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Single mode fiber dislocation Mach-Zehnder interfero- 
meter cascaded with fiber Bragg grating for monitoring 
metal electrochemical corrosion* 

 
ZHANG Shuaibo, LIU Xiaoqi**, WANG Zhi, and LIU Yange 1 
Tianjin Key Laboratory of Micro-scale Optical Information Science and Technology, Institute of Modern Optics, 
Nankai University, Tianjin 300350, China 
 
(Received 17 March 2023; Revised 30 March 2023) 
©Tianjin University of Technology 2023 
 
An optical fiber sensor composed of a dislocation Mach-Zehnder interferometer (MZI) cascaded with a fiber Bragg 
grating (FBG) is proposed, and it is used to monitor the electrochemical corrosion of metals in experiments. The dis-
location interferometer is composed of two segments of single-mode fiber (SMF) and one segment of dislocation SMF. 
The contact surface is increased between the fiber and the environment, which helps to improve the interference sensi-
tivity. The relationship between the dislocation amount and the refractive index sensitivity of the interferometer is 
discussed through simulation. In the experiment, the sensitivity of the interferometer reaches more than 
10 000 nm/RIU, and the monitoring of metal electrochemical corrosion is also realized in 3.5% NaCl solution. The 
proposed measurement scheme has the advantages of small structure, low cost and high sensitivity. It has good pros-
pects in chemical reaction monitoring. 
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Metal corrosion happens around us all the time. Metal 
corrosion may damage the performance of metal instru-
ments and cause harm to industrial production, so metal 
corrosion monitoring is very necessary[1-3]. In recent 
years, battery technology has been developed rapidly. 
The metal also acts as an electrode to cause electro-
chemical corrosion. It is very important to monitor elec-
trode corrosion to evaluate battery characteristics[4,5]. In 
recent years, optical fiber sensor has attracted people's 
attention due to its small size, flexible shape, high sensi-
tivity and anti-electromagnetic interference[6-9]. More 
optical fiber sensors can provide a good linear response 
to monitor the changes of the environment in real time, 
and have higher sensitivity, which makes them applica-
ble to many aspects of life.  

Metal corrosion monitoring is mainly divided into in-
direct measurement method and direct measurement 
method. The direct measurement method includes the 
quality method and the flatness measurement of the toilet 
surface. However, direct corrosion monitoring can’t ac-
curately characterize metal corrosion or be monitored in 
real time. Therefore, many indirect measurement meth-
ods have received more attention. In 2017, HU et al[2] 
proposed a fiber polarizer for sputtering Fe-C film on a 
single-mode fiber (SMF) polished on the side of the fiber. 
Monitoring of steel corrosion is realized by measuring 

the change of extinction ratio of TE and TM modes. In 
the same year, CHEN et al[10] studied the corrosion proc-
ess of metal Fe by plating Fe-C film on the surface of 
long-period fiber grating, in which the metal film is de-
posited on the fiber core. As the corrosion of the metal 
film occurs, the relationship between the grating reso-
nance peak and the corrosion degree is compared to de-
termine the corrosion process. In 2018, LAO et al[4] 
studied the corrosion monitoring of the metal plates dur-
ing the charging and discharging process of the capacitor 
plates with the inclined Bragg grating on the metal sur-
face. HOSHI et al[11] used non-contact wide frequency 
range electrochemical impedance measurement to detect 
the corrosion of reinforcement embedded in concrete. 
LUO et al[12] proposed a rebar corrosion monitoring de-
vice based on tapered polymer optical fiber sensor 
(TPFS). Some other indirect measurement schemes were 
also proposed to evaluate metal corrosion[13-16]. 

Moreover, the processing of metal corrosion is exo-
thermic reaction. And the heat emitted by metal corro-
sion may have bad effect to many affects. For example, a 
lithium ion battery (LIB) subjected to external heat may 
fail irreversibly[17]. A lithium ion battery (LIB) subjected 
to external heat may fail irreversibly. fiber optic sensors, 
especially fiber Bragg grating (FBG) sensors, attract in-
tensive attention from researchers due to the unique
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advantages of high sensitivity and precision, satisfiable 
linearity, immunity to electromagnetic interference, re-
sistance to harsh environments, light weight, small 
physical dimensions, easy-operability, and relatively low 
cost[18,19]. The FBG sensors, as the most commonly used 
fiber optic sensors, have been applied in many industries 
for the monitoring of strains, stress, loads, and tempera-
tures[20,21]. 

Mach-Zehnder interferometer (MZI) based on disloca-
tion structure has been applied to refractive index sens-
ing due to its high sensitivity and simple fabrication[22,23]. 
The refractive index sensitivity has been greatly im-
proved due to the existence of U-shaped open cavity 
structure[24,25]. Metal corrosion is a trace change process, 
and a higher sensitivity interferometer is needed to 
achieve accurate monitoring. The open-cavity structure 
increases the sensitivity area with the environment, 
therefore, the sensitivity is also improved significantly. 

In this paper, we propose a new scheme for metal 
electrochemical corrosion monitoring, the measurement 
is realized by an optical fiber sensor composed of a dis-
location interferometer cascaded with an FBG. The rela-
tionship between optical fiber dislocation and transmis-
sion spectrum is also discussed by simulation. The tem-
perature sensitivity of FBG and MZI is calibrated ex-
perimentally, and the transfer matrix of temperature and 
refractive index demodulation is obtained. The tempera-
ture changing of metal electrochemical reaction in dif-
ferent concentrations of NaCl solution at 1%, 3.5%, 5%, 
10% and 20% is monitored by FBG. The changing of 
refractive index in the process of electrochemical corro-
sion at the concentration of 3.5% is investigated and the 
curve of refractive index changing is also obtained, 
which can characterize the corrosion process of metal. 

The dislocation structure proposed in this paper is 
shown in Fig.1. The fibers A and C are on the same 
horizontal line, while the optical fiber B has dislocation 
in the radial direction, and the dislocation amount is d. 
Due to the introduction of optical fiber dislocation, the 
longer cavity length may introduce higher loss, and the 
designed cavity length is usually set to about 1 mm 
which may have much higher sensitivity[26]. The research 
in this paper is based on SMF. Based on the beam 
propagation method, we simulate the evolution of the 
electric field intensity of the light propagating in the op-
tical fiber at different dislocation distances d. Fig.2 
shows the beam propagation images of different disloca-
tion amounts, such as 5.0 μm, 30.0 μm and 62.5 μm 
when the cavity length L is set to 1 000 μm. It can be 
seen that part of the intensity of light is leaked into the 
outer environment or the cladding and the transmission 
loss is increased with the increasing optical fiber disloca-
tion. It should be noticed that nearly half of light is 
transmitted in the outer environment when the disloca-
tion amount is 62.5 μm. However, more light transmits in 
the outer environment, more information may be got by 

the changing of the interference. Therefore, the disloca-
tion amount is set to 62.5 μm.  

 

 
Fig.1 Schematic diagram of optical fiber interferome-
ter based on optical fiber dislocation structure 

Fig.3 shows the transmission spectrum with different 
dislocation amounts when the wavelength range is 
1 300—1 600 nm and the interval of 1 nm. It can be seen 
that the transmission loss of the fiber is gradually increas-
ing when the fiber dislocation is increasing, which is not 
conducive to beam propagation as we discussed above. 
When the dislocation amount is less than 30 μm, there is 
no obvious interference peak in the transmission spectral 
line, because nearly no light is transmitted into the outer 
environment. With the increasing of d, more light is 
transmitted outside. It can be seen that there is an obvious 
interference peak, which is exactly what we want. Next, 
we discuss the interference sensitivity of the obtained 
transmission peak. As shown in Fig.3(b), when the optical 
fiber dislocation d is 62.5 μm, the interference sensitivity 
reaches more than 13 000 nm/RIU. Thus, we have ob-
tained an interferometer with high interference sensitivity, 
which is conducive to detecting small changes. 

In our experiment, the MZI is fabricated by using 
commercial SMF28 (SMF-28e, Corning Inc, USA) and 
fusion splicer (Fujikura FSM-60s, Japan). First, the two 
standard SMF segments are spliced with a large lateral 
offset along the radial direction, and the offset distance is 
half of the optical fiber cladding. Then the 3D displace-
ment optical platform is used to control the movement of 
the SMF to about 1 000 and then cut it off with a cutting 
knife. Finally, the optical fiber MZI interferometer can be 
obtained by controlling the optical fibers C and A seg-
ments on the same horizontal line and fusing them with 
the optical fiber B. 

In our experiment, the refractive index and temperature 
sensitivity of the solution around the metal are important 
factors of MZI. Fig.4(a) is a schematic diagram of tem-
perature measurement experimental setup. The tempera-
ture sensitivity and refractive index sensitivity of MZI are 
measured experimentally as shown in Fig.4(b)—(d). The 
proposed MZI is encapsulated in a microflow cell filled 
with ultrapure water. Light from a supercontinuum 
broadband source (SBS) is launched into the MZI, and the 
output interferometric transmission is monitored in real 
time by an OSA (Yokogawa: AQ6370C), with a wave-
length resolution of 0.2 nm. The temperature range of the 
experiment is 25—60 ℃, and the temperature interval is 
2 ℃. As shown in Fig.4(b) and (d), the refractive index
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sensitivity of the interferometer of MZI with cavity length 
of L=947.02 μm is 10 500 nm/RIU, which agrees well 
with theoretical numerical results. The measured tempera-
ture sensitivity is 0.791 6 nm/℃. Moreover, it can be seen 

from Fig.4(d) that there is a narrow dip from 1 545 nm to 
1 550 nm, which is induced by the FBG. This dip may help 
to mark the certain rank of interference fringe and avoid 
fringe skipping. 

 

 

Fig.2 Simulation results of fiber beam propagation process with different radial displacements: (a) d=5.0 μm; (b) 
d=30.0 μm; (c) d=62.5 μm 

 

 
 

 

Fig.3 (a) Transmission curves under different disloca-
tions; (b) Simulated interference dip wavelength shift 
as a function of environmental refractive index 

Similarly, we calibrate the temperature sensitivity of 
FBG to demodulate the temperature effect of MZI later. 
The experimental range is set to 28—64 ℃, and the 
temperature interval is 4 ℃. The evolution of FBG 
transmission spectra is shown in Fig.5. Fig.5(b) is tem-
perature sensitivity fitting curve of the FBG, and its tem-
perature sensitivity is 0.009 29 nm/℃. So we can get the 
matrix of temperature and refraction demodulation. 
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where KT1 and KT2 are the temperature sensitivities of 
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where Δλ is the wavelength shift caused solely by 
changes in environmental refractive index, ΔλMZI is the 
wavelength total shift of MZI, and ΔλFBG is the wave-
length shift of FBG.  

Finally, an optical fiber sensor composed of an MZI 
cascaded with an FBG is used to monitor the metal cor-
rosion process. The shift of wavelength is demodulated 
by Eq.(2) and used to characterize the changing of re-
fractive index of solution in the process of metal corro-
sion.  Fig.6 is a schematic of the experimental  
setup of the corrosion detection system.  
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Fig.7(a) shows that the temperature variation of metal 
electrochemical corrosion with 1%, 3.5%, 5%, 10% and 
20% NaCl concentrations, which are obtained through 
temperature monitoring by the FBG. Fig.7(b) is the 
wavelength changing diagram of MZI with 3.5% NaCl 
concentration after temperature demodulation. 3.5%  

 

 
 

 
 

 
 

 

 

Fig.4 (a) Schematic diagram of temperature meas-
urement experimental setup; (b) Evolution of MZI 
transmission spectra under different refractive indi-
ces (The inset is a microscope image of MZI sensor 
with a U-shaped cavity length of 947 μm); (c) RI sen-
sitivity fitting curve of MZI; (d) Evolution of transmis-
sion spectra of MZI in water at different temperatures; 
(e) Temperature sensitivity fitting curve of MZI 
 

 
 

 
Fig.5 (a) Evolution of FBG transmission spectra at 
different temperatures; (b) Temperature sensitivity 
fitting curve of FBG 
 
NaCl solution is quite similar to the concentration of 
seawater in nature, so it is used in our experiment as the 
corrosion solution. It can be seen that the initial corro-
sion rate of metal electrochemical corrosion process 
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gradually accelerates, and gradually slows down and 
stops with the increasing of corrosion time. It shows that 
the optical fiber sensor can monitor the metal corrosion 
under the conventional salt solution concentration. 
 

 
Fig.6 Schematic of the experimental setup of the 
corrosion detection system 

 

 
Fig.7 (a) Temperature change diagram during elec-
trochemical corrosion in NaCl solution with different 
concentrations; (b) Demodulated MZI wavelength 
change diagram at 3.5% NaCl concentration 

In summary, a fiber sensor composed of a dislocation 
MZI cascaded with an FBG is proposed, and it used to 
monitor the electrochemical reaction process of metals in 
experiments. The simulation results show that there will 
be obvious interference phenomenon when the fiber dis-
location d>30 μm. When d=62.5 μm, its refractive sensi-
tivity is above 10 000 nm/RIU. An MZI with 
L=947.02 μm has been fabricated experimentally, and its 
refractive index sensitivity is 10 500 nm/RIU. Finally, 
the temperature of MZI is demodulated by the FBG, and 
the peak wavelength shift curve of MZI is obtained, 

which characterizes the process of metal electrochemical 
corrosion. This setup may find applications in the corro-
sion of different kinds of metals and the monitoring of 
the electroplating process. 
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