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Fig. 1. Schematic diagram of the experimental setup of fiber laser based HRR LA-SIBS.
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Table 1.  List of the mass fraction (%) of bismuth, lead

and tin in standard samples.
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Fig. 2. The calibrated partial spectrum of sample No. 2.
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Table 2.  List of the energy level and transition probabil-

ity of the selected lines for plasma temperature calculation.

Species A /nm AJst g  Ei/eV
Cu I 261.83 3.07 x 107 4 6.120
Cu I 282.43 0.78 x 107 6 5.780
Cu [ 306.34 1.55 x 10° 4 5.688
Cu I 319.40 1.55 x 10° 4 5.523
Cu [ 333.78 0.38 x 106 8 5.102
Cu I 406.26 2.10 x 107 6 6.868
Cu [ 510.55 0.20 x 107 4 3.820
Cu I 515.32 0.60 x 108 4 6.190
Zn 1 307.58 0.38 x 106 3 4.030
Zn 1 328.23 9.00 x 107 3 7.780
Zn 1 330.25 1.20 x 10% 5 7.783
Zn 1 334.50 1.70 x 108 7 7.783
Sn | 242.94 1.50 x 108 7 5.527
Sn 1 270.65 6.60 x 107 5 4.789
Sn | 283.99 1.70 x 10% 5 4.789
Sn 1 286.33 5.40 x 107 3 4.329
Sn | 300.91 3.80 x 107 3 4.329
Sn 1 303.41 2.00 x 108 1 4.295
Sn | 317.50 1.00 x 10% 3 4.329
Sn 1 326.23 2.70 x 108 3 4.867
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Fig. 3. Boltzmann plots used to estimate the plasma tem-

perature.
Ne(em™2) > 1.6 x 10272 AEP, (5)
Hoh ARG K0T B R BEGZ 1] A R R RE B2 22
T J&sRAFHY 55 B TR . 200 HoA 1 e iy
2R, N IEL R YL £ 202 T Stark 55 E Y,
DUIAT DA b 1 ) e 9 1A T L T B N, D
- ANy

N, TN;ef , (6)

Hr NFUHHTE NS %, 7 1.0 x 10" cm 3,
w A Stark ETESE. HALZER Cu 1510.47 nm [
TELR TR TR XN IS LY w BT LR 3C
ik A5 2] 06T 35 B S 5000 K & A5 B A wlH A
1.02 nm; 3% 4 8 58 AT 3T L ANy 2 = AXopserved—
Ainstrament VT FAR H L 3 B Adgpserved 72 T A SE N
P15 B IS Y R T8 (F =498 FWHM) {8
Ainstrument A2 VG TS A A A R v, 38 20 DU A1 R OR
KT 0 R S i 0 0.11 nm. B 4 /TR
FHIEAC 2% RE A Cu T 510.47 nm %28 i 45 37 .
R A5 3] 1) S 52 S B AN A JR 0, i i o 55
BRI TR 1.05 x 1017 cm 3. % H 7%
B2 (5) ZUAY McWhirter 7.

Cristoforetti 4 18] $2& 1 T W~ Bt 1) 4] 2 I
MR RS 4 B IR 40T LTE R, 56—
ANHE I 4T LTE R T 145 5 T 0 4
F12ER R ] 7o BT/ N T SR 8] 7o , S5 85T
PR TR ] 7o 3B AL T E T 1070 55 55 A
FIEJFEN G, AT LTE RS T M55 TR R ~F
F/ORICEY HUK BN 10 £5, 005 B FARE B
BR @ 1.5—2 mm. 8 na AR
j\j[ls]

104206-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 10 (2021) 104206

6.3 X 104 1/2 AE?,k:
~ AE (KT L I
S fuly I e e ) ()
1/2
)\zl.4><1012(KT)3/4( AL )/
Ne My fir(9)
X e AL (8)
<p [ =2
P\2kT )

Forp, funo BE SR AT 1 M MiCIR 1 95 3, ml LA
NIST %4 i i AR L, (g) & — 47 2L Gaunt
P, Al DU SCHR R AR, AR JERER 22, Ma
JETCER R ST

Relative intensity/(10* arb. units)

510.0 510.2 510.4 510.6 510.8
Wavelength/nm

Bl 4 Culb510.47 nm LRI L ZEIS R
Fig. 4. Lorentzian fit of Cu I line.
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Fig. 5. The calibrated partial spectrum of sample No.2.
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Fig. 6. Calibration curves of bismuth, lead and tin in bis-
muth brass analyzed with HRR LA-SIBS: (a) Bi; (b) Pb;
(c) Sn.
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Table 3. Analytical results of bismuth, lead and
tin in bismuth brass with HRR LA-SIBS.

Analytical line S op R?
Bi I 306.77 nm
Pb I 405.78 nm
Sn I 326.23 nm

LOD/10°6
1.818 0.00155 0.98 255
1376 0.0029 0.98  64.2
0210 00022 096  316.5

X T — M DG T EOR, TR e R
5GBS 3 A DL R R R I 2545 5%, LA
EEERIESR ] CCD AE RN #8115
VERIETE AT a8 AR 20 . SR BA St
T BEA G G TE R I8 AL CCD (intensi-
fied charge coupled device, ICCD) ¥Rl ¢%, &+
AW FE IR A 9 HRR LA-SIBS 4 R I T % 4
Br, TR MK BRA AR — 2P iy s, iR
FR BOCER A HOGRS, OGRS IRBLA ]
PAZE— 45/ 108 A F TR/ NAR Y HRR
LA-SIBS #4470z 0 A Al X 77 A58 T AR
PSFESEA T, AHOC UL D) SCilA.

4 % i

A YR H e F RO R B - KA
T 26 (HRR LA-SIBS) $5 AR JFJ# 1 4 8 i
UL Y B — U R B AT gE. XX =
FROCER ISR 55T, AU Bl T2 e B v A 1) it
i, IR SRS &P Y BT
RIWE R IR ML THARSH . AR AR 2%
SRS T A B AR R IRLEE, R rE  r Y
TOUHE T A B RR TR, IR A SR A%
HRIRBINE S TR T LTE IREM. BB Bi
I 306.77 nm, Pb I 405.78 nm #1 Sn I 326.23 nm
VERIITER, SRATNARIETIE 1 B 4 v B | 450
By =R IE NS, BT LI A5 N AT B4 B
i gl BT ANB) —on FE AR R 4B 25.5 X
109, 64.2 x 106 il 316.5 x 10°6. AWFFEHEMN, K
JFH e F S AR PO R B - K AR Je i 2R T AT
B H ] T ) R TR T R | (R R v R B
. 51E40 ICP-OES i RH I, iZ4E A A
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Quantitative analysis of trace elements in bismuth
brass with high repetition rate laser-ablation
spark-induced breakdown spectrum’
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Abstract

Bismuth brass has very good mechanical properties and is friendly to environment. Therefore, it can be
widely used in different fields. In order to realize the convenient, rapid and sensitive elemental analysis of trace
elements in bismuth brass, fiber laser based high repetition rate laser-ablation spark-induced breakdown
spectroscopy (HRR LA-SIBS) is developed. In the experiments, a compact fiber laser operated at 5 kHz pulse
repetition rate is used to ablate the sample and produce plasma, and the spark discharge is used to further
break down the ablated sample and enhance the plasma emission for sensitive elemental analysis. A compact
fiber-optic spectrometer coupled with non-intensified charge-coupled device (CCD) is used to record the spectra.
Bismuth, lead and tin in several bismuth brass standard samples are quantitatively analyzed. The plasma
temperature is determined to be about 7962 + 300 K by using the Boltzmann plots of copper, zinc and tin
elements; the electron density is determined to be about 1.049 x 10" ¢cm 3 based on the Stark broadening of Cu
(I) 510.47 nm analytical line. The plasma is determined to be in local thermodynamic equilibrium (LTE) state
according to McWhirter criterion as well as appended criteria for transient plasma. Under the present
experimental condition, the calibration curves of bismuth, lead and tin in bismuth brass are built with
fitting goodness of higher than 95%. The detection limits of bismuth, lead and tin are determined to be 25.5 ppm,
64.2 ppm and 316.5 ppm, respectively. The weak transition probability of tin atoms leads to worse detection
limit of tin than the scenarios of bismuth and lead. The ways to further improve the analytical sensitivity and
minimize system dimensions are discussed in this article. It is demonstrated that high repetition rate laser-
ablation spark-induced breakdown spectrometer based on compact fiber laser as well as compact fiber-optic
spectrometer can be used to realize the convenient, rapid and sensitive elemental analysis of trace elements in
bismuth brass. This study is also helpful in analyzing the trace harmful elements, including bismuth, lead and
tin in high temperature alloys with HRR LA-SIBS. In comparison with laser-induced breakdown spectroscopy
(LIBS), the HRR LA-SIBS technique has several intrinsic advantages, such as fast spectral data collection
speed, cost-effective system and low continuum background and so on. This technique is very useful in
implementing the elemental analysis of different alloy samples and can be potentially used in metallurgical

industry in the future.

Keywords: laser-ablation, spark-induced breakdown spectroscopy, bismuth brass, elemental analysis, compact
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