Publ. Astron. Obs. Belgrade No. 89

CONTRIBUTED PAPERS & ABSTRACTS of INVITED LECTURES,
TOPICAL INVITED LECTURES and PROGRESS REPORTS

—
ao

UDC 537.56(082) ISSN 0373-3742
539.186.2(082)

539.121.7(082)
533.9(082)

NYBJIMKALUJE ACTPOHOMCKE ONCEPBATOPUJE Y BEOrPALlY

PUBLICATIONS OF THE ASTRONOMICAL OBSERVATORY OF BELGRADE
Cs. 89 No. 89

25" Summer School and
International Symposium on
8{% the Physics of lonized Gases

Donji Milanovac, Serbia,

August 30 - September 3, 2010

CONTRIBUTED PAPERS

ABSTRACTS of INVITED LECTURES,
TOPICAL INVITED LECTURES and PROGRESS REPORTS

397/

Editors:
Luka C. Popovié,
Milorad M. Kuraica

MERQ
%94 * ,,_‘é:%

el
?%%) >

°1887°

BEOrPAQ
2010

PUBL. ASTRON. OBS. BELGRADE No. 89, 1-405 BELGRADE. JULY 2010




PUBLICATIONS OF THE ASTRONOMICAL OBSERVATORY OF BELGRADE

FOUNDED IN 1947

EDITORIAL BOARD:

. Zoran KNEZEVIC, Editor-in-Chief (Astronomical Observatory, Belgrade)
. Milan M. CIRKOVIC, Editor (Astronomical Observatory, Belgrade)

. Srdjan S. SAMUROVIC, Secretary (Astronomical Observatory, Belgrade)

. Olga ATANACKOVIC (University of Belgrade)

. Nick BOSTROM (Oxford University, UK)

. Zorica CVETKOVIC (Astronomical Observatory, Belgrade)

. Vladimir CADEZ (Astronomical Observatory, Belgrade)

. Miroslav FILIPOVIC (University of Western Sydney, Sydney, Australia)
. Slobodan JANKOV (Astronomical Observatory, Belgrade)

. Vasile MIOC (Astronomical Institute, Romanian Academy of Sciences,

Bucharest)

. Slobodan NINKOVIC (Astronomical Observatory, Belgrade)
. Eleni ROVITHIS-LIVANIOU (University of Athens, Greece)

Published and copyright (©) by Astronomical Observatory, Volgina 7, 11060 Belgrade
38, Serbia

Director of the Astronomical Observatory: Dr. Zoran Knezevi¢

Typesetting: Tatjana Milovanov

Internet address http://www.aob.bg.ac.rs

ISBN 978-86-80019-37—6

The publication of this issue is financially supported by the Serbian Ministry of
Science and Technological Development.

Number of copies / Tupax : 400

Production: ”1909.MINERVA”, Karadjordjev put br. 37, Subotica, Serbia



Scientific Committee

LC.

ZO-rQHREOUSNE®
=t

P

2ZANZNARND

Popovi¢ (Chairman)

Buckman
Burgdoerfer
Donko
Guerra
Jovanovi¢
Jureta
Kuraica
Lieb
Makabe
Malovié
Mancev
Manson
Mason
Mediavilla
Mijatovié
Mima
Miskovié
Nedeljkovié¢
Rakocevic
Serruys
Simonovié
Skorié

COMMITTEES

Advisory Committee

Serbia D.
Australia N.
Austria 4
Hungary B
Portugal S.
Serbia M.S.
Serbia N.
Serbia M.
Germany Z.1jy.
Japan M.M.
Serbia 5
Serbia B.
USA

UK

Spain

Serbia

Japan

Canada

Serbia

Serbia

France

Serbia

Serbia

Organizing Committee

M.M. Kuraica (Chairman)
B.M. Obradovi¢ (Vice-Chairman)
S. Bukvic¢ (Vice-Chairman)

N. Cvetanovi¢ (Secretary)
Dojc¢inovié¢

Sakan

Ivkovi¢

Sretenovic

Kovacevic
Milovanov

H<onzZr

The symposium is organized by:
Faculty of Physics, University of Belgrade
Studentski Trg 12, Belgrade, Serbia

Beli¢
Konjevi¢
Labat
Marinkovié
Purovi¢
Dimitrijevié¢
Bibic
Milosavljevi¢
Petrovié
Popovic
Purié

Stanié



Publ. Astron. Obs. Belgrade No. 89 (2010), 229-232 Contributed Paper

DETECTING INDIUM IN ELECTRIC WASTE USING LASER
INDUCED BREAKDOWN SPECTROSCOPY

MAJA RABASOVIC', DRAGUTIN SEVIC', MIRA TERZIC?
and BRATISLAV MARINKOVIC'
YInstitute of Physics, University of Belgrade, Serbia
E-mail: majap@ipb.ac.rs
2Faculty of Science, University of Novi Sad, Serbia

Abstract. In this paper preliminary results regarding testing of laser induced breakdown
spectroscopy technique for detecting indium in electric waste are presented.

1. INTRODUCTION

Our system for time-resolved laser induced fluorescence (TR-LIF) measurement is
described in Terzic et al. (2008) and Rabasovic et al. (2009a,b). First published re-
sults could be found in Rabasovic et al. (2008). Nd:YaG laser used in our TR-LIF
experiments is powerful enough (365 mJ at 1064 nm, variable OPO output >5mJ),
so that the system also could be used for laser induced breakdown spectroscopy
(LIBS). In this paper, preliminary results regarding testing of LIBS technique for
detecting indium in electric waste are presented.

Indium is a soft, gray metallic element which belongs to the elements of group
III of the Periodic Table. It was found and spectroscopically identified as a minor
component in zinc ores. Because of its low melting point, 429.75 K, it is technolo-
gically attractive, especially in the semiconductor industry and optoelectronics.
Optically transparent electrodes used in liquid crystal displays (LCD) are made of
indium tin oxide. However, the uses of indium are rapidly increasing and there are
many other electronic devices which contain indium. It is relatively rare and ranks
61st in crustal abundance. It is about three times as abundant as silver. Our results
regarding electronic spectroscopy of Indium could be found in Rabasovic et al.
(2008, 2009a).

2. THE EXPERIMENTAL SET-UP
The system for LIBS measurements is shown schematically in Fig. 1. This system
is based on the tunable OPO system (320-475 nm) based on Nd:YAG laser to ex-

cite samples and on the detection part with high spatial and temporal resolution
Terzic et al. (2008). Compared to the TR-LIF system presented in Terzic et al.
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(2008) and Rabasovic et al. (2009a,b), it is easily noted that focusing lens is add-
ed. To be on the safe side regarding Hamamatsu Streak Camera, preliminary expe-
riments were made using OPO output (5 mJ at 400 nm) and Ocean Optics spectro-
graph. It should be noted that using of streakscope enables time resolved diagnos-
tics.

0.3m focal length
triple grating imaging STREAKSCOPE STREAKSCOPE
spectrograph HEAD CONTROLLER
(SpectraPro-2300i) (R TR

HPD-TA System

Collection lens Temporal Analyzer

FOUR CHANNEL DIGITAL
DELAY / PULSE GENERATOR

1 EXCITATION LIGHT SOURCE
L Nd:YAG Laser

N\

Target Focussing lens
Material

Basic principle of LIBS

Figure 1: Our TR-LIF system modified for LIBS experiments.

Energy of OPO output is much smaller than energy of our Nd:YAG, which is
as high as 365 mJ at 1064 nm, so we could use even more power for future
LIBS experiments.

3. PRELIMINARY RESULTS

LIBS spectra for almost pure indium sample (used in our ESMA experiments) and
basis plate of LCD are presented in Figs. 2 and 3. Indium spectral lines seen at the
Fig. 2 are in good agreement with the data provided by NIST Atomic Spectra Da-
tabase, Ralchenko et al. (2008).

Samples were excited by OPO output (350 nm, 5 mJ). However, the OPO, the
second harmonic (532 nm) and the fourth harmonic (266 nm) are not visible, or
more or less not visible in Figs. 2 and 3, because they were background subtracted.

Indium spectral lines are easily seen in Fig. 3, however, lines of other elements
could be noticed, as well. Sodium is of no surprise, because LCD basis plate is
made of glass. However, aluminium is somehow surprising, because laser was fo-
cused on Indium Tin oxide electrode, not on other parts of handheld calculator.
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Figure 2: LIBS signal obtained from pure indium sample. Laser harmonics and OPO were
background subtracted.
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Figure 3: LIBS signal obtained from basis plate of LCD. Laser harmonics and OPO were
background subtracted.
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