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INTRODUCTION

Aluminum oxide (alumina) is a well known material
commercially used for diverse applications such as fabrication
of heat-resistant components, high temperature insulating
materials for furnaces, electronic insulator, bulk substrate in
solid state electrochemical sensor and optical materials in
lasers'?. Recently, alumina has been explored for gas sensing
applications. Nanoporous (45-22 nm diameter) alumina films
have been examined for NH; gas sensing at room temperature.
The sensor exhibits good gas sensitivity over these range*’.

Alumina doped ZnO and barium stannate have been
studied as gas sensing materials which exhibits enhanced sensi-
tivity for ethanol**"', CO and H,'?, respectively. Alumina acts
as an adsorption promoter of oxygen and enhances the detection
of gases".

A fiber optic sensor is investigated in order to improve
the sensitivity, selectivity even in the ambient room tempe-
rature. The advantages claimed by the optical fiber sensor over
the conventional sensors are immunity to electromagnetic
radiation, low cost, small size, high sensitivity and miniatu-
ration'*. The gas sensing mechanism and the underlying
principle is based on cladding modification methodology.
The enhancement in gas sensing adsorption is achieved by
removing a small portion of clad in the optical fiber and
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Fiber optic sensor based on cladding modification has been developed for detecting various gas emissions such as ammonia, methanol |
and ethanol. The change in the refractive index of the cladding and the phenomena of evanescent wave absorption forms the underlying |
principle. The as-prepared aluminum oxide annealed at 1200 °C was used as a gas sensing material. The spectral characteristics of the gas
sensor was studied for different concentrations (0-500 ppm) of gases. The sensor exhibits a linear variation in the output light intensity |
with the concentration. The light intensity as a function of gas concentration exhibits a linear increase for ammonia, ethanol and methanol |
as-prepared AlL,Os. However, 1200 °C annealed Al,O; shows decreased sensitivity for methanol gas. The enhanced gas sensitivity and |
selectivity of the sensor is discussed. The time response characteristics of the sensor are also reported. |
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covering with the active gas sensing material. The intensity of
the light passing through the fiber is modified when the
refractive index of the sensing medium varies with respect to
the extent of gas interaction. When the refractive index of the
modified cladding is greater than the core, the light rays passing
through the fiber would undergo partial reflections at the core/
modified-cladding interface, leading to loss of power"”. On
the other hand, the refractive index of the modified cladding
region is lower than the core, the reflections will increase and
the power loss will be diminished. In this work, gas sensing
properties of a clad modified optical fiber with aluminum oxide
is studied with ammonia, methanol and ethanol gases at room
temperature. The time response of the sensor is reported.

EXPERIMENTAL

The experimental setup of the optical fiber sensor is shown
in Fig. 1. A white light source (Model SL1, StellarNet Inc.,
USA with wavelength range from 100 to 2000 nm) and a
miniature fiber optic spectrometer (EPP-2000, Stellar Net,
USA, having spectral range of 100 to 1100 nm) were used as
source and detector. The heart of the sensor was a multimode
step index optical fiber having a diameter of 750 pm and a
numerical aperture of 0.51. The refractive indices of the core
and the cladding are 1.492 and 1.402, respectively. The gas
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Fig. 1. Schematic diagram of a fiber optic gas sensor

sensing region of about 3 cm was obtained by completely
removing the clad part with the careful use of a razor without
affecting the core of the fiber. This sensing region was polished
to have uniformity and monitored by optical microscope
(Macscope, India).

The nanocrystalline Al,O; was mixed with isopropyl
alcohol to form a paste and coated on the sensing region by
dip coating method. The thickness of the coating was 25 p. After
the coated fiber was dried at room temperature, the sensing
part of the fiber was inserted into the gas chamber. Ammonia,
methanol and ethanol prepared in different ppm levels (0-500
ppm) were passed into the chamber and the intensity variations
were recorded using the spectrometer interfaced with a personal
computer. A settling time of 10 min was given after changing
the concentrations of ammonia, methanol and ethanol before
making measurements for each case. The sensor measurements
were carried out at 24 °C.

Synthesis, characterization and gas sensing characterisics
of AL,Os nanocrystalline particles

Synthesis: The 0.1 M solution of aluminum chloride was
taken in a round bottom flask fitted with a condenser and then
it was hydrolyzed for 72 h. The required amount of ammonia
solution was added to the hydrolyzed solution and a precipitate
was obtained. This precipitate was washed with water several
times. Finally aluminum oxide nanopowder was obtained and
this powder was annealed at 1200 °C for 1 h in air. Crystalline
natures of the as-prepared and annealed powders were charac-
terized by X-ray diffraction. The surface morphology of the
nanoparticles was studied using SEM.

RESULTS AND DISCUSSION

The powder X-ray diffraction studies on the synthesized
nanoparticles were performed with Rigaku diffractrometer
(Model: Ultima III, Japan) using CuK, (1.54 A) radiation. A
beam voltage of 40 kV and a beam current of 30 mA were
used. The data were collected in the 26 range (10-80°) with a
continuous scan speed of 0.2 °/min. The morphology of the
nanoparticles were studied using a scanning electron micro-
scope (SEM) (Model No.S-3000H, Hitachi, Japan).

Fig. 2 shows X-ray powder diffraction pattern of the
as-prepared and annealed aluminum oxide nanoparticles. The
diffraction pattern shows a tetragonal phase of the aluminum
oxide. The grain size and crystallinity increases with annealing
temperature. The Scherer's formula was used for estimating

as-prepared 12 nm

212)
=~ (324)

Intensity (a.u.)
%

— (208)

1200-C
25 nm
& =
o & =)
89 [=]
s =

311

10 20 30 40 60 70 80
20 ()

Fig. 2. XRD pattern of the aluminum oxide nanoparticles
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the average crystallite size of the aluminum oxide. The estimated
sizes of the as-prepared and annealed sample are 12 and 25
nm, respectively.

Figs. 3 and 4 show the SEM micrographs of the as-prepared
and annealed samples of aluminum oxide nanoparticles. The
different size and shape of the nanoparticles are observed in
SEM micrographs of the as-prepared and annealed samples.
All the SEM micrographs show the aggregation of many particles
which are composed of many primary particles.

(b)

Fig. 3. SEM micrograph of the (a) as-prepared aluminum oxide
nanoparticles; (b) SEM micrograph of the annealed (1200 °C)
sample of aluminum oxide nanoparticles
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Fig. 4. SEM micrograph of the Fiber coating (a) as prepared and (b)
annealed (1200 °C) sample of aluminum oxide

Fig. 3(a), (b) and Fig. 4(a),(b) show the SEM micrographs
of the as-prepared and annealed (1200 °C) aluminum oxide
nanoparticles in the powder form and after coating on the fiber
respectively. Different sizes and shapes of nanoparticles are
observed. The SEM micrographs show the aggregation of
particles which are composed of many primary particles.

Fig. 5(a-c)and Fig. 6(a-c) shows the output spectral charac-
teristics of as-prepared and annealed Al,Os; samples exposed
to for various concentrations ammonia, methanol and ethanol
respectively. The spectra exhibit three peaks around 690, 767
and 949 nm. The peak intensity increases for all gases. The
annealed samples show lesser variations in peak intensity
compared to as prepared sample.

Gas sensitivity and selectivity: Fig. 7(a-c) give the plot
between the spectral peak intensity (690 nm) and vapour pres-
sure of ammonia, methanol and ethanol gases for as-prepared
and annealed samples. The gas sensitivity is found to be higher
for as-prepared sample with ethanol gas (55 x 107°/kPa)
compared to all other gases and samples. It is about 9 and 29
(10"*/kPa) for ammonia and methanol for as prepared. For the
annealed samples the values were 7, 11 and 25 (10~*/kPa) for
ammonia, methanol and ethanol respectively.

Though, the as prepared sample exhibits higher gas
sensitivity for ethanol, the spectral characteristics are same for
all gases (Table-1). Hence, the gas selectivity may be repre-
sented in terms of highest gas sensitivity. Thus, Al,Os is best
suitable for ethanol detection.

Absorption characteristics of the Al,Os annealed at 1200
°C were studied using spectrophotometer (Model UV-1700,
Shimadzu, Japan) under air, ammonia and methanol environ-
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Fig. 5. Spectral response of the sensor with as-prepared Al,Os for various concentrations of (a) ammonia, (b) methanol and (c) ethanol
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Fig. 6. Spectral response of the sensor with annealed (1200 °C) Al,Os for various concentrations of (a) ammonia (b) methanol and (c) ethanol
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Fig. 7. Plot between peak intensity and various concentrations of (a) ammonia (b) methanol and (c) ethanol in Al,Os

TABLE-1
GAS SENSITIVITY OF Al,O; FOR VARIOUS GASES

Gas sensitivity (10?/kPa)

Vapours

As prepared Annealed at 1200 °C
Ammonia 9 T 7 T
Methanol 29 T 11 4
Ethanol 55 T 25 T

ments for comparing the proposed model by stimulating the
experimental condition for the sample. The annealed Al,O;
was coated (around middle portion) on the inside surface of
one of the sides of the cuvette and a small amount of solution
(about 2 mL) was taken at the bottom of the cuvette for produ-
cing a vapour. The coating did not make a contact with the
solution. Another similar cuvette with the same amount of
solution was taken without any coating for a reference. The
open ends of the cuvettes were closed with Teflon lids and the
solutions were allowed to vapourize for 10 min.

The absorption characteristics of Al,O; annealed at
1200 °C were also studied by using water alone. The results
showed that the spectrum is similar to that of air and its inten-
sity remained almost unchanged with water. This corresponds
to an output intensity spectrum obtained when the sensor is
not exposed to the gas (and can be taken as a reference value).
When the gas is present, the evanescent wave absorption may
be higher or lower than the reference value. In the case of
methanol, the output light intensity decreases with the increase
in the concentration It indicates that the magnitude of evanescent
wave absorption is higher than the air environment. In the case
of ammonia, the magnitude of absorption is lower than the
air, which results in the increase in the sensor output. It is seen
that the light absorption is higher for methanol and lower for
ammonia (Fig. 8) compared to the air. These imply that the
increase or decrease of the sensor output with methanol or ammo-
nia with the concentration is due to evanescent wave absorption.

Time response characteristics: Fig. 9 shows the time
response characteristic for the chamber to reach 500 ppm of
ammonia after the vapour has been let in, which shows a good
reversibility. The response time was calculated by observing
the time duration the sensor signal (at 690 nm) took for raising
from 10 to 90 % of the maximum and for recovery time, the
intensity fall from 90 to 10 % of the maximum. The response
time and recovery time were found to be about 41 and 39 min,
respectively.
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Fig. 8. Absorption spectra of annealed ALO; (1200 °C) in methanol, air
and ammonia environments
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Fig. 9. Time response of the sensor for Al,O; with ammonia gas

Conclusion

The spectral characteristics of the fiber optic sensor with
Al O; coated modified clad were studied for different concen-
trations of ammonia, methanol and ethanol (0-500 ppm). The
sensor showed increase in the spectral intensity for all gases
and samples (as prepared and annealed at 1200 °C). The
proposed fiber optic gas sensor based on annealed Al,O; as
sensing medium exhibited good response for the gases at room
temperature, especially best suitable for ethanol detection. The
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as prepared sample exhibited good response for ethanol (55 x
107 /kPa). The sensor showed good gas selectivity for the
ethanol, methanol and ammonia gases.
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