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Trace Cr and Cu Analysis in Aluminum Alloy by Double Pulse
Laser-Induced Breakdown Spectroscopy
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Abstract: A collinear dual pulse laser induced breakdown spectroscopy (DP-LIBS) has been used for trace
element analysis in aluminum alloy. The dependence of signal intensity on the inter-pulse delay time has
been carefully investigated, which gives an optimized delay time of about 8~9 us. For the two selected

analytical lines Cu I 324.75 nm and Cr I 425.43 nm, more than 10 folds enhancement of line intensities have
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been obtained compared to that of single-pulse laser induced breakdown spectroscopy(SP-LIBS). Calibration

curves for quantitative measurement of Cu and Cr were derived using both SP-LIBS and DP-LIBS techniques.

The limit of detection (LOD) of elements Cu and Cr are found to be 21.46 and 4.26 pg/g respectively with
DP-LIBS, while the LOD of elements Cu and Cr are 169.5 and 94.5 pg/g with SP-LIBS.
1

dual pulse laser induced breakdown spectroscopy; Cr; Cu; limit of detection
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TG SR, BN ASEE, TEFRERNEE SRS EHRmE ]I TE. E5H
ROy E E B ST, SHOGEST. JEHEXEST. RFRBOEIEMT. X STRIOEHEESE,
{HX B A T EER, RS ST, NHEHPOESHRESEEER, FEKENREEM
PRI ARG ks 12 | SOl ST A (Laser-induced breakdown spectroscopy,
LIBS) 238 3 A I 36 55 B8 1 S 56 163 P - BB R S T A IR 59 B SR 43 i e A 2L AT 25
BHITEREAR, SRR TTIEME LB SE a0 6EH AR REXT A RE ARS8 9 fh #: 1 7R 4
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H Cr, 3 Cr JGigsR BEEGR T 125 fF,
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%) DP-LIBS i

IR, PTLARRREAR AT R R IFR =190, L4 Song Chaol'! 43R I IE S XUk i LIBS 43474 44

Mohamed!"?! s¢F] DP-LIBS A %54 ICCD FN &S, IR 4T Hh
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TEMACRUK o st [E] SE R Y Rl L=, XH4R-E & REETTR Cr M Cu #ATE R, 45
RBRWIILL K of LIBS fER AR M &2 FHMEITTR Cr M Cu BGIE (55 B I R 855

LIBS GBS B 1 pron, EZM PG MR BRI MSES A Q Mkl Nd:YAG BO6A. )t
G, BT Rk IR R AR AR B R A LA, BT Rkl 3838 S AR T2 OBk b 565
Sl Z TEI Y B RISER . Nd;YAG Boltas TAEEAK 1064 nm, JLAIBKrhSERE 10 ns, SRRk RER 200
mJ, A/ MEOGRER BT B S A I IR, WOt TARBIRE 1 Hz; 238 B RA R NRDE L M8
(Avantes 23 7]), HIPALTEE 200~500 nm, SETERFEFEIFE/NT 0.08 nm, KA Ml A RALR) T/, &
INETERR T EFTE] 2 ms . SRAIEIERT, FFRKNRER K AR MR BOEA T RO, BOEEHRES S
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Fig.1 Schematic diagram of DP LIBS system
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Fig.2 Intensities of Cr I 425.43 nm & Cu I 324.75nm as a function of inter-pulse delay time.

The laser energies were 30+30 mJ

3 SEIRAERMTTHE
3.1 ki B RE R Xt S v K5 B RE R

BFRRE, WUkl LIBS wf i (6] Bef (A SEE X 6355y s 28 DG B (13151 | 4 35 A ik e BT
[E] B 7T LA A PR R G RE RS 5 20 — RO L B ™ A BRI 46 S B TR T B A AR, A B e i
X IRBOCH RERBAL, TR IEIEIREL. & 2 Dy BUbk b B[] ER. 0~40 ps ARALRT, iR BERE
FIE RS [E] AL A, SE g R OBURK i RO RE T O 30 mJ, i R AR FERARXT T35 —RMWOEH 0.9 ps,
SATHITZAFIETE 2 Cu T 324.75 nm, Cr I 425.43 nm JeiE% 3R B RERK b iR SE R 0 284k, Sk L2 —14
FeIE IR /N R . TERURK I B TR ER O~1 pis B 65 B RE K o ] PR BRI LA 0, 7E 2~9 ps BHETE
SREENIE AR, HAE 8~9 pus HRBCRRIF, TEFARBIXUIK IR ESTE]SER 10~40 ps &b, SEiEmRESE T
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R, H 4Rkl ER T 20 p J5, MiEmE A SR KmBEN —KAERT. RRIELICERE R
KAE AT R B ] SER R F], 548 Cr 1425.43 nm F1 Cu I 324.75 nm 43 B FERK M [EIBE 8 ps 1 9 ps iKE[5R
W B KME, ORI ETRIER y 8~9 us . & 2 WOGIESREE N 5 WEEMEGIERE R THHE, AR
N 5 WEE B KRR 2.
3.2 JiEia

BWHFLT, 58K BA A HXUK A oS B S5 B i A S R DTS SR B AOR, AROGHRREE A B TE]
i U6 MRAERTE A A SR ERK el R B, R 6063 dRESR A & RER, 10T DP-LIBS BAR TR,
7E 310~350 nm il 410~440 nm P Bty LIBS J6i%, 3f5 SP-LIBS TG LR, ZEMAE 3 s, &
Hr SP-LIBS SZ5 8 kB0t RER 60 mJ, DP-LIBS SEgu A, XUk [ 3ER 8 us, UK B0t & s &
W 60 mJ, 5 LSRR BOCRE RS, HERBOCREEY N 30 mJ . Sk G RAEFERARXT Thehl
WOGH A 0.9 pus(DP-LIBS B WA AHRM T35 ZIRBOG), IXIERT 554 T, DP-LIBS 1 SP-LIBS Y6 #5016
SREHRSS, WA 3 PR, FTREAIM DP-LIBS 38 H T4 6 /6 Eef, TR Cul324.75 nm
1 CrI425.43 nm HySGER BEHTEA KT SP-LIBS MG sREE, HAAIMMT 10.8 M 17.2 £, #iHIR
FSLLRBUk o AT LA 28R i LIBS BAKM AR G T R aE ). 58k LIBS A/, XUkt LIBS
JOERER TRKNER, XEHTHE -RBOCHEW, SUETHMBRMAER, FHTHE WKBOC5H
mRE RS, SRR TR BB ISCR, 2R MBMA; FHINENX S — ROt A W E R TR
FIF IR, FETRPRFRIBHEE, (6% ESRERD TRXHIEIR.
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Fig.3 Spectrum of SP-LIBS (E=60 mJ) and DP-LIBS (E=30 mJ+30 mJ, td=8 us)

3.3 EMREE

Xf4F Cr. Cu RESEHMIMES SRR, RALEIUK LIBS A (K TR 8 us) it
KHEOGIEF TR BT, BE Cr. Cu TRWRE S5IOERBEN R LHALEUG MK mE 4 R, 7T
LA, B UK iR Cr T 425.43 nm f1 Cu T 324.75 nm FyHL& MIZRAYLRIEMC RS R* # R 0.99,
FEH R 1, Wi I R AR SCHEAR . R IFR (Limit of detection, LOD) #5{8% Fr ABAL I Hi 09 7C 3 B9 B
R ES R/ N, B E S RBAMGETREST 3 MHRAEGF SRR MK TR K ES MR, A
LOD = 30/S, Ht o HAMIELMHEE ROCMWRERZE, S HERMLHAIE, 44 Cul324.75 nm
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Cr 142543 nm EAREHZRER, B[EMEITTER Cu, Cr BREMER 2 A W ERK A H) 169.5 71 94.5 pg/g TR
F ALK i iy 21.46 1 4.26 pg/g , KRB ARR T 29 8 A5 20 £F.
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K H H F RS OG5 ST EEE B ARG & S R HERE B P AR T R Cr 1 Cu . BF
FET Bk B ) SR X YT 5B e, R BT R K o B ) SR R R E USSR S N AR, FERK
WA SER 2 8~9 s FHHERBUR BT, 5o AT B ILLR AUk o e 2 B R B R, R T R
£8 Cu1324.75 nm Ml Cr I 425.43 nm BY{5 S A SR T 10.8 f5H1 17.2 £%. 345 Cr T 425.43 nm
M Cu I 324.75 nm NA4HTER, W5 T FrELRySL 0 kok LIBS 28 0 REEMAMR, | Cr. Cu
TCEWE GHHERBEN R R HEREN S L, BRMETE Cr. Cu WRIME, HAES ANk
169.5 #1 94.5 pg/g TREZEILLUK M 21.46 F1 4.26 pg/g, KL R BB HIRE T 29 8 M 22 £, WA
FLER WUk vh BE A AR T LIBS A B4 I R DG ISR, v RS & &R eait e Rt —
FiRl2E. ATAT BRI ik,
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