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Development of on-site optical-emission spectrometric apparatus for sorting of
scrapped metallic materials by their minor-alloyed elements

Wagatsuma, Kazuaki
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Mn, Cr, Ni, Co, V, W

The objective of this study is to develop a new analytical method enabling a
rapid and effective sorting of scrapped materials, by using laser-induced plasma - optical emission
spectrometry (LIPS) under ambient atmosphere. In the recycling process of steel materials,

especially such as high tensile-strength steels, it is important to save minor-alloyed elements: Mn,
Cr, Ni, Co, V, and W, which are added to obtain the property of the high-grade steels, and thus to

maintain the quality of the recycled steel materials. For this purpose, it is desired that scrapped

steel materials will be able to be separated by their comgositions of the alloyed elements. In this
study, we could develop a LIPS apparatus which was suitable for this type of analysis.



1
2013 13
21
25%
1 CO2
2.0t
4 1 0.5t
SUS300
SUS400
2
(SUS329 )
SUS631
1 LCA
2005 2002
95
2%
2015
JOGMEC
45
1
CO2 5.4

CO2 243
CO2 0.2%
CO2

(Laser-Induced
Breakdown Spectroscopy, LIBS)

1)
2)
3)
4)

LIBS

Fig.1 LIBS
Q Nd:YAG
Continuum)
( 532 nm,
12 md/p,

(Minilite I,

3-5 ns,
15 Hz)



Optical
Fiber

“a-dimensional--

. Spectrometer
Tnput port

P

Fia.1 LIBS apparatusin this study

3
/
Czerny-Turner
(MS75041, SOL Instruments, F  1/8.9,
750 mm) (
2400 /mm, 270nm,
0.51 nm/mm, 0.02 nm)
ICCD
(DH734-18F-03, Andor Technology)
Windows PC
ICCD
ns
CCD
/
0.5

M | A85.411 am

—xi'sala KL Ak SUshT

W | A7 ww

6.5
Wik clengih uem

Fig. 2 Comparison in LIBS spectra of SUS316 (upper-left), SUS321
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S/N
Tablel
/ 8 (JSM M200)
JSM M202
SUS316
Mo I 386.411 nm SUS321
453.324 nm SuUS347
407.973 nm SUS631 3d5(4S)4p-3d5(4S)4S 425.435nm
Al 394.403 nm 396.152nm 427.480nm, 428.972nm, 3d5(4G)4p
-3d5(4G)4S 396.369nm,
SUS304 SUS430 369.974nm, 397.666nm, 398.389nm
2.9V OeV
LIBS
5.6eV 2.5eV
[No. |Cr  [Niothers[Fe  WNo. [Cr [Niothers |Fe | 341.476nm(3.655€V - 0.025¢eV)
21 27.02 403 075 6820 31 1123 391 435  80.51
22 2500 1985 113 5402 32 1271 256 295 8178 440.154nm (6.009eV -
23 2217 999 378 6406 33 1512 103 243 842 3.193eV)
24 2018 1412 3.08 6262 34 1699 048 270  79.83
25 1832 8.05 552 6811 35 2404 0.05 230 7351
26 1618 17.62 3.74 6246 36 2231 0.1 082  76.76
27 1339 1574 432 6655 37 1951 020 2.09 7820
28 10.25 2998 232 5745 38 2552 0.01 094 7353
. - - Savitzky-golay
Table 1 Chemical compositions of certified reference
materials of Austenite stainless steels (left) and Ferrite
stainless steels (right)
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Fig.3 Calibration curves of chromium and nickel from Austenite/Ferrite series certified reference materias. (a) Cr,
425-429nm, Austenite (b) Cr, 395-399nm, Austenite (c) Ni, 341.476nm, Austenite (d) Ni, 440.154nm, Austenite () Cr,
425-429nm, Ferrite (f) Cr, 395-399nm, Ferrite)
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Ni 1 440.154nm 2

[susNo. [ a0t | 302 | 304 | 310 | 36 | 321 | 347 | 430 | 631 |

Cr(wt%byXRF) 175 188 187 241 170 188 188
Cr/Fe (by XRF) 0256 0286 0286 0.478  0.268  0.294  0.29
Cr/Fe(by LIBS) 0274 0281 0221 0373 0210  0.258  0.286
RSD by LIBS (%) 5.6 53 57 7.3 9.9 8.9 63

LIBS/XRF 107 098 077 078 078 0.88 097

Ni (wt% by XRF) 6.8 8.6 8.4 204 10.7 9.7 9.6
Ni/Fe (by XRF) 0.088 0.116 0113 0359  0.149 0.135  0.133
Ni/Fe (by LIBS) 0.085 0122 0118 0358 0143 0.150  0.142
RSD by LIBS (%) 10.3 8.0 9.6 9.2 5.6 8.6 8.2

Table 2 Comparison in the atomic ratio of Cr/Fe and Ni/Fe between LIBS

and FP-XRF determinations.
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