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Giant Pulse Laser Direct Spectrochemical Analysis of C, Si, Mn in Liquid Iron
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Synopsis :
For the purpose of the process control in continuous steelmaking, a new method of G. P, (giant

pulse) laser direct spectrochemical analysis of C, Si, Mn in liquid iron has been developped. This
method is characterized by coincidence of optical axis of laser and spectrometer. In this study,

fundamental conditions for the analysis of C, Si, Mn, especially taking a serious view of C, has been
studied. The following results have been obtained :
(1) Influence of variations in the level of liquid iron surface on spectral intensities and intensity

ratios has been evaluated. It has been shown that, for the purpose of minimization of these influences,

intensity ratio should be used.

(2) Si and Mn analysis are possible with the use of cylinder type and cone type atmosphere

controlling apparatus.

(3) In C analysis, it has been shown that CO gas generated in the surface of liquid iron have
effects upon spectral intensity of C I 193.1nm, and these effects can be eliminated by using cone
type atmosphere controlling apparatus. C analysis is possible with the use of this apparatus.
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Fig. 2. Relation between relative intensity and
distance from focus of laser beam.

T, ARETO V- - XOFEBHBEOLLID
DREL L, TDIDCODETFDOEELD bl
FEhiswhwborE: 5h3,

B, FAXT b AEHED Fe I 271.4nm s &
O BG 220.5nm 2o\ T B & BT &
BafRix Fig. 3 X 5cies. Fig. 2 L BT, A
A 303 % BROBHMLE O BTN & 5 8T Havic/h X
DTN BZEREDLND,

COGEDERSEFLE LIBB v L OLTBICAE S
FARY bR OB A S U 7o #5 B% Table 1
CRT. B VS AVOEBI DL C % O\ T Si, Mn
EH Fe T 271.4nm L DigEEH 4 & D B BIFT
BB, PE2T, BHVALVOEIC X5 HEx Vil T
BHEWHETIE, H£ARAR7 Ao Fe][ 271.4nm
EDHEEY (COEFAiE BG220.5nm LDk Th
S, REMEORBMLE THOMEITO> D 1%L
25,

e, ABENISHBMENRCEHE L v IREHLT

4 MnE 293.3 nm/BG 220.5nm
X Sil 212.4nm/BG 220-5nm
4 C 1 1931 nm/BG 220-5nm
o @ Mnll 2933 nm/Fell 2714 nm

O Sil 2124 nmitFell 2214 nm

.5__310' ® C 1 193.1nm/Fell 2714 nm
CE Sample SS401 ,
- Laser energy 0.40) g~
‘g 9y /.".
L S s

o
// ol
o
/,/’ ’
/
\/
r
‘\l »
\ \\
10

50 40 30 =20 -0 0 10 20 30
Distance from focus of laser beam (mm)

Fig. 3. Relation between intensity ratio and
distance from focus of laser beam.

Table 1. Variations in intensity ratios according
to variations in surface level of sample.

Variations in surface level

Line pair of liquid iron (mm)

+10 +5 +2 +1

Mn II 293.3nm
Fe II 271.4nm
Si I 2l2.4ryp.
Fe II 27[.4nm
CI 193.1 nm_
Fe II 271.4nm

+ 4.62 + 2.3t +0.924 +0.462
+13.6 + 6.82 +2.73 +1.36

+19.5 + 9.74 +3.90 +1.95

Mn II 293.3nm_
BG 220.5 nm

Sil 212.4nm

BG  220.5nm +24.0 +12.0 +4.81 +2.40

C1 193.1 nm

- - . . 3. .
BG 320.5 nm +18.8 + 9.39 +3.76 +1.88

+38.9 +19.4 +7.77 +3.89

unit (g5)
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Fig. 4. Calibration curves of Mn and Si using
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Table 2. Estimation of average rate of CO gas
evolution.

C content Average rate Average rate
—_— Duration of decarburi- of CO gas
Start Final {min) zation evolution
(%) (%) (% /min) (Ncm3/min)
1.47 1.14 80 0.0041 77
0.56 0.27 40 0.0072 134
0.28 0.10 55 0.0032 60
0.10 0.06 20 0.0020 37
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DRWRECDOWTETORF XTI Ok, HBEMREO A
N7 P RERE N L RE L OBROERR Y RD, K
WAE A DA 2 b AERBRE R X U OFIGIE % 65
RICANREYFE L O EEYER L. BRI
1ER E REFRALPDOOFEEL, REGRHK 112 ©
RWHOREFRA L. thboksRs Table 3 iR
El

CleouTiL, BEMOMERBEEOFHEIIN LD
DIELDE (1 BALT 5.35%~539.9%, 2~4 HfrC
1 3.542%/~39.7%) A bh, R EREOCFEHEIRE
DHOTH, AEDA— 7 WE X 5EERB DN
DI LB L TEH D DREBFD, LaL, RS-
Z BB TIE 1Hz-1 2L 204 20s oS
¢ 1000 D A2 — 7 OFESEE VTV 5 DI Ty
LT, ZOBEV—F—Tiiih 5 H 10 Z8~20 BT
By, v—F B 1B (5% chElLT2~4H
£z (10 F&~20 &) T8 SR EELBA LT
LEZRKEINDBZ ED, THLICHEHBEZENIET
A= ZHEO KET HSE RIS HE E2 bR
%. Mn, Si @OWTHRABETHB. ek, Fe [[271.4
nm Ok E5A, F¥ioik BG 220.5nm Lo b
B OEZDWTILIE LA FEL Iehote,

5. G.P. L—¥—(ZkB3EEDMTEDIR

koL, BEHELI, ERBEECSVTESD
@ C, 8i, Mn Z3#fOR[EMA B BN Ly, o
BtE Ni, Cr i X oS oW TR MBI i b #
zbh, ¥, P, S SO WTik SN ko HTKE
BEC O TR &M B LS, BB RERA#FER T
ERRETHD EEZ bR,

ZELOFROSIERE - FELXILEHB T34
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T ATV AV = F - RIZZ BHEHH O C, Si, Mn DEERK S S 879

Table 3. Relative errors in values of analysis.

Charge No. Line pair Regression Coc_ﬂ:lcicnt of Average value of relative error, %
equation decision, 7r? 1 unit 94 unit
c1I 193.1 nm
! Fe II 271.4nm »=1.312-+0.266x 0.894 54.7 5.24
CTI 193.1nm
z. Fe II 271.4nm »=1.385+0.202x oo nr 30.5 ool 15.0
C1l 193.1 am - QY- Vave. ~Vave.
3 —_— =1. 0.182 93¢ ) 4
Fe II 271.4nm =146 0.935 20.0 17.4
CI 193.1 nm
e T o = 0.0623
¢ Fe II 271.4nm r=1.018« 0.904 38.7 , . 30.3
Mn II 293.3 nm
_ = 0.0727 q
° Fe I 271.4nm r=1.321% 0.870 70.3 59.0
Sil 212.4nm
—_— = 0.106 ‘
’ Fe II 271.4nm y=2.415x 0.983 11.0 11.5
C1  193.1nm
1 BG 220 5nm $=0.958+0.232x 0.885 46.2 5.71
I 193,
2 L£T 193.1nm y—1.00x0.312 . 5 25 5 54
BG 220.5 nm
c1  193.1 32.04ve. 16.1,4..
SdAnm
3 PG 390 50m »=0.978+0. 190x 0.928 16.4 15.3
C1I 193.Inm .
e — = 0.0548
+ BG  220.5nm »=0.640x 0.863 59.9 39.7
Mn II 293.3 nm
T = = 0.0870
> BG  220.5nm »=1.368x 0.890 62.8 51.6
5 Sil 212.4 nm §=2.465x0.114 0.979 138 194

BG 220.5 nm
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