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Abstract Quantitative analysis of target elements Mg, Ti, Ni, and Cr in standard oil was performed using
substrate-assisted laser-induced breakdown spectroscopy. Mg 11 279.55 nm, Ti1334.94 nm, Nil352.45 nm, and
Cr 1425.44 nm were selected as the spectral lines of the target elements in the quantitative analysis. The effects of
sample pretreatment time, average sample oil film thickness, detection delay, and energy of laser pulse on the
spectral signal intensity and signal-to-background ratio of Mg, Ti, Ni, and Cr were investigated. Under the optimal
experimental conditions, the standard curve calibration model was established using six standard oil samples. The
limits of detection of Mg, Ti, Ni, and Cr were 3.10, 8.17, 18.79, and 6.10 pg-g ', respectively. The mass ratios
of Mg, Ti, Ni, and Cr in other five standard oil samples were predicted by the calibration curve, and the relative
errors were 7.43%, 8.91%, 13.66%, and 10.40%, respectively.
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Fig. 1 Schematic of LIBS experimental setup
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Table 1 Optimum spectral lines of Mg, Ti, Ni, and

Cr for quantitative analysis

Transition

Wavelength / = E:/ E./
Element probability /
nm cm ! cm !
(10* s71)

Mg 279.55 2.60 0.00 35760.88
Ti 334.94 1.68 393.45 30240.94
Ni 352.45 1.00 204.79 28569.20
Cr 425.44 0.315 0.00 23498.82
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Table 2 RSD of Mg II 279.55 nm spectral signal

intensity in different resting time

Time /min 3 10 15 20 30

RSD /% 17.6 10.4 9.7 10.8 10.3
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Table 3 Average thicknesses of oil film in

different sampling volumes

Volumes /1114 100 200 300 400 500 600
Thickness /pm 21.9 43.9 65.8 87.8 109.7 131.6
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Table 4 Parameters of calibration curves and standard deviation of background signals

Elements s a R* Standard deviation o
Mg 8.70 X107 2.37X10" 0.978 9.00 X 10?
Ti 2.23X10? —4.81X10° 0.984 6.47 X 10?
Ni 1.55X10* —2.03X10° 0.979 9.73X10?
Cr 5.42X10? 3.30X10° 0.970 1.10 X 10°

# 5 Mg.Ti.Ni fl Cr JLZ B H R
Table 5

LOD of Mg, Ti, Ni, and Cr elements pgeg
Elements Mg Ti Ni Cr
LOD 3.10 8.17 18.79 6.10

mFE 5 s RS Mg . Ti.Ni 5 Cr )46

B350 M 3.10,8.17,18.79,6.10 pgeg ' XHHBEH
5 A A9 50,150,250, 350,450 pgeg 'HY
B AR R AT T o SR A 3 1 O IS B A E
FRA AL, A3 3] Mg, Ti Ni 5 Cr B9 0 5 & 5 A
2N 6 Iim,

# 6 WAL Mg, Ti.Ni 5 Cr (9 BT bt S ARXS % 2

Table 6 Mass ratio and relative error of Mg, Ti, Ni, and Cr in predicted oil samples

Predicted mass ratio /(pgeg ')

Relative error /%

Sample mass ratio /(pgeg ')

Mg Ti Ni Cr Mg Ti Ni Cr

50 44.16 57.94 66.09 40.46 —11.68 15.88 32.18 —19.08
150 163.82 131.13 177.90 172.90 9.21 —12.58 18.60 15.27
250 261.49 265.46 269.30 229.25 4.60 6.18 7.72 —8.30
350 327.00 367.95 330.69 368.43 —6.57 5.13 —5.52 5.27
450 472.99 428.57  430.69 431.56 511  —4.76 —4.29 —4.10

M2 6 Al A T o 50 pgeg BT,
Mg . Ti.Ni 5 Cr DU Fh oo 500 5 & 5 H S0 5 & H
AR 2 22 3 KT 10 %0, Fov Ni o6 % (19 A5 X i 22
KR 32,18 % s MAE S i ol 150 pgeg BT L4
i T 2R 0N 5 i b S B A LG B A R R 25 B BT
TR s YRS TR LR T 150 pgeg BT L4 FPOCE TR
DU A L 5 B R R A AR R 22 T 10X,
DL b 25 BRI 3% 5 1 AR U A LA 1 T i SR
AN % i A LR A — S B 0 BE . Mg T
Ni 5 Cr X 4 Fpoc 2 W 5 & b5 8850 5 & i) F
PR % i 2% 4> Bk 7.43%.8.91% . 13.66% 5
10.40% ,

4 4k v

4 FE R A B LIBS B A K I i ¥ 3l b ) 42 R
JCE RS IR LIBS T H2 K DUV 1A B it i) A7 76 19 W
[EERS/I R NAY S ERE - =i o | B =K
2255 . FIRZOT R 55 T FF o 100 Ak 388 8 B a) L7
JISF- 21 JRE B L ICCD 4 Bf T8 Y B it 55 50 50 2 )
R T RE A Mg 1T 279.55 nm, Ti 1 334.94 nm ,Ni
I 352.45 nm.Cr I 425.44 nm SGiE(E 5 58 B F(5 75
LR sEm . SC0 25 S R B L fe B B ) 2 10 min,
A A BURE AR FRR 300 L CRF 37 A4 RE it 3l 65 5 19 J
BEH 65.8 um) . Mg II 279.55 nm. Ti I 334.94 nm,

Ni I 352.45 nm, Cr I 425.44 nm ffE ICCD %E i
S 1.5.2,3,3 ps. I AEOBEER 5 h 75,60,
65,65 mJ., TEULALIYSE IR Z5 1T L % A o ol A o o
9 Mg, Ti.Ni.Cr &7 @ brf 8, 75 1 & T R ks
R 58 3.10,6.10,8.17,18.79 pgeg ‘. FTE
FRBRLIRI 75 5 AE s Mg TiNi.Cr & I,
T 5 b S SE  a A SF 2R X R 22 43 0 R
7.43%.8.91%.13.66%.10.40% , WUl %1, 4 )8
FEJRCHH By LIBS B A DU i ¥ 3k v 4 8 o0 3R Y o o
o LA — 8 B AT AT M A FH A 3 ST 1Y R B R
AU 5T o LA it 00000 9 4 X6 15 25 3K, 5 2k it
R8T o 5 35 04 28 5 7 ¥ AR AR 35000 49 A X

W2,
2 % X #
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