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Quantitative analysis of composition in molten steel by LIBS
based on improved partial least squares

MA Cuihong, CUI Jinlong
(Science and Technology, North China University, Tangshan 063000, China)

Abstract: In order to study the effect of laser induced breakdown spectroscopy (LIBS) matrix effect on measurement
accuracy, the improved partial least squares ( PLS) was used to forecast the data and reduce the influence of matrix effect on the
to-be-detected parameters. The comparative study with univariate calibration and partial least squares model calibration shows that
the fitting degree of calibration curves of Mn and Si improve from 0.991 and 0. 993 to 0.996 and 0.997, and the relative error of
prediction for validation samples were decreased from 6.231% , 6.912% to 5.510% , 6.125% . The above results show that the
improved PSL can reduce matrix effects and improve the calibration accuracy. The analysis of performance has been improved
significantly.

Key words: spectroscopy; laser induced breakdown spectroscopy; double variable selection; partial least squares; liquid

November,2016

steel online quantitative analysis

5l

T

P LI W TG R 3B e P R g f rp e A ] 2
PR , T 1% G2 4 R S 23 A 7 R AR I A, o1 S R
a0 S 23 BT, PRI [ 753 3 50 W70 1 2 00 R
Prtr WM. OGS F OGO (Taser induced
breakdown spectroscopy, LIBS ) EL.77 e 3 3 425 firk 20 ) &
S, BROATRH LIBS HEA TR 53 3 BT A A Il 1)
FEEMII R

HIH LIBS #E47 72 f 3 A, — ekt 240 I 2
BRUERE S UEAT 8 bR it 28 0 5700 o B A X 45

He I H - [ 5K A SRR AR S BT H (61271402)

YEF A SRR (1960-) , 2, ##, FENF L Tl
ARG 2 1) 5 T R

E-mail ;447421276 @ qq. com

Wk H 18 :2015-10-09 5 Y Bk ke H 1:2015-10-28

Z A ST HEA T E AR, N TR G 2 T AN
FRAEACE T TS VA S5 30 e A B2 A Sl &, 11T . Fe BEAAS
LAFTER AR TE LR SN 0, B 40 1Y /% & 0 bR o
PRI HORE R T BT AT £ OB R Y
ST, R T e R B TR S 1 T A B TR RO
o MOHAMED " Fl FT#OG 75 S ki 57 i Bl A [
XA 4 6 Bl T R AT T, LI A
LIBS $ AR /K v 42 8 ST R AT € 1 3 i, R
/N (partial least squares, PLS) fE R} Mn JG &R
AT T EROITE . T E BB B sh A5 BT Y
CONG "' 4 A\ 7£ 2014 4FF Fif PLS X 4093 thr i 76 3
117w LRI EE R R, R A% 5t M
F/N SRS A TR R . AR SCHTEL S
/N FEBA A b, SR T T — T B i) i e/
T3 Al B AR XS AN Y Mn R Si JC R ST E 4y
B, I 5 15 5 ) B i A A i/ — 3fe 1245 L E AR
AT TR .



440 % 5561

THEALT TG A IR /N T 1Y LIBS SRR 58 i T 871

1 HFRE

1.1 Rm/N_FEFEE

P /N " IS — R AR T Zong kA F:
JST 53 AT SBURE OC 53 B T — R B — R B4 /4 £ 5T [n]
PR

HABGIFANT B n DMEAREEA A P 5
p AR X =[x 2,0, ], Mg NHERY =
Cyiayas ¥y Jusgo SN X RN Y FEFE SR IBULSY ¢, =
(%) ,2,, ,xp)ﬂl w = (¥, ’yq) R R =)
t, Al w, BLEAT B ORBIARSENE , HA 2570 50 Rl e K
A7 AL RS PSRRI (E B o 758 1 A M
SRS, 23S FE o BEAT 1A 3 A, A 1T A 5 e
JCIE RGBT DL, R 0 SR BUS ISR 15
SFFHEATER 2 A TR i S B, 2 A A 1] )9 05
R EOR k. R E X T X AT T om Ik
EIOIRI 3N ¢ty oo, IRy, X 00,
“oot, BYEIE FEAEALN v, KT w0, 0, x, BRI
Jitto

PRI, [ U5 7 8 i D s i s 2% 6 ) i A /> — 3fe [
RN -

~ p S
Vi = [E<yk) - Zaki SJE(%) *
i=1 x

S S,
ay —E g +au;*k,(k =1,2,3,,9) (1)

Heft,s, B s, R RERBIT %, a0 R B E () Fi
ECv,) SRR (.
1.2 EitRRA = RRE

4 1) 1A 5 DR A Y 3 R S 1 At
oG AR 7 S, 3R R L0 PR A it
SO T A5 50403 46 WU TG 1 R 2
XHIBEEIR 5 B = A B BT I, 1 R P R
P 035 25 TR, B 4 0 DR A 15 1 A R 36
XS BT 5V, SRR A5 1 4 R R 2 B
BB P 5 5 7T LA S B4 AL  FJr

H
=N

1.2.1 A& (1) IHEMEXEREUEE R,
R, R,
_ [ ; ]: [r,] (2)
R_. R

K, r AT PR BT, K o,j=1,2,-,
P *qo
(2) e A2 SRR R RIE, 2.

= I
Fy o= Fy( £ -2 21) (4)

X F, FF, 350020 o 1B KT F 4y
A5, Fo V50 BT BB, Py A5 DS R B AR
1.2.2 #A b+l @i =kmiaze (1)EE
1AL R AR & y.o KA Tp+a) x(p+2) R EITCHAT R
e, 7 mie s

Rx,k _’Rx,ku (5>

R;,k = R)’,/H»l (6)
XHL,R, R, IR R A mH RS 5 H
AR R A R BUE LR, .0 LR, 8 BIFOR
55k + 1AL D7 RS Y A AR i PR R A DG 2R
BokkE . (6) A AHAEN IR .

1

T(he1),(pro) x(ptz) = P i o) (7)
o, (p+z) x(p+z
o T x (z # ) (8)
Fkel), (pra)xj — 2 7]
rk,(p+z)><(p+z)
T Thix(p+a) .
r(k+l),jx(p+z) N ,(Z#]) (9)

rk,(p+:) x(p+z)

Trix(p+s) XV (pas)xj /- .
Fkary,ij =Tey — ,(i#z,z7#)) (10)
Th (p+2) x(p+2)

8 =S W L B2 S e b 5D DIV 1 D PR VA i
TCR. M(S) X, X R, Ay R, 7284, B
B AR N2 (6) AR 4]

(2) BAF AR A 2R A A8 & . BRI A
T py AEAERF g B AR, B R BOH 500
KRR, Flr A3 NEEREN TR, 4

u =1 —%,(i,j = 1,2,3,.p)  (11)

EXCTIABZR v, A ou, <0, R5IAMAZR
A ou, >0, 20 2 NS

-(n-q, -p)

q,
AR 13 B AR i x, o
Gzt EAREIIABLR, 55 (2)%
RO TRIMBR , 5 [l Bt 2
(n-—¢q, —p, = 1) x max( \ul\)
gy % [1 = max( [y,|) ]
(u; =0) (13)
WG Bk AR x, o

(4) BA KA R AT E AR R AR i, W T REUE

MR, R, & F:

min( |y, |) < F,,(u;, <0)(12)

> F,,

r . .

_ v, (p+j) x(p+j)

u,,; =1 - === (14)
Ta (o) x(pi)

XFOTIARBEAER Y, H u,,; <0, RGIAR A
A u,,, =0, #HE T
- (n-gq —p, - 1) xmin( |y |)
Py

< F,,



Lo kU B A
AT A ©

CEESEFE AR 4
XITCIL/IN7 2

< }_‘
WK

S L 77
DEEEN

http://www.|gjs.net.cn

878 I A, 2016 4 11
(1, < 0) (15)  Jefight, JEHHU I LIBS2S00-7 7543 HEHOk

L)1 w8 Y P e =

(S)BIMRAREREGIARNLRE, 55 (4)%
ORI, 25 [ kg A2 R =X
(n=py —q) xmax(|u,|)

plx[l—max(‘ul,ﬁ‘)] > s
(u,,; =0) (16)

WHIA FARREAZE & y; .
(6) IR R, R 1.2, 1 R
B (2) L F 1.2.2 P RYHT S ABIEA o DEAZ S, L
Kol A~ B 72, 47 B e /D 3R A% B 0 Bl Iy

2.

yzl = ,le,o +ﬁz1,1xll + oo
ylz = :Bt2,0 +B12,lxll + o

+ Btl ,rxl,

+:8z2,rxl, (17)

Yo = Bio T Bua%, + o+ B,%,
#rq =1, S5 BN —/N5
1.2.3 #EFT—amirh=FfkmaizE MR H
TR C 5 IR o, A PRAS 55 A G I 5508 T IR B8 AR
SEEE, ES 1. 2.2 RS T — 4L IE Ty R,
DLZEHE, B2 WA AR A T B 1k

2 ERS

2.1 WRE

PRSI B A 1 PR Ot N8 IN-
NOLAS 2% &) A2 7 1) Nd: YAG S0, Hobir i 37K 0
1064nm , i i e K A 5l 400m) 45 5% 4 10Hz, fik ik
il FR D SOmm Y™ B IR AERE bl R i A
FRT o ZHOLHIC A TR, B AT ARYEAE fh 8 B

wer 1 edge
Sx?pply laser = glass
attenuation
slice
synchronous
focusing {¥
lens
, optical fiber light
s spectromete
% coil
digital o ;
ane P letks boweon X
ot coup.er > |-
medium °9‘ o
frequency . O

crucible

power supply

Fig. 1 Schematic experimental setups of LIBS
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Fig. 2 Appearance of liquid steel samples
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Fig.3 Typical LIBS of sample in the range of 400nm ~420nm
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Table 1 Mass fraction of main composition of experimental samples
sample number Fe Cr Ni Mn C Si Cu Co P S

1* 0.81786  0.15642  0.01603  0.00258  0.00088  0.00516  0.00107  0.00000  0.00000  0.00000
2 0.70329  0.18170  0.09370  0.00786  0.00048  0.00929  0.00076  0.00023  0.00012  0.00016
3 0.67150  0.16720  0.10860  0.01640  0.00086  0.00734  0.00109  0.00000  0.00019  0.00004
4* 0.67496  0.16811  0.10720  0.01745  0.00020  0.00537  0.00183  0.00053  0.00026  0.00024
5 0.67439  0.18610  0.10350  0.01480  0.00016  0.00569  0.00203  0.00148  0.00027  0.00001
6* 0.55238  0.14630  0.24680  0.01106  0.00049  0.00531  0.00000  0.00065  0.00012  0.00003
7* 0.68927  0.18000  0.10090  0.01744  0.00037  0.00402  0.00039  0.00026  0.00018  0.00006
8 0.48360  0.19510  0.24400  0.01758  0.00017  0.00418  0.01481  0.00045  0.00017  0.00001
9* 0.82020  0.11820  0.02790  0.00676  0.00117  0.00242  0.001498 ~ 0.000218  0.00018  0.00003
10" 0.63380  0.24720  0.07056  0.00398  0.000146  0.00262  0.00201  0.00055  0.00020  0.00001
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Table 2 Analytical lines selected for the analysis

No. emission lines/nm E./eV E/eV
1 Fe Il 271.44Inm  0.986398 5.552977
2 Fe [ 404.581nm 1.484964 4.548811
3 Mn I 403.076nm 0 3.075294
4 Si 1 288.158nm 0.781011 5.082689
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Fig.5 Calibration curve with partial least squares model
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Fig. 6 Calibration curve with the improved partial least squares model
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Table 3 Quantitative result of three analysis methods

method element R relative

error/ %

univariate Mn 0.919 21.152

quantitative method Si 0.932 11.431

partial least Mn 0.991 6.231

squares method St 0.993 6.912

improved partial Mn 0.996 5.510

least squares method St 0.997 6.125
4 & it

A AAR T BRE AR R M 0 Si R Sy
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