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Elemental Analysis Technique Based on Laser Induced
Breakdown Spectroscopy

QI Hong-xing, SHU Rong, LU Gang, HE Zhi-ping, MA De-min ,YANG Yi
(Shanghai Institute of Technical Physics, Chinese Academy of Science, Shanghai 200083, China)

Abstract ;: The working principle of the laser induced breakdown spectroscopy (LIBS) is interpreted. A LIBS experi-
mental setup is developed based on Nd:YAG laser and CCD grating spectrometer. Several experiments were carried
out to study the effect of laser pulse energy, delay time and pressure. Atomic spectra was obtained using lower pulse
energy; The best S/N could be realized by adjusting the delay time; Some samples could be induced to breakdown
without strong continuum background; Emission signal with good S/N could be obtained at low pressure (5 x 10~°
Pa), but the signal intensity was lower than at air pressure. The standard atomic spectra could be obtained by carry-
ing out LIBS analysis of pure samples in the sample chamber, and the elemental recognition of unknown samples
could be realized by comparing their atomic spectra with the standard spectra, in which the system recognition error
was avoided.

Key words ; laser-induced plasma;laser-induced breakdown spectroscopy; atomic spectra; Nd: YAG laser; grating

spectrometer
1 51 &
FLAE 20 48 60 4ER, AMTARILEEEI THORRS  BEWE:IRAMHFLRIEIH (60675057
YRR S BRI, I R T 48 5 A R ML TEE BT PN (1977 - ) , 5, h ERF2EBE R IEE AR Y BB

FERIST . JEAESK , B B B AR R R 3 A Zf;%?jﬁgz*iﬁik;@iﬁﬁét FEIEH R B AR e E-mail,

HIE R, R TFEOL S R EMOLIS Y R T R o 07 I #9 :2006-08-28 ; #&1T H ] :2006-10-12



Bt 5 44 No.4 2007 I SV S =

W% ZETROLE S ERLEN Y TR AR 315

#r % R ( Laser Induced Breakdown Spectroscopy,
LIBS) R B2 B AT EMR . 5HAMM TR
HHEL, LIBS HAIFIMR & (Mo &) W B T 70
Mr, XA AL BER N s B BIETERE D, LFATR
B T LASC A B SR RS R T
PR AREAR PRI 247 s A A B B L g0 =,
A RAEAT E I FEL T, JLH4ER, AMTER S
LIBS {54 R 8RE | HER BE NG BE 55 7 A T R &
FA B TAE, B LIBS #EgE 2] T H R
FOBE PRI ), R BRI S R A W R 2
AL FALFFER CORY, %% BALER
AN H B LR PR I A GE AR 28 kT A
B AT B &8 — A8 48 1 % % B 4] 78 03 & 4%
LIBS RISy A 7 A 16 R 45 1 77 [a) 5 | b 3
B8/ F] (40 Princeton Instruments /3 &] A1 Ocean Op-
tics AH]) D&MD T R ALK LIBS U3, BT &
PR RR I, LIBS £ H N i SE L R R &
JRZ:18 , 5 LIBS AHCHIBISE TIERZ AR T 1Al
PLEBFSE . A SCH Jo A LIBS B TAENLIE, AR5 2
SL—BEEA —E SRR LIBS SLE g A I
S I BIF 5 A BH LI 68 0 F0S52 FE AL
2 LIBS T{EHYHEHLH

Bk BOE R <R BN R, 5L 20
TR BB DB CE R BT, BT TEROLE
S B T A A Y 5 R, R AR AR,
BRETE R R RSB TR, S8 T8 a8
(0 ~100ns) , B H B ¥ 5 7 FE ¥ B % B/ LIk
2107 ~10*em IR BE K4k 20000K , 1 EHE 51 A
HERmP G K, R NBEL T RIE; 4 300ns
G, BT IERAE IR RS MR E LT R LT R
HB; BEE 45 B TR Ik AR A, SR A i
Pok, J TP RS T 2 ok e, Ok B, (ELE
SHHE RIEE EB BSR4 10ps LUE,
JRF GBS OIS B EW, kB TR TR
Rtk

“ AR Sy AR T, SF B TR R ARE
AR T8 E e 2Rk, R T iR M A &
B b P /R 25 % ( Boltzmann ) 73 A R A , TEER X BT
LHEREEA LR (1) Kk

- (Ey/KgT)

8re

ki _
IA _NsAki US(T)

(1)

o, A W TP RER B, Rl E, 26 BRE =4
MR (E, 71 E, 5515 k eSS § BEZS A9
RERD) 5N, BT s CREFILE R T ol— 4
T) HORLT B BE 5 A, WK LR BRI L3 5,
k BB IO BE s Ky MR B WHGT HEH Ik
HOTREE s U, (T) 43 BB, 7T AR (2) R
U(T) = Sgpe ™" (2)

TCERME G R ERIE A RIS K A XT R,
iXJ& LIBS & A o 28 R B AR A0 5 TS 2k
EERESTERMNSEIN R FHEE N,) A
—EMERR X2 LIBS E &Y R TT R 4
MIEEAARKTE
3 LIBS LG EFZI S
3.1 W LIBS # % Ik

Bl & BB AR G IR I H AR 1 % & R, B Sb
LIBS & JF i E FA RIS SE RS, 5208
RO HR, AT E A B E TR RS, dni
FETFEREESBENEAR S5 FERXESHK
AR AL AL LA S AR 56 B BEE AR R 4610 10 s s ig
BOFE AR ILPE R B U TS B A0, bt
FE 3 B VR [R] 23 HR IR 5 e R OIS A B 1B
B ROEE AN R RS LR Z B T T B P 2P
B, B g 18 TEMTR, 1T HEN Y
JRICER BT i A AT o
3.2 LIBS 5233 B fu iy

R BUER LY Z 0t R A5 5 2Rt
Sh6 2 LIBS & [n SE AL AR A, XN R
A LA ] B R T g0 < o o7 36 T P 56 5 A i LS B BT
BIELR , TELXT R TR TUER R BB 40T , S 4 ek
T orHresa], R T AR, fRIE T LIBS SR FE
L AGRE 1. 5 BRI E N EHT
LIBS FERli A58 5% F 0 S5 3 T BOAR LG, A SCHFR] 17—
EHAR —E LA LIBS LI, 254250
F3E [ Ocean Optics 23 ®] B FIfk LIBS {4% , HAF
FARRATHET CCD 244 B utl e ig{UE L g4
W5 S350, R BR 5 FHZE 1] CCD 2544, A R
EShL TR B A E LR A CCD, KR4 T2
EiEHr, A RT LIBS HRMHE

SEIRREE AR 1 Frs, FE B EOEER OBIEX.
FERBFFITEMA M. FOLER & Lk b &t
HRESRIMSFEEAFES T, BRI E



316 #ot 5 4 sk

H3TE

S LA K P REIR 8% , REARIE X B[] A filh & S AX
PRGBS F o0, GIS BRI 3 2
Nd: YAGEDEES , TAERK 1064nm, K FE Tns, B H &
B AR 20Hz, B Kk wh RE & 150m] ; 1% F 238 1%
WETEAY , B A B 14 51 fih & T 6B, e 7 3 K 200 ~
600nm , Y3 RAF [H] % 0. 2nm , F5z /MR 3B E] 6ms ; 1
B FEEDLAF L2 20em, Sk A/ ML R DA
W FOER

Bl SERE
3.3 LIBS 441

3.3.1 B a2 LIBS 547 %h
Botas/ NALA R T HES LIBS 52 itk (B
TR i) 27 BB Bk P RE B B — 3K, & B
BATZE )RR T L5 bk BB & X LIBS 4347 1
REFIRZN o A< SCRI A [FIBOE Bk P BE R IE R A A
AT TS24, I 2 J2 30m) Al 7T0m) ik RE &
A3 HI%E R IE A A G TE £k, AT LUE B 7E 30m] B
FHETS L 5R ARG , B E LS =5 5 RS ;
T0m] WHRRAETE S AR 38, IF BA B 2 ik 2 E At
K AHESE R FWA TR, 7T AR #2042
RIGF R R B, W] LA BN Bk o e &
SEP LIBS #8500 7347 o
600 .
500 | i
400 l | &
£ 300 | :
E 2007 : iy ;{5

LA
100 | AN 1“",,r,w.v\-‘q:;

0

200 300 400 500 600
wavelength/nm

B2 BkobER R
3.3.2  sERFIRM Y LIBS % v
HRYEXT LIBS 3L 9 53 B, ot OB RER
300ns D5 B 2E 47 800 7] DA 25000 ) 9RO R E 42
W RFEENEEEREL” . B3 Pigk AB.CH
XL Ops,2pus Fl Spus FEIR BRI , 7T BA S5 HY JE Asf

HMEBER . Foh, KRBARRAFH AP A HE eSS
BT AT A AR AR A iR S, I 4 B @ ALES
PR TELE Ops JEMREIR, B IX IAE i 8 42 7T A
A ERKIER AR , BRI MU AT R B A

400
300
l H 200

- 100
A -0

R e T T

200 250 300 350 400 450 500 550 600
wavelength/nm

KI3 S AR i 5

==a

intensity
=]
8

200 300 400 500 600
wavelength/nm

B4 FFERRTIESR

3.3.3 &=t LIBS #v

WOt = 55 B 1 1R S ) JA] B U R B AR
T R E T % B TR K B R R == 6], B
BT 5T B T RRLHE LR, SBRER SRE
A SERO/ , AT (L) HEHIE 51 L08R BB
AR SO TARERE %, R E AT 5210 °Pa,
KRB S B, 2R BRI E RS R E
i RE SR B REF e ORI ZRiE 7 4540, L EF 4R
SRR F S A PUA B B T B AR (R PR T He il
EB TR, S AI7E 1 AKRSER S x 107 Pa f
TR P XIREE BERA A T T L8 i, i HhiZe
W& 6 Bn  REAMF T 85 558 B TR UE
T RE S5, (AR BRI BT M [FHREL .

ES5 AR



Bt 5 44 No.4 2007 I SV S =

W% BETHOCHE TSR FRS R 317

2500 4

—e—1ow pressure

- - atmospheric pressure

2000 4

1500 4

intensity

1000 4

i 5
it 8

500 4 S oo, X A
: x"?e o :ﬂ"’w.,w:v:j\ NJ' A
390 400 410 420 430

wavelength/nm
IG5 Bk e PR L e

3.3.4 AFERTHELETERA

A & 2 rp SR & 26 B LIBS SE IS %48 JL
PR R BES AR TR, 7T LME N ZE R P ITR M
PRI FOUIEEEE , 2 F A A S5 3 5% B X R FAE
HATICER ST AT, LR BB 2R A i 1) i 2 R AR
JEFiER AT LT, AT DA B R 5 B R R 9 0T
RAR;XPHERT DUE BRI RS A 55 ARIR
FhRZE, XB A RRENE M. B 7 Fin2F R
HERES R TGRS B s X L g R, 45
RENEGRHERPEEETER, 58 B R FR—
o EHPARERBRIR THITR MR sk

2500 1 393. 37nm

—v—sample
» - CaCl,

2 2000 | : 396. 85nm

47

£ 1500 % ,

= B

=

"~ 1000 1 §

2

2 E v

E 500 ¥ F i

g o/ y '9_1 M

—~—

375 380 385 390 395 400 405
wavelength/nm
BT BREAE R RIR R S AR Y L
4 5 B

HOLHE S EROLE SR E N —FE B M B i
FILR TR ARC EAE) 2 BT BT KR
PERFST, T X IX — & R J7 [l 3 R R SR, A 3L
SR T E WS, R T BARBAS GG H
BT —EBALAMER LIBS LR E R R H
BT T AR Y 2 56 7 SR BIFFE WOt Bk rh RE B A
IR USRS LIBS 4347 BE J1 H2 0 , 25 RAIE B -
FEBARRI B P BE R T WA LURIG R F IS5 5 &
25 REAR G B ) T AR A 5 A A R A5 R 1L 5
FEAE L AR R E RESE, T A E
JERZEM 5 75 5 x 107 Pa AR E A1 T 598 7T LAZK
HER R WEFLIEES, BESBESKK
SUEAHIGB B/ 3R T —F AT LUBBR R G iR 2

f LIBS SEFLHITr v , B R0 F R 55 o 4
BERE B OIS AR R T, AR SR
B (B TR LT LA DB R E R 22,
TR K RS TE R AR, S5 R
TIREE B

BE L

[1] Cremers D A, Barefieldii J] E,Koskelo A C. Remote ele-
mental analysis by laser-induced breakdown spectroscopy
using a fiber-optic cable[ J]. Appl. Spectrosc, 1995, 49
(6) :857 -860.

[2] Knight Andrew K, Scherbarth Nancy, Cremers David A,
et al. Characterization of laser-induced breakdown spec-
troscopy ( LIBS) for application to space exploration[ J].
Appl. Spectrosc,2000,54(3) ;331 —340.

[3] Bulajic D,Corsi M, Cristoforetti G, et al. A procedure for
correcting self-absorption in calibration free-laser induced
breakdown spectroscopy [ J ]. Spectrochim. Acta Part B,
2002,57 ;339 - 253.

[4] Capitelli Mario, Capitelli Francesco, Eletskii Alexander.
Non-equilibrium and equilibrium problem in laser-induced
plasmas[ J]. Spectrochim. Acta Part B,2000,55:559 -
574.

[5] KIMDE,YOO K J, PARK H K, et al. Quantitative
annlysis of aluminum impurities in zinc alloy by laser-in-
duced breakdown spectroscopy [ J ]. Appl. Spectrosc,
1997, 51(1) .22 -29.

[6] Yamamoto Karen Y, Cremers David A, Foster Leeann E,
et al. Laser-induced breakdown spectroscopy analysis of
solids using a long-pulse (150 ns) Q-switched Nd: YAG
laser[ J]. Appl. Spectrosc, 2005, 59(9) : 1082 —1097.

[7] Corsi Michelal, Cristoforetti Gabrielel, Hidalgo Montser-
rat, et al. Effect of laser-induced crater depth in laser-in-
duced breakdown spectroscopy emission features[ J]. Ap-
pl. Spectrosc, 2005, 59(7) :853 - 860.

[8] TANG XS, LICY, ZHU G L, et al. Experimental in-
vestigation on the electron density and electron tempera-
tureof laser-induced Al plasmas [ J]. Chinese Journal of
Lasers, 2004, 31 (6) :687 —692. (in Chinese)

[9] SUM G,CHENG G Y,ZHANG S D, et al. The space char-
acteristic research of laser induced Cu plasma spectra[ J].
Applied laser, 2004, 24(5) :409 —412. (in Chinese)

[10] SONG Y Z, HE A Z. Doppler effect on width of charac-
teristic line in plasma Induced by pulsed laser ablating Al
[J]. Spectroscopy and Spectral Analysis, 2005,25(5) :
655 —659. (in Chinese)





