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Study on Determination of Lead Ion Concentration by Chelating Agent
Modified Tapered Fiber Optic Sensor

Chen Qian, Wu Qiang’, Liu Bin”, Liu Juan, Hu Yingying, He Xingdao
Key Laboratory of Nondestructive Testing (Ministry of Education), Nanchang Hangkong University,
Nanchang 330063, Jiangxi, China
Abstract In this paper, a tapered optical fiber sensor based on chelating agent functionalization is presented for the
quantitative detection of low concentration heavy metal Pb*". The sensor is made of single mode and four core fiber, and
the middle four core fiber is tapered to a diameter of 15 microns. On this basis, ethylenediamine tetraacetic acid was used
as a metal chelating agent to coat on the surface of a tapered four-core optical fiber sensor, so as to achieve high sensitivity

detection of lead ions Pb*". Experimental results show that the detection limit of Pb*" is 1 ng/mL. In addition, the sensor

has the advantages of good stability, simple preparation process and fast response speed.
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1 7 El

HERE T - BORREERT4.5g/cm’ &R
XF Y B AR A, Bl an s BY B 7 (P ) JHR B T
(Cu™) BB T (NS EE R T REAMKNER
A TS B b B RE AT 2 RS BUR S Tk
2y 1 9 T B G A R R R AR
BY B AT AE R i T SO B E R G A BT E
(BB R A G S EIE) o WA IE RS0 I i B BT
IR TR Z R A pH A R B IE P
SRR R B 457 B IR T JHG R S A TR PR K e BTG
W DRI B R B v Yk S R TR R R G
HE,

FUAT , AT R T AR 22 R BR T T A6 i o <5 8 5

T, B R WO (AAS) Aot B
FL R B 26 B T R T3 (ICP-MS) ™ k2 Rk |
H A2 G I AR A A e IR TR B R A
)L A S AR T UK I fil i 4 R S L O EL
HATAR w5 19 R HO% PR (HE N & & 5t R FP
SR KE N A BT, W B GA R B R AE AN DL
Ak, X 287 35 AN REJH T B3 1 38 22 M A2 M 0 . (A
W, — P R B R | R 0 SR T R 3 5 e
E b = o A 3 1 P e ol e e R R LIRS AW e DR
[G] B0 5 5 S HOR XAy Aot 2 iR R 3
IO AR Y TR 2 A [ 2 RRISS K 1O 2 1 IR
AR TECAL AR A R -2 A
B R AL JRAR R T HY SR L 203 (SERS) &
FOAME . AR, 2 TOLL I — OB BDE 2 R

Wi BHEE. 2023-02-27; EEHH. 2023-03-29; RABH. 2023-04-20; MEBHEZBH: 2023-04-28

EE€WHE: M EMZE R AT LA L U9 4 (YC2022-084)
BIS1E# . "qiang.wu@northumbria.ac.uk; “liubin_d@126.com

1106025-1


https://dx.doi.org/10.3788/LOP230702
mailto:E-mail:qiang.wu@northumbria.ac.uk
mailto:E-mail:qiang.wu@northumbria.ac.uk
mailto:E-mail:liubin_d@126.com
mailto:E-mail:liubin_d@126.com

BT R IE X

AR T T Z BRI . JeA L IR RE L B Bl
P ECHE R I B AR &L 28 RGOS Bk LE
JEAE ST A 2018 4E, Yap &I K T — Rh 3
T4 I H K ST 4 B A Ol 7 A R A, R K v P Y R
BB FITIRERN . 202145, Ma " H T —
il 5 T 2 1 45 B RS R (SPR) FI 36 10 5 1 BN 36 A )2
PRI AL ARG DR B F (NI ) o A5 IR R 1 I
B — )2 A B DA ke 3R 1A S IR R AR SO0 AR A AR
15 (GO) FERL BN 76 B B (IP-CS) Bl 45 & 16 15 A% &
TAT LA S BG4 4 S A 0

MHTH — PR N B A R MR L A, ERE S
FENERE TS HH TR ESRE T
BAEME—-FAEIAEY (RIS A s
Y1), KBS I iife e 1Y & R B G (B 4 &8 B 1 RN &S
AR B A R D) se b e L 2F
R ITESBEE FERCTER 2RSS, &
TN R(EDTA AU S &R 8 FERREES
Y1, KL EDTA 38 & #9008 25 bk 4 8 3 7 19 B AR
B IR EDTA BB e f5 &8s R m b, T
EDTA XJ 546 4 J& B 74 5 5 1 W B 09 e i, & e AE
hy R S 1 Ty R R RE X A% SR Y F R A Ak LA
YER o 33 6T S th o ALA B S A ik ) #i ik, 3% F
JCEF 1 b = A% S A A W B B X O £F 3 i A k2 B
M, DNTTRE A BILAS IS /A 400 2 11 b B 5 e R F R
W SCHR[30-31 19 i £ BT & 64Tt 24 12 B2 ¥ &
BN C LR F i B2 B0 . — B RE AL L £F 1% R
e KX o7/ N TRl = R 7% T /A o - B AN o= & 21

L input SMF |

%60 EFE 11 H/2023 £ 6 A/ S5 XBFFHE

AR AT HE RO AR T 5 K A AR A, DT TS G £ AR A
i 345 o B AR 2 BT v BE AR AL, — B R R AR G R
B bm o, BE AT DL EAT R o 4 A AR 0 43 AT 0 v R
K

A SO T A AR B o BB 2F A i — B s
T AT 1 A% IR 5 A8 I X R AT h I B I T A g 3R
RAPE W2, SR I X 2 45 4 2= 1 2E AT D R A A2 i b
FESPERGR ORI N T E & A . %A% A
JE— WM 0 S E e B S — R H
T2 45 g T LR D ag Ak . H A, 3 AT & AT LA
Digefb 4 DA AL g 2R A a2 i Al DL I RE 4k
W,

2 FEAF IS S

2.1 EARFEE

A S 6 T A% B 1) A T i P L 0t
W SN RAE A EAER . B E (55 6 R RE2F
(SMF)f£ & 2 DU 8 G 47 (FCF) , 1 TG EF 25 6 H A%
ZERNEE K, 2 R i B X 3 2 ey B A =K VR r
HETI AN G 27 1 ST A% B RS G B i i Y BB £ AR
R SR A TR I G, DT S B R v A i
MU . MHECer HAR B AT, G 15 B s R
ELA o BB Tk A5 i 55 R R PR B A JBAE EAE T
ARAT v B RO DN BB 8 S A AU B G D AR
Ao AR SO 1R Tl O £ AR B 10 25 s R
1R, E2E R 3EB A # AR Pr e X HETE o U IX
FIEHEX .

I output SMF

ww

| taper
transition

taper waist taper

transition

1 aee s 4 on K

Fig. 1 Schematic diagram of micro-nano fiber sensor

2.2 FIELAERR

Ko Tl L 7 2 O A SO T AR I R R R Y
J7 i AR PRI A S 56 2 SR B B HE R S8R B R I A
o Bl R T A R ML 36 4 o e O R (DR A P
B IR B AR E I IR AR MR o PLHEL R B
B g R F A A B S NG R0 | BA Y i £ NN 1
Fa ) o 24 o A o AR R AL A < O 2T [ RE A
R 6 ERDEL e e b, (OELF A TR,
B 2 R 7 e AR AR 1200 CAa A, £ i vy il il
JCEF AL T R o R B 6 A% 5 i IR T

) R P 7 ' £F VR i 120 90 PO Ao DA T T o 4 DI £ 4544
2.3 IheefbiFiERES

FIRT ENEMOBRAER (R A 3:1)
TV Ve T HE O 47 A5 R RS 5 min, T 25 B8 7K 2 O
b A S A TR R

1) $5 57 HEC L 1L IR AR = A 0. 1 mol/L KOH % i
f 1 h, £E % R R BT 30 min, fif 36 6 7 AR R IR
e .

2) B B0 HE O LR AL IR AR R N BE R Ay B 50 1 RE
e ik F o 2.5 h, BE BE K K O 9% 3-

1106025-2



FEBA R X

F£ 6055 11H/2023F 6 B/BASXBEFZHE

stepper motor controller

fiber sensor

computer

ceramic heating plate

power controller

electric translation table

K2 SbehisE R gn B

Fig. 2 Schematic diagram of optical fiber tapering system
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Fig. 3

Schematic diagram of fiber surface functionalization. (a) Hydroxyl group is produced by KOH solution treatment; (b) treatment

with silanizing reagents to produce carboxyl groups; (c) immobilization of the EDTA on surface of optical fiber sensor;

(d) functionalized fiber optic sensor
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Fig. 5 Refractive index sensitivity diagram of the sensor. (a) Spectra of the sensor S, near refractive index 1.33; (b) relationship

between wavelength shift and refractive index of sensor S, S,, and S,
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Fig. 6 Temperature characteristics. (a) Spectral response of the sensor in the temperature range of 30-50 °C; (b) linear relationship
between sensor wavelength change and temperature change
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Fig. 7 Experimental results. (a) Spectral response of sensors in deionized water over time; (b) drift of sensors in deionized water for

15 min; (c) relationship curve between wavelength shift and Pb*" concentration; (d) spectral response over time when the sensor was

immersed in Pb*"(100 ng/mL) solution; (e) spectral drift of sensors immersed in different Pb*" solution concentrations over time
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