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Abstract

In order to enhance the spectral intensity of underwater LIBS, two Q-switched Nd:YAG lasers op-
erating at 1064 nm were used and combined in orthogonal beam geometry to carry out the
DP-LIBS experiment in sodium chloride solution. Firstly, the temporal evolution of the spectra has
been studied in the time range of 100 - 10,000 ns. The result showed that the signal-to-noise ratios
are very high when the acquisition delay is within the range of 500 - 700 ns, and it is very suitable
for spectral acquisition. Additionally, the effects of inter-pulse delay and laser energy on the signal
enhancement were carefully investigated, and the optimized experimental parameters were ob-
tained. Finally, under the optimized experimental conditions, we observed the narrower DP-LIBS
spectral line with lower noise level, the plasma emission lasted longer than 10 ps, and the spectral
line intensity of Na 588.9 nm and Na 589.6 nm enhanced 19 and 15 times respectively, compared
to that of single-pulse laser induced breakdown spectroscopy. At the same time, we also found that
the relative standard deviation of spectral intensity reached 2.4%, which was less than that of the
previous single-pulse experiment and the double-pulse experiment on the liquid surface. All of
these indicate that using DP-LIBS can effectively improve the signal intensity and repeatability of
underwater LIBS detection.
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1. 5|18

BOtiE G 56 i H AR (Laser-induced breakdown spectroscopy, f&i #% LIBS) T 1962 4% Brech il Cross
SNE RS, MNP B OGIER I AR, REEE XA FRRAS BIRE S AT AT (AR . AR R AR
¥I0T). HAT, LIBS X FEMAFISARSE S A I 24 O 2 B B SL bR A vE o, (E2 XA & 1) LIBS k&
TG, EF 1984 4, Cremers 5 N E UCKA 1064 nm B OGN EBFE AT 77K F LIBS J
BT[], brEF KT LIBS FAMIHEA . 2003 4, Giacomo %5 A\ K — & kb AE &~ 400 mJ ) Nd:YAG
BOLAR T 4 FAS IR 1) & S8 W R A AT 7 K R Bkl LIBS (SP-LIBS)RZMN[2], 56 Hh 3R A3 IG5 5 0k
FERLYS, FFERI A, SRR ERCR, HHAGREME AT X EZERHT LT LA
() S R BT S BUR . AP R L, 5 28 S B R AR B 3 m #3389 HOME AR R4 (3], AL, 7E7K T LIBS
TR, WO A KN S5 8 1A 2 32 3 [ K AR SR 2L 5 R AR K AR, B & S BIUR S 1 26 5 2
S, AR K. FR, AKAREEKAE RS 2 3 BUK TSR AP A, 465055 5 1R S
SR IE] . BUAL, 4R ZEASEOGHIREEHFE T AR EAAE R, DU IRG E 8, RA
AR/N—TB 3 O RE B4 55 B AR RSO 7= AR R AR SN O [4], AT BRAIR 1 SO RHEURE S RO 0% . |
TIX R A, 2 PR T LIBS BOARLE K T Rl 52 7 Th ik — 25 K R

XUpkrh LIBS AR (DP-LIBS){E Ny —Fiotil G smBOR T 1969 47 H IR (5], B RBECRE T LIBS
AREWVEZ A0, RIS ST DU 2 = LIBS Mk liGE /). 1970 4, Scott &5 Strasheim 55 AR FH XUkt
LIBS HARX G SFEMEAT 7 aMr6], KI5 & ) e B A BB ikt A pr e i Bl S,
Cremers 55 N\ K H L2 UK LIBS FAR X AREE dhidE A7 1 Rl 434t [ 7], A7K T LIBS Y65 515 25 98,
FEHGsR ML 22 SR AT OB R LIBS S5 AR [6] [8] (91, — BRI EARE 9 55 — RO B e e KA o
TR — A, Sk —E I ERt 5, 58 RBOLE SRR R, PR B R DAL
IAESIEH S P LUK AR 88 B R IR VA KA B OROR S, AT GRS 545 238 08

DOI: 10.12677/app.2019.94025 208 N A


https://doi.org/10.12677/app.2019.94025
http://creativecommons.org/licenses/by/4.0/

FICF, TR

HAT, X LIBS {5 5 3 S WL I 70 5 B0 AR s AR . O 17 3k BB KR XUkt LIBS
ES R B, EASHE T R S 01 Nd:YAG WO, 0 SN R AT T K N IER
(FE E)XUBK T LIBS 5646 . v T3 AU SKIR B4, fESLIeh REUBERTT 1 OGIE AREEIERS . XK
ik E I DL RO BB IR SRR . 5, AL RIS AE T X UK R LIBS 115 5 3 EEANLRE +F
S [AIEAT 1 LLREETE, IR 1K TR XUk R LIBS (145 5 Fa g 1k -

2. SLIRRE

KR IEZE AUk i LIBS HsEgeke BNl 1 o, BWOWGENM G Nd:YAG i Q Huhds, ik
4 1064 nm, fkit EGAEA B E N 1Hz, WOGHEE T DURYE 2560 75 22377 . PIRBOGAE R — /K F i
A EREE, 4EEEANIES L1 (F=25.4 mm)Fl L2 (F=38.1 mm) R AR ER, HAE SN E M
HEGIFALTHE T lem AECHE S IEHCEEAEE IR SR ) o PRI IRIBON ik b 22 18] PR S8 IR EH 5 Jhk v S Fsf
KA DG535 il MO AKIE IR P R A E N, AR E TR 8 DM R,
S UERE S L3 Ma e, RFlid e DG 5 (Andor, SR303)H#EAT 4000, SEHELRIEHZ
JRE BN 1200 g/mm, Hfg/Nr#E3 0.1 nmo K N AU LIBS SGiGE1G — & A 1T 1# DI6ER) ICCD
BT, ICCD KM MR, 18 DG535 fRHF 55 Bk EE, SRR 5 R % ] LA
RIS PR E AT BB . S0 R A BT S R 1 SO IR OIS T UG R, 1R
W E OGS S AR AE R 22, 15 MR B SON IS 2T 5 A I EUE . SRS AEdh Y 1000 mg/L (54K
BV, ER A N 2R K T R T

T P

Figure 1. Schematic diagram of the experimental setup for orthogonal DP-LIBS in bulk water (L1, L2 and L3: focusing lens;
M1: Reflect Mirror; DM: Dichroic Mirror)

& 1. A TFERZMEOS LIBS RXEEREE(ES L1, L2 F L3 RRBEIEE, Ml FREE, DM ZER_EEE)

TERUsKIH LIBS S8erf, sEIG IRt FPashliR E3E, il 2 R, By M E, 23R RS — SO0t ik b Fi
BB, AT RORPIABOCIR BRI IERT,  tg AT 5 T ACBOE KR SRR ZE T (Gate delay),
t, R EE1] 9 (Gate width).

E1 E2 td tb
A A
4 A
AT
time i’

Figure 2. Detail of timing scheme utilized for DP-LIBS experiments
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Figure 3. Spectra of DP-LIBS at different gate delay time
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Figure 4. Intensities (a) and signal-to-noise ratios (b) of DP-LIBS as a function of gate delay time
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Figure 5. The background emission intensity of DP-LIBS as a function of gate delay time
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Figure 6. Spectra of DP-LIBS at different inter-pulse delay time
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3.3. BtaeEX{ESEENEN
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M55 A, 76 FISER R T T 88 — OB Ikt e & By X G s B 1 sg i, 28 — sOBOB Bk it A &
WHE N 60 mJ, UK Z [AIFRERS 2 240 ps, FEREAITRIELERT Hy 600 ns.

LIS R 7 BioR, M5 RO R K AE R 40 mI 3 INE] 50 mJ i, Bi%k Na J5i 72810 4%
o P B A A B S KT R Tt 24 By ST S0 mI i, G LRSR A B O M By KT S0 mI B, 3
AR LA WO RE R R K SO PROE N, BRI E, ST 70 mI I, BB IRE T BB BRI KR, LA
R A G T % XM BTG T RS BT 2 — 0GR E X K N PSR 2 m i &
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Figure 7. Intensities of Na I 588.9 nm & Na I 589.6 nm as a function of the first laser energy
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Figure 8. The comparison between SP-LIBS (a) and DP-LIBS (b)
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Figure 9. Spectrum of SP-LIBS and DP-LIBS (t; =5 ps)
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Figure 10. Signal repeatability of DP-LIBS in bulk water
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