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MATRIX CORRECTION METHOD USED FOR
QUANTITATIVE ANALYSIS OF LASER INDUCED
BREAKDOWN SPECTROSCOPY

ZHU Cun-Guang'®, QI Hong-Xing', ZHANG Jun'?, SHU Rong'*
(1. Shanghai Institute of Technical Physics, Chinese Academy of Sciences,Shanghai 200083, China;
2. School of Optoelectronic Information, University of Yantai, Yantai 264005, China)

Abstract; Laser induced breakdown spectroscopy (LIBS) is an elemental analysis technique. Its ultimate goal is to provide
a highly quantitative analysis. Matrix correction method was put forward to compensate for the deficiency of the traditional
quantitative method. This method is effective in reducing the impact of matrix effect on the measurement results. The limi-
tation of standard samples is relaxed, and the scopes of application are expanded. The feasibility of the method applied to
quantitative analysis of LIBS is tested by experiments.
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Table 1 Main composition of soil and sand samples ( % )
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WA oy Sio, Si Ca Fe Al Mg Na Mn
jza 84 0.02 1.56 0.1 0.08 0.03 0.08 0.005
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2007
s "Pr d16mm 70%Sand
2 150f

=

£ 12y 50%Sand
2 1.00f

% 30%Sand
B 0751 5 10%Sand
& 0.50r

025f s

0 500 1000 1500 2000 2500 3000 3500 4000
Pb/ppm

Bl 1 Ph 32RO 2R 1 — 4k 4]

Fig. 1 Pb planar image with matrix effect

SCR A T 49 BIEEAS , B — P RE A A 4
N[5 J ik PR A0 R SRS 0 R B AN ] 9 B PR I
R A 00. AEIBOERK P REAR BEA T IOR B L
WO R A B A I BDETE RO AP 4EOR 4R K
1 RSB AR BE B FEAS SR T 1. 6mm b ZRAEA[A]
SRS S A R

ML Al LR, FEAR i 2 A 2 il e R
AR R R O AR i AR A AR TN T L
BEA M. e RO R S AR R LT, Frllo R
A8 5 15 G ARG 5t B2 8 50 R AR il — IR e o
ZORIELL LEEE, % T X SO
i B AT T 1 A ek Bl S R A LR 23
UIWIRES

(1) A5 IEFEARBEN 1R

ESEAEA T B SLARON BRT ST, O T RO RE
A CHEA R AR I 0 3R -5 AR TR 1 BB HE,
ANBEATFICE KO , BRI ) 5 I 0 FR A AH XS
SN 1R T 0 L B X ORMEAT S AR o
BT RSR ) , AT 010, @ 2 I iRm0 o
(] = T AR (AR 0 D0 3R 35 4O O I 0 7 5 g 7
FARTSRIE ) AFE T AR N

I=aX+b . (1)

(2) 5 IR ) R

JH R VA I 32 I A 50 2800 o I 0 3R Y 1
- SiR AN o A B A

W =aX(1+ Y Fe)+b+ YFfi , (2)
W R AR 0 2% 3 o R AR N A T I ) S B 5 1,
S (I JUR I & i, ¢ RIAFOCR BRI
8BS R IARB (RN R SR IT RIE L
AT I R T R BRI R RO . X T ILAS LR
MR, SR AN R R REA A T i, K45 2 A
i AI(2) R TR, SR M R ¢ A4 5



44 RAFEAT T HOCHE T B OISO E AL T B S I T 1% 285

B f AR R SE g, US4 AT R A2
B, B DU PR RO AT 2k, 2N T 2 S 1
SRR, B9 R B e 0.

TEELAA R F o b 5 s B AR SR B AN R o g —
ARHEREAS , Bp MERE AR B 00 38 b 2 A 0 AR AR
g — 5, M LIBS 28 480 b HE AR AR E 4T 500 0 A
Ja A FRRE A TR B0 5 S A SR A A
ENCARINIYENESS 91 ST SOEERIIPENIE A TES
oo URSHE a, b @I FFIREAS PRI OG R A9 AH
XHE TR AT R G E MO RIFN S E a, b
AR SR 20 ¢, T LAEARSKR G A DA A o £ 75 0
JLE A

3 IRWEEESLEER

3.1 RIEMREERKE

T B UESEARAS IE R A A AT, EAT T AR 5K
IohsY.

SEYRREE AN A 2 B, O LA S RO AR A
T WO 2 oK F 35 B NewWave 28 w42 77 1) Nd.:
YAG #otas , OGS 1064nm , BOG K i E & 5
KA 200m]) Ok vl 58 BE A Sns, ST AR e H
andor 7% ] A 77 1Y BT AU B RS G i O 3 4 mech-
elle5000,1CCD #E iR &y 200ns, # A T 5B 1Y 23 BB Bk
AGTHIEOER SR FREA L HCEREAR R G g
355 1WA ] e BEREAS 1) 23 58 5 LA 48 Skl i G 27 42
F 5 AN G AR . 00 B, O A i — A~ 45°
PR G M RB R AR RIFSR LAk
FCAF B TR R E AR A 2D U,
TR AT NS AT SE e — D RAE.
Sl N AT AR TV R AR A\ AR PR Y 6 A
HERR G BAEAS A2 43 43 B B 7 8 5 v ] S 6 3
AR B S bR MED) B A 7 5N AT, £ CNAL/AC
22:2004 (A5 #E By 1/ A AEAE S AR 7 g A AT o
W) (223K, &k H B2 2006. 06. 30, 43 &% 1 £
2011.06.29. FEAHICR ik 2 s (BRI
NTCR VSN AL TR, BASFEAE F ik o
WG K 75 K.

W BAFEA ) 75 205040 HLY) 394. 40nm ( Al)
,396. 15nm( Al) ,324.75nm( Cu) ,352.45nm(Ni) ,
404.58nm( Fe) ,279. 55nm ( Mg) I < 4b ) 91 B (B
BE R BT R N 3 Y A u R (R AT O A e R R
B U T BG4S e % S e 1 2R B S
M HE S8 56 J5 15 31 09 D 5 o 25 I A 1 L SO 5 0%
%.

K2 s R

Fig.2 The experimental setup
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Table 2 Main composition of the experimental samples
(%)

i Cu Mg Mn Fe Si 7n Ti Ni
PRUEM 4.51 0.428 0.095 0.454 0.904 0.14 0.021 1.55
FrifEfwZE  0.02 0.004 0.002 0.005 0.009 0.001 0.001 0.01
PR 2.51 1.37 0.138 1.21 0.657 0.238 0.088 1.12
PR 0.02 0.02 0.003 0.01 0.005 0.003 0.003 0.01
PRUEM 1.51 0.897 0.239 0.908 1.22 0.334 0.120 2.02
FrifEfwZE  0.02 0.008 0.002 0.005 0.01 0.003 0.003 0.03
FrfEfd  3.33 1.80 0.184 1.61 0.371 0.166 0.055 0.624
P2 0.02 0.02 0.003 0.01 0.004 0.001 0.001 0.007
PRUEM 0.927 2.26 0.287 1.87 1.53 0.367 0.161 0.153
PR 0.007 0.01 0.003 0.01 0.01 0.001 0.005 0.002
FrfEfE  5.55 0.074 0.054 0.115 0.090 0.084 0.00095 2.25
FrfEfRZ2E  0.01 0.001 0.001 0.003 0.002 0.001 0.00001 0.03
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Table 3 Relative intensities of the selected elements in six

samples
. TR Cu Fe Mg Ni
1 1.45 0.416 0.0587 0.625 0.139
2 1.44 0.357 0.0787 1.01 0.134
3 1.39 0.248 0.0664 0.808 0.164
4 1.39 0.337 0.0746 0.969 0.0961
5 1.42 0.228 0.0792 0.964 0.0651
6 1.33 0.499 0.0687 0.276  0.150
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0.625 = a x0.428% x (1 + ¢, x91.898%
+c, X0.454% + ¢y x1.55%) + b
1.01 =ax1.37% x (1 +¢, x92.669% +
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0.969 = a x1.80% x (1 +¢, x91.86% + ¢,
x1.61% +0.624% xc;) +b
0.276 = a x0.074% x (1 +¢, x91.782% + ¢,
X0.115% +¢; x2.25%) + b
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Table 4 The comparison of obtain contents and actual contents of Mg

[ 51T = NI AT = a b < @) G AT R Mg & 1 FrifEfE
2,3,4,5,6 1 59.51 0.19959 1.12954 -78.1114 —-9.8281 0.466% 0.428%
1,3,4,5,6 2 47.8131 0.1924 2.2782 -125.7415 —-26.5331 1.32% 1.37%
1,2,4,5,6 3 227.8640 0.1938 —0.3463 -27.7529 -7.3617 0.969 % 0.897%
1,2,3,5,6 4 917.0913 0.1902 —-0.9303 —5.4338 —-0.6240 1.57% 1.8%
1,2,3,4,6 5 392.322 0. 1904 -0.6965 —-14.6475 -2.2503 2.5% 2.26%
1,2,3,4,5 6 94. 0408 0.2468 0.339%4 -51.4707 -9.0166 0.029% 0.074%

x5 HENAITZS=ES5IHFRSENILE

Table 5 The comparison of obtained contents and actual contents of Al
CUAEEA  BERE A a b ¢ ) G ATk Al & & FRE(E
2,3,4,5,6 1 13.1288 —10.2086 -5.091494 4.062649 —1.9337 91.898% 91.898%
1,3,4,5,6 2 12.3912 -9.56853 -5.00515 4.016905 -1.90278 92.669% 92.697%
1,2,4,5,6 3 12.8137 -9.96326 —4.94333 4.02616 -1.81757 92.696% 92.752%
1,2,3,5,6 4 13.7261 -10.7762 -4.31796 3.2772 -1.76814 91.94% 91.86%
1,2,3,4,6 5 12.72487 -9.86981 —4.68427 3.67696 —1.86596 92.398% 92.445%
1,2,3,4,5 6 13.99047 —11.0025 -5.24111 4.36618 —1.87831 91.913% 91.782%
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