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Table 1 The contents of Fe and Cu elements in iron filing samples (%)

Sample C1 C2 C3 C4 C5 C6 C7 S1 S2
Fe 73.282 94. 141 94. 763 92.693 95. 024 93. 259 90. 118 92. 000 92. 000
Cu 6.290 0. 100 0. 026 0.548 0. 030 0. 245 1. 231 0.128 0. 150
Ni 14. 010 0. 068 0.125 0. 057 0.074 0. 055 2.234 0.151 1. 190
Cr 1. 097 0.053 0. 303 0.104 0. 085 0. 065 0.675 0. 251 0.063
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Fig. 2 Iron filing samples after pretreatment
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Table 2 Parameters of characteristic lines
Element A/nm Ap/s ! E,—E,/eV Terms gi— g
Cu [ 324. 754 1. 395X 108 0~3.817 :s2p 2~4
Cu [ 327. 396 1.376 X108 0~3.786 :s2p 2~2
Fe [ 330. 635 4. 840X 107 2.223~5.972 a’P-v°P 3~5
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Fig. 3 The typical LIBS spectrum of C7 sample
in the range of 323.019~332. 001 nm
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Fig. 7 Calibration curve of Cu element with SVM method
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Table 3 Cu quantitative analysis results before and after pretreatment
Sample Spectral Reference Predict RE
Sa 1 RMSEP
pretreatment pretreatment ample /% /% /%
S1 0.128 0. 488 282.744
8 — ). 491
Raw s2 0.150 0.382 154. 760 0-49
<. S1 0.128 0.029 76.943 _
Grinded S2 0. 150 0. 367 144. 746 0- 359
S1 0.128 0.129 1. 336
5Ti alizati 0.0
Grinded normalization S 0. 150 0.157 4,500 0. 044
S1 0.128 0. 322 152. 111
i MSC .15
Grinded SC S2 0.150 0.192 27. 669 0- 157
S1 0.128 0.125 1. 745
5Ti alizati MSC 0.020
Grinded normalization+ MSC S 0. 150 0.153 1. 857
DASE b B 28RN 2 45 SR T LAE . TR B0 A2 b il 4R F) 0. 020, LT AL HA 3 — 0 B FE T A R R IR

PG RBR AL 0. 999 DL b, AHICHERRAR R &, (A e i 4

A ZEAR AR X T AR AL FRAE O, C3 F1 C5 BB 22 J5 i T
BT 25 RO TR S 2 i, AR IR S Cu SR A 000 24 77 AR
1% 2% (root mean square error of prediction, RMSEP) M 0. 491
REF) 0.359, X FOuilf piak B, 5 SR A B2 5 — L 1 MSC
Sy WIHEAT AL BE . BRGNS RMSEP HI X T B #R 6  A —
FERRRE . Hod, SmEE A — i ROCR AR R B P 1 I A
i S1 A1 S2 /Y T8 AH X iR 22 (relative error, RE) 43 5l iy
1. 336 % 1 4. 500% » RMSEP 3 0. 044 ; ¥ W & 45 & %t e it ik
ATALEL, R AR dh S1 /M RE A I8 TH i . H B RMSEP &

JTIAE: i Tk B 49545 B8R B2 05 — g 1 MISC O 1 TR 4k B AT LA AT
R0 AR R AR B T A it 19 LIBS SE 35 B AR R i

3 4 ®

T A AT LIBS AR 09 0F 5 4 R R 2 2 K T 48 1 A
ity s AN AR UKL E AN [ L SR TS - B Bk T Rl BEAT R 1A
RO FE B fk o . SR G D6 1 PCA 23 R ANk (R T %
FRAIE 35 2008 LE A2 BUABURE JEE A [ 5 B0 A0 e (A 3000 it 5 A D't 3
RS 250 E BN, FAI0R BB/ . 38 22 58 S5 A0 AR E 11
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Matrix Effect and Quantitative Analysis of Iron Filings with Different
Particle Size Based on LIBS

GONG Ting-ting, TIAN Ye, CHEN Qian, XUE Bo-yang, HUANG Fu-zhen, WANG Lin-tao, LI Ying~
Optics and Optoelectronics Laboratory, Ocean University of China, Qingdao 266100, China

Abstract Laser Induced Breakdown Spectroscopy (LIBS) analysis with solid target is greatly affected by the physical morpholo-
gy and chemical properties of the sample surface. Therefore, the analysis of matrix effect is greatly significant for the study of
LIBS online detection. In view of the fact that the current research objects of LIBS are mostly flat samples, in this work, LIBS
was used for the quantitative analysis of iron filings with different granularity. The nine kinds of iron filings used in the experi-
ment were loose powder, granules or strips. In order to avoid splashing during the laser ablation of iron filings, the samples
were stuck to the double-sided tape for fixing before the experiment. The 1 064 nm laser with the energy of 35 m] was used as
the ablation source. And the delay and gate width of detector were 1 and 10 ps. In order to evaluate the influence of the matrix
effect caused by the different particle size of the samples on the LIBS spectrum, firstly, the series of samples were classified by
principal component analysis (PCA). The results showed that the four samples in powder form were separated, that is, the ma-

trix effect caused by the difference in particle size was the main reason for the difference in the spectral signals of the sample.
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Secondly., the elemental characteristic line of Fe [ 330.635 nm in the C5 sample before and after grinding was taken as the re-
search object. It was found by comparing the intensity and relative standard deviation (RSD) that the smaller the particle size,
the stronger the line intensity and the better the stability. In order to correct the interference of the matrix effect on LIBS spec-
trum, two methods of sample grinding pretreatment and spectral data pretreatment were used. For the sample grinding pretreat-
ment, the slender strip samples of C3 and C5 were grinded in the experiment, and the intensity and stability of the lines were
greatly improved after grinding. For the spectral data pretreatment, the intensity normalization, multiple scattering correction
(MSC) and the combination of them were studied respectively. The three spectral pretreatments all significantly improved the
stability of the line. The quantitative results of Cu element were evaluated and compared by support vector machine (SVM)
method. It was found that the calibration results obtained by the grinding samples combined with intensity normalization and
MSC pretreatment were the best. Finally, the predicted relative error (RE) of the Cu element in S1 and S2 samples was reduced
to 1. 745% and 1. 857% . respectively, and the root mean square error of prediction (RMSEP) was 0. 020. This study can pro-

vide a certain method basis and reference for LIBS detection of the samples with irregular surface.

Keywords Laser induced breakdown spectroscopy; Graininess; Matrix effect; Multivariate scattering correction; Quantitative

analysis

(Received Mar. 18, 2019; accepted Jul. 29, 2019)

* Corresponding author





