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Abstract: In the present paper design and development of a low cost gas sensing system with Polyaniline/
Cerium oxide composite as sensing element is presented. Polyaniline / Cerium oxide composites are prepared
by insitu polymerization. The composites are pressed in the form of pellets and are used as the sensing elements.
The sensing element is interfaced with front end signal conditioning circuit, and ARM processor for data
logging. The sensor readout circuit is based on resistance to voltage conversion technique. The performance of
the system was tested for oxygen sensing application.
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I. Introduction

Need for monitoring and maintaining the pollutant gases in the environment within a specified limit has
led to substantial research in the field of gas sensors. Several studies have been reported in the literature for
detection of various gases using metal oxide sensors [1-11]. Huge number of gas sensors are commercially
available in the market which employ metal oxides.However,these sensors operate at high temperatures and
their electrical conductivity depends on the concentration of ambient gas. Since conducting polymer sensors
have short response time, high sensitivity and are operated at room temperature, researchers have paid much
attention on these novel materials for gas sensing applications. Polyaniline has gained importance in gas sensing
applications due to its environmental stability, good conductivity and gas sensing ability. Gas sensing properties
of conducting polyaniline composites and polypyrrole composites for various oxidizing and reducing gases have
been extensively studied and detailed mechanism has been reported [12-20]. When the conducting polymer
composites are exposed to the oxidizing or reducing gases, the conductivity of these sensing elements will
change. The overall conduction in a sensor element is determined by various factors such as nature of dopant in
polyaniline, surface reactions, resulting charge transfer processes with the underlying semi conducting material,
transport mechanism through the sensing material, and morphology of sensing layer [21]. Since these sensors
are operated at room temperature, the sensor resistance (Rsgns) is given by the following equation,

Rsens = Rar + ARgas

Where Ry is the sensor resistance in air at room temperature and ARgas 1s the variation in sensor
resistance due to interaction between sensor element and the gas. The value of Rar depends on method of
preparation of sensing element, dopant and its concentration. The value of ARgss depends on the gas
concentration. In the present paper, the development of a low cost sensor system with Polyaniline/ Cerium oxide
composite as sensing element and its interfacing with front end signal conditioning circuit is presented. The
system is tested for oxygen sensing application.

II.  Sample Preparation

Polyaniline/Cerium oxide composites were prepared by insitu polymerization. Aniline solution was
formed by dissolving aniline (0.1mol) in IM HCI. Cerium oxide was added to the aniline solution with vigorous
stirring to keep Cerium oxide suspended in the solution. 0.1M Ammonium persulfate, which acted as the
oxidant, was added to this reaction mixture slowly with continuous stirring at 0—5°C. The reaction mixture was
kept stirring for 24 hours. The polymer which was in the form of greenish-black precipitate was recovered by
vacuum filtration and washed with deionized water. To achieve a constant weight the precipitate was dried for
24 hours in an oven. In this way polyaniline — Cerium oxide composites with 5 different weight % of CeO, (10,
20, 30, 40, 50) in polyaniline were synthesized. The composites thus formed were characterized by Fourier
Transform Infra Red Spectroscopy (FTIR), X-ray diffraction (XRD) and scanning electron microscopy (SEM),
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which confirmed the presence of CeO, in polyaniline matrix. The composites are pressed in the form of pellets.
These pellets are used as the sensing elements.

III. Measurement Instrumentation
A. Principle
The gas measurement instrumentation consists of constant current source, signal conditioner, data
acquisition unit, ARM processor and a display unit. Block diagram of the gas sensing and measurement system
is shown in figure 1. Conducting polymer composite pellet is used as gas sensing element and is placed in the
gas sensing chamber. Gas sensor is driven by a current of fixed magnitude supplied by the constant current
source.
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Figure 1. Block diagram of gas sensing system

With variation in gas concentration, the resistance of the pellet and hence the voltage across it also
varies. The change in voltage is picked up by the signal conditioner where the signal is suitably modified and is
further acquired by the data acquisition unit available on the ARM processor. Acquired data is processed by the
processor and the same is displayed in parts per million (PPM).

A. Circuit design

Metal oxide gas sensors operate at high temperature. The baseline value of resistance in these sensors
varies from kilo ohms to several mega ohms. The resistance value of sensors depends on temperature, type of
material used for sensing, nature of gas to be sensed and its concentration. Several techniques have been
proposed for measurement of large dynamic variations in resistance. Shurmer and Gardner have used potential
divider method for interfacing of chemoresisters [22]. It was simple to implement, but not very sensitive for
small variations in resistance. Wheatsone bridge technique was proposed by Gardner et.al. [23], but with large
resistance swing, output suffers from non linearity. Diego Barrettino et.al. proposed logarithmic converter
circuit, which uses voltage to current conversion technique and was used for measuring change in resistance
from 1 kilo ohm to 10 mega ohms[24] . However, the precision is reduced due to the usage of logarithmic
function. As metal oxide sensors operate at high temperature, heater design must also be made for accurate
control of temperature. Since the proposed system is operated at room temperature, heater design is eliminated.

Signal conditioner circuit (resistance to voltage conversion and instrumentation amplifier) designed for
gas measurement is shown in figure 2. . A design with the combination of transistor (Q2N2222) and Zener diode
(IN4733A) is used as a constant current source. Gas sensing element is used as a feedback element in the design
of the constant current source. Resistance at the emitter terminal of the transistor is set to drive the sensing
element with a constant current of 10pA. Gas sensing element is used as a feedback element in the design of
the constant current source.. voltage drop across the sensing element is directly proportional to the sensor
resistance and is picked up by the instrumentation amplifier. The instrumentation amplifier is designed using 3
operational amplifiers (OP-07). The gain of the amplifiercan be set to the desired value by adjusting the 100 K
resistor. The output of the amplifier is applied to the ARM processor. Further ARM processor acquires the data,
processes, and displays the gas concentration in PPM.

The resistance of gas sensing element is the function of temperature and hence temperature
measurement provision is also made in the system design. LM 35, a degree Celsius temperature sensor is used to
measure the chamber temperature at which sensor response is recorded.
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Figure 2 Circuit schematic of the gas sensing system

B. System Implementation

The sensing chamber made up of glass is mounted on a steel table. The sensing element in the form of
pellet is placed in a sample holder and is projected from the bottom of the chamber through a cork. The whole
set up is made airtight. Gas sensing chamber is provided with two valves, one for the gas inlet and the other as
outlet. Using a flow meter and a regulator, oxygen is allowed to enter the sensing chamber at the rate of 20cc per
minute. With variation in gas concentration, the resistance of sensing element also changes. The change in
resistance of the sensing element causes the voltage change across the element as it is driven by the constant
current source. This voltage drop is picked up by the instrumentation amplifier. Then the instrumentation
amplifier output is fed to the analog channel of the ARM processor. Further the ARM7TDMI LPC2148
processor acquires the voltage through the analog channel, substitutes in the calibrated equation, computes it for
the gas concentration in PPM, and then displays the same on 16X2 LCD display along with the temperature.
Complete circuit schematic of the gas measurement system is shown in figure 2 and the software flowchart is
shown in figure 3.
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Figure 3 system flow chart

IV.  Results And Discussion

When the composites of different weight percentage of cerium oxide in polyaniline were tested for
oxygen sensing, the variation of resistance was found to be maximum in the composite with 50 wt% of cerium
oxide in polyaniline. Hence the designed system was tested for this sample. Initially the resistance of the sample
for various known gas concentrations are recorded using high accuracy digital ohm meter. A plot of resistance
v/s known gas concentration in PPM is the reference for calibrating the designed gas sensing system. The
performance of the calibrated gas sensing system is studied for oxygen sensing application. Figure 4 shows the
plot of sensor resistance vs gas concentration in PPM obtained from the designed gas sensing system. ARM
based gas sensing system measurements are found to be very close to the actual measurements made by the high
accuracy digital multi meter. In case of metal oxide sensors the variation in resistance ranges from few kilo
ohms to several mega ohms. As these sensors operate at high temperature heater design also must be made in
the sensor system. Since the designed system operates at room temperature, heater design is eliminated.
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V.  Conclusion

Design and development of a low cost gas sensing system is presented. Polyaniline/ Cerium oxide
composite was synthesized by insitu polymerization method and pressed in the form of pellets. These pellets are
used as oxygen sensing elements. Composite with 50 weight percent of cerium oxide in polyaniline was taken as
sensing element since its resistance variation was maximum on exposure to oxygen gas. The sensing element is
interfaced with analog front end signal conditioning circuit. ARM processor is used for data logging, computing
the gas concentration in PPM and displaying the results. The sensor readout circuit is based on resistance to
voltage conversion technique. The designed system measures the gas concentration with an accuracy of less
than +1 % and exhibits a linear response up to 200 KQ. Provision can also be made to measure higher
resistances by employing attenuators at the input of the ARM processor.
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