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We report here a prototype laboratory setup for detecting ethylene (C
2
H
4
) in ppm level employing a sensor made of multiwalled

carbon nanotubes of 40 nm average tube diameter. The proposed reversible chemoresistive ethylene sensor is fabricated using
Kapton as the substrate onto which carbon nanotubes are coated using thick film technology. IDT silver electrodes are printed using
piezo head based ink-jet printing technology.The increases in electrical resistance of the sensor element are measured on exposure
to ethylene for different ethylene concentrations using a potentiostat and data acquisition system. The increase in resistance of the
calibrated sensor element on exposure to ethylene (analyte) is about 18.4% at room temperature for 50 ppm ethylene concentration.
This change is reversible. Our sensor element exhibits a better performance than those reported earlier (1.8%) and it has got the rise
and fall time of 10 s and 60 s, respectively. It could be used for testing the ripening of fruits.

1. Introduction

Ethylene (IUPAC: ethene) is a small hydrocarbon gas coming
under the family of alkenes. It is naturally occurring as a
gaseous phytohormone in plants [1], but it can also occur
as a result of combustion and other processes. Fruits will
release ethylene as ripening begins by means of biosynthesis
[2]. Apples, pears, bananas, and mangoes are some of the
fruits that release ethylene while ripening [2, 3]. Ethylene
is responsible for the changes in texture, softening, color,
and other processes involved in ripening [2]. The amount of
ethylene concentration liberated from the fruits can indicate
the level of fruit ripening and alsomeasurement of ethylene is
inevitable during the postharvest of the fruits and also during
the transportation of the fruits in order to avoid overripening.
The measurement of ethylene in fruits is also required to
discriminate the type of ripening as fruits are also ripened by
artificial ripening methods [3] which are not acceptable for
consumption.

The existing techniques for measurement of ethylene
are gas chromatographs, Fourier Transform, infrared spec-
troscopy, and electrochemical sensors which are laboratory

based analytical methods and are expensive. To overcome
the limitations of the existing analytical techniques a simple
and cost effective sensor device needs to be developed.
Towards this end a novel reversible chemoresistive ethylene
gas sensor developed using multiwalled carbon nanotubes is
reported here in addition to already reported electrochemical
techniques [4].

Single walled carbon nanotube (SWNT) discovered by
Iijima and Ichihashi [5] attracted much attention due to its
extraordinary properties. After the discovery of carbon nan-
otubes in 1991 by Iijima and Ichihashi an extensive research
work was carried out to explore their unique electrical, physi-
cal, mechanical, and chemical properties for developing high
performance devices [6]. The unique properties of carbon
nanotubes made them attractive for novel applications in the
field of gas sensing [7–9].

The CNTs can operate even at room temperature which
is optimal for developing ultra low power, wearable battery
operated devices [10, 11]. Carbon nanotubes are preferred for
gas sensing (NH

3
, CH
4
, and CO

2
) due its tubular structure

with large surface to volume ratio, which provides plenty of
sites for gaseous molecules to adsorb [12–14]. The adsorption
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Figure 1: Schematic of ethylene detection by a chemoresistive sensor.

of gaseous molecules (NO
2
, O
2
, NH
3
, N
2
, CO
2
, CH
4
, H
2
O,

H
2
, and Ar) involves either donation or withdrawal of

electrons from the carbon nanotubes which can lead to
a change in the resistance of the nanotubes [15, 16]. The
MWCNTs are made up of multiple layers unlike SWCNTs
which further increases the surface to volume ratio and leads
to high sensitivity towards gas sensing [17, 18].

Esser et al. [2] reported a reversible chemoresistive sensor
for the detection of ethylene operating at room temperature
with SWCNTs doped with copper (I) complex and observed
a sensitivity of 1.8% (change in conductivity) for 50 ppm
ethylene concentration. Based on this work we explored the
use of MWCNT in place of SWCNT (which is expensive)
to sense ethylene and indeed are successful in developing
MWCNT sensor for ethylene without any dopant. The basic
working principle of our sensor element is increase in resis-
tance on exposure to ethylene which is electron withdrawing
[19]; the electrons are taken away from the CNTs as shown
schematically in Figure 1 which leads to an increase in the
resistance of the sensor. The increase in the resistance of the
device is found to be proportional to ethylene concentration
[2] interacting with CNTs.

2. Experimental

CNTs are characterized by FT-IR, Raman spectroscopy, and
X-ray diffraction.

2.1. Sensor Element Fabrication. The sensor element is fab-
ricated by using ink-jet printing technology; it is a drop on
demand printing technology and it is achieved by using piezo
head based print head. It is a cost effectivemethod of printing
nanoparticles (conductive/ceramic) directly on the substrates
either for developing electrodes or for depositing the con-
ductive nanoparticles/semiconducting metal oxides/ceramic
materials on the printed electrodes over the substrate [20, 21].

In our work we used Epson T60 Photo stylus commercial
printer which is equipped with six cartridges and the printing
can be done directly on any polyimide sheets. It has a provi-
sion for printing directly on planar alumina/glass substrates
using linear translational printing technique apart from the
conventional rotational printing technique.

Each nozzle cap has 90 nozzles and each nozzle size is
90 𝜇m; the firing chamber inside the printer head is incorpo-
rated with a piezo electric wafer developed by MEMS fabri-
cation technology at the top of the microink ejecting column.

When a printing command is generated, the electronic circuit
produces a series of electric pulses which is fed to the piezo
electric wafer; due to this the wafer undergoes a mechanical
deformation and produces a small amount force on the ink
stored inside themicroink ejecting column.This force is used
to eject a tiny drop of (3pL) nanoconductive/ceramic inks
from the ink ejecting column onto the printing surface as per
the electrode/film pattern developed using AutoCAD.

Silver nanoparticles purchased from Sigma Aldrich, Ger-
many, are converted into a silver nanoconductive ink with
20wt% concentration with a viscosity of 7cP and surface
tension of 35 dyn/cm as reported [20]. This nanoconductive
ink is loaded in one of our printer cartridges and the
IDT comb type silver electrodes are printed on the Kapton
substrate. Kapton is a polyimide insulating material having
excellent electrical, mechanical, and chemical properties,
which can be used as an alternate for alumina/glass substrate
and can be used up to 400∘C. It also has the unique advantage
of flexibility and is ideal for various applications. Silver IDT
comb type electrodes are printed with 1mm line width and
2mm interdigital electrode gap and with 20 microns thick-
ness as shown in Figure 2(a).The carbon nanotube dispersion
is applied onto the Kapton substrate printed with silver
electrode through brush coating as shown in Figure 2(b).The
solvent is evaporated by heating this substrate at 150∘C for 3 h.

2.2. Prototype Laboratory Setup. The schematic of the pro-
totype laboratory setup for ethylene sensor using MWCNTs
is shown in Figure 3. The MWCNT sensor element, gas
test cell, ethylene generating chamber, potentiostat circuit,
and data acquisition systems are developed by us and the
reference ethylene sensor (amperometric) C

2
H
4
/C-200 is

bought from M/s Membrapore, Switzerland. The MWCNT
ethylene sensor is enclosed in a test cell and the leads taken
out of the test cell are connected to the potentiostat circuit. Its
output is interfaced with PC loaded with LabVIEW software
through Data Acquisition Module for data analysis. Ethylene
gas is generated from the ethylene generating chamber in
which fruits are kept and it is pumped to the test cell
using peristaltic pump. Ethylene generated from the fruits
is also passed to a reference ethylene sensor to estimate the
ethylene concentration. This reference sensing element is
also deployed with potentiostat circuit and data acquisition
module to interface with PC loaded with LabVIEW software
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Figure 2: (a) Ink-jet printed silver IDT electrodes; (b) MWCNTs coated on the silver IDT electrodes.
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Figure 3: Schematic of the ethylene sensor laboratory setup.
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Figure 4: Potentiostat circuit for MWCNT ethylene sensor.

for data analysis and for conversion of intermediate signals
into the gas concentration into ppm levels.

2.3. Potentiostat for Sensor. Potentiostat is the electronic
integrated circuit used widely to feed the potential across
the electrodes of the chemical cell and to collect the sensor
response in terms of current during the sensing of the sensor.
The potentiostat circuit used in our prototype laboratory
setup for the ethylene sensor is given in Figure 4. The
potentiostat circuit comprises of current to voltage converter,
difference voltage amplifier developed using high precision,
and low offset and high gain instrumentation amplifier. The
device is subjected to a potential difference of 2V across the
electrodes and the device current is converted into voltage by
means of current to voltage converter and only the difference
in the input signal is amplified through the difference voltage
amplifier circuit.

2.4. Data Acquisition System for Sensor. The intermediate
electrical signal obtained from the potentiostat circuit is
interfaced with LabVIEW software loaded in a PC through
12-bit data acquisition module NI9201 of national instru-
ments. The analog real world input is converted into the
digital serial data of 12-bit resolution and transferred to the
PC for processing and computation of gas concentration
value based on the sensitivity of the sensing element. Current
of the sensing element produced upon exposure to analyte is
measured by the potentiostat circuit and the corresponding
change in resistance of the sensing element is computed
using the standard data acquisition system. The change in
resistance related to the sensitivity is correlated to ethylene
concentration.

2.5. Calibration of the Sensor. Our MWCNT sensor element
is calibrated with precalibrated commercial ethylene gas of
different concentrations bought fromM/s Chemtron Science
Laboratories Ltd, India. The precalibrated ethylene gas from
the high pressure gas canisters is transferred into the gas
sampling bags of Sigma Aldrich and a constant volume of
ethylene gas is collected from the sampling bag by means
of special gas collecting syringes and injected into the gas
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Figure 5: Calibration curve of MWCNT ethylene sensor.

test cell for its measurement by the MWCNT sensor. This
experiment is repeatedmany times for each gas concentration
and the repeatability of the readings is confirmed. The
calibration curve of the MWCNT ethylene sensor is given in
Figure 5. The sensitivity of the proposed sensor is calculated
from the slope of the calibration curve. The calibration
curve indicates linearity, sensitivity, and repeatability of the
proposed sensor.

3. Results and Discussion

Ethylene gas released from fruits on natural ripening is
collected in the gas chamber. The release of ethylene is
confirmed using gas chromatography device Nucon 5765
which works on thermal conductivity detection principle.
The sample chromatogram of ethylene gas sample measured
by Nucon 5765 is given in Figure 6. The presence of a peak at
a retention time of 30 seconds confirms the ethylene release
during ripening process.

The prototype laboratory setup for ethylene gas sensor
based on the MWCNTs is given in Figure 7. Ethylene gas is
pumped into the gas test cell containing MWCNT sensor.
This MWCNT sensor is a reversible chemoresistive type
device which reacts with the target ethylene gas even at
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Figure 6: Gas chromatogram of ethylene gas sample.

Figure 7: Prototype laboratory setup for ethylene sensor based on
MWCNTs.

room temperature and the adsorption of ethylene leads to an
increase of resistance of the sensor element.

Figure 8 represents sensitivity of MWCNT sensor as
a function of concentration of ethylene. The sensitivity is
expressed in terms of change in resistance of the sensor
element in the presence and absence of the analyte and
the formula is given below. The measurement was repeated
and checked for its reproducibility. The reversibility of the
sensor is in agreement with those reported earlier [2]. The
percentage change in resistance of the sensor upon exposure
to ethylene gas is calculated as follows:

Sensitivity = (Δ𝑅
𝑅
0

%) = (
𝑅air − 𝑅analyte

𝑅air
) × 100, (1)

where 𝑅air → resistance of the device in air and 𝑅analyte →
resistance of the device exposed to analyte.

The sensitivity and linearity of the MWCNT sensor can
be estimated from Figure 8. The proposed MWCNT sensor
exhibits significant linearity over the measured range. The
sensitivity per ppm of the sensor is 0.368% (−Δ𝑅/𝑅

0
)/ppm,

themeasurement carried out from 10 ppm to 65 ppmethylene
concentrations.

Table 1 confirms our sensor element based on MWCNT
has a better sensitivity than the reported one based on
SWCNT [2].The response time (rise time and recovery time)
of the MWCNT sensor was measured (for 20 ppm, 30 ppm,
and 50 ppm ethylene concentrations) and it is found to be
10 s rise time and 60 s recovery time. Figure 9 represents
the response of MWCNT sensor for the abovementioned
concentrations.
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Figure 8: Sensitivity versus ethylene concentration.
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Figure 9: Response of MWCNT sensor with ethylene gas concen-
tration.

Table 1: Sensitivity of MWCNT versus SWCNT sensors.

S.
number

Ethylene gas
Concentrations

in ppm

MWCNT
(present work)

Percentage change
in resistance (%)

SWCNT
(previous work [2])
Percentage change
in conductance (%)

1 20 8.3 0.9
2 50 18.4 1.8

4. Conclusion

The work describes a prototype laboratory setup based
on MWCNTs for ethylene detection in ppm levels. The
chemoresistive sensor element is based on multiwalled car-
bon nanotubes. It has a higher sensitivity than the reported
single walled CNTs with good linearity and repeatability.
As the sensing device is developed on the flexible Kapton
substrate it makes the device so compact and of less weight
and economical and also useful for miniaturization. The
proposed prototype laboratory setup can be converted into a
commercial ready-made product that is of low cost, is highly
sensitive, and is portable device for detection of ethylene for
on-site applications.
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