B8k oW

hoE W ot

2011 4¢ 9 /1 CHINESE JOURNAL OF LASERS

FEFHOETE Sl 5O WG R SR B 1 2 L

h2E TER ¥ §F ME

, .
aﬁ %ﬁé
CH E R BE vk BH B s b 52 I Tk A5 8 2% T 55 52 58

G, 10T PRPH 110016)

BE EFHCES TS LIB)FHAM N R H Cr,Si fl Mn 3 T Z B Tk EEL M., SRR HH
I JOL P s AR B I TR SR L R TP A I — S B A IR IR K 43 . SR AT & 19 STA-LIBS-02 5250 R GE X i (1
AR AT B I A, D5 TR TR A T 3 VAR B R T R O B S . 45 2 BT RV B X T R AE 1 A 5 e ™
LT FLAS [F) 50 3 0 33 6 i 1 3 A0 Ak R W) B9 Hh o T8 38 RS 1 BB T 2 8 T R I A AR 5 R R A X S R 0
MR AR i AR R B SIS T U A AR R ARBOR B — B BL T L B8 LI AE R WS LNV R Cr, Si R Min 0 3 )
AR,

KR LI WOLTE B RN TR ML R LS

hESES 0433.4;THS3 XHkFRIRAS A doi: 10.3788/CJL201138.0915002

On-Line Monitoring of Molten Steel Compositions by Laser-Induced
Breakdown Spectroscopy

Sun Lanxiang Yu Haibin Xin Yong Cong Zhibo Kong Haiyang

(Key Laboratory of Industrial Informatics, Shenyang Institute of Automation , Chinese Academy of Sciences ,

Shenyang, Liagoning 110016, China)

Abstract

breakdown spectroscopy (LIBS). Solid steel is melted in medium frequency induction furnace into liquid, and raw

The elemental composition of Cr., Si and Mn of molten steel is on-line monitored by laser-induced

materials are added in the furnace to adjust the contents of Cr, Si and Mn. Based on laser-induced breakdown
spectroscopy, an experimental equipment named SIA-LIBS-02 is developed and used to measure the components of
molten steel. The effect of the steel temperature and component concentration on spectral line intensity is studied.
The results show that the steel temperature strongly affects the intensity of different characteristic lines, the
relationships between temperature and line intensity are different for different elements, and the detection capability
of minor elements in molten steel is higher that in normal steel. In addition, relative line intensity can resist dynamic
disturbance in on-line measuring, and successfully monitor the concentration changing of component Cr, Si and Mn in
the case of constant steel temperature.
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Table 1 Elemental concentration estimated in molten

steel (mass fraction, %)

Number
2 3 4 5 6 7
Cr 0.04 0.100 0.208 0.316 0.424 0.532 0.64
Si 0.07 0.145 0.280 0.415 0.550 0.685 0.82
Mn 0.30 0.380 0.524 0.668 0.812 0.956 1.10
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Fig. 1 Schematic setup of LIBS's experimental system
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Table 2 Parameters of characteristic lines selected

Wavelength /nm A, /107 E, E, g g
Sil288.158 18.90 0.781011 5.082689 5 3
Mn 11 293. 3 19.60 1.174578 5.400761 5 3
Mn 1T 294. 92 18.60 1.174578 5.377621 5 7
Cr1428.97 3.16 0 2.889648 7 5
Fe 1297.31 1.35 0.087291 4.256509 5 7
Fe 1432.58 4.97 1.608004 4.473573 5 7
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Fig. 4 Relationship between steel temperature and

cooling time

600
350
@ = 300
500 S0
- Fel 2 200
3 4007435 5 nm £ 10
e 100 50 100 150
-'EI 300 Elapsed time /s w
g W
g 200 f'VWw
100 }"M‘WVM‘*WMW
Fe1297.31 nm
0
0 200 400 600 800 1000
350 Elapsed time /s
(b)
300 {gi | e
~ 8.158 nm 3 200
= 250 i
& 2 10
= 200 E
2 150 0 50 100 150 200
ﬁ Elapsed time /s

0
100 WK‘ Cr1428.97 nm
Wy

P
MWMWM
0 200 400 600 800 1000
Elapsed time /s
350
W@)

300
; 250 Mn II 294.92 nm h
= M
g ?Zg M}M MM MWWWLM”»WMP
=1
af W | '
200

0 400 600 800 1000
Elapsed time /s

P 5 R AIL T 2 55 S5 15 38 A IR 1] Y 5% 2R
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Fig. 6 Relationship between line intensity and

steel temperature
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line absolute intensity
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