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Quantitative elemental analysis of Aluminum alloy by Calibration-Free Laser
Induced Breakdown Spectroscopy (CF-LIBS)

Jasem Foroozandeh, Ali Safi, Seyed Hassan Tavassoli
Tehran, Evin, Shahid Beheshti University, Laser and Plasma Research Institute

Abstract- Calibration-Free Laser Induced Breakdown Spectroscopy (CF-LIBS) has been developed several years ago as a new
approach for quantitative analysis in spectroscopy. This technique attempts to provide accurate quantitative measurements
regardless of calibrating the instruments or knowing much information about the sample. On the other hand, CF-LIBS is trying to
solve the problems and limitations of other methods, such as using calibration curves, to discover better and more accurate results.
In this study, after correction of the self-absorption effect, we tried to estimate the plasma temperature, precisely. Then by using
CF-LIBS algorithm, we determined the concentration of elements such as Al, Mg and Mn, which are the major components of
aluminum-based alloys.

Keywords: LIBS, CF-LIBS, Quantitative Analysis, Spectroscopy

AYD

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1264-en.html

[ Downloaded from opsi.ir on 2026-02-13 ]

VYA poge VEY

Ol IS o o) W) Sl B e b
Joe S 5 ooliztl by wlgs o 45 el g, (CF-LIBS)
0l Slml sladly 5l ol (b irogi e o Slesl
Iy Ban oole ,o 09290 LSy clale Jod LB cdo |
sladiges 4 5l pae by onl bl W e @
oo 9 el (ovie 59,5 wal 3 sl ot
g o2l 51 o3l b el 2 o9l el o yilo 31 i
oo |y aslial olge j0 09250 yolie cdale iy
09 Soxd Wl Sy 8 ST [1] 20,5 (s S ol
g el 1zl BB Slge 5l crws b (sl gul IS
b wsl> Gladiges 5 sl 59, 2 o ) 9 5Le (9356
eV aze pla Glgioe 5 485 )18 b5, 0550 55

[2] o,5 Mol ) 6 mdy slexe!

3l 5 Y olro g 4 b5 Y

Slol moee and 8 a (bl 2 (g, Cnl 50 0ud (B Joe
olpo gog b N 58 Lol o Jaw ool Lol
S8 .Y «Bas oole g oads dlom! (Glowsdly ;o (6 yingS sil
32 (UTE) Lawdly s 5 (Seolizogn 5 Jolss Luly (o5
Sl a5l Lewdly og SHLLY g b 5l sl 00ga5e
e 5T 51 ool L aS ayled iy o5 1, Slesly, ¥oles
b az ST[2] ol s S o3Il (BB osle 3 09250 OLS 5
P 4029 5l Olgs o0 (232395 gumal slaby, 5l oslitul
Al Wl 3 0 o pne S5 409 53 Ll 55 oy ot
O ol QU CeSlgd (e b B, ks

i o oS5 1y gl S

1) S o5 2 g Yo sloand b o35, i s L
A 3o Jsb 5 Loy (s5m 3l 0 (5 Seslul Loglas

I = P CA 5 e ket \

A = Fplg ijUS(T)e B o)
9 YL 515 99 (o 485 O 90 il zge Job A ] jo &S
oy 00le JS J&> np, ooyl Jele F g gi b
O SIS sl Ay s saxsS il ase8 cdale Cg o(cm™)
T oclos o5 455 3l ab Ug(T) K)o s Lawdly

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doosio —)

ey Se (LIBS) (5 Sl cuSiig B (i il
30 &S Zewl (AES) codl il o oo o0lgils 51 ) o
5l Szs5 G o8 ate Olyie a5l eslinl b o
Ghey N e b o sdee hod Ledl 4 eols
b 5 s 5 i o e sl Sy
Sl L ogdh co S5 Bus ools (g9, p 3 S 5l eolanl
e o ooble jl e (pl (S8 SIG jo 5] G s
slos a3 50 e 2l |, VU (650 cobisS ole
26 b e Gl 6ol e 4 SLSL S50 4 ]
135 5 5l slowdl G & o] pad hows seles colys
05 e 6551 0392 (B S50 53 5 b 0 il b el
sya wall i g 993 n (e 0 39290 Sli2l
J5i5 slowdly mwhans )3 g i8Il g Lol daygn 51 o29!
Lowsdly (55, mdaw als 5 Loy ;35 L og meles ool
iS5k g s b s S 5k 2 slo)lr s s 2SI
95«55 ghaw alS (nl )l 093 4l (655 e 4
W BT e Job adgizs ;5 mlouil &9 4 1)
ooe] sy il anlllne g oy p L 0l amlys LS tagil
5 ools 5l oralr 5 oS Sl 4 Slse b ol

Bl s ] sasas LSlis polic

T @b L w.bl Gl YAPY o jo ol o
5,50 ool 5y ol anlllae gl 63 il Sy,
9 &5 e 0 8ol cnllags, cul (8,5 1,8 ool
S ol b osyS iy |, SSUsS slao, )5 wlse oS
5 i) W Sy 8 i il 059 el LS 8 e
05"‘5‘ o9 el 00l C)Lé- ‘59.5 oolw Lngoﬁ)LY 03 gdne
ol Gaotn Gl (2SR oS o slasplS
i il g oo p)lS 1 (S 0sd e Dguima
odRS L,L‘-i“‘-’.. o )“’L“c chale ] ‘(5))"#1 LS’L‘L” "”"“"5"“’:.9)'.9
\)9.....'60 OJLD.A....J‘ 6@5 LY L_';q"S C.’Lu J.n.\.u ‘5‘)4 ug....»‘f.«JlS
ol 008 el ln ol wges pair a4 LS
St ksl 3l g Galesl Ll b5 gl pg3) o sioeie
sebie ol glp 6500 slagis, 3 gladle ol

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1264-en.html

[ Downloaded from opsi.ir on 2026-02-13 ]

VYA poge VEY

Lol sloo (Jgu8 LB <85 L )lg3 o Boltzmann Plot
plsl 3l i @bl Sgne solate 4 (nl prodle 05 e
Bl odal Cawds slacil 5l oda 095 Sl ilowlxe (]

& o9y -V
Jsb L Nd:YAG ouls Q-Switch 3.J G 5l gaazs ol jo
YOS5 g5 s 4l e Gl by esil OYY gge
P Aol b cwae S awg .l ouls colatnl 5 e
osle (535 2 Js5 o V7 6551 L glos e il V-
O ygq0 J.LD Sy90 6[.0.....1)&: ools aQ @Lwé (AW G}JK
9 DA LSJ.'S%‘M‘ 9 631,,;)&:{! &l ecnl pogde o).i;
Ol (695 et S 5l eolaianl b ol s cido g0 Jobo
5 S8 3l ey U ol Jizie Echelle giw cabs 45 LoDy
alols 0,5 J18 obj)l 0,90 COD lawgy «ols ool
P e ek S5 4 R g 5 o8 b ol Sl
odd bl glaisl a4 50 Lawdly cil e (55 osludl
oo Gl oolazwl b jelaie pl 4 [1] o o 095 500
Ooezed g (Delay) 25U sle )l Delay Generator
28,5 8 eolawl oy50 Jglaie Gate Width slag)l;
‘) (3RS u.:‘ O 0l coﬁ)w L 229 uuw A JS.W

Delay
Generator

BS \

Mirro\ . ﬂ
Focusing

Lens Sample

O3 ol @ Sl S s b o8 plednr ) JSG
Oyl ydlS

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

I _E  Fn,C
n—2A-=——4In—L>
giA;;  KgT Us(T)

M

1) 1
= l , X = E., = — ;
y=In Ay x=E;a KT
)
Fn,C
by = In—2—
* Us(T)
1250 53 55 Dozl (V) aloles g5 oo
y = ax + by )
S gl Q‘93c5° ) :L.Lu.b )‘| JRIST N
C =LU (T) ePs )
S an S

39290 ),.oL'..c sadale Egomo aS w—ébs" )f.).o Sow )’1
o ol &: L: ).3‘).3 Cs wolo )

1 o
)
S/ s/

1S (g o0 (F) 9 (0) adaly g0 <S5 L

Ug(T) ebs

—_ sv7/= Y
Y Ug (T) ebs’ “

S

oz 3l ools ;o 39250 polic l plaS o cldale coles (o g
e se Jolo (i g opin slaass clale

Cs=Cl+cl S)

los G:Bo pedt 4 B o lis oe 4 (V) dolas
CanSlg b (i ek Bol) calie 3 Slae o Ll
[3] el el 3l g oten sl o9l S 90 W1
280 Slelrs 5 Ghalojl dolie SIS 50 b i cnl
Ol 90 0ed 00 et 285 A LoDl sles a5 clils
ohey 3l A SIS Gles anule gln ko
4 (V) 5 (F) dolee .l 00 oolawl Boltzmann Plot
boad A5l b3 (n e e &5 wimsoe i 29>
Looyls abal) Lawdly slod b ugSiae & j90 42y 9 X polie
55 Wl 5l eai)38 bas g (8L 5 ol () el

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1264-en.html

[ Downloaded from opsi.ir on 2026-02-13 ]

VYA poge VEY

2= T
~— * Al
of "~ o Al
~ o
2 ~ g ll| 4
- \\‘\\ A i
4 . ~ A Mnll|
F 5
%

A0f

A2}

Erys

18 . n . n n
2 4 B8 8 10 12 14

Ekiev)
osle ;3 39290 saigT sles (sl Boltzmann Plot jloges :¥ S
Ll
w 1l
” e CF-LIBS
Al o, AAY B A6/# do,0 AF/VY
Mn a3 VY B -/A o0 VAR
Mg Ao, VOB KWIRRIA R

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

g mbo -F

Syl @l CeSlig b (e b Sl (il o
ool poatrngll SLIT axkad o (59) » gl S g
e 5 (MQ) mejeie (AD poaiegd] ool oo (55l
oo cdale 51w LT cpl sassle Lol yobic (M)
lp Sl oad 5 B po o9 2l s 4 09290 ol
e 53 a5l eolil b yolie cdale g, el
Y Sl Cil s e 45 Al g dsliyy oy )55
Jlozl ) (il bkt St 5 ) ge Job alex
i 85 Sl (B S 6V 3l 555 5 (Ay) S
Boltzmann 5 )b 511, Lewdl (glod (s cylod B> 1,
Sy sleo loolaiul b (gan pl5 j0 .05 (5,50 ;5lusl Plot
2 9 9550 dnslrs aaisS SEST gl ()l @ ol
yobis (S Sl d(A) 5 (V) alasy rsgs 520,95 ol ool
b bsls s S oo jb 1y 55 5 paiete paeieosl]
Sl odmlice BB Y Joaz j0 gadsd ol 50 ool oola!
LoDy (5los dmslono (512 00 ooliinl boghas (M) zge Jobo 1) Jgor

)L..ﬂ 30 Sgzge yolic oo 6)175%.]"”.‘ 9 Lsa..a‘ slcdale ¥ Joox
Ol redlS 09 653 U CenSig 8 S ol s il

S S Az —0
S50l sl ookl b as ol ool Hlas oe5 4 b (plyo
Lo lalin] diges 4igSe 4 5Ls 90 (lg5 g0 CF-LIBS
SslT o sgzge yolie cdale «yguml W JIS I
O LT A
U"‘ o C"L"’ Mg 9 Mn O5Ted L;J.aLz.c ).a._>b ‘_ng;’;Ja'.l.é
Al cale Lol s 1055 5 oYL ol cdo 5l e yisy

sy 50 5 4y 380 (oo (50 4 poieagl (sl 00

&=l o

[1] a. Ciucci, M. Corsi, V. Palleschi, S. Rastelli, a. Salvetti, E.
Tognoni, “New procedure for quantitative elemental analysis
by laser-induced plasma spectroscopy,” Appl. Spectrosc., vol.
53, no. 8, pp. 960964, 1999.

[2] E. Tognoni, G. Cristoforetti, S. Legnaioli, V. Palleschi,
“Calibration-Free Laser-Induced Breakdown Spectroscopy:
State of the art,” Spectrochim. Acta - Part B At. Spectrosc., vol.
65, no. 1, pp. 1-14, 2010.

[3] E.Tognoni et al., “A numerical study of expected accuracy and
precision in Calibration-Free Laser-Induced Breakdown
Spectroscopy in the assumption of ideal analytical plasma,”
Spectrochim. Acta - Part B At. Spectrosc., vol. 62, no. 12, pp.
1287-1302, 2007.

AI" Alll Mg '\I/'Ig Mn | '\I"I”
Yyg/a o YA YAOY  YVa/e  feY/A YOV/D
YYZIY  $22/)Y  YAYIY  YYA/h  FeY/A YOANY
YYY/Y OVPID  YALIY Y& lh
ARV VA INAZE Yay/y
Yasy OYAIY YAaY/A
vag/. Ya¥/A

Boltzmann Plot 3, ,b ;|

dod 4 Lo Boltzmann Plot sl loges 50 ¥ S 0
o) (282 395 51 B3> Sl Laadly 58 99290 (sladisS
bt b olasiml s 4y 59, 00 il a5 slailen .ol 0
30 35290 slodaigT aen sles (LTE) Spoluoge,s Jolu
0992 Silge el ol Gl (o 5l (SsS puS o LoDl
Exose oo Sl 58 ¥ S 50 oud ) (slaloged
5 00 sys by w55 L Lo g So3ll [3]
sbs a5 was o olis Boltzmann Plot jloges (yioren
S9rSINLYY sga jo ioleyl cpl 40 sals sl slewsdl
Y Jguz 0 ol jo el cpalS a0 VFYY e Jolas il
CF- 5o, Lawsgi oo apuslns 5 sonsl slocale 1l oo

2,5 oawliw I, LIBS

AYA

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1264-en.html
http://www.tcpdf.org

