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SPR principle refractive index testing system for offshore oil spill

Gao Lu, Gao Wenzhi, Luo Zhengchun, Chang Tianying, Cui Hongliang

(College of Instrumentation & Electrical Engineering, Jilin University, Changchun 130012, China)

Abstract: In order to effectively prevent and control the serious impact of the oil spill incident on the
economy and the marine environment, and aiming at the detection of small area oil spills which were not
easily detected in the early stage, an original minitype offshore oil spill monitoring system combined with
the characteristics of Surface Plasmon Resonance (SPR) sensing technology, such as instantaneity, high
sensitivity and low sample consumption was proposed. Specifically, the optimal parameters and relative
fixed positions of the components in the sensing device were determined by simulating with MATLAB on
the basis of an adoptive four-layer Kretschmann prism-coupled sensing structure in a non-scanning angle
modulation mode and the range of refractive index of crude oil samples. The theoretical detection

sensitivity was 6.094x107°RIU (Unit: Refractive Index). Under the guidance of the simulation results, an
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experimental device was set up and the experimental analysis for sucrose solutions and crude oil samples

was conducted. The experimental results show that the detection sensitivity of sucrose solution is the same

as theoretical simulation sensitivity, which corresponded to 9.017x10° RIU. The experimental device is

effective, and the crude oil detection result conformed to the SPR response trend. The feasibility of the

system solution is verified.
Key words: Surface Plasmon Resonance(SPR);
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) o Resonance
Sample Serial Re‘tractlve pixel point Variance
number index
Mean

1 1.404 2 240.65 0.765 8

2 1.407 2 280.50 2.263 2

3 1.414 2332.45 1.628 9

Sucrose 4 1.421 2447.25 0.723 7
solution 5 1.433 2503.50 1.2105
6 1.442 2613.70 1.2737

7 1.450 2 747.65 0.765 8

8 1.467 2 948.90 0.5158

1 1.4451 2 354.60 3.3053

Crude oil 2 1.477 4 2501.70 1.694 7
3 1.5299 2532.85 2.976 3

MR 2 1 o R RS 2 T /N Z ek AT
LA, WwE 20 pR, JESAEHLTER y=
(9.017x107%) +x+1.203 , 41 3¢ 2 5 R=0.987 1, &} % %
9.017x107, Bl 32 i ¥ &y 9.017x107°RIU, 5 H i &

0813006-7



bk T2

% 8 M

www.irla.cn

) R BOEAE R BRI F, 1 P R i SPR IR B
NN HG B HA MRS SR, R
P YRR A 0 45 SRAIE S T I A Ak, T X i
AR ARG 45 SR N BG IE T R G TT SR AT

\lmul mon mwln 11 curve

Measured value of crude oil

v
(]
S
o
=
(5]

=
2
L
=

2

1 000 2000 3000

Resonance pixel

4000

B 20 4R 150015 08 i 7 5T 508 R il 2k
Fig.20 Relationship between resonance pixel and sample refractive
index
4 & &

3C H % DY )2 Kretschmann 7Y 4 55 8 65 1% 2% 45 14

T B JE R A S e AT S A A . N SE IR
%%*ﬂu%@lﬁﬁ%ﬁ%iﬁi&ﬁ%ﬁ%ijt,SPR =
HPRGICEOBA E R RS, RE N
BANG IC M B 9.017x107° RIU, 5 #1447 2L [7) 51 &
G, E AR 520G A R, S A 25 SR 45 S SPR
WA R S . B AIE T SPR /NALME b i I W I R GO &
BRI AT o T H BT 5E B BeifE 1T SPR A% 8% A X
S RGP AT PR B UE BT A S0 2 AR S o
B 5 X S o v Y i A0 A R O I 2 R Y
SITHEE T — 2 TAE PRI, R SPR S PR |
TR R A R AR S BRI T B T SR TE, N R
G50 B8 A (ELAR T RO, TR TE HLAK
5% 25 T A B Uk E 4 22 Rl TR 3R ) R ) 3 B T S g 4
w2 REME R A R

SE Mk

[1] Wood R W. On a remarkable case of uneven distribution of

light in a diffraction grating spectrum [J]. The London,

Edinburgh, and Dublin Philosophical Magazine and

Journal of Science, 1902, 4(21): 396-402.
[2] Otto A. Excitation of nonradiative surface plasma waves in
the method of frustrated total

silver by reflection [J].

Zeitschrift Physik A Hadrons and Nuclei, 1968, 216 (4):

[3]

[o]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

0813006-8

% 48 %
398-410.
Kretschmann, Raether H. Radiative decay of nonradiative

surface plasmons excited by light (Surface plasma waves

excitation by light and decay into photons applied to

nonradiative modes) [J]. Zeitschrifl Fiier Naturforschung,
1968, 23(12): 2135-2136.

Biacore A B. Biatechnology Handbook[M]. Sweden: Version
A B, 1998.

Li Wenchao, He Jiahuan, Li Zhiquan, et al. Research on
novel two-channel selective SPR optical fiber sensor [J].
Infrared and Laser Engineering, 2017, 46(3): 0322002. (in
Chinese)

Liu Dachang, Fu Yuegang, Zhang Yunfang, et al. Windowed
Fourier transform for surface plasmon resonance spectral
interference signals [J]. Infrared and Laser Engineering,
2014, 43(8): 2752-2756. (in Chinese)

Priya V, Lucilla I,

Giuseppe C, et al. Development and

application of DNA  molecular probes [J]. Aims
Bioengineering, 2017, 4(1): 113-132.

Zeng K, Li H Y, Peng Y Y. Gold nanoparticle enhanced
surface plasmon resonance imaging of microRNA-155 using
a functional nucleic acid-based amplification machine [J].
Microchimica Acta, 2017, 184(8): 2637-2644.

Maciej Trzaskowski, Lidia Mizak, Romuald Gryko, et al. SPR
system for on-site detection of biological warfare[J]. Current
Analytical Chemistry, 2017, 13(2): 144-149.

Brule T, Granger G, Bukar N,

(SPR)

et al. A field-deployed

surface  plasmon resonance sensor for RDX
quantification in environmental waters[J]. Analyst, 2017, 142
(12): 2161-2168.

Jeong M, Jihyun B, Hongkiong K, et al. On-site detection
of aflatoxin B1 in grains by a palm-sized surface plasmon
resonance sensor[J]. Sensors, 2018, 18(2): 598.

Liu Kangwei, Yang Wenyu. The research progress of oil spill
detecting technique|[J]

12(7): 1-3.

. Safety Health & Environment, 2012,

Fingas M, Brown C E. A Review of oil spill remote sensing
[J1. Sensors, 2017, 17(7): 18010091.

Hou Y C, Li Y, Liu B X, et al. Design and implementation
of a coastal-mounted sensor for oil film detection on
seawater[J]. Sensors, 2018, 18(1): 1801007.

Yu FJ, Hu X L, Dong S Y, et al. Design of a low-cost oil
spill tracking buoy [J]. Journal of Marine Science and
Technology, 2018, 23(1): 188-200.

Zheng Y, Sun Y F, Xing L Y, et al. Compact real-time



% 8 M

bk T2

www.irla.cn

% A48 %

[17]

(18]

[19]

[20]

online oil spill detection system based on surface plasmon
resonance [J]. Infrared and Laser Engineering, 2015, 44
(11): 3446-3453.

Raether H. Surface Plasmon on Smooth and Rough Surface
and on Gratings[M]. Berlin: Spring-Verlag, 1988.

Wu Nianfen. Superficial modification of porous ceramics
filter media and its treatment of simulating oil field produced
water based on coalescence filter mechanism [D]. Changshai:
University of Science and Technology of Hunan, 2013. (in
Chinese)

Di X, Zhang W, Jiang Z, et al. Facile and rapid separation
of oil from emulsions by hydrophobic and lipophilic Fe,O./
sawdust composites [J]. Chemical Engineering Research &
Design, 2018, 129: 102-110.

Raether H. Surface plasmon oscillations and their applications

[21]

[22]

[23]

[24]

0813006-9

[J]. Physics of Thin Films, 1977, 9(2): 145-151.

Zeng Jie, Liang Dakai, Du Yan, et al. Prism surface
plasmon resonance sensor based on reflection light intensity
interrogation[J]. Journal of Optoelectronics - Laser, 2007, 18
(2): 159-163.

Liu Peikun, Li Yan, Wei Yong, et al. Coating optimization
and SPR wedge probe with single mode fiber[J]. Optics and
Precision Engineering, 2015, 23(10z): 57-63.

Fan Z B, Gong X Q, Lu D F, et al. Surface plasmon
resonance imaging sensor based on hue algorithm [J].
Chinese Journal of Liquid Crystals and Displays, 2017, 32
(5): 402-409.

Moriaki W, Takehisa S, Keiei K. Physical Properties and
Data of Optical Materials [M]. Boca Raton: Crc Pri Llc,

2007.



