincenzo Palleschi

Enhancement of LIBS Signals from a Steel Sample with Au Nanoparticles on its
Surface
Vassili Kiris, Evgueni Ershov-Pavlov, Nikolai Tarasenko

Nanoparticle-enhanced laser ablation coupled with I[CP-MS
Markéta Hold, Zita Salajkovd, Ales Hrdlicka, Jakub Ondrdcek, Pavel Potizka, Viktor
Kanicky, Jozef Kaiser

Study of the feeding effect on recent and ancient bovine bones by nanoparti-
cle-enhanced laser-induced breakdown spectroscopy and chemometrics
Zienab AbdelFattah Abdel-Salam, Mohamed Abdel-Harith, Vincenzo Palleschi

Laser-induced breakdown spectroscopy: a characterization tool in the resto-
ration field related to protective nanobiocides
Maripaz Mateo, Javier Becerra, Ana Paula Zaderenko, Pilar Ortiz, Ginés Nicolds

Application of LIBS in the recycling and sorting of aluminum scrap
Xue jing Shen, Jia Liu, Xiao xia Shi, Fei peng Cui, Peng Xu, Xiao peng Li

Advantages and limitations of Laser-induced breakdown spectroscopy (LIBS) for
direct e~ -waste analysis
, Edenir Rodrigues Pereira Filho, Rasmus Bro

On-line LIBS analysis for the classification of metal alloys and plastic scrap. From
lab environment to conveyor belts.

Melina Gilbert Gatty, Jonas Petersson, David Malmstrém, Arne Bengtson, Tania
Irebo Schwartz

Handheld LIBS Analyzer with Miniature Echelle Spectrometer for Analysis and
Grade Identification of Alloys
) or

On-line analysis of molten slag using Laser-induced breakdown spectroscopy
onas Petersson, Mélina Gilbert-Gatty, David Malmstrom, Arne Bengtson, Tania
Irebo-Schwartz

Classification of cement pastes with laser-induced breakdown spectroscopy
Tobias Volker, Steven Millar, Christoph Strangfeld, Gerd Wilsch

Laser-Induced Breakdown Spectroscopy: An essential technique for direct analy-
sis of refractory wastes from steelmaking processes
Javier Moros, Luisa Maria Cabalin, Javier Laserna

Copper and nickel elemental composition analysis by LaserInduced Breakdown
Spectroscopy (LIBS) in metal recovery chelating resin

Marina Martinez-Minchero, Laura Ulloa, Eugenio Bringas, Maria Fresnedo San
Romdn, José Miguel LépezHiguera, Adolfo Cobo

Analysis of major and minor elements in coal by laserinduced breakdown spec-
troscopy

reas Wi 1, Stefan Trautner, Simon Eschlboeck-Fuchs, Josef Hofstadler,
Andreas Pissenberger, Hubert Duchaczek, Johannes D Pedarnig

Following the cementation in steel with LIBS
Damien Devismes, Frédéric Pelascini

39



A non-CaIermetrlc\ Study of. hygrothermal

SMSLIBEZ aglng of pyrotechnlc materlal by using
Izaser Induced Break own Spec;troscopy

ang and JaCRJ Yoh

Department of Mechahi€al and Aerospace Engineering, _ JI-Hoon Ryu
Seoul National University, Seoul, 08826, South Korea (jhr7101@snu.ac.kr)

Highlights

Direct aging analysis of pyrotechnics based on LIBS

’—————————————————— - N N N N S S S S D S O O O O O S e e e e ey - = - Em o Em Em o Em Em o Em s =

Recombination of Zr-O bonds Distinct ZrO molecular band signal Aging analysis in pyrotechnics

: : : : ] : {' VT |

= Estimate the aging level of pyrotechnics using LIBS o zows o [} TR L A
= Determine a composition changes of pyrotechnics with = :_ - ,:s L2 i
aging based on spectral results G - N iE, i

= Novel spectroscopic study for predicting a thermal property R R e e Y e e v ey

Wavelength(nm)

—————————————————————————————————————————

Aging days

-

Introduction

Pyrotechnics
The substances that emit high energy through combustion in a short time

1. Validation for ZrO band signal Results

3 distinct ZrO transitions T~ T TSRS oo

10:0

, —— 82
3000 64
——4:6
l | ——2:8

Intensity of ZrO
- ZrO signal is highly related to Zr & ZrO,

- ZrO signal increases as Zr turns to ZrO, & s ,
1.4 I J I | S
- Binder is inactive to LIBS o WMMW.em

Aging pyrotechnics

In long-term storage, aging is of critical concern
Aging In pyrotechnics is highly related to defense and economic issues

el proprty I .

2000 + ——0:10

nal intensity(a.u.)

ifs‘i%
¢

Wavelength(nm)

2. LIBS analysis (for fuel)

O Change of heat of O Instability of ignition O Shortened life span
reaction & burning rate O Incomplete combustion (a) Detection of > (b) Construction of calibration (c) Determination of oxidation
O DTcreaje oftr:actpn O Deviation from intended O Increase in budget i the ZrO molecular signal d curve by AUC results level of Zr with aging
rate ana exotnermic Standard sample = Standard sample —r
erformance 0o g o Aging sample 151
heat p 3000 .o D[ z;zc;OJer] S églibgl]’ationpclurve —— 210,
1 ng samole | .|  (R*=0.93, Slope=177.4)
. . " g—pzls hl P 25 d 104
—15 | w®
Objective of research —: |

(&)
L

@ 4
\ ‘ ?2)(10 T

Signal intensity (a.u.)
Element concentration (wt. %)

What Quantitative estimation of pyrotechnic delay according to aging level 1ooo YR ‘ﬁ /
. . . ~Y *‘A \/‘*\“w' QA J # 0d
« Compositional changes -« Thermal performance (Heat of reaction) SEUS 0-
’ 625 630 635 640 o5 10 20 40 o 60 80 0 5 10 15 20 25
How 2 spectroscopic methods & 1 calorimetric method Wavelength (nm) 260, concentration (52 wt. % Aging days

» Laser-induced breakdown spectroscopy (LIBS)
« X-ray photoelectron spectroscopy (XPS)

3. XPS analysis (for oxidizers)

- Differential scanning calorimetric (DSC) BaCrO, x10{[Cr-2p, 1 Agingsample|  |[Cl-2p, ] Aang sampe
(days)| ~ ays
- BaCrO, turns to Cr,O, 3 oA, 25|30y KOO, 2s
8 2x10°+ - O iy 15
z % w0l N 8
Methods Kclo, —
= 1x10°- T KCl
: - KCIO, turns to KCIO,, KCI £ 5 (decrease)
Layout of Experiment > ’
y P - The content of KCIO, (0<x<4) 0 , , , e T {.S\ﬁ%
peciroscopy alorimetry
LIBS XPS DSC 4. Compositional changes (for each element)
Laser induced X-ray photoelectron Differential Integrate each spectral signal value Aging dayzs 30062 17896 : f(s)z 122‘:’)3
breakdown spectroscopy spectroscopy scanning calorimetry Fuel r ' ' ' '
Fuel (by LIBS) ZrO, | 138 1404 17.98  19.97
O Determination of O Chemical change of O Energy release of BaCrO,| 52.27  50.34  48.92  46.84
Avidati : - Oxidizer (bv XPS Cr,0, | 0.72 2.66 4.08 6.16
pre omdatlonl level of Zr fuel | each omdalnt pyrotech?lc delay e (by ) ) ST KCZIO?; . 4 656 = 07
iInder (Ignorable . . . .
(NASA CEA code) (AKTS program) {lgnoravie) | 2o 33 e im
| |
Thermal performance (AH) 5. Thermal performance
- Heat of reaction Heat degradation ratio
LIBS setup Sample preparation | - | grada |
- Spectroscopic > Calorimetric - The change in thermal performance is
Q-switched Nd:YAG laser (RT-250Ec) Pyrotechnic delay - Limitation of DSC operating temperature  Similar in both methods
- 1064 nm, 10 mJ (Energy), 5 ns (Duration) - Fuel : Zr (32%) Shoct - P—
.y _ Peciroscopic dlorimetric | —&— Spectroscopic results
(CCD camera Oxidizer : BaCrQO, (53%) Aging |_festits (NASA CEA) results (AKTS) 100 —e— Calorimetric results
_ KCIO (14%) Heat of Heat Heat of Heat
- Gate delay (0-5 US)’ Gate width (1-05 mS) Binder : Rareox;]_4 (1%) Pyrotechnic delay days reaction degradation | reaction degradation 80+
[J/g] ratio (%) [J/g] ratio (%)

0 1,998.1 100.0 684.7 100.00

Heat degradation ratio (%)

Beam Standard Aging
Mirror Expander sample sample e 12071 00.4 4404 0°.0
56 15 | 995.3 49.8 373.8 54.6 w1
6-channel CCD Zr 32x 32 25 | 908.7 455 | 3403 497 0 5 10 15 20 25
— spectrometer Adina davs
’/ | Zro, 32(1-x) 0 <Aging conditions>
I\ 71°C & RH 70% "
scio, 5 5 Conclusion
KCIO 14 14 <Aging levels> _ ] _ _ ]
f\j 4 0, 8, 15 and 25 days « We approached the pyrotechnics aging through the unique ZrO signal in LIBS.
| § Optic fiber _ L
€ Binder 1 1 . Through LIBS and XPS analysis, we were able to spectroscopically predict the
Note: x indicates Zr/(Zr+Zr0O,) ratio (0 < x < 1.0) thermal property of pyrotechnics, which was only performed by calorimetric.
Acknowledgments ~ S
=
This work was financially supported by a grant from the Korea National Research Foundation under the National Space Laboratory NRF ) O 4 @@3
Program 2014 (NRF-2014M1A3A3A02034903) through the IAAT at Seoul National University. This research was also supported by the |
Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education (NRF-  foumistonsikores  Hanwha SEOUL

NATIONAL

2016R1D1A1A02937421). Additional support was provided by the Hanwha Yeosu Grant 2018. S nail;




A non-calorimetric study of hygrothermal aging of
pyrotechnic material by using laser-induced breakdown
spectroscopy

Ji-Hoon Ryu* Jun-Ho Yang* Jack J. Yoh**
Email: jjyoh@snu.ac.kr
1. Department of Mechanical and Aerospace Engineering, Seoul National University

The degradation of thermal properties such as burning rate and exothermic heat of reaction due to aging is a
serious issue associated with a long-term storage of a pyrotechnic material. This study investigates the effect of
the excessive exposure to moisture for the aging pyrotechnic delays, composed of metal fuel (Zr) and oxidizers
(BaCrO4, KCIO4). The laser-induced breakdown spectroscopy (LIBS) was used to effectively obtain both molecular
and atomic signals by detecting the zirconi-um-oxygen (Zr-O) bonds. The rising trend of a distinctive molecular
signal provides meaningful interpretation of the oxida-tion level for metal fuel. The additional complementary
spectroscopic techniques such as x-ray photoelectron spectroscopy and scanning electron microscopy were used
to investigate the chemical changes in oxidizers and the physical changes in the fuel, respectively. As a result, one
enriches the understanding of aging mechanism from the calorimetric assessment together with the spectroscopic
analyses for the underlying cause of aging.
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Figl.: The experimental procedure utilizing LIBS for studying the aging mechanism.
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