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Sorting of Metal Alloy Scrap by Laser-Induced Breakdown Spectroscopy

Mikio Kuzuyax

(Received February 25, 2019)

A laser-induced breakdown spectroscopy (LIBS) system for sorting metal alloy scrap was
developed by combining a pulsed Nd:YAG laser with a compact fiber-optic spectrometer
having a CCD array detector. In order to reduce the effect of the changes in the sample height,
an objective lens having a long focal length of 600 mm was used to generate plasmas, and the
method of internal standard, which normalizes the line intensity of the analyte element to the
line intensity of the matrix element, was used. The LIBS system was applied to the sorting of
brass and stainless steel, and these metal alloys were classified successfully into the requested

categories.
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Fig.1 Schematic diagram of the LIBS sorter system
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Table 1 Specification of Spectrometers

HR2000
1LX511 (Sony)

Maya2000 Pro
$10420 (Hamamatsu)

Detector linear silicon back-thinned 2D
CCD array FFT-CCD sensor
e enath 245685 nm 199423 nm
Grating 600 lines/mm 1200 lines/mm
Slit width 5 um 5pum
A/D converter 12 bit 16 bit
S/N ratio 250:1 450:1
Size 148.6x104.6%45.1mm 148.6x109.3%50.4mm
Weight 5709 960g
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Fig.2 Comparison of spectra obtained by spectrometers of
(a) HR2000 and (b) Maya2000 Pro.
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Fig.3 Arrangement of samples.
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Table 2 Chemical composition of standard samples (wt%)

(a) Brass (b) Stainless steel
Sample Zn Cu Sample Cr Ni
B1C 46,5 535 150-5 0.38 411
B3E 36.1 638 151-5 0.15 2.92
B5D 245 751 152-5 0.52 1.96
B7D 145 854 153-5 1.01 0.97
B9E 49 950 155-5 3.06 0.04
11XHPC2L 151 0.39
11XHPC3J 1.48 218
13X17003A  11.89  11.90
13X30403A 1825  7.92
13X31603B  16.89  10.07

3. HERER

HIRIB L OAT v L ADOREMERICIE, TArI=7
DA DR FERR L FEE, Aotk L R LRDO ARy
R VHRIREE LE & F O 2 NAEYETE & VO =
3.1 RER
BEHRIEER & IR D2 A DT, WL ODLHE
IZDW T OB EZERRTILUER . Fig. 4l ok &
AT, AHTRRCIZZN 13345 nm& IV, Sl 2~ kL
HRCu 1 236.3 nm & TR Lb 2 fiElhIC,  HEN O A A
o TFay FLELDTHD. A7 FVERE L
10 DHPEDFEMETH 5. TLHEIRE L A7 R LR
FEH O RN ELBIBIERAS RS L, MERRITERE 2 5.

0.0 .
0 10

Spectral line intensity [a.u.]

20 30 40
Zinc concentration [%]

50

Fig. 4 Calibration curve for the analysis of Zinc in brass
samples obtained with the analytical lines of Zn | 334.5 nm.
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Fig. 5 Calibration curve for the analysis of (a) chromium (Cr |
359.3 nm) and (b) nickel (Ni 1 229.75 nm) in iron alloy
samples
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Fig. 6 Classification method of brass samples into five groups.

Table 3 Sorting results of brass samples by LIBS

sample ZzZniEBE®%) CuRE®%) EIER
14.6 85.4 FiiR
B7D 14.3 85.7 FHif
14.9 85.1 FiiR
35.8 64.2 B4R (65/35)
913513 35.4 64.6 #=1H(65/35)
36.4 63.6 B4R (65/35)
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Fig. 7 Classification method of stainless steel samples into two
groups(300’s, 400’s).
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