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The aim of the present research is to use a thick film of Nano Sodium A Zeolite (NaA) sensors to detect
ethylene glycol vapours (EG). The obtained NaA zeolite material was characterised using XRD, FTIR,
SEM-EDS, and TG-DTA analysis to investigate its physicochemical properties. The screen printing tech-
nique was used to deposit NaA thick films on glass substrates. NaA sensors have been found to be sen-
sitive to EG. The sensors were revealed to functional operating temperature at 95 �C, with fast
response and recovery times of 90 s, respectively. EG vapours with concentrations ranging from 2 to
90 ppm can be detected by the sensors. According to the findings, NaA zeolite could be used as a potential
method for identifying EG vapours..
Copyright � 2023 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 2nd International Con-
ference on Multifunctional Materials.
1. Introduction

Air pollution has rapidly increased during the last few years due
to industrial and technological development and is becoming one
of the large as worldwide nightmares as it destructively affects
ecosystem [1–3]. Air pollutants are not only hazardous but also
disadvantageous to the environment. Their presence, in massive
concentration, leads to global warming, acid rain, smog and can
cause adverse effect on living organism [4]. Therefore, there is a
need of appropriate system to take the edge off such problem to
detect hazardous and harmful air pollutants in order to protect
human health.

Ethylene glycol (EG) is the most basic organic chemical in the
glycol family with two hydroxyl groups in adjacent positions in a
hydrocarbon chain. Ethylene glycol is a clear, colourless, odourless
liquid that is relatively non-volatile and viscous [5]. It is also
widely used as a raw material for antifreeze, coolants, dyes, inks,
plastics, paints, films, solar energy systems, hydraulic break fluids,
cosmetics, thus as used divase fields like medical, automotive,
petrochemical, mechanical, pharmaceutical, and printing press
industries. EG vapours, on the other hand, are highly toxic and
can harm human health. Inhaling EG vapors can cause respiratory
problems, pulmonary edoema, and damage to nervous system,
heart, and kidneys. Furthermore, EG vapour exposure results in
CNS depression, nausea, vomiting, abdominal cramps, coma, minor
skin and ocular irritation, and even death. EG can also cause cancer.
Detecting and monitoring EG vapours is thus critical for human
safety [6]. Detection of EG vapours has rarely been reported in
the literature to date. As a result, it is nessary to develop can detect
these vapours efficiently [7].

Recently nano materials have gained much interest in sensor
applications because of their interesting features like increase in
surface to volume ratio, high adsorption capacity and reactivity.
In this context, nano-zeolites are very interesting materials which
are widely being used in many areas ranging from catalysis, chro-
matography, medical, agricultural, veterinary, ion exchange, waste
management and specially gas sensing applications [8,9]. The
reviews on utilization of zeolites for sensor application indicate
that most of the zeolites either in layer form, or admixtures or
composites are employed for augmentation of sensor performance
towards toxic gases. [10–12]. In addition, they have not been used
to detect EG vapours.

Zeolite A with sodium cations, [Na12[(AlO2)12(SiO2)12].27H2O,
abbreviated as NaA], is a microporous aluminosilicate material.
Its unique structure contains molecular-sized crystalline, void
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spaces, channels and cages [8]. It is due to its intra-crystalline sur-
face area and strong interactions with adsorbates, it exhibits
molecular-sieving, catalytic, ion-exchange and adsorption proper-
ties. NaA zeolite material, its membranes and composites are
mainly employed for adsorption of radioactive waste, removal of
heavy metals, oil–water separation, gas separation, catalysis and
carbon dioxide capture [10], There are very few reports on sensor
application wherein NaA layer or NaA composite have been used
for improvement either in selectivity or sensitivity [10–12].

Furthermore, the use of NaA zeolite for EG vapour recognition
has yet to be reported. As a result, efforts have been made to
develop a thick film sensor based on NaA zeolite for detecting EG
vapours. Hence, the present work deals with utilization of nano-
NaA zeolite for detection EG vapours. It includes preparation of
thick film sensors by using nano-NaA zeolite as main functional
material, characterization of sensor material and detail EG vapour
sensing characteristics.
2. Experimental

Nano-NaA zeolite and ethylene glycol were procured from
Merck with high purity level up 99.9 % and S.D. Fine Chemicals
Limited (SDFCL) respectively.

2.1. Characterization

The X-ray diffraction patterns has obtained using a Rigaku X-ray
diffractometer (Miniflex) and CuKa (=1.543) incident radiation. The
XRD peaks were measured between 5� and 60�. The functional
groups in the NaA zeolite were identified using a Perkin-Elmer Shi-
madzo FTIR spectrophotometer. The sample was scanned 50 times
from 4000 cm-1to 400 cm�1. The spectrometer with a resolution of
4 cm�1.

Shimadzu Thermal analyzer was used to perform thermogravi-
metric and differential thermal analysis in an air atmosphere at a
rate of 10 �C/min its temperature range from room temperature
to 1400 �C.

2.2. Preparation of thick films

The thick film sensors were obtained using the previously
described screen-printing technique [13,14]. A paste was prepared
using NaA zeolite as a main functional material and various bin-
ders namly glass frit, ethyl cellulose and butyl carbitol acetate by
keeping inorganic to organic ratio 70:30 and deposited on the
clean glass substrate. After deposition, the films were dried for
20 min under an infrared lamp to remove temporary binders
before being annealed in air for 2 h at 650 �C in a programmable
furnace. These newly developed screen printed thick film sensors
were used to detect EG vapours. The process of film preparation
is presented in Fig. 1.

2.3. EG vapour sensing performance

A study on the detection of EG vapours was conducted using a
labmade static gas assembly. A sensor substrate was mounted on a
heater in the chamber and a constant voltage of 90 V was applied.
The temperature of the substrate was determined by placing a
thermocouple in direct contact with it. To enable electrical mea-
surements, the copper electrodes were connected to the substrate
material. To avoid the humidity consequences and maintain a con-
sistent output, the sensor substrate was heated in atmospheric air.
The DC electrical resistance of a NaA zeolite thick film sensor as a
function of temperature in air and air with test vapour environ-
ments was calculated. Using the observed change in resistance,
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the sensitivity of the sensor film was calculated using following
equation.

GasresponseSð%Þ ¼ Rgas � Rair

Rair
� 100

The repeatability of the sample film was assessed three times
while measuring gas response as a function of temperature [15].
The response and recovery times of the film were also determined
by alternately exposing them to a constant (EG vapour concentra-
tion) and a fresh air environment. The active region of the film sen-
sor was studied by exposing it to varying concentrations of EG
vapours while the sensor keeping at its working temperature.
3. Results and discussion

3.1. X-ray diffraction analysis

Fig. 2(a) depicts the diffraction pattern of NaA zeolite from 10�
to 60�. Typical NaA zeolite patterns includes diffraction peaks at 2h
values of 10.190, 12.480, 16.130, 21.680, 24.010, 26.150, 27.150,
29.960, 30.80, 32.50, 34.10, 35.70, and 41.50 (74–1183-JCPDS-
ICDD, 2001). The planes (531), (662), (640), (642), (644),
(660), (840), and (880) correspond to the NaA zeolite’s tetragonal
phase. Calculating the average particle size of NaA zeolite is found
to be 66 nm [16].
3.2. Fouriour transform infrared spectroscopy

Fig. 2(b) shows the FTIR spectrum of NaA zeolite material
recorded between 400 and 4000 cm�1. The distinctive band for
NaA zeolite framework, which is present at 664 cm�1, is caused
by the internal vibration of T-O symmetric stretching. The absorp-
tion peak associated with asymmetric stretching vibrations of Si-O
(Si) and Si-O(Al) bridge bonds is discovered to be close to
1005 cm�1. Internal tetrahedral symmetrical stretching has a peak
at 1497 cm�1 and external linkage asymmetrical stretching has a
peak at 1648 cm�1. The peak at 2360 cm�1 is caused by internal
(TO4) tetrahedral bending. The absorption band of the (OH) group
is found to be present at 3733 cm�1 [17].
3.3. Thermo-gravitometric and diffrential theramal analysis

The TG (blue) and DTA (black) curves for NaA zeolite are shown
in Fig. 2c. The initial weight loss in the temperature range of 50 �C
to 200 �C indicates water molecule desorption from the zeolite sur-
face. The first endothermic peak at around 65 �C, caused by the
desorption of loosely held water molecules in the NaA zeolite, sup-
ports this. Dehydration of the hydrated sodium ions located in the
cages of the zeolite framework causes the appearance of the sec-
ond endothermic peak at 220 �C. Changes in the chemical compo-
sition of the NaA zeolite material are linked to the newly
discovered exothermic peak at 400 �C [18].
3.4. Scanning electron microscopy and energy dissipative spectroscopy

Fig. 3(a) displays the SEM image of the NaA zeolite. The
observed morphologies are similar to well-defined cubic crystals,
as expected for highly crystalline NaA zeolite. This is well sup-
ported by sharp peaks in XRD [14]. The average elemental chemical
composition of the NaA sample, obtained quantitatively from
energy dispersive analysis (EDS), is shown in Fig. 3(b). The EDS
spectrum shows the presence of elements like Al, Na, C, O and Si.
The abundance of Al and Si confirms that Si/Al ration is greater
than 1 [19,20].



Fig. 1. Paste and Thick Film Preparation by Screen Printing Setup.

Fig. 2. A) XRD and b) FTIR and c) TG-DTA of Na A Zeolite sample.
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3.5. Scanning electron microscopy and energy dissipative spectroscopy

Fig. 3(a) displays the SEM image of the NaA zeolite. The
observed morphologies are similar to well-defined cubic crystals,
as expected for highly crystalline NaA zeolite. This is well sup-
ported by sharp peaks in XRD [14]. The average elemental chemical
composition of the NaA sample, obtained quantitatively from
energy dispersive analysis (EDS), is shown in Fig. 3(b). The EDS
spectrum shows the presence of elements like Al, Na, C, O and Si.
The abundance of Al and Si confirms that Si/Al ration is greater
than 1 [19,20].

3.6. Ethylene glycol sensing characteristics

Fig. 4(a) depicts the typical response of a NaA thick film sensor
for a 2 ppm EG vapour as a function of temperature. It is observed
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that the sensitivity changes with temperature. The sensitivity is
found to be maximum 166% at 95 �C. It demonstrates that the
NaA film sensor has specific temperature sensitivity for EG
vapours, as the response at all other temperatures is alimeage
compared to that at 95 �C. This demonstrates that NaA thick film
is an excellent EG vapour sensor, capable of detecting EG vapours
at temperatures approaching 95 �C. The sensitivity for 2 ppm EG
vapour concentration is 166%.

Fig. 4(b) depicts the response and recovery time profile for a
NaA zeolite sensor in the presence of 2 ppm ethylene glycol
vapours at 95 �C. The sensor’s response is recorded alternately in
the presence of atmospheric air and 2 ppm ethylene glycol vapour
in atmospheric air. After a 2 ppm ethylene glycol injection, the sen-
sor’s response gradually increases until it reaches a constant value,
which gives the sensor’s response time. The time it takes for the
sensor to return to its original value after being exposed to fresh



Fig. 3. (a) SEM images for Nano Sodium A Zeolite sample and (b) EDAX spectrum for Nano Sodium A Zeolite sample.

Fig. 4. A) eg vapors sensing ability of the naa substate as a function of time after exposing 2 ppm ethylene glycol concentration at optimum temperature (95 �C). b) Sensor
sensitivity evaluated as the gas response v/s temperature of NaA substate in presence of EG vapors for 2 ppm to obtain optimum temperature. c) Maximum uptake capacity of
EG vapors shown by nano NaA thick film at optimum temperature (95 �C).
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air represents the sensor film’s regenerative capacity and is
referred to as recovery time. Based on the graph, it can be con-
cluded that the NaA zeolite film responds to EG vapours in 90 s,
with a recovery time of 90 s.

At 95 �C, the maximum uptake capacity of a NaA zeolite thick film
sensor is investigated by varying the concentration of ethylene glycol
vapour. Fig. 4(C) shows that the response almost linearly increases
with concentration up to 90 ppm before becoming saturated for even
higher concentrations it may be due to EG vapour coverage of the
sensor surface. This finding shows that the NaA zeolite sensor can
detect EG vapours at concentrations ranging from 2 to 90 ppm.
Reveling the sensor’s active range and detection capacity.

4. Gas sensing mechanism

NaA zeolite unit cell’s aluminosilicate framework is made up of
octahedrons (called cages) located at the eight corners of a cube
and two cages are connected by a D4R linkage leading to the cube’s
edge. The diameter of an octahedron’s (cage) is approximately
0.66 nm. Eight such interconnected octahedrons in a unit cell
result in the formation of a slightly larger cavity (cage with a diam-
eter of 1.14 nm.) as shown in Fig. 5.

Due to the combination of cages and connecting channels, zeo-
lite offers extremely large specific surface area for the adsorbtion of
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foreign (EG) molecules. Any physical adsorption process involves
Van der Waals dispersion-repulsion forces, as well as electrostatic
forces caused by polarisation, dipole, and quadruple interactions.
However, because zeolites have an ionic structure, electrostatic
forces play an important role in molecule adsorption. Furthermore,
in NaA zeolite, the zeolitic water molecules are loosely bound to
the framework cations and can be found in the channels, cages,
or voids. The water molecules in the structure obstruct the move-
ment of mobile cations. Therefore, the ionic conductivity due to
mobile cations is low at low temperatures. Zeolitic water desorp-
tion takeplace at higher temperatures. This results in rearrange-
ment of chage carriers, and the adsorbed EG molecules can enter
inside the zeolite structure. Thus rearrangement of chage carries
result in high ionic movement increages conductivity. At 95 �C, this
situation occurs in NaA zeolite, indicating that the maximum num-
ber of active adsorption sites occupied by ethylene glycol mole-
cules. As a result, the response is observed to be the highest at
this temperature. When exposed to low concentrations of EG
vapours, the sensor responds very slowly due to the small surface
coverage by EG vapour molecules (02 ppm). As the concentration
of EG vapours increases, EG molecules occupy more surface area,
and the response increases. A saturation stage occurs when all
active sites are occupied. Thus, at higher concentrations, the
response to ethylene glycol vapours becomes constant.



Fig. 5. Sensing Mechanism.
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Then, adsorption of ethylene glycol molecules may occur when
a nano-NaA zeolite film is exposed to ethylene glycol vapours due
to the weaker interaction of ethylene glycol molecules with Bron-
sted active sites present at the zeolite surface. Thus, the Si-OH and
Si-OH-Al grroups may be responsible for adsorption of EG on NaA
zeolite film surface.

5. Conclusions

The structural, functional, theramal and morphological charac-
teristics are carried out by means of XRD, FTIR, TG-DTA and SEM-
EDS respectively. The experimental study of NaA film sensor is sen-
sitive to EG vapours. The working temperature is at least 95 �C. The
NaA sensor can detect EG vapours within 1.5 min and get back to
normal within 1.5 min. A sensor can detect EG vapours with a min-
imum concentration of 2 ppm. NaA sensor exhibit a dynamic range
of 2 ppm to 90 ppm for EG vapours.
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