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Fig. 1 (a) Schematic diagram of Pd hydrogenation; (b) Ideal Pd
pressure-composition-temperature diagram and corresp-
onding Van't Hoff diagram, adapted from literature [23]
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Fig.2 Hydrogen sensing mechanism of resistive-type MOS materials
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Table 1 Performance of hydrogen sensors based on interferometers

Sensing material Interference type Detection range/% Response time/s Wavelength sensitivity/(nm-% ") Reference
Pd (10 nm) MZI 0—3 40 N/A [55]
Pt-loaded WO3/SiO, ST 0—0.8 8 —-14.61 [56]
Graphene/Au/Pd sandwich nano film FPI 0—4 43 N/A [57]
Pd/hBN FPI 0—4 31.3 14.19 [58]
Pt/WO; MZI 0—1.5 N/A 11.75 [59]

N/A—Data not available
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Table 2 Performance of the fiber grating-based hydrogen sensors

Sensing material Grating type Detection range/% Response time/s Wavelength sensitivity/(nm-% ") Reference
Pd (560 nm) FBG 0.6—1.3 ~600 0.0195 [26]

Pd (50 nm) LPFG 0—4 120 0.0017 [60]
Pt/WO; LPFG 0.6—4 1 1.98 [61]
PYWO; Narrowband weak FBG 0—4 25 1.2 [62]

Pd/Hf n-Phase shifted FBG 0.01—2.0 9.3 0.01675 [63]
N/A—Data not available
Fiber cladding ____Coating BARAAR, S AR R 1 22 32 1 20 ok S = 00 v 4 '
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Fig. 5 Classical structure of Fiber Bragg Grating (FBG)
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Table 3 Performance of hydrogen sensor based on evanescent field

Sensing material Fiber type Detection range/% Response time/s Reference
Pd film Etched MMF 02—0.6 20—30 [64]
Pt/WO; Etched MMF 0—1 300 [65]
Pd film Tapered SMF 0—10 <100 [66]
Pd/Au film Core mismatch <4 15 [671
Silica nanofiber (no coating) Tapered SMF 0.0003—100 <10 [68]
Pd/Cu Tapered SMF 1—8 <10 [69]
N/A—Data not available
Pd or PYWO, MMF Pd i, %52 G M RHE e vk BT J B T O A L v
Fiber cladding / Fiber core 5 R AR E R . SEER R, Pd/Cu 15 8% LA FP 9
_L_‘a’_h_t_*_ = Lighwou  NEHEFE ., BLAFRORSAFHE DL KT VAHE S 2 Ky k)
[ RAGFEETE o A A I PR o) )3 3 32N K SRS A
(a) Etched fiber RO, (HAG M TR B il 28 T 200, BAA R T
Fiber cladding ¥ Fiber core SME ERIHES
. L/ngm 4 RARESETARDESERE
e ERRERE 7<) %5 B T 3 ¥F (Surface Plasmon Resonance,
e — SPR) 2RI T A TR R 635 15 11 o o 5

B 7 ZIhBRDEET S (a) SHEELEF (b) RZ5H
Fig. 7 Structures of etched fiber (a) and tapered fiber (b)
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Table 4 Performance of hydrogen sensors based on surface plasmon resonance of fibers

Sensing material SPR type Detection range/% Response time/s Reference
Pd film(20 nm) Waveguide-coupled 0—4 100 [71]
Pd film (8 nm) Grating-coupled 0—4 N/A [72]
Pd (22 nm)/Ag (4 nm) D type fiber 0—4 300 [73]
Au(25 nm)/Tay05 (60 nm) /Pd(5 nm) Hetero-core structured 0—4 25 [74]
Ag-TiO; film Kretschmann—Raether SPR 14.7—25 N/A [75]
SnO,-Pd-Au Kretschmann—Raether SPR 0.05—3.0 22 [76]

N/A—Data not available
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Table 5 Performance of resistance-based hydrogen sensors

Sensing material Detection range/% LOD/% Response time/s Reference

Pd-ZnO-In,03  0.001—1.0 0.001 14 [95]
V,CT, 0.0002—0.01  0.0001375 2 [96]
Pd Nanowire 0.2—2.0 0.0001 49 [971
NiO 0.02—0.1 0.00025 >10 [98]
LOD—Limit of detection
] H ; \

Sensing electrode

Electrolyte

Counter electrode
K10 HL Al T S A s 10 2 SR 2

Fig. 10 Sensing principle of electrochemical hydrogen sensors
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Table 6 Performance of electrochemical hydrogen sensor

Sensing material  Detection range/%  Temperature/C  Reference
Pt/GDE /Nafion N/A 30 [100]
Y,03-doped ZrO, 0—1 150 [101]
SrFe( 5Tip 503.5 0—0.05 500 [102]
BaZry Y2035 0.02—0.06 600 [103]

N/A—Data not available
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Systems and Safety, Ministry of Education, School of Mechanical and Power Engineering,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: Hydrogen, as a high-energy-density and clean energy carrier, is important for alleviating the shortage of
traditional fossil fuels and environmental pollution. However, during the production, storage and transportation of
hydrogen, it is prone to react with metals, inducing hydrogen embrittlement, which may lead to hydrogen leakage and
safety accidents. Therefore, to ensure the safe application of hydrogen in various processes, there is an urgent need to
achieve timely and accurate early warning of hydrogen leakage. The development of hydrogen sensors with high
sensitivity, fast response, high selectivity, and excellent stability is key to ensuring the safety of hydrogen use. This
paper summarizes the working principles, performance characteristics, and technical development of several common
types of hydrogen sensors, systematically summarizes the advantages and problems of various sensors, and looks
forward to the future development trends of hydrogen sensors. It focuses on the research progress of new sensitive
materials and micro-nano manufacturing technologies in enhancing sensor performance, and puts forward insights into
the development direction of intelligent and miniaturized hydrogen sensors.

Key words: hydrogen sensor; leak detection; intelligent early warning; micro-electro-mechanical system; safety
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