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Fig.1 Recent changes in amount of crude steel production in Japan. BF and EAF stand for blast
furnace and electric arc furnace, respectively. Numerical data are referenced from The Japan

ferrous raw materials association?.
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Fig.2 LIBS apparatus in this study
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Fig.3. Changes in the peak intensity of chromium resonance lines with decreasing the number of
laser shots (left) and exposure times of ICCD camera (right).

Fig.3 /e B IE il il o SUS304 #R & 7 = AR FE 1ppmw D #figk(~ A = > SHP, B HEH)
25D LIBS AX7 k%773, ICCD B A 7 OFESERNIT 1 B Imt R RII~ A
JaF o Rx AT — MEEEIE WA S L T250EREICRE LT, £ —
% Yay M IO 1 END 15 B TELEE, @@%%%Lt% % CCD %+

W THNEFORMAELA LT, L—Y—Tay MM KRTT2Icoh L —%F—7
7X7W%WDL@ EMFREBREME T T 272 OFREITIR NI 225, Mk & g
LTHo7% SN lZFFO7 1 o L (ZEERED b FEEIR B~ DB ) 2 iR
Nizled, WAL= =D 7 vyay MZTIZr G/ HEDEMEINZ2ITH 2 &
T+ S Th o7z,

<R O Z IR T D H M AT VAL K OVE MR >

— L= —FBET T A~ D DT /A A I ANV AL —F—BE % 1 <A
7mﬂﬁﬁ%f%ﬂﬁﬁfﬁ%ﬁk&iﬁ@ 5~10 v A 7 o ORER Z2 0 CTHKT 5, 207D
Fig3 AR TOREIZEIT D | BOBHIEFEMIZ 7 vy ay hCHIEEZT 2HAICFT
T A RN ORFEIZKH L TR THY . TR Z 1 0O B 87
BB DN AT MAVELE Figl IR T, Y7y ay MUIEIZEBW TIIETR O EER
L0 RNBMEOR DN TR ENTZT20, ICCD B A T OERAE R %2 & K(HERE EIX 1078 £%)
L TCHIEZIT- T2, Ak —HIEEE D OEBIZ XL D 3 RO I IR O 58 IXFE
B2 12520~/ 7 oo TELSEEZEAICBTHL RKEREBMITR N2
572,220 A4 270 E NI DIEALIBS VAT AICEITH ICCD 1 AT THREARERKE
BRI THo72N, ZOBHFHICBWNWTHL 70 A0 bDRFEEEHSICRADZ &
NARETH D, Flo=v 7 VI L TH Nil341.476 nm D JFEF IRV T LD & [k
DEMNPAGNTEY, AT LAFO7a kU= y Lo E®EEH NI KRWIZEH 5
THLDOEZEZOLND,

< U —W—ENEEEOEIC X DI NTRE DAL >

SRRABERmMIL—F—T T XA~ Z2ERESEE-0IF VA L= — % & B e Fm
WCENXSEILERNDH DN, —RICEKIA Y 7 v FIEm S FiazE & T 3 RTMITHERE
FERZLTWL2OR I THY , REERmICH T 2 B AR I EFICEE 7 7 7
24— b b, Figd \ZITHEE L o XOE FEEHE(150mm) 2 L L, BB Rm o Mxtm S



=-8-Cr 1425435 nm
-0-Cr 1427.480 nm ~8-Nil341.476 nm
-8-Cr1428.972 nm

-4 -3 -2 -1 0 1 2 3 -4 -3 -2 -1 0 1 2 3 4
Relative height /mm Relative height /n

Fig.4 Changes in the relative intensities of atomic emission lines of chromium (left) and nickel
(right) when the sample is moved upwards/downwards from the on-focus positions of laser.
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Fig.5 Classification of stainless steels by Japan Stainless Steel Association®
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Fig. 6 Comparison in LIBS spectra of SUS316(upper-left), SUS321(upper-right), SUS347(lower-
left), and SUS631(lower-right) together with SUS304, SUS430, and pure Fe.
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Table 1 Chemical compositions of certified reference materials of Austenite stainless steels (left)
and Ferrite stainless steels (right)
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27.02 4.03 0.75 68.20 11.23 391 435  80.51
22 25.00 19.85 1.13  54.02 32 12.71 256 295  81.78
23 2217 999 3.78 64.06 33 15.12 1.03  2.43  81.42
24 20.18 14.12 3.08 62.62 34 16.99 048 2.70  79.83
25 1832 8.05 552  68.11 35 24.14 0.05 230 73.51
26 16.18 17.62 3.74 62.46 36 22.31  0.11 0.82 76.76
27 13.39 15.74 432  66.55 37 19.51  0.20 2.09  78.20
28 10.25 2998 232 5745 38 25.52  0.01 094  73.53
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Fig.7 Calibration curves of chromium and nickel from Austenite/Ferrite series certified reference
materials. (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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Table 2 Comparison in the atomic ratio of Cr/Fe and Ni/Fe between determination by LIBS and
FP-XRF

SUSNo. | 301 | 302 | 304 | 310 | 316 | 321 | 347 | 430 | 631 _

Cr (wt% by XRF) 17.5 18.8 18.7 24.1 17.0 18.8 18.8 16.3 17.4
Cr/Fe (by XRF) 0.256 0.286  0.286  0.478 0.268  0.294 0.296 0.212  0.259
Cr/Fe (by LIBS) 0.274  0.281 0.221 0.373  0.210 0.258 0.286  0.162  0.207

RSD by LIBS (%) 5.6 5.3 5.7 7.3 9.9 8.9 6.3 5.2 9.0
LIBS/XRF 1.07 098 077 078 078 088 097 077 080
Ni (Wt% by XRF) 6.8 8.6 8.4 204 107 9.7 9.6 - 7.4
Ni/Fe (by XRF) 0.088 0116 0.113 0359 0149  0.135  0.133 0.097
Ni/Fe (by LIBS) 0085 0.122 0.118 0358 0.143  0.150  0.142 0.096
RSD by LIBS (%)  10.3 8.0 9.6 9.2 5.6 8.6 8.2 10.3
LIBS/XRF 097 105 105 100 096 LI 106 0.98
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<Abstract>

In order to obtain the elemental composition for rapid sorting of stainless steel materials from
metallic scraps, we developed an analytical apparatus in which atomic emission spectra of the
alloyed elements were detected in laser-induced breakdown spectroscopy (LIBS). The experimental
setup mainly comprised a Nd:YAG pulsed laser, Czerny-Turner-type imaging spectrometer, and
Intensified CCD camera. Atomic emission peaks of chromium, nickel, molybdenum, titanium,
niobium, and aluminum had the intensities enough to be detected even at a single pulse shot, and
the detection time was less than 1 millisecond. Calibration curves of chromium and nickel were
obtained by utilizing two series of certified reference materials of austenite/ferrite stainless steels,
and the atomic ratios of Cr/Fe and Ni/Fe were fairly consistent to the result obtained by FP-XRF
method.



