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Figure 1 (Color online) Experimental setup for CF-LIBS.
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Table 1 Element contents of standard samples in this work

B FrUERE £ 0 BE i
TG AT
ZBY910 ZBY908B ZBY907
Cu (%) 57.09 59.49 60.79
Pb (%) 1.74 1.83 35.97
Zn (%) 41.11 38.6 3.15
oAt (%) 0.06 0.08 0.09
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Figure 2 Plasma spectrum recorded for the standard sample ZBY910.
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Table2 Spectroscopic parameters (4, 4, E, g) of atomic lines for plasma
temperature calculation and quantitative analysis

TEE WL

/. (nm) A4 (x10%

E (eV) g
213.60 4.671 8.52 9
219.23 3.266 8.49 7
224.26 2.675 8.78 7
Cul
312.61 0.762 8.80 4
324.75 1.370 3.82 4
327.40 1.361 3.79 2
217.00 1.836 5.71 3
280.20 1.600 5.74 7
Pb 1 282.32 0.304 5.71 5
283.31 0.592 4.38 3
368.35 1.704 4.33 1
330.26 1.070 7.78
Zn 1
334.50 1.500 7.78 7
—24
| m Cu, T,=9300+600 K, R?=0.97
_o5 e Pb, T.,=6700500 K, R°=0.98
-26
2 L
o —27
g L
= 28
=
. L
291
-30
-31
1 1
3 4

E, (ev)

B 3 (%% B b e FE 5 ZBY910 H Cu, Pb It & 1)
BoltzmannF [

Figure3 (Color online) Boltzmann plots of Pb and Cu for the standard
sample ZBY910.
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Figure 4 (Color online) (a) 3D plot of function (T, &) for the stan-
dard samples ZBY910; (b) the cross section of the 3D plot of &(7', &) at
T*=7710 K.
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Table3 A comparison between the measured contents and the certified
standards for Cu, Pb, and Zn of samples ZBY908B and ZBY907

FRAEFE Cu (%) Zn (%) Pb (%)
bR S 59.49 38.60 1.83
ZBY908B W& A 62.0 35.6 1.74
X R 22 42 7.8 49
FrEAE 60.79 35.97 3.15
ZBY907 MIESRIE 63.6 343 2.19
AR 2 4.6 4.6 30.5
TR X R 2 44 6.2 17.7
70
n //
e 9300K ¢ 7
60- = 6700K
e 8000K L’
50 //
T 40t v
] .
= e [ ]
& 301 v "
[ ,
= /’
201
o 7
° ,’/
0 ' 1 1 1 1 1 1
0 10 20 30 40 50 60 70

Certified standard (%)

BS (P4 iR AN R 45 85 7 (A UL FZ N H R CF-LIBS J7 i
JirillZBY910#% i 1 Cu, Pb, ZnJt 2 & & 5 AR EE IO HL
Figure 5 (Color online) The measured contents for Cu, Pb, and Zn of
sample ZBY910 at different plasma temperatures using the conventional
CF-LIBS method compared to the certified standards.
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Figure 6 Comparison of the standard measurement errors between

the conventional and the proposed CF-LIBS methods for the sample
ZBY910.
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Quantitative CF-LIBS analysis of alloys via comprehensive
calibration of plasma temperature and spectral intensity

ZHANG Lei'’, ZHAO ShuXia', SUN Ying', YIN WangBao"*", DONG Lei'’,
MA WeiGuang'”, XIAO LianTuan"” & JIA SuoTang'”

' State Key Laboratory of Quantum Optics and Quantum Optics Devices,
Institute of Laser Spectroscopy, Shanxi University, Taiyuan 030006, China;
* Collaborative Innovation Center of Extreme Optics, Shanxi University, Taiyuan 030006, China

The chemical composition of alloys directly determines their mechanical behaviors and application fields. Accurate
and rapid analysis of each element in alloys plays a key role in metallurgy quality control and material classification
processes. A quantitative calibration-free laser-induced breakdown spectroscopy (CF-LIBS) analysis method, which
carries out comprehensive calibration of plasma temperature and spectral intensity by using a second-order iterative
algorithm and a similar matrix standard sample, is proposed to compare the standard errors that correspond to various
plasma temperatures and calibration coefficients. Once the minimal standard error is found, we can optimize both the
plasma temperature and the calibration coefficient of the minor element emission line, and establish the quantitative
analysis model to realize accurate elemental composition measurements. In our experiments, the ZBY910 copper-lead
alloy is selected to be the standard sample. Here, 6 Cu I lines and 5 Pb I lines are utilized to draw the Boltzmann plots,
and the plasma temperature is predicted to be in the range of 5000-10000 K. Experimental results show that, the optimal
plasma temperature and correction coefficient are found to be 7710 K and 0.61, respectively, as the standard error reaches
its minimum of 0.06. Compared to conventional CF-LIBS analysis, the relative errors for major elements Cu and Zn and
minor element Pb in the samples have been reduced from 13%, 20%, and 74% to 4.4%, 6.2%, and 17.7%, respectively,
which are much superior to those of the conventional CF-LIBS method. This new method has greatly improved the
quantitative analysis accuracy of CF-LIBS and realized more accurate measurement of both major and minor elements
in alloy samples. It is expected to promote the application of CF-LIBS technology in fields such as metallurgical quality
monitoring, material identification, classification, etc.

calibration-free laser-induced breakdown spectroscopy, quantitative elemental analysis, comprehensive
calibration
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