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Quantitative analysis of metal elements in crude oil by means of
laser induced breakdown spectroscopy
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Abstract: In order to analyze the content of metal elements in crude oil, Na in crude oil after thermal process was
quantitatively analyzed by calibration curve for integrated intensity and peak intensity of spectrum respectively by using the
technology of laser-induced breakdown spectroscopy. 6 elements were quantitatively analyzed on the basis of Na] 588.995nm,
Mg | 383.230nm, Al | 308.215nm, K | 404.414nm, Ca | 364.441nm, Fe ][ 273.955nm in the experiment. The
mass fraction of above 6 elements were 0. 0592,0. 0029,0. 0212,0. 0019,0. 0072,0. 1686 according to calibration curves
for element content and integrated intensity, and the linear correlation coefficient and the detection limit of calibration
curves were also calculated. It turned out that it is better to choose the integrated intensity for calibration curve. Na is also
quantitatively analyzed by using the technology of X-ray fluorescence spectroscope. Compared with the measurement results
of laser-induced breakdown spectroscopy and X-ray fluorescence spectroscopy, the relative error is 6.28% . The technology
of laser-induced breakdown spectroscopy could be applied to measure the content of metal elements in crude oil.
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Fig.1 Schematic experimental setups of LIBS
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Fig.2  Spectrum of before or after background processing
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Table 1 ~ Mass fraction of Na in standard sample
standard GBW GBW GBW GBW GBW
samples 07103 07105 07109 07122 07423
w(Na) 0.023223 0.025077 0.053123 0.015358 0.009497

FIF Axiom 2. 2 Hu4f Ab BRER A4 31 SR FE H Na
1 588.995nm ()& ST AR 30 5 , 15 2R 1) T JEE
7 0.94nm, FIR5HIE AR ARRE R 4 A BRG R
SRR3R E RS 5 B 114 - Y (B AR AR UE 22 (el -
ative standard deviation, RSD) , H {4l & 45 5 4n 5% 2
Bz o

Table 2 LIBS measured results of Na in standard sample

standard integrated RSD of integrated  peak RSD of peak

samples intensity intensity/ % intensity  intensity/ %
GBWO07103 494502 3.0 42644 9.6
GBWO07105 669533 2.6 38596 7.3
GBWO07109 1094659 2.4 84734 6.5
GBWO07122 355782 4.7 30990 10.5
GBWO07423 189122 6.8 25273 12.7
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Fig.3 Calibration curve for LIBS intensity and element mass fraction of Na
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Table 3 Sensitivity, standard deviation of background signal, and detec-

tion limit of two kinds of calibration curve

calibration sensitivity ~background signal ~ detection limit

curve M standard deviation S, C,/(mg - kg™")
_amnedor g 6 1396. 39 61.93
integrated intensity
curve for 1164 245,99 6340

peak intensity
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Table 4 Characteristic spectral line of elements and RSD of spectrum in-

tegrated intensity in crude oil

elements characteristic spectral line RSD/ %
Mg Mg 1 383.230nm 8.8
Al Al 1308.215nm 6.6
K K 1404.414nm 8.9
Ca Cal 364.441nm 4.0
Fe Fe1273.955nm 5.8

Table 5  Calibration curve, linear correlation coefficient, detection limit and content of the elements

spectral line of element calibration curve

linear correlation coefficient R

detection limit C,/(mg + kg™") mass fraction

Mg 1 383.23nm lgf =2.033 +0. 8215C 0.999
Al T 308.215nm lg/ =0.584 +0.9631gC 0.998
K T 404.4nm lgl =3.219 +0.3911gC 0.976
Ca T 364.441nm lgl =2.715 +0. 5251gC 0.998
Fe I 273.955nm lg/ =0.406 +0.9271gC 0.978

23.91 0.0029
84.12 0.0212
40.26 0.0019
56.81 0.0072
67.94 0.1686

PEAH G AR A R R i, BRI 5 R
3 &

1E LIBS $ AR, Na 1 588.995nm Y114
SR BE Y RSD Bb UG (R 55 B2 () RSD /v, F) FH AR 40 58

JEE WA 50 PR A 5 o ol 408 D b A ot v Sl 68 i
B  Na BEAT E B0 A7, 15 21 AR 23 5 BE A
P R AR 2R A A O 2R B0 S Na (10000 A6 H FR 2 5
o ARG 5 BE A S AR i o SR ot K08 I 5k v
Py Na, Mg, ALK, Ca, Fe 6 FlCR AT 047, 1%
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