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Fig. 1 Schematic diagram of the refractive index test device for a magnetic hydrogel

1.3 PVA/Fe,O, B MK ERITEH E 047

SCU A THEE AN 2.1% .2.9% . 3.5% 19 =Fh PVA/Fe,O, %MK BEIE , I3t 43 B = Fh ik R R4 1R K
8 I 1) T 58 28 AR RN G S o B o 1] 2 IRl SR SR T, W K R M 0 AT S B A S I A A R AR I S 1 AR
o P 2(a) BRI 5 5 & Az 28 Ak A 16 3 58 B 0 B 29 0 5~20 m'T, i e o0 2.9 % i 5| e 7 B 5 & A 2R
B 16 3 5 B S TR 2 Ry 6~30 mT, e & Ry 3.5%6 B MY FE 292 8~40 mT . Wb af LAF , 51& 47 4 A2 4k
V14) B 7 ik U R s 0 KO R B2 1 385 KM 8 K . MG M K B IR B T RE S D R R S M R 2 ) R
PERLF 5 WGP RLF Z 8] A A B T o T SR W A B I 2 ELAG AR TR | R IO 4% JR R 4l AL 32 ) R AR AR

U, B 2 3 B R G TR BE RS 3 5 AR A8 4k

1.5785
1.55F .
1.54f
1
- >< i
513 £ 1.5780f
215} =
215l 520 mT@1.676~1.547 2
2 8
E1s0f S 1.5775} 9-30 MT@1.576~1.5782
“ a0} a -
sl —a— (1.2 g Fe,0,/9 g PVA —=—1.6gFe,0,/9 g PVA
1470 . . ‘ . " . . . . . . i . .
510 15 20 25 30 35 40 L0015 20 25 30 35 40
Magnetic/mT Magnetic/mT

(a) 1.2 g Fe,0,/9 g PVA concentration of 2.1%

(b) 1.6 g Fe,0,/9 g PVA concentration of 2.9%

1.560 |

1.558

1.556 [

._.
W
W
S

Refractive index

1.552 I

1.550 -

7~40 mT@1.550~1.559

—=— 2.0 g Fe,0,/9 g PVA

0 20

40 60 80 100 120

Magnetic/mT

¢) 2.0 g Fe O ,/9 g PVA concentration of 3.5%
(©)2.0gFe0/9¢

B2 [k B e AR R I B R M 4 R L

Fig. 2 Schematic diagram of the refractive index of magnetic hydrogels of different concentrations with magnetic field
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Fig. 4 Experimental results of magnetic hydrogel-coated conical fiber at 1.2 g Fe,0,/9 g PVA concentration
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Fig. 5 Experimental results of magnetic hydrogel-coated conical fiber at 1.6 g Fe,0,/9 g PVA concentration
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Table 1 Linear response range and sensitivity comparison of magnetic field

Magnetic particle

Linear

Sensitivity within the

. . Sensing structure . Reference
diameter/concentration  response range linear response range
10 nm/1.8% 11 mT A tapered flbcr wnhe_ldlamclcr of 293 pm/Oe (3]
7 um in the waist area
. 5 A tapered fiber with a diameter of
10 nm/1.18 gecm 10~22.5mT 3 88 um in the waist area 191.8 pm/QOe [22]
A section of four—core fiber (FCF) sandwiched
10 nm/1.27 gecm™* 3~9mT between two no—core fibers (NCFs) forms an 264.29 pm/mT [23]
NCF-FCF-NCF structure
A multimode-single mode-multimode
0 " A
10 nm/3.6% 0.6~2L4mT (MM-SM-MM) fiber structure 123.06 pm/mT [24]
20 nm/2.1% 6.4-22 6 mT A tapered flbe;r with a Q1ameter of 86.42 pm/mT This
11.8 um in the waist area study
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Magnetic Field Sensing of Conical Optical Fibers Based on
PVA/Fe;O, Hydrogel

GUO Cairong', JIANG Ruicheng', ZHANG Dawei', LIU Shijie’, TAO Chunxian'
(1 School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China)
(2 Heng Mai Optics and Fine Mechanics (Hang Zhou) Co., Ltd, Hangzhou 311421, China)

Abstract: Magnetic fluids are widely used in the field of optical fiber magnetic field sensing as magnetic
sensitive materials due to the adjustable refractive index. Optical fiber magnetic field sensor based on
magnetic fluid has the advantages of high sensitivity and light weight, but the magnetic field measurement
range of this kind of sensor is affected by the saturation magnetization of magnetic fluid, which limits the
high magnetic field sensing range. Some studies have shown that magnetic hydrogels have the
characteristics of high sensitivity to magnetic field, high saturation magnetization, high magnetic
responsiveness and super magnetic similarity with magnetic fluids. In this paper, it is proposed to replace
the base liquid of magnetic nanoparticles of magnetic fluid with hydrogel material to prepare magnetic
hydrogel, hoping to seek a higher level of saturation magnetization, and make prospects for further
improving the magnetic field measurement range of optical fiber sensors. A polyvinyl alcohol/ferric oxide

(PVA/Fe,O,) magnetic hydrogel was prepared by the composite method, and used a fiber end face

reflection—based measurement method to test the refractive index variation of the magnetic hydrogel under
different magnetic fields, which proved that it had magnetic-induced refractive index variation
characteristics and could be applied in the fiber magnetic field sensing structure based on refractive index
variation. Based on this research, a cone-shaped fiber sensing structure based on magnetic hydrogel was
designed. Single-mode optical fiber is pulled into a cone shape by melting and pulling method, and
magnetic hydrogel is wrapped in the cone area and waist area of the cone—shaped optical fiber. The input
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light in the fiber will generate evanescent wave when it is in the conical transition region, which will excite
the higher-order cladding mode in the fiber. After the fundamental mode and cladding mode are transmitted
in the waist region of the tapered fiber, mode coupling and mode interference will occur when entering
another tapered region. When the intensity of the magnetic field applied in the external environment
changes, the refractive index of the magnetic hydrogel will change. In this experiment, we change the
refractive index of the magnetic hydrogel by applying magnetic fields of different intensities to the sensing
element of the tapered fiber wrapped by the magnetic hydrogel. The spectral change of the output light of
the tapered fiber is detected by using the evanescent wave in the tapered region of the tapered fiber, which
is sensitive to the refractive index of the external environment, to study the magnetic field sensing
characteristics of this structure. The experimental results show that the sensitivity of wavelength shift is
86.42 pm/mT within the range of 6.4~22.6 mT, when the magnetic particle concentration is 2.1% at a
constant temperature of 22 “C. And also the sensitivity of wavelength shift is 51.42 pm/mT within the
range of 5.5~30 mT, when the magnetic particle concentration is 2.9% . From the point of view of optical
fiber magnetic sensing measurement, magnetic hydrogel has high application value and deserves further
research. This paper also proposes that the detection sensitivity can be improved by selecting more
appropriate dispersants to improve the dispersion uniformity of magnetic nanoparticles in hydrogels, and by
improving the structure of optical fiber sensing elements. During the preparation of magnetic hydrogel, we
can further improve the magnetic field sensing range and expand the application of magnetic hydrogel in the
field of optical fiber magnetic field sensing by optimizing the freezing and thawing times and the
concentration of magnetic nanoparticles.

Key words: Fiber optic sensing; Magnetic field sensing; Refractive index; Magnetic hydrogel; Conical
optical fiber
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