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FAFE) TP K, MRS SCERERE £2, W4
BB YR, XA T HAR OGS 4 B 5 0
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Figure 1 (Color online) Schematic diagram of the LIBS experimental
setup

S REHOLEY, RN EOGIE TR A 0 O
R R SR B 5 T 6 TAEH MRS, R &
B K B G R TR R, TR R A b
b e AR A A ALTOGE AR RN T AR
SRR, BRI — B AE40~140 mm, BARAE
25~45 mm. T4 (SN A B A ) TR Ok
e R NP2 B e e e S R
EHOERE R, LASC PRI AR R A R . A
LIBSZ X H Y6 G 154X, # FH %% ¥ A Czerny-Turner
B, S AR v B G (Behelle) S 1 A3 i) 4 FH 2 7 14
2, B R A BRI 4 s B R T
Dy . SRR #R 3 B O AR (PMT) A H far A 75
#(CcCD), ¥PMTH T H RGN TT LIRS BAT
KLU 315 Me b ) — 4k =5 [R5 B UIRAR S IE S
{5 B % CCDE 55 %1 CCD(RPICCD), 75 1] 3545
T YEzs Al B, JUH B ICCD AT A5 GE FiE s I 1
1ok $2 1 06 1% A5 M bL ol A5 20 A 1) 0 FE O, A it
ICCDARY 4% FLCCD B AR 2. FOGRE I 2K L (F 5 4%
e Ry HLAF 5 5 15 5 B L (PC), SR A SC R R itk 47
odmab B, G R L AROE MCE RO S B TR R
SO, WK RS E TR E N, k= ha
B, NEMDE T RE WS R, BT LR
P AR AR .

2 BOElS aORIEVESE

55 R B ST 3 AT 1 R R A S S TR R
F % 5 63 75 (ICP-AES) . HL #4J F Wi Y % 3% 1%
(ETA-AAS)FTH 8RS & 45 85 1K it 1% 1 1ICP-MS)
Fo, LIBSAE b — il A7 1 9 80 S50 s 43 K6 0 32 1 4
0 0 5% AR Oy TR o RN . HRT AT SR A (1)

XCTE S B OLAE, Wi R OEI e K, 3RS L,
BFEICRR R Q) BEREERSOY, fEm s i E
P, B T RE i BT v AR

2.1 GBEOEE Sk

UL ORI 5 5 0 R 22 B e RO ik gk
% (nanosecond-LIBS, ns-LIBS), Hi FNF i tas B
A IEMEAR, FRVEMEEE, e AR, ns-LIBSH
B TS, Leme APPSR FINA:YAGHOG#%
(1064 nm, 5 ns, 365+3 ml), WF5E T ki 52 Rk
RO S VR M R 4 IR 0 R S B B e S g
g N, EAE RS . PRl EGE I, )5 b
T, TR, & B Lism. T & SHERE
SR FI{ZE IR 1Y, Eschlbock-FuchsaZs A\ PIRH8R 64 .
Al ARG A RE S UEAT IR, JF TN RD 3O B
AR AR B TR, R AR TR K gh ) 2E Dk
SR E R T AR AR, KEZBOCR KSR
S8R I ot 2 o L A T R T B . ChenE AL - 4
FE Sl AR, SRS T R ST 2 A RO AR B A,
PAFITCEMg, Al, FefIBak HHGi%sm i i Kig i 78
93%~160%, i {5 M L AE 17%~40%. FK 5 2 s 2
PO B TR LU SR & SRS D

22 REBOES S gk

B BOCHE RS, RO S & 9O0 %
(femtosecond-LIBS, fs-LIBS)i& i3z 2| . X T
ns-LIBSMi 7, fs-LIBSZE B &Gl (5 Me bk, 55 4k,
YA O RE O RE 5 4o 0 Al B R 2, BRI A5 2
S IR T (BB )6 ik; M REMEOE Ik YE A, JEiRiR
1o, A TR 2 A IR T LN, (R DR
B ARG RN SCBCHL B, AR TR i 1 20 T 25
¥, FT LA £s-LIBS BE 0] 3R A5 Ji %1%, 758 vl 15 2 4
TG, 1 A 0 A 2EL R T R RS Bk
1M, fs-LIBSHE # A 2%, M.

R T $E i fs-LIBS Kl R A, Banerjee® AL
Ti:Sapphire#{ ¢ #$(800 nm, 130 fs, 600 ul) M i & &,
X P B ok A TR B O R U TR . A5 R
R, T E X A £s-LIBS 5 B AR &, i YA Ak ()
i, UL R fs-LIBSHE & F R M5 Y9 1) & R AU
K. Tlyin%s AR FH Ti:Sapphirel 0O #5(800 nm, 42
fs, 100 Hz, 1.1 mJ), WF55i8 K 21 1Y 55 B T & 516
T A )RR, EBT T ARBOR AR R iR R B A
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W A R EUE. BonisZE A3 B HIN: Y AGH RO
(532 nm, 7 ns, 1 Hz , 5.0 J cm *)FINd:glass KFMEOG
(527 nm, 250 fs, 1 Hz, 4.2 J cm )& F LS, XFEE
KB, fs-LIBSHIIGLE £ &, LMy st Jta
FE80 ns Ak A 75 2] 1 5T 4 ) i A5 e L.

2.3 AUPkIEOEE Sl s e

ik P LIBS(single pulse LIBS, SP-LIBS)#44
i 2530 H AES%o~10%, A 22 5K F 2 H A F RO ki
RoE g E . WNSRAMSEES . 52 IR
TP R E . XU P LIBS(dual pulse LIBS, DP-
LIBS)7E— E P2 F9R4h T SP-LIBS YA JE, AL
RTOGIERE, M TN REE, W S ES
AR, UGB T A HrEdh . (12, DP-LIBSIH &
BN A

T RS SEIER B, Yurdanur-TaselZ5E A PSR 2
£ QJF XNA:YAGH Ot #%, — 5 Big Sky-Quantel %!
(532 nm, 6 ns, 1~100 Hz, 25 mJ), % — {5 N Focus Eng.
IR-(100)%!(1064 nm, 20 ns, 1~100 Hz, 40~50 ml), %}
i R Si(111) M Si(100) AT 615 A7, 45 R WoR, 18
UK i 2 ] AT ] 8 3R B i) R 7= AR ) 4 B Ao i o
BEHS LGB o B 5, 1~2 psBF A Si(100)HI%G
TSR R TSI, TRR AR ZEHY AR TH]. Jiang 2 A1)
435 F SP-LIBS FIDP-LIBS X I SR PR35 T A9 FE i Y
BLS BAMNEIE AT ST, 45 AIER, XU Mo
RS B IR S AR, AR P BK h AEIR S 100 ns
B3] T R REL. LazicE ANRLBAREKE 5 A 0,
K26 NG YAGHIFSHOLAS, WE5 W ik v 2 18] () ZE
i % DP-LIBS {5 5 AU R . 25 5 & B, 7848 1180k
ik w77 A R AR 5 4 R T IR 22 326 28 2SO ok T LA
1 E R O E 5

J T HOASLIBS RN EERE E, Gaft: AR 26
Nd:YAGH #P 3625, 435 I SP-LIBS A1 DP-LIBS#iff
GEZrIT 3 AR A SR AN B R SO, RS 19228.0~
247.0 nmfGIE T, FIDP-LIBS/S 3] iy I 045 12 5
T-SP-LIBSHY. 7E4& = LIBS #4653 77 1, Gurell%s
ANPHELIBS & 48 5 A WL SS &, UBLA IAIE
(22 ) R B G R RIS, HiIE H— T LA
BN H ST R T RS, RESBEN A T R L.

2.4 HOEFE SOk e o
LIBSZE 26 0 49y 5 18 7 04 5 7 30k o A oA T 2
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%, B B — & ORI ot 2 Mk BE A AR AR 9 6 s 4L
ol me i 2, SR 05 FIUAS (9 R DUEE & R H1 oo
R AR A TR LR
HER B 5 52 B 285 SARAE 25 FR35 A5 10 FAE ot 2 93
RO . 7E T, Cong®E NI4T # 4
BA N, NA:YAG HOBH RECEIR, 4350 Fi AW e/
ek (PLS) AL i ith 2 ik (COYVMUE 43 #r, WEoRER
B, JTite EE LR ILRMEITTE M T, PLSHRE
I FCC, A APLSH G THNG BT h ARt =
14 [ ) 5 5 53 #

H T I8 A — P A A B2 1% 5 K T 7y vk
J& TG RE bR OE 5 S o 28 635 (calibration free-LIBS,
CF-LIBS), ‘Bt . 5§, LHIrESEY I, L
AAFAE IR N B 2. R HCF-LIBSH R i%: %
T B TR G R O (LTE) 25440, s 1X
AL, IF HoAG2E R, BN, Horfidckovass
ANIPLR NG YAGEOE#5(532 nm, 4 ns, 10 Hz, 165
mJ), I CF-LIBSll 3%k A (220t A . YRLEE A A
ZSM-5)[ SI/AIEE IR EL, Frfg 4 3 5y R Ak 2% 7 By
B —2L, A A CF-LIBS W] FHAE 3B A A2k A ARG
FE AT, T JC T A E A A 2R ) G R R
FE T, WS T AT

2.5 BRBESAEATBOR TS Sk g e ik e RS )

77 A O A B IR R A5 S W W 2 I LIBS
e . Mateo%s AR FH KeFHES> T B0OG 75 (248
nm, 450 fs, 900 pJ), 7 HILIZ S WA NE
AR, DRI . SRE . BRG A FIRERE S ISR
gE R, EAE A AES00 hPa= i ' 1 5% 1 fi
K, AR R IS5 3R, SreedhardE A
Ti:sapphirel Y6 %%(800 nm, 40 fs, 1 kHz, 2.5 ml), 43
MER R, MBI T T 3F = aetkEHY
RHIE, AR T O REIEESR . AR &R
AR ZE U A 1] 43 31 R 5443, 43£3H1121+16 ns, BI7E
EAPRE] T E S ROGIEEE. 54h, De Giacomo%
NS5 b3 T SRR R R B2 T A S0 45 8 7
KA.

3 RO Sd gk B

AR AR 20 42 604 At $2 1 T LIBS, {HH ™
Z 0 SR AR R B G . BOBEOR R B0 B R
(R e & TR LIBS AR H 558 3% .
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3.1 BOEE S oG A o e S b H

BT JE— AR FE T, Wk ooE
R K AR AR By 5 T2 R AN N M BE R
P AR, PR, PR v AR I AR Ak T e R
P2 5 B B RIS AN PE B4 R R BB 224K 5 . Xin
2 NI FINA: YAGEOG#5(1064 nm, 10 ns, 140 ml),
TEREFE B (=150 mm) 5 FE 5% 2 6] BB R 145
mm. ZERF0.83 usiALFME T, &R INE 4
FEah. WP R, JURE &SGR Z WA B
LMk R, REHBOCERMFHRE/NT10%, HisL T
LIBS P # £ 70 % [ 2 70 M1 & & B i 19 nl 47 1
Legnaioli%s A 24 Nd: YAGEOE#$(1064 nm, 8 ns,
20 Hz , 120 m)ZAAOEHE RS, BOCR S5k4&RE
45° I ABTEIRES,, T T 2R & EA 4, HEH
FRIEE] 70.2 mg/g; WEEFE20 mg/g(H 4T BY fe K b
7M1 mg/g. Pedarnig%: A\ 'R HINd:YAG ¥ % #%
(1064 nm, 6 ns, 5~10 Hz , 100 mJ), F{ CF-LIBS4>H74K
A e AR A E Y. SR B, ARy
MW B 5 2 % (0 — 3, KA o Sk 41 43 1) A X
BRZETE2% LA O Bl el AR 5 S50, YR EEAE
TR, BRWFAE PR F K R 1064 nmfd ik vhik
Jebet A A MRE S, HICCDIRMDEIES S, LKk
B, BOBmbkepaga . RAENE LU ICCDE M #51Y
HERF XA B, i e s ge A, 3RS
TR tiE R EEAE T . b T R HELIBS 1Y R 2 ] 43
PR PEfE, Lopez-Quintas®: AN Y AGIHUOG A HT
8T R BWALIRT T B o3 A, 38 e e R Ak 4l
ARV, HEST T TR oA Y ST AR, TR
LIBSRE S 58 ALK 1 i 43 S AR5 A I BE F7. AN
JEAE PR T ST A 1R A P RE S R B LTB S AS:
D, SR JH L 28 22 R0 SRR N FL P T RS R 5,
AR T MBS I LIBS Y6 i, AT 45 IR BE 1 4%
il 4 JE Ay BEE T A

FEARLIBSAY 2 A<, s/ b K I 2% FH, 3 2
BF 0¥ 7% A0 A 7= N A — A B0 ST E Y )
Gonzaga® N\ P 5h QIF KNd:LSBR A O 7% (1062
nm, 800 ps, 2 kHz, 12 u))F1# A Czerny-Turner i $% 1%
XA, Wt T — R BE AR BAR T, 8T T #%
R & BN 5%~26% wiwbRIEAREE S, s T2
AN fie /N IR (PLS)RS IE A A, 25 S B, 1l 5 4%
FIVER 11 - X AT R 22 20 B2 3.7 % F16.7 %, L4526
RL B AR T R B B A I Y 5 T O T AN A 4

R 22 S04 IE T DA s AR AR e B AN 1 R U AR oy
BTN bk o AR A 1) AL

3.2 BORYE S R EEAE IS i

M Tk = g K R . A A AR e 2 3
JEE T L IR TIT A7 3 R S e 2 T T Ak Ak 3 A A
WG e i H k™ i, 5 AR B B =
S KM LR TORERR TS Y, H AR R A
Byl e 5 (P A LIBS B A g B 55 5 1 i 45
WA I PT AR,

g T Wi s R Ry, Kwak %5 A PSR HINd: YAG
BO6#$(1064 nm, 5 ns, 2 Hz, 90 mJ), HILIBSHE %S
PRI AR ) E AR SR DR R,
() 42 @ T 4 A HBFE B (AL, Ca, Mg)FIA K (Cr, Ni,
Zn), Y20t Tl Jedth X i Cr, Nif1Znf & i
B T E . AwanZe A PTSR N YAG O #5 (1064
nm, 10 ns, 10 Hz, 89.5 ml)i k== S b i Biki ey, 1e
FERF4.5 ps. HELEREIFE M ERIET70 mm, HAEIER
WCAERE AL AT, BR 26 7E50~500 ppm
JCREWETLEA B4, R71£0.992~0.998, il 15
Cd, ZnFIPbAY A PR 529~48 ppm, iIFH T LIBSH:
ERPELEEGE

KA A Z PR 2R PSR LIBS I 5 18 7K
(R, FRS7 T MR R SRR Y e AR IR, R*M0.99;
NS4 (R PR R1.14355 mg/L. Al-AdelZE A 2% 5o
B KRR SR SE A AENA: Y AGEOE #8 3 %0(266 nm, 6
ns, 10 Hz, 30 m)FEAK T ORI, 25 7o R
R . Bukhari 25 A PO W e 4% $2 BOK R SR 2
FHINd:YAGEOE2$(1064 nm, 10 ns, 10 Hz, 146.7
mJ-5%, 89.5 mJ-4) ke I i 5 K K v H 4 % AR,
TESERTA.5 s, AR R K70 mm, RELRS
FEEIFE AR T mmM AL, 58] 715 i
WYL, Fayeds: APV FHLIBS X & A 0 ik 3% 15
) 225 YK HEAT WS, AT T B AR

H 15 FHLIBS K 4= 38 pl o3 W\ k2 B L3 fe 1
BT, AR PP NG Y AGHOG #8945 55
e Bk b e w43 0 A 70 A1 100 mI 41 A% OE 32
DP-LIBS & Gufuilll - e rh i 4 |, 45 20Uk v =[] 4E
820 usht Mnl 406.4 nmiis 2k 38 55 g 5 ] 35 2.75
5. Kim%5: AP FINd: YAGHOG#S (1064 nm, 4~5 ns, 1
Hz, 90 m))/r#7 H3EH A9 &8 Fili2is ge ), 455%
WoR, EEBIEY L WIS R ARG Y+
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S5 ARG 00 1E B 2R 40 A 100%,  100% A1195%, iF BH FH
LIBS/3Afr B3R/ il 7. T o — 4 S LIBS 1 K
MIEE /1, Lin%s AP LIBS 5 00k 4 B H R A &S 4,
TEERI 4 SR S 30 mg kg 'O FI23.3 mg kg 'Y
BT B, PR — FHLIBS oA 44 0 2] H RN, 17 ki 4l
BILIBSHE AR AN LR F]. 55 #hSrungaramZ A 2213
5| FHLIBS 1k 4E155 3 i 28 185 (SIBS) X 4= 3 rh i ok
HEAT 3 M, BFSE45 H LIBS FSIBS At 23 A A6 H BR 43 1)
483F120 ppm, B4 F T s v BRI v B Ok
Fr N, A 5 B LIBS 9 A I B8 O A R — 20 4 e
Farooq®5: A\ PO INd: YAGIO: %% (1064 nm, 6 ns, 10 Hz,
50 ml) kil A6 AE A OT | LAy, A TS A
BLOEAEFENMRMERMICE, XE RS RIEY —.

Fe FHLIBS 2 M7 [ A 9% 35400 i 43 J5 1T, Peng %5 A7)
PINd:YAG #%%5(1064 nm, 8 ns, 10 Hz) Mi &K,
D5 PR A e Hh ot v ) B 4 B R LA T R, A5 IE AR
P #£7EMn 58.17%, Zn 31.41%, Fe 12.42%, Cr 3.85%,
V 4.36%, Cu 0.14%, Al 0.3%, Si 1.71%, Mg 2.62%
Ca 0.08%; itk —ii & A Pb 6.04%, Fe 11.03%, Al
0.26%, Mg 0.22%, Si 0.32%, C 1.99%#ICa 0.03%%.
AguirreZE APYHINA: YAGEOE#5(1064 nm, 10 ns, 180
ml), SRR A A Ay, 19— S
BYIEAEARE R EAEELEC, AR ETIEAL
BaflITi. RabasovicZs APPSR Y AGHEL B & o #5
Y, R T WREIEZE, W T LIBSHH FIE 57
o SR R R AT A 7

AR 43 28 S b 31 % 550 2o AR v — i 8 TA
W E 2075, HuberZ: A HINd: YAGIEOG#$(1064 nm,
7 ns, <100 Hz, 80 m)#LKIEFMEAREY, PR
T, HELIBSHAE Tk AR o 51 25, ml PR %
FEPVCIEY), M CLRY M B GE 985 I 78 44 K o3 1L
2. Barbier: A M HFSE T HINA: Y AGIOG 75 2H 1%
LIBS & & e BB B FH, LR RAER vh Ak

LIBS sensor head Sampl_e
detection

;.‘ v v e )

Direction of motion (conveyor)

B2 (MU0 LIBS FH T Tl Ak 4%k

Figure 2 (Color online) LIBS is applied to industrial materials sorting
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i, R 9266 nmifOCRERS I AT i 163 0B R
BRE s MRAE U R S i A [RDRE SRR i 23 BT 2K,
UERHLIBS Af LAEAT: 2 5 S Iml i =5 o 14 509 T A

3.3 BOEE Sl g A Y A U
H ™ 5 0 IR 5 Yo v B T AR RE S AR
MR, Yao%s AR HINA: YAGEOG#$(1064 nm,
8 ns, 0.1~10 Hz, <200 mJ), H1LIBSK: s Fg i #s
4 JB T Z Cr, WF W T LIBS 52 b s ) 2 7K S v &
SEICE TR M. SRS AW E i LIBST &
TEmEEThESIRICEC, MmN 3k PLS)
XFCAIGE B 3944 i 37 B A WA, 0L i 4k
(IR 4709806, LAY 124K i A 50 UE 45 S A A X 15 22
$}10.94%, W BE K3 ng/g. T HMEE N H
Nd:YAG Ot 84 A LIBS £ Skl 32 35 Y ff 1A Py
HenE I E SR IR A M, A5 A R
I VA R 2 (T N e ol R 9 - A 110 & [
LIBSTE & 22 W 98 S A7 & ) 7@l i W HI i 5% . Diaz
ENPER AR P13 COOE#7(10.591 pum, 64 ns, 25~
70 J/em®) B 5T DNA B 3 1 122 04 i 022 04 ol 3, 75
H T DNAGRHE & TS IR GRS 1) 25 25 7 (A% 335 14 B
(8] 43 A5 #EE. Dhar%s AN Y AGEO GRS I 98 4B
Bl T4 B T R RN R IR VR B R R, 15
o RTE 1 VR 5 4 U R B AN R IR R T A R &R,
UE B A LIBS A Hh 24 vp (1% 32 ZERR B0 2 Mk JiE v]
7. Emaras A" HINd:YAG #0%(1064 nm, 8 ns,
10 Hz, 100 mI)# L N3k %, KL E PR oE
Na, K, Ca, Mg, FeflISif) &t BE A% F e A\ A (IR L.
TEVEE 9% /5 1, ManzoorZs A*8DINd: YAG
BOGE(1064 nm, 4 ns, 1 Hz, 20 J/em? ) REE R,
X5 B LA AT LIBS 2047, SR E B O FE T Bt i)
WFFE 2 B, Hodif 2k s [B) A2 fL B 2, b Houi 26 nl LA
BB SE T A], 1R 25 7%, I J7 1] 1 T 0k B 24 a0t
FET-IE] A 2 5 . KulaZe N9R B HINA: YAGHOE &%
(1064 nm, 6 ns, 150 mJ)41 LAY LIBS & 4% AS[F] i
. B SR B OK EAT M, WIS X 4 A T AR
rhE W9 G 2 Ba, Cr, Cu, Fe, Li, Mo, Mn, Ni
W, &y T HESEK T RA K, uEB TLIBSH T
TSRS E AT 1T, BRASH TIABE 4.

3.4 BOEE S RIS S
oty ARl o SE RO LR TR I s, AT
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DL B AN SR RS2, UK K. KokkinakiZs A P%
437K FHLIB SR BT 3 (MS) X SC Ak 8t 7= Bk A 743 #T
WEFR X RIE R . A BORBRE . 45 R ok,
LIBSHEUE PH S T U BT 2 R 2 4 JB oo 2= a3,
X PRI S SRAG ;T ot 3 2 A4 955 S RN CLIY) AU RS
W A HSF RS FRER B E. Palomar®E AP
FHHIN: Y AGIOE % (266 nm, 5 ns, 10 Hz)ZH I LIBS
RGN Gl w0 B A AT A OE, REA R TS
BEEEER, M AR T 6 MR B I O R B
Blagoev % A P23@ it ns-LIBS Xf 2% 1 & 4if (14 M s e 1
AT AT, TR R e Sy, L T TR
BRHIE T 2. Pardini® APV 5% FH I Nd: YAGE
Y6 #5(1064 nm, 8 ns, 10 Hz, 80 mJ)4H i/ DP-LIBS%:
BRI LR AU P T 2 AT 2 4 ik
TR TR E, W 16 M = Z s M, Jf
PRI T 6 By 5 W) SOHGE L, e T8 O A T
Ve, XA T Y S S

Ak A R LR B 5 A i R VR R Ak L B ST
Mg B . PR S AR AR I R AL AT SE K PE. Roberts
g \ RN YAGEOGE#$(1064 nm, 8 ns, 3 mJ, 1
Hz), miLIBS/H T MG IE fMalapa A 2E e Akt ik oh %
B AN A e, R O R 3 — 2GS R AE
BEHMES, YHEREROC LR A LS aEE
B, T A sl a. 1% B, Tk B 2k
Al DATE R Dk s LIBS & 4t Hh AR il 2, DX R 76 PR
() G DX PN A A0 T R R L BRORTAR 1) T 2K
T AN B AR AR R I B I 28 3 RE I 45 7 Xk
A BBEIRAR /N, R8T Ry e A 2 H i,

& 55 1) 25 iy 4 SR W L 8 08 T B, R )
TE 25 i HE W30 A0 25l ke BRRSE 3 T, 7RV DT
HEARR RO, o SC Y A R R R T
K FHLIBS AT DL S P F2 B3 460, (45 %y TAEAE
14285 . Vitkova%s NI Lt 213 4341 (LD A)FILA
T2 2 (ANN) AR, 43 511X LIBS 7E oK & 41 HlL X
FA) R BRI AT T PR R 3 A, e ARG T g 8 F
ZirpE R, FHLDA% E t 1 H i ieFh, 1M HANN
Yoow th T A TR, BOR— SO TS B % RS
FHRXFR 73, mT RO AR AL 2 o v ) SR AR A,
T RS BRI AT, A B T (A TR IR
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Figure 3 (Color online) LIBS is applied to underwater operation
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B 4 (PZRU ()t 575 K 24 5T LIBSTRN &%
Figure 4 (Color online) The Curiosity Mars Rover is equiped with
LIBS detector
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Recent development and application of laser induced
breakdown spectroscopy
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Laser-induced breakdown spectroscopy (LIBS) is a spectroscopy detection technology. As sample is ablated by high-
energy pulse laser, trace amounts of sample material gasify to form high temperature and density plasma. Qualitative and
quantitative analysis of chemical elements in the sample can be achieved through measuring wavelengths and spectral
line intensity of plasma atomic emission spectrum. As a new spectroscopy detect technology in the field of analytical
science, LIBS has developed rapidly in recent years, and new research results constantly emerging, the application scope
expanding gradually. It shows more and more potential and vitality in terms of analysis of material composition
elements.

Since the method of using laser as excitation source of atomic emission spectrum was first put forward by Brech and
Cross in 1962, spectrum researchers have being kept exploring in this regard. Especially during the last decade, LIBS
have got the fast development. Relevant papers are increasing year by year. Compared with traditional methods of
spectral analysis, such as Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES), Atomic Absorption
Spectroscopy (AAS) and X-ray Fluorescence spectormetry(XRF), LIBS has many unique advantages: Strong ability to
adapt to all kinds of phase states: gaseous, liquid, solid or particles. As pretreatment is simple or no sample pretreatment
is needed, operating time is saved. As for laser excitation, there is no secondary pollution. LIBS is a pure elemental
analysis technology. Similar to nondestructive examination reduce the losses of standard samples and test samples. LIBS
is suitable for fast, real-time and in-field analysis, and therefore, it avoids the difficulties of sampling, packaging and
transport. Through the surface determination and layers-in situ detection, it could be concluded the spatial distribution of
analysis elements in the sample. Non-contact, remote probing and online analysis could be achieved, even in harsh
environments. The operation of LIBS device is simple and convenient, and so forth. Due to its marked superiority in
determination of material composition, spectrum researchers are interested in researching and applying LIBS
increasingly.

According to the latest related reports at home and abroad, the experimental apparatus, research methods and the
applications of metallurgical analysis, environmental monitoring, biological medicine, archaeological researchs, geological
exploration, materials science and other areas of LIBS are analysed and summarized in this paper. In order to jointly
promote the prosperity and development of LIBS, the paper tries to present the new and light points of each article to the
readers, making this new type of spectral detection technology gradually perfect, playing more important role in the
scientific research, production and living.

laser-induced breakdown spectroscopy, experimental apparatus, elemental analysis
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