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Abstract: As a new rapid element analysis technique, Laser-Induced Breakdown Spectroscopy (LIBS) has
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proven iteself to have great potential for applications in increasingly numerous industrial fields. However,
due to harsh outdoor and industrial environments, newer and higher requirements are being demanded of the
LIBS system, such as the size of its instruments and the ability to resist a harsh environment. The rapid devel-
opment of new laser technology promotes instrumentation for LIBS, allowing it to gradually step outside the
laboratory and into the industry, and allows the LIBS system to gradually move towards instrumentation,
miniaturization and portability.In this paper, the development of a portable LIBS that was developed in re-
cent years was reviewed. The application and latest research progress of different kinds of laser source (small
lamp pumped solid-state laser, diode pump solid-state laser and micro laser, fiber laser) applied to the port-
able LIBS system were summarized and discussed, providing insight into both the fiber optic LIBS (FO-
LIBS) and the handheld LIBS. In addition, the basic problems of current portable LIBS and the prospects of

its future were proposed and discussed.

Key words: laser-induced breakdown spectroscopy; portable; laser; element detection
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Fig. 1 Principle diagram of LIBS system
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TR IR 22 FEPERES B R AR, £ 2 dh
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15, AR PR R AR, oA i bT 11
B R B | 25 SR e M AR B R B AR
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3 F-He91E 4 X LIBS A2 4%a %

FE LIBS & & R, 2Z 2O H AR ik
AU B 24, A A M 3 20 LIBS — i U2
TR R . EE LTI RS
3.1 EF /B NA:YAG BB EHER LIBS

TE LIBS R 4ch, BOGHAR IR H 2 7 2k g
OGS RE SR T T I PR iU A
TR et PR A4S B AR EAR AR B 1 R
RTHOCE I SEL. 50 LIBS — R AT 5
TR [ A 38 #8 ( Flash Lamp Pumped Solid State
Lasers, FLPSS ) SR H & 4 G Rt . XKk
B REZMBPER, NMEFS, X TG RST R TAE
gk E, MRS TR ENIRE. BT
T A A B b 110 2SR, — 26 L ) 52X LIBS &
G5 R JH/NERLEFT 283 Nd:YAG O RHE MO
G, A — B o H#E 20 LIBS MR A /IMARL Y
BB O B9 Nd:YAG BOEAEN LIBS Y6l

1996 4%, 3% [ Los Alamos 3246 2= " B

TaEky GE#E LIBS 2 H . iZ{UASH 14.6 kg,
OGRSk . G . Nd:YAG #{shi# O ot
AL RAHL AT, 115 V S8Rt AR
GE B AE— 46 cmx33 cmx24 cm B9 FHRFE N
([ 2) o A FZAES 2 % im | 38 £ Fh oo
BRI A% BR ((Limit Of Detection, LOD) 50
Re FEAT 00, BT S 45 1 5 XRF 159 3] ) 45 31
AHIE

K2 5 S — A LIBS &4 (Nd:YAG, 1064 nm,
15~20 mJ/pulse, 4~8 ns)!"”!
Fig.2 The first portable LIBS system in the world
(Nd:YAG, 1064 nm, 15~20 mJ/pulse, 4~8 ns)!"”!
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2005 4, 32 [E f 4252 50 % 1) Hermon F1 Delu-
cia S AP0 LIBS R EH e, MY
FE IR . R ARG T H RS R
e, (B FHFFE N B DAt <7 057 B Xk o 17 A9 40 B
IV oM. BRILZ AN, 2006 4, € E MR
K2 Walters 28 A2 B/ NI O 19 Nd:YAG i
JEAVE RO IEIR, B H A4 20 LIBS %6 &, I
H FLN TR B S LA S . BB FiZ &
4, WFoE A D150 M 75 SR . A B DL R — 2 4
JE A RE A3 R, SR AR TEAS [ R 2 T
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2 LIBS 34573 5l 143 Hila /U 5 B R in
R ERRMZEE, I EE I T &ITR S
i MR NIRRT R T I R,
ARG T H Pk 50 mI/pulse #Y Nd:YAG #%
Fe s . KIS A Ocean Optics HR2000 f4) S 1 43
ICCD #Rill &% . iHHAL R G M FRe ARk . S
P 5 LIBS AAS IR T I/ N IS A 5 1 5
AL BT I R, A LA A — 1 Nd:YAG
FEARTE O WOty . — 5% Czerny-Turner 45
G AR — A~ 2048 R K YLk CCD 3145
W, I BRI E— T EY 5 kg T H
o T2 B AE SC I 2 Y X ISCAE 38 BT AR DA i
rP R RS R NI A EE 4300 190 pg Fi 9%,
TEILY o3 B 18 B TR vh 0 I, 75445 1) v Ji2
[ 480~660 g, %45 R 5 KA RO ERE
7% (Flame Atomic Absorption Spectrometry, FAAS)
FRAT I 235 AR LA, FARXT IR ZE 290 14%.

3 Laserna 5¢ A& A PIAPAEHE S LIBS B2 (a)Fia
(Nd: YAG, 1064 nm, 50 mJ/pulse, 6.5 ns)®, (b)7§
7 (Nd: YAG, 1064 nm, 50 mJ/pulse, 10 ns)®”

Fig.3 Two types of portable LIBS equipment developed
by Laserna ef al. : (a) a box type (Nd: YAG, 1064
nm, 50 mJ/pulse, 6.5 ns)*?, (b) a backpack type
(Nd: YAG, 1064 nm, 50 mJ/pulse, 10 ns)®*"!
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PR, MR . 3 5353 #1 (Principal Compon-
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RifiF LIBS Ly FH St i 41 &2, (H#5 = LIBS &
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2010 4F, f%5[E SECOPTA 7 7] A Fe (i Rl
“} FiberLIBS (1) {8 # X, LIBS( &l 4) 3% JH Al 3
2 MW, k2l 100 Hz U 806 881E-N
WOCIR AU S5 B - UOGE, T 7R il
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R AT, %I SRR OEM, Kl USB. IR
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R T EF A A il ORI | T <5 4 Wi 23
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Fig. 4 FiberLIBS produced by SECOPTA (total volume:
449 cmx52 cmx17.7 cm, probe head: 35.5 cmx
16.5 cmx10 cm, 1 kg)“*!

33 IhNE5R

K/ Nd:YAG #0688 1E 4% T 40
AE#E 0 LIBS # M —Fhor &, BReEfE— &
FREE LR INEA A RS o SR, X A4
TR R 48 A 11 2 DA P O 6 28 iy PR e A A i,
SR BREAERRE M kb Elsh iR A
AR, JUFORXT T sh R O WL UL, Tk ihE
EMEAE, SEEERER K. Mot EA
BOUNARR, X TR AR RS FR IR SIS
(4, SRR bk i 2 LU HA H FHAG /N FLPSS
WOLAR I RERAR 3 MER . FOLRREMES 23
TEL ST, IO OGRS UL, 5%
St i) FLPSS BG4 419 LIBS A L, R ot
Ao ARSI AR BREAR A B g, PR, A fiE
#55X LIBS — 2 H T e 50 o

4 123 X LIBS #9#73t &

LIBS AR MY & e FEAR AR B AR T30
A T A B 8T, BT RSO AR RIS
WL, BRENSHES) LIBS BRI AWATE . AR
K, FRIHOCER AR WIR B, (515 LIBS RGPk
AW, I Ho /N (RS ) R
41 BT ZREFRAEKHCFEERX LIBS

R4

TS EA RO AR (Diode Pumped Solid
State Laser, DPSSL) J& it 4F 5% E Pr I & JR R PR |
N BB OGRS o RO A R
S ZARBOG AR, R AT E B B2 RO B
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AR TN EAT e O i AR 217 5838 . DPSSL 5
FEGE AT B ORI e, B TAE Rk 1)
FEAR. AT FARRAD . /NI T HEHF S L 350

AR, B F AT 241 d ] DPSSL k4%
AE R LIBS £245. 2015 45, Hi M7 8 5 /R i
K241 Noharet 25 A1 SR F 'K %A DPSS #0648
AT /N Tl Ak LIBS X 2% B &, b iR FH g
O 150 pl, BKhEE A AAECh 7 kHz BIBOGES, XF
P BE 50 om I AY A 28 UL BE G B AR FE A R4 T
TAYRAE R, 2010 4, 3£ Kigre A A 1Y
Myers % A\E), SR 1.54 um (1) AHR 2242 DPSSL
W TR LIBS, F T P A A A
M S04 DS KA A TP & R TR . AR,
T HBOGRE RN (3~4 mI), JGIE T Bk AT 4
B 5E AT B EER, T AR 2 A H

2012 4%, & [E N A5 Bk A /A 7 /) Cremers
A N1 S K 1064 nm (19/MAFH Y DPSSL
FEG S HER TS AU 0 2 LIBS, mi D
Rl ®] T UJtE . HIouR MRS Ltk
FNEER, FFXT AT T AT, SO0 TR KER ST
IR A 1 2 SRR AR X 2 .

2017 4%, B b F] CTR /A #] (Carinthian Tech
Research AG) f#) Tortschanoff 25 A\ " i FH H = 4ff
RWEREA LIBS REE, $aiil 1 LIBS £ ARAEGE
TS WAk = i . RS —A
ez O B —AE S EABOGER (BHK: 1064 nm,
[k wh e e 40 mJ, Bk 58 <3 ns, )AEMIEL IR, FIH
BN 2.5 mm AEOEHR X RE IR TR ik, I X4
BRARE S TR AR TR 0 LIBS A . 45 520, {7
TZAAR AT R PRGBS AT

Bt , AR R OO L R 5 L
1 RG RME | 2R A S5 N1 SR P GRS 2% RN g A2
Il T —Fh 25 LIBS AR, anl&l 5
Fis o AR A AT RISk L R B A R A
il 43, B RG AR A — A FHEFH N (41 emx
30 cmx11.5 em, T 12.05 kg), £ HL b fikeg, 7]
IEH BT 8 he BRI T—FF Mini LAY &1 fE Bl
hi O 1) DPSS Wotds, Him 4 h 1064 nm,
Uk RE & AT A 6 ml, EEMFE NI 20 Hz, 6
T A K Y T R 264~436 nm, 43 FER A 0.09~
0.11 nm. ZAXAHFENE A H T EIAE T &8
A WA S E AR T DA

K5 AR R 2 B G . 2 A S ARl A 15 485 X
LIBS FEHLE

Fig. 5 The portable LIBS system prototype developed by

Xiaoyan Zeng and Xiangyou Li et al. in Huazhong

University of Science and Technology™"!

42 ETRAHAFNEENX LIBS

YGLT O (Fiber Laser, FL) 42 T 4F 3k & Jig
TRV ) —FOB B O A, B AN B kT
B BRI A B AR T i, i HL H AT /N
A ARBEAS | FRE PEAT . TCRT KV U A i X%
F— R, & 6 iR, LOGEFAE
ShOGIE 25 A TR AR ORI, SeLr RO ER A
R BPTTIRRE ST, XAz whiky IR WREE
R VERE R, AT R TR, HF R B K
%o XU RIS BRI TAE,
I, AR, — S E TG R DGR O AR5
#FE#EC LIBS &4, FROM FL-LIBS, H 24306 H
iz T Tk A e e

Ko JLerBotasscyia
Fig. 6 Picture of fiber laser

g K E K W5 BE Y Gravel % A\ P 7E
2011 4F: 2k H] ( Master Oscillator Power-Amplifier)
MOPA 4514 B LR OG0 FE it B A7 he ik, IF 4
H GGG/ NS SO T . HRSE
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JRERANEL 7 R o R BOGR AR bk e el
800 pJ, ik ¥ A 30 ns, TR MFE N 25 kHz, LK
HOGEF O AR Y D% % BE A FLPSS ARBL, ot
AR T2 R R L AR, R T
FEdbeiiUs IR BT, S T X —Hot
PRI F2 B4 S AN AT B, 75 B SR RS L T
FREET Mg i LOD M 1.1 pg/g, #4 Ni 9 LOD
M 21.3 pg/g.

Pulsed fiber laser (MOPA)
SPI lasers, G3.0

Compact
spectrometer

Collimator, 7X beam expander ‘
and focusing lens (=75 mm) "

Target ﬁ
@ "I Corrected triplet lens (=90 mm)

and collection fiber

7 Gravel 45 AR FHOU£F MO A5 A1 S 0 060 5L 2
ffy LIBS F 41
Fig. 7 The LIBS system developed by Gravel et al. using a

fiber laser and a compact spectrometer”™

2013 4F, 78 [ W 2R 9 55 VB BB H AR5
BT i) Noll %5 A 5% ] kHz 9% =5 ok v 25 & 0 R
LG, BER A& 8 R i Al # 8h 2 LIBS
Ao ZAESPH T Tk A &M s &
f] Cr. Cu, Mg, Mn, Ni, Si, V. Ti FMEILE D
Mro TE—SL550F, 5 KLY (SD-OES)
H MR Y . 5 SD-OES A1, LIBS fris
A2 R 1/10, PE3it4300 &

2016 4F, HErh B R RO R E 5
RS PRAR . 254 A A NP R /MR I 62
BOLEE (YDFLP 251, 20 W, kb &L, %31 IPT 4%
A LA 21 CCD MRANL LA, #5871
#E LIBS R40, XMWk iy Mo, V. Si FI0EM
FRMAT TR, %M LIBS & HE
EIANE 9 Fros, Botas i I A 1064 nm,
= 4= %¢ (Full Width at Half Maximum, FWHM)
<10 nm, BOGIKTE R 10~200 ns, 7T, fkhiEE
Wik 25~400 kHz v I, 55k i RE i B K R ik
0.4 mJ, WE{H V)i /Al ik 13 kW, JGE Mn, V
F1Si 195 b i 26 A 2P AH DG B 7 R? 7R /N

WA R E A E] T 0.997. 0.991 Fi10.992,
P FARTR 2L FRAR RN TR 1/3, 453, XF
TE# LIBS &, RAGAHOLSR A AH
SO R FORES 1 e

8 fEE Noll 5 AFF A M2 LIBS R4
Fig. 8 The mobile LIBS system developed by Noll ef al. in

1
]
Lases E
thead :
LIBS | .+ Compact | Main
probe | Flber: spectrometer ' case
X 1
L fe s
Sample £ 0 te—o—ooooo-- J

X Portable .':,'IIIIL [I| |1|1|' i
Stage L'y Computer..%i

Blo AR R RS AR ADE A0
PR LIBS R 40
Fig. 9 The portable LIBS system using a fiber laser de-

veloped by Qingdong Zeng and Xiangyou Li et al.

in Huazhong University of Science and Tech-
[54-55]

nology

43 ETRAEREREER LIBS

T IGEF T DA (o H R SO G K b A 38 B
FM, R FRRIOCEF L fnlOG R & 10 0 k, B
£ FO-LIBS(Fiber-Optic Laser-Induced Breakdown
Spectroscopy) o UTAFkK, HEFAERE 1) J5 1kt H Bk
—SEPRAIZE AR A4 0 LIBS R 4L,

1995 4, /Ry i e F FO-LIBS (iRIZ1 =~
—, SEETHE VG K221 Davies Big] > F FHYGEF
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FR IO Ik b I WO 55 B8 A, LSS T4 %
o HE E SR B R A 4 R A IS AR . 2001
A, B b 2 S AR K22 1 Gruber 55 AP
# FO-LIBS I T 1.5 m 5 Bl N AU AS AN B 140
S3HT, WESE T HIFH FO-LIBS Xf 1400~1600 °C %
RS Tk A T A I A rT A3 TRl4F, 3
[E Applied Photonics 2\ H] ) Whitehouse %5 A ¥
T8 g — R BE A 75 m ) FO-LIBS £ 4¢3k
FE ML R 1A i A 2 T T R T R

Industrial
computer

Delay
generator

Laser PSU

Probe

Bifurcation tubing

Laser safety
shutter

75 m umbilical
eh__

i, HFEHENE 10 iR . 508 &8 A A
316H BRI, A6, 124538 A4 & e
0.04% F1] 0.6% =[], W 15t (1 HEG B 29K 25%,
R LOD 2y 360 pg/g, fA4™43 7 45 18 1Yl & i [i]
YI/NF 3 min, JEESE VY PH N A7 K24 AY Rai 55
NPT 7E 2001 4F i 1t T —F FO-LIBS 2% &,
FUXHERR SR G ST LT 12 E
B LA A RS AR A & P IR T R R, I
S A EA AN LIBS Y Edn i T Hak.

Key

1 Laser interlock

2 Air flow and pressure gauge
3 Fibre breakout box

Fibre
bundle

Aluminium
mirror

T HERC

Compressed |
air

10  Whitehouse 55 A\ 1511 FO-LIBS Ji B[]
Fig. 10  Schematic of FO-LIBS developed by Whitehouse et al.*®

2015 4F, Aerh R A= s DOG FL E R Ao
ARG PR . ZAE A S NS 0 SR DG A RERY T
2N D 4% i T R shal LIBS &R 45, IR dn
BT FR ) TRRACEENL . IZFENLE) 2
WOGHR . & CCD #RIMAR 1) B RO SRS
B LR R s o R B N B SO AR R A, PR TE AR
FLIG . AR S 45 40, A 25 ER AR A 7 AT
FHR AT . ZRGEMN AL ATREH A
iff & 1 LIBSystemX 4 510, GEWE XA R G
HEATEE ], I & LIBS Yeik B, fefe LBk
TEREFICR WP M. RN R
B iR TR A TR, A MRS B M
TSN 5K LIBS,

B 11 AR R 8 Bk | 24 A 55 A BIEI ) Db 41 4%
RS20t LIBS!™ !

Fig. 11 The mobile LIBS developed by Qingdong Zeng

and Xiangyou Li et al. in Huazhong University of

Science and Technology!® !
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4.4 INEE5TFTE

TEfE#E LIBS K, SR HI2ET DPSS BOt
GO AR LA SO LT AL BE Y 4 2 LIBS J7
LR TR LR R, A A4S A
P, ik 1 fiis .

H TORERHOE A EA BAR A AL 75 bt
LA RE ST, ITLVERIE BB S IR T TAE,
SR, FL ik e 52 M e 5 e HOANAE A A & A5 5
A GIE R A R AW ME . ST T35 38 A9 CCD #0
i, T T A5 B U R 0 ) 0 S B i
S m TP, XN LIBS R4 HIAREILKS:
WHE R T — 7 1 R E, 75 240 AR F L BR T 5
B PERS I, X E— R XN T RGN

%‘%*%Eo
i DPSS BWOLAS I HAT 19— R IR, 18

P HAE(E 4 20 LIBS XS 1 0y Tl EL A 15 Kk
SR SR EOERH E, Bk AR
B LA B G, JL-F BB 3K 2 H BLAT 2T
Nd: YAG BOG# ALt mI B2 %%, [, Em
Pk EESCRA LIAEL T2 F'H Hz, I Nd:YAG
WO R B AR 22, 3k A B P ) H A AR B T
PIFEBCA T ICCD 2%, ] LIS ECICT]
P10 B R CCD A5 1R R% Y, i DPSS
WA B AR B F A /NI, ] AR & frs B
In/NELE . R, B Y DPSS Ot e H T
AEH#E LIBS AYHAE IR —.

R 1 ET DPSS BER. AR MALEERNEIER LIBS BLLER
Tab.1 The comparison of several kinds of LIBS systems based on a DPSS laser, a fiber laser and FO-LIBS

Holtas (/WS AR, IIMTTERE I U
M, V. TIfICE3 AYLODS 51
TAEA A TIHEAE, ‘ }171 ng/e. 128 ugle. 99 ng/gfl SN, i
DPSSHEEE fEArirc, JHEAL . ey 7 HEE 128 ugle, 99 pg/eh FHERESM L, ety

EISRVSHN, /NI 4%

PUBHIGE AABUL,

A ~Q I M V13
DIEART Ot ta .

WERTERR

WL O RGNS

N ST AR
PR it i oo

RERHIT, LODE 2

HESEAT T BRIMBTIR,

59 pg/g, R*5371°40.994. 0.996. b A

0.994£710.991%

FRHETMgIILOD 1.1 pg/g, R°=0.994;
FHINIFILOD M 21.3 ug/g,
R*=0.997"; gk igMn, V, Siffy
LODZM 414195 ug/g. 48 ug/gfi10
ng/g, R*351°50.997. 0.9914010.99264

T 0 ILARES TAE
BT, TELRI

AP MnMITICZELOD 5 41219 pg/g,
257 pg/g, R*15250.997, 0.998!"

TELE A,
A

1R HDGEF A2 BEAY (55X LIBS 7 SR AEE
RotiiE ERA IR —Jrim, Jeerfg
RERY T I T LA (8 R SO L K i g e A 128 2 1 0
WA B T, AT M JRE D/ NP Sk 1y RS, I L
RSk R = ALAR 2 18138 1o e SO 45, T LA
RGN 7—I7H, BT RADCELRER Tk
AT i G 5 AR DG R G RSP IR I,
M HLid RESR 5 RGTHI RS E PEANGT T HRRE T o [R]I
1 TR RIOCET RHROERE R 70 A1 A2, RERS i1
WOGRE R 0] o WM R EE A%, AT (75 AE B2 23415 5
BE % I Ve SN S X N 1) [ L AT RO R
] RATE—E RS L AR A Ry, AT & 1
ARG IR R E T o

5 F# s LIBS

BEE Tl BB AR e, fE—2 S Prn 5,

o R AE Tlb B35 S o7 E 2R A6 Tk BF A MY
T BRI A8 RES BT (0 S /NI (B 4, I Ho g
i S I E b R R, XN LIBS $ AR$R T B
R ELR, X AR B80T, FHFal LIBS iz
AT

TE R AR, 5 2% Lasersec Systems Corpora-
tion A FTE 2013 4FEAf & i T —F TR LIBS &
4i—LEA Handheld LIBS'"Y, %% %% FH/NE —
WA R R S O WOk #s, Hk K 1064 nm,
SEEITIER 0.5 W, G 5 A 220~400 nm.
HR 5 70 28 FEAR (1 AN ], FLAS A% FR LOD 1] 3k
3 ng/g Ho BERIRFIZ A 22.6 cmx9 cmx29 cm,
# 1.75 kg, A AL MR, RS TAE 2 h, ATH T
BIEY. SR, B SRk,

2014 4F, JL[E A4 HEA ® A T A95 mPulse
) F47 LIBS S0 A& 12) o AL
BT /NES KT B SO 2 A4, i HR T
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14 %

TR S [ (AR TH O WO, LUK 1064 nm,
BE A 4 kHz, WE(HIIR/INT 0.5 W, ARFR 9 cmx
23 cmx21 cm, T K 1.8 kg, HAHHL B AERS S
250 YA BN, RESEBURE DU Y A 4 X0 4
J& .

Bl 12 B4 mPulse FH520 LIBS 54 /4L
Fig. 12 The mPulse handheld LIBS alloy analyzer, Ox-
ford, UK!®

2016 4, 3£ [ Rigaku A A & H TS H
KT-100S AYF+EC LIBS M (& 13)04, HoRH
1064 nm P 3B HIOCAE RFUA LR, FEHL
SRR EDOGE R CMOS FRIER 1) 708
FEREAN, e R 55 T A R4 R T Y RRE
TELL, GG N 200~480 nm B P2 43 BE AN
T 02 nm. H AW A A, GBIVHE XA 5 A2k
AT, I A B o AR RS
24.3 cmx8.4 cmx25.7 cm, H 1.5 kg, HL bt H n]4E
it 10 h, A4 mT 2 USB 5 Wi-Fi BEM 5
JiAH %

] i

R 13 3 [E Rigaku 28 7AW & 19852k KT-100S 1) F+F
2\ LIBS 43Hr X
Fig. 13 KT-100S handheld LIBS analyzer from Rigaku,
USA

2015 4%, V)1 K2 o3 B A as ot ot i Beig
FHAE N ] T E N G e AE TR LIBS %
o B WNE 14 R, Bk b RE T I8 H m)
2R, T E AN A T HEEC LIBS (9 5K v R A
—JBEAE W RS, BT LIAH DGR I S A A
PR, i FH 1R 4 U P o & & i BT . 14X
AEROLRE R Dol 5 E G LR SE, I B
BN IR G, G540 B, AR T /v
ERE WA O 1 NEYAG OGRS . e 53k,
H2E AR R G DG A R (A I 2 L
TN, BT LA R P AN ARG SR, AT SEER R i
F A B R AL LA JC RIS R R (P
Kim

RECRRRAASEOASTF N

@mﬂ

K 14 TR B B AR I T4 LIBS®)
Fig. 14 The handheld LIBS developed by Yixiang Duan et

al. in Sichuan University™™

2 [E TSI 28 A% 1 ChemLite 454 J& 43
M4 R F LIBS-OES [ H il 52 4 & o0 28 400,
AL SR FHUE KR 1574 nm AR 22 4 06 28
VER PR IR, B X G4 4m 5 A o 0 fE 16, A
X He A 2 4, P T BB 200~700 nm, fik AR
A1 20 Hz, kb 98 5 ns, —IRKFTHL A LASZHF 1300
WL BRI, Z AR AR R 30.5 cmx25.4 cmx
10.2 cm, H 2.4 kg,

L E SRR A EHEE T — TR p
LIBS 7, BHUTT LN 1.8 kg, ST 28 cmx
9 cmx29 em( & 15) o AL &% R H — F iz A
DPSS #otfr, 5 Kk 234 200 mW, ik 58/
F 1ns, fkopFEEIH N 2 kHz, IR TR
T, R DA G L 185~680 nm,
SYHERN 0.4 nm) BRI, SR, T
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FEASCR ST (R BR A, b1 23 HRAE A X ke ik &
RARRK . 2017 4, IHHERERIE S8 ) TR R
(1) 37 2 NI SR 3k 28 5 28 ) K T
LIBS {45, #&H —FET = SRR Wi — 5k
1009 5 56 bR vE AL (DE-PLS ) B 80 Ab B3,
XFAR T & i e AT T . SRR,
K HiZ DF-PLS 53k 5, i F+5X LIBS #5304
S LT, W] 5 FRE XRF AR HIEE

K15 ik Zg s AR T4 p-LIBS 204X
Fig. 15 The handheld p-LIBS instrument of B&W Tek,

Inc.[?

[ SciAps AR T —@H S A 2-200c+
) F47 LIBS 430 . ALK 1064 nm %
KA Nd:YAG 062, KRR 21 emx30 cmx 12 cm,
Jik 56 A 1~2 ns, HLk ol g R 5~6 mJ, & MR
J 50 Hz, J6IGTEE N 190~620 nm, 1% FF%

B DEREE KA s 1T, ] LR AR S
. 2020 4, 1k FEBUR R K2 HERBHA 058 T 1)
Anthony Pochon %5 A 8 3R H 1% 2% ' 38 o & I
6 Pl FH 4 Ak A VR IR £ W IR I RIR B & rh i)
Ag JTCR & RN ok IR, HOoR FH AR 2
Ap g [l AL, AR LR Ag 546.58 nm [ (1]
AZEL R 2N 0.99991, T ¥ 77 2 RMSEP i 53
R 0.53320%, TN -F- 4415 22 MAEP Jit 2 51 4%
1 0.36049%. R T, % TR LIBS ROk
PR AR POC AT LUK/ NEURL B 4 9547 SR 43 BT
I R AT, I Sk, IR R 2

i FF R LIBS MBS 1 BR i, 6250 R
FHEE /N RS O 628 RGN, PRBRAG 45 /N 4R
SRR R ERES BN T . HETJLFD
LAY T LIBS (U8 S 50N 2 iR,
&2 AT UL, H WL FRESC LIBS — M A7 B A
W HTRG BE SE R R R bR, B A N e e
KRNI G SR, HE SRS B E AN
W 2 J, R B AR AT A 3 300 A B Ak
BORTRAN, AIE—E R AR SRS B AP
B IXAKHE LIBSH—N A& REJT W), B i) LIRSS
MK A5 TR LIBS B4 3, i ik J5 400 04 s Ak
R VRANFR AR L AR o R, Bl
WhER AR K LIBS KRR —A s, Bl — G108
HUESEE— AN HLAR R R, #E2 2HELA ot
R ILARIGL, MIAZER LIBS BN “HATR
B8 A AT T AR

£2 JL#FEHER LIBS S HLLE

Tab. 2 Parameters of several handheld LIBS

A WK A WOGIR R, B SRR
e SEHHER0.5 W, i H]220~400 nm, L2
51 =Lasersec 22.6 cmx9 cmx29 R
LEA Handheld LIBS® ('~ =" DPSSHOL e lc(m s em, 2 h, LODTT ik Flug/gt, A TR . 408 . &
stemszy H. . N
Y ¢ 52k
I e T e 9 cmx23 cmx21 cm, B4 kHz, VEHDIFR/NT0.5 W, HLith 52501
MPulsel® KEARAT  feEgEkRoOE T o o o e L
1.8 kg W, AT T & 5005 4 B o4
WEhEOMING: YAG Hk PR K100 ml, YGHEE F1220~397 nm, T
BT LB I TﬁfjﬁﬂQﬁJ 33 cmx11 cmx32 cm, ?Hﬂ(‘{*&sﬂl_ 0 mﬂJ)‘ﬁ{u(E[iﬂ nm, A
Hots 2.95 kg JCHRE RNE, 4B AR,
P 1064 nmiy3BL 24, 4 cmx25. JGHEVE I 200~480 nm, 43 HEFE/NT0.2 nm, Hith
KT-1008'* [ERigakuAT - 3 emS 4 o237 e, ) s
WOLE 1.5kg HEHL10 h, W TRER 32K
1574 nm AMRZ A%, JEiEERFI200~700 nm,
P 1574 nmAY AR 42 30.5 cmx25.4 cmx10.2 cm, ; -
ChemLite!® EETSIAR S MRS Ak S S 1 3000k, RIS R LT
HotHs 2.4kg
0.01%.
. . . ‘ TR 2h 26200 mW, K55/ T ns, Bk nfsisg
u-LIBS SAHAT] DPSSHOLE 279 cmx89 cmx27 g em, A T o ’
1.8 kg 2 kHz, P 185~680 nm, 43 HE4£0.4 nm.,,
2200+ FRALBS - Y1064 nmifyNd: 21 emx30 emx12 cm, lik3E1~2 ns, Bkabfildts.5 m), RS0 He,
N CIApSZYF N R . =
ST i YAGHOGA 1.82 kg JEiEE I 190~620 nm, I TEA A HHN T CE &
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6 LB ERL

B LIBS £ AR R PLs & e, FAE IR LR |
K/ N =3 G R4 R B A S Sy e D 1)
TS, [FIEE, XFFE4#5 3 LIBS R4 BFFEH
HEaL k. X TE#E LIBS R4, i
FEW IMATRRST B 4508 T TGk faril e fig, =&
—AMAEMS R SHT RS, B E AT, N
Nd:YAG BOGA9 0 HAE R Z80EH# X LIBS %
2 b, A AR Y SO ok b R X T — e
WORAESREEE AR, SR1, T/ IVE Nd:YAG
ORI AU/ NE A LA R P RE AR 1,
PERB I T BT R B 3 WS B 1 A — 2 (52
LR PO AR R O 25 5 55 e 1 Ik b A2 0
R, RIS AR AR ROR . A0SR 2 I 2T
S [a] 8, AT LR AR T T4 1) CCD 44 I 45 R A
I, DT AE — s P B s/ MRS 1 RS 4R, 3
SO 22 25 T A DG A3 Bty ok — e 1 T4, 38
THARACFRXERE . X TEH LIBS ki
1M, AR E RN EEN R E R, —#
2R H/INRL SR AR A . SR, AR AP
REALN TS — X AN T R A AG OF i, 246 /AR R
SRS SRR

— 7 T AZ R R T R RE R I 2, 55—
JyTi3Z LIBS 520 PR 2 (4 B, QL iAssony . 3
ORI, FELRTT 5 D S HAh 5256 25 A ) g ), 5 H
H S ICP £ AR AH L, LIBS B4 HTASE | Fa e
PEFIW YRR — e 2, (HH#EX LIBS (1)
KRBT LA T F

(O FEREET5 T8, T BT R R A i R
OGS AR T HER G . LR —2
R 25 I A B Ky B, (A5 A6 Dl IMARR
IS W1 [ IR 7% T T B L s e

(2) FERAESEE Ty, i A A Rk — 24

S 3CHk:

15 ZR G 3 BRI e 25 SR AR e | AT
FEVE, DLRAMEL: FRA 2.

(3)FEIIHT Tk L, RS eI — AR 23475
U5, AR AN R EAR NS0 25 18 B A9 55 88 TR R AR
Gt — B [F] — AR AL BB A O L TR BEARL
IS ISR A R o

(4)FERLFHATR, WG\t ™ i A R
F, AR B SO R LR TR, 7
ZRFIUMELokT, A E—HLITR T, A
2RI, A 25 AR B A LA

(S FERAR B, Al SPHR  REEs . AT
RESFHOARMAZE &, SE B B RERE N, o vl 55 {8 5
AP VG BRI, 3 A7 1 A A0 A
B(EN I8

(6) TEAFL M EAE AR T, 54—l i
T Bh g R B, DU A4 5K LIBS BRI R 15
JE o Btm, PR AR, H AR B Rl B
RUPK i — R A T e 50 55

H1 T AN [R] A9 23 B O (S A% 4 AR 1Y ZESR AN
[, — e 5 , B A AR A A, B A B
APLH . LIBS tje—HE, Hf KAYHL S P
i, O A ZOCRFER TS . RATE
YRR, R B2 RO AL 5, T He 2
oo XTSRRI AN IE S A I A ST, it AN 2
AT o RTHOGAR T, B 0 BA kb g
A B SR [ RO GRS DL O L f R i sl
E #5350 LIBS N IR ST B — 28 6 J, T L A
TR K X HE 2 LIBS RGE Bkl %5 %2
YEMTo B A% O P E T A B AN BB SR BRI 45 R S 30
Ab PR B R A R LA N 5 LIBS HAR RS-l
I, #8520 LIBS Pir BA B H5s 2 S e e, i
FCAE LIBS FARK BT i A7 A 3t (07 g B i e
B, AN A TR AR 4B R s fie £ 4 55X LIBS
R e E—NHT B B
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