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Fig. 1. Experimental setup diagram of spatial confinement nanosecond laser-induced breakdown plasma.
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Table 1.  Element composition of standard aluminum

alloy sample (weight percent).

Eefh E311  E312a  E313  E314  E315  E316

Cu 451 2.45 1.52 3.33 0.927 5.55
Mg 0428 1.370 0.897 1.800 2.260 0.074
Fe 0454 1230 0908 1.610 1870 0.115
Ni 1.550 1.090 2.020 0.624 0.153  2.250
Mn 0.095 0.119 0.239 0.184 0.287  0.054
Si 0.094 0.724 1.220 0371 1.530  0.090
Zn  0.140 0.220 0.334 0.166  0.367  0.084
Ti 0.02100 0.07800 0.12000 0.05500 0.16100 0.00095
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Fig. 2. Flowchart of gradient descent algorithm.
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Fig. 3. Nanosecond laser-induced breakdown spectroscopy

with and without parallel plates confinement.
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Fig. 4. Calibration curve of internal standard method, con-
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Fig. 5. Graph of the change of the cost function with the number of iterations: (a) Without spatial confinement; (b) with spatial

confinement.
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Comparison of the quantitive analysis
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AR E A 4 Fe LR Y LIBS K6 IS B 7 5% .
XF A AR SR, Fe LR i Fe 1
274.9 nm JEEREIR T4 2.3, 1 RSD {EM 10.13%
REAR R 3.48%, B2 (B £y s ARASHE SR LIBS S,
R4 e T i Rae k. 4B FH bRk AR B
BT A S PRFEH ) Fe JUR EYT LIBS EbpER,
TR AR FET, NSRG4 Fe
JLER M LIBS & &0 2% R2, RMSEC, RMSEP
Ml ARE 73 % M 95.22%, 0.1409% (B & 47 %),
0.1401% (JF & 43 %0) F1 6.8893%, i =% F &6 &
W15 3 5 B 4 vh Fe T E I LIBS 5E & 20 r
20 R?, RMSEC, RMSEP F1 ARE 4344 99.22%,
0.0731% (5 & 4> %7 ), 0.0756% (Jit & 2> )
3.5521%. L5 B, WM zs [ 2 R 2h A 06 B T B
0 LIBS FARXR A 4 Fe J0 % 1Y AR AR
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Abstract

The concentration of Fe in aluminum alloy can affect the plasticity, heat resistance, strength and stress
corrosion resistance of the alloy. The quantitative analysis of aluminum alloy composition is an important part
of the online detection of alloy composition. To improve the quantitative analysis accuracy of Fe in aluminum
alloy, the spatial confinement nanosecond laser-induced breakdown spectroscopy is combined with the gradient-
descent method. By collecting laser-induced aluminum alloy plasma emission spectra, it is found that the
plasma radiation intensity under the confinement of the plate space is significantly enhanced. The enhancement
factor of the plasma emission spectrum with a plate spacing of 10 mm is 2.3. The internal standard method and
the gradient descent method are used to establish the calibration models respectively, and the values of fitting
coefficient (R?), root mean square error (RMSE) and average relative error (ARE) of the two models are
compared. Without plate spatial confinement, the R2, RMSEC, RMSEP and ARE of the Fe element calculated
by the internal standard method are 90.66%, 0.1903%, 0.1910% and 9.2220%, respectively. The R?, RMSEC,
RMSEP and ARE of Fe element obtained by the gradient descent method are 97.12%, 0.1467% (weight
concentration), 0.1124% (weight concentration) and 7.1373%, respectively. With the plate spatial confinement,
the R?, RMSEC, RMSEP and ARE of Fe element calculated by the internal standard method are 95.22%,
0.1409% (weight concentration), 0.1401% (weight concentration), and 6.8893%, respectively. The R?, RMSEC,
RMSEP and ARE of Fe element obtained by the gradient descent method are 99.22%, 0.0731% (weight conce-
ntration), 0.0756% (weight concentration) and 3.5521%, respectively. Comparing with the internal calibration
model, the accuracy and stability of the gradient descent calibration model are improved. The spatial
confinement LIBS combined with the gradient descent method can effectively reduce the influence of the alloy

matrix effect and the self-absorption effect on the quantitative analysis.

Keywords: laser-induced breakdown spectroscopy, gradient descent, spatial confinement, aluminum alloy
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