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Abstract
In this work, the optical fiber sensor system to measure the optical loss due to temperature variation of gasoline and toluene was
papered. The optical fiber sensor was characterized using optical time domain reflectometer (OTDR). The sensor was a 50 cm
multimode fiber with about 1e3 cm at its central region being partially unclad. The partial uncladding was carried out using
chemical etching technique. The optical loss of sensor was measured when unclad part exposed to gasoline and toluene respectively
at different temperature ranging from 25 �C to 60 �C. The optical loss of sensor increases in a step drop of OTDR trace as the
temperature is increased. The rate of optical loss was estimated to be 0.01576 dB/�C and 0.02212 dB/�C for gasoline and toluene
respectively.
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Many material properties show strong temperature
dependence, for examples density, electrical conduc-
tivity, refractive index, rigidity and diffusion [1,2].
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Most of temperature dependence measurement tasks in
industrial applications and the research can be carried
out using conventional electric temperature sensors
such as, thermocouples, junction temperature sensors,
resistance temperature detectors or thermistors [2,3].
Despite the spreading of electrical sensors, their usage
is impractical, if not entirely impossible in certain
types of applications such as, chemical plants, landfills,
chemical delivery pipelines, water ductworks, and
similar applications. These types of sensors are
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susceptible to corrosive attacks and sensitive to various
sources of error caused, for example, by electro-
magnetic interference [4,5]. Optical fiber sensors pre-
sent clear advantages for operation in such extreme
conditions. It can be used for remote measurements in
environments which are hazardous or which suffer
from the electromagnetic interference [6,7]. An optical
fiber can act as the sensing element for a large variety
of external parameters such as strain [8], temperature
[9] and pressure [10], because it is able to survive to
the harsh environmental constraints. Different classes
of fiber-based sensors have been investigated, such as
Fiber Bragg Gratings (FBGs) [11], Brillouin [12],
Raman [13], Rayleigh scattering based techniques for
distributed measurements [10], Mach-Zehnder inter-
ferometer sensors [14] and fiber surface plasmon
resonance sensors [15]. The optical fiber sensors are
categorized as either intensity or interferometric sen-
sors. There are other optical techniques based on light
scattering such as, radioactive losses [16], reflectance
changes [17] and magneto-optic [18]. However the
optical fiber sensor system must improve the perfor-
mances for the temperature monitoring in the fields
that depend on the temperature in their work such as
generation of nuclear power reactors, spent-fuel pools
and industries [2,19,20]. Moreover, other highly sen-
sitive techniques were used for temperature monitoring
such as, bandgap hybrid structures, polymer optical
fibers, solid core photonic crystal fiber and hollow core
photonic crystal fiber [21e25]. Of late, interest has
turned to distributed fiber sensors, which enable the
temperature to be monitored at many independent
positions along fiber and thus to determine the thermal
distribution and the location of hot spots. The first
implementation of a distributed temperature sensor
relied on optical time-domain reflectometry OTDR
principle, invented by Barnoski and Jensen in 1976,
which was the first method for distributed fiber mea-
surements using backward Rayleigh scattering to
determine the optical loss along fibers [26,27]. In such
fibers, a localized temperature rise results in an
increased scattering signal which may be detected and
located by OTDR. Additionally, the OTDR enables to
monitor the temperature profile along the length of a
fiber continuously with a good response time and
spatial resolution [28e31].

In this work, a multi-mode optical fiber (MMF) was
used to demonstrate chemical temperature sensing.
The sensor was fabricated by conventional chemical
etching method using hydrofluoric acid (HF). An op-
tical time domain reflectometer (OTDR) is used to
determine the backscattering losses.
2. Theory of OTDR operation

In this study the (MW9070B) Optical Time Domain
Reflectometer (OTDR) was used. It can be used to
measure total loss, interval loss, splice loss and length
of fiber. The main components of a conventional
OTDR are laser diode (LD), detector avalanche photo
diode (APD), an analog digital converter and a digital
processor. The LD launch pulse light with low repeti-
tion into the fiber under test. Backscattered light is
generated by Rayleigh scattering and Fresnel reflection
in the fiber. The backscattered signals are introduced
into the APD via a directional fiber coupler and aver-
aged to improve the signal to noise ratio (SNR). Some
of the light, thus scattered is guided by the fiber back to
the launching end where it is detected by the receiver
as shown in Fig. 1. The device operates at 1300 nm
wavelengths with the pulse width range varied between
20 and 500 ns. The OTDR had the maximum dynamic
range up to 50 dB and the average scan speed 150 s.

The resulting waveform in the OTDR device takes
the shape of a decaying pulse since the forward-
traveling pulse and that portion of the light which is
scattered backwards are both attenuated by propaga-
tion along the fiber. Fig. 2 shows the whole trace of
OTDR includes the splicing loss, connector reflection
and Fresnel reflection. However, the scattered power
p(t) returning to the launching end after time t is given
by equation (1) [31e33]

pðtÞ ¼ p0WhðzÞ exp�
2
4Z t

0

aðzÞVg

3
5 ð1Þ

where po is the power launched into the fiber, W is the
pulse width, Vg is the group velocity, a(z) is the local
attenuation coefficient and h(z) is the backscatter factor.
Also, the distance z from the launching end is related to
elapsed time t via equation (2) [31e33]

z¼ Vgt

2
ð2Þ

3. Methods of fabrication MMF sensor and experi-
mental setup

A 50 cm silica MMF with its core and cladding of
diameters 50 and 125 mm respectively and RI of 1.41
was used. The gasoline and toluene with refractive
indices 1.39 and 1.4961 respectively were used as
samples to be detected by the sensor. A 1e3 cm length
around the central region of the MMFwas mechanically



Fig. 1. Optical time domain reflectometry principle.

Fig. 2. OTDR trace attenuation includes the splicing loss, connector

loss and Fresnel reflection.
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stripped and cleaned with isopropyl alcohol and deion-
ized water prior to etching. Then, the cladding of MMF
was etched using HF acid with concentration equal to
49%. TheMMFwas then mounted tightly on HF-plastic
resistant, and then it immersed into the HF solution (HF-
Panreac AppliChem, Spain) at room temperature around
25 �C. When etching time were 5 min, 10 min, 15 min
and 20 min, the diameter was found to be 107 mm,
89 mm, 61 mm and 50 mm respectively. Then, 50 mm core
diameter fibers were prepared by removing all cladding
for 20 min etching time. After dissolved the cladding,
the MMF was raised from HF solution and dipped into
isopropyl alcohol, deionized water and followed by
drying with dust free tissues to remove any remaining
HF from the fiber surface. The image of the electron
microscope of the MMF sensor before and after
immersed in HF acid is shown in Fig. 3. It can see the
whole cladding of theMMF sensor found to be removed.
Besides, the results showed that the diameter of the clad
was reduced in a roughly linear form with etching time
rate ~ �3.98 mm/min as shown in Fig. 4. It can be seen
that by 20 min of etching the diameter of the MMF
sensor decreased and its cladding has completely dis-
solved in the HF (see Fig. 4). Furthermore, the diameter
size of the MMF sensor reduced from 125 mm to 50 mm,
which mean that the cladding layer was removed
without any damage to the core surface. However, if the
time etching was more than the 20 min, the core fiber is
found to dissolve and this set the limit of detection
sensitivity by means of etching.

4. Experimental setup

The experimental setup for temperature monitoring
based MMF sensors with OTDR detector is shown in
Fig. 5.

In this study, the system detection consists of a
MMF worked as the sensing element and an OTDR as
analyzer. The ends of the MMF sensor are required to
be perfectly flat and perpendicular to the axis in order
to reduce the splicing losses. The MMF sensor con-
nected by means of a fusion splicer to the 150 m of
Multimode launch fiber (MMF50C 0.20 NA) and
150 m Multimode receive fiber (MMF50C 0.20 NA).
All the MMF used has the same core diameter of
50 mm to reduce the losses due to the core mismatched.
The optical fiber sensor system was connected to an
OTDR at one end to obtain the OTDR trace while the
other end exposed to air. The optical loss is determined
a drop step in the OTDR trace as shown in Fig. 6.

Additionally, the OTDR trace of MMF sensor
before the clad is etched was recorded and use as a
reference trace. Then, the MMF sensor was etched and
immersed into sample and again the OTDR trace was
recorded. Then the return loss was recorded as a
different of the both traces of the OTDR at various
temperature ranging from 25 �C to 60 �C (see Fig. 6).
To measure the temperature, the sensor was placed in
a controlled heater with thermocouple to monitor
the temperature variation of chemical liquids (see
Fig. 5).



Fig. 3. Electron microscopic image of MMF sensor (before and after 20 min etching).

Fig. 4. The MMF sensor diameter against the etching time.
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5. Results and discussion

5.1. Chemical leakage monitoring using MMF sensor

Fig. 7 shows the OTDR trace for gasoline and
toluene with 1 cm unclad portion of 50 cm MMF
sensor. The bare core of the sensor was in direct con-
tact with the chemicals of different the refractive index.
The guided modes of the source signals were affected,
Fig. 5. The setup for temperature mea
changed to evanescent-wave and escaped out from the
fiber core thereby decreasing the intensity of light in-
side the fiber. The total optical losses in this work, of
gasoline and toluene were found to be 1.823 dB and
1.922 dB respectively, while the loss without any
chemical (air) was 1.560 dB. Moreover, the optical
return loss seemed to be dependent on the refractive
index of the chemicals. From the results it seemed that
the higher the refractive index of the chemical the more
will be the loss. Additionally, the amount of the optical
loss showed almost linear behavior with respect to the
refractive index of chemicals as plotted in Fig. 8.

Fig. 9 shows the optical return loss versus the length
of the MMF sensor in toluene condition. The experi-
ments were performed on the unclad part by chemi-
cally etched its cladding in the following portion of the
fiber of lengths: 1, 2 and 3 cm. The unclad part of
MMF sensor was exposed to toluene, and the optical
return loss was found to be proportional linearly to the
MMF sensor length which is obtained and recorded
using OTDR. It can be noted that the optical return loss
associated with sensing length clearly increased as the
length of sensor is increased and was found to be
30.8 dB/m. From this result it can be deduced that the
amount of escaping light depends on the unclad length
of the sensor part. The increased length of the
surement using the MMF sensor.



Fig. 6. OTDR trace attenuation showing the splicing loss, connector

loss and Fresnel reflection.

Fig. 8. The total optical loss versus refractive index (air, gasoline and

toluene).
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interaction region with chemical results in an increased
attenuation or and increased Rayleigh scattering,
which can both be measured by standard OTDR.
Moreover, this attenuation causes the decreases in the
light propagating at MMF sensor region, and thus in-
creases the loss which is finally enhance the sensitivity
of the system detection.

5.2. The effect of the temperature variation of chem-
icals liquids on the sensor response

Figs. 10 and 11 depicted the typical traces of the
OTDR measurement for 1 cm length of the MMF
sensor in different temperature of gasoline and toluene
respectively. The temperature of gasoline and toluene
was varied from 25 �C to 60 �C creating a non-
Fig. 7. The typical OTDR trace before etching and after 20 min

etching 1 cm of unclad length of MMF sensor. The unclad part was

exposed successively to gasoline and toluene.

Fig. 9. The return loss versus different length of the MMF sensor

immersed in toluene.
reflective event on the sensor. The optical losses
induced by rise the temperature of gasoline and toluene
recorded as the step drop in the OTDR trace. The
temperature variation induces the total loss relative of
1.973 dB and 2.682 dB of gasoline and toluene
respectively. It is clear that the optical return loss is
directly related to the local temperature variation of
chemicals. Moreover, the increase of the temperature
at the MMF sensor region is one of the responsible
causes for light scattering and then part of the optical
signal transfer to the surrounding medium.



Fig. 11. The typical OTDR trace of MMF sensor response with

unclad length 1 cm to temperature variation of toluene condition.

Fig. 12. Total optical loss versus the temperature variation of gaso-

line and toluene for 1 cm sensor.

Fig. 10. The typical OTDR trace of MMF sensor response with

unclad length 1 cm to temperature variation of gasoline condition.
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The results were further analyzed to obtain the op-
tical loss of gasoline and toluene versus temperature
variation plotted in Fig. 12. The optical loss rates of
gasoline and toluene were estimated to be ~0.016 dB/
�C and ~0.022 dB/�C respectively.

It seemed that the loss increased linearly with
temperature; indicating the amount of light coupled out
of the fiber core increases more rapidly with increase
the temperature. It can see from Fig. 12 that the loss of
toluene is larger than the loss of gasoline about
0.709 dB because the toluene it has refractive index
larger the refractive index of gasoline. Additionally, the
temperature variation of chemicals induced some
changes in optical behavior leading to loss some of
light in MMF sensor at unclad part. Overall, the results
show that the optical fiber chemical sensor system in-
cludes the MMF sensor and OTDR has potential for
temperature monitoring, and they are able to localize
the change in the temperature at unclad part.

6. Conclusion

The optical fiber sensor system was implemented in
this study using an OTDR as analyzer and MMF as the
sensor element. Based on the evanescent wave mode
principle, the sensor preparation involved the removal
of a portion of the cladding of the MMF. The length of
cladding removed was 1, 2 and 3 cm using chemical
etching method. The configuration of sensor system
was capable of responding at different refractive index
of the detected chemical. It was also able to be used to
monitor the temperature variation of gasoline and
toluene. The measurement of temperature ranging
from 25 �C to 60 �C was achieved with good linearity.
The results were further analyzed to obtain the total
loss associated with gasoline and toluene due to tem-
perature variation and estimated to be 1.973 and
2.682 dB with optical losses rate ~0.016 dB/�C and
~0.022 dB/�C respectively. The results show a good
response of MMF sensor using a commercial OTDR
for a range of temperature sensor applications.
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