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Abstract— In this work, the sensing properties of ZnTe for
carbon monoxide, CO, were analyzed, for which powderbased tablets synthesized mechanically by means of a
planetary mill were manufactured. Pure zinc and tellurium
powders and different grinding times and a constant speed
of 600 rpm were used. The crystallographic properties of the
materials were determined by X-Ray Diffraction, where the
presence of the zincblende-type cubic phase of ZnTe was
observed. In addition, other signals to the hexagonal phase
of ZnO and an orthorhombic phase of ZnTeO3 were
observed. It is believed that, those were caused by the
presence of oxygen inside the grinding jar. The SEM images
showed particle sizes less than 200 nm in all cases, with the
formation of agglomerates due to the high surface energy
produced during the high-energy grinding process. The
sensing properties of these sensors were measured at
different carbon monoxide (CO) concentrations and
operating temperatures. The materials synthesized at
grinding times greater than 4 h showed a good response for
CO sensing.
Keywords—ZnTe, mechanochemistry, carbon monoxide, gas
sensor, sensor pellets.

I.

INTRODUCTION

Carbon monoxide, CO, is a highly toxic gas and is
considered one of the main atmospheric pollutants. CO is
produced by the incomplete combustion of organic matter,
in an oxygen deficient environment. The main sources of
emission of this pollutant are industrial activity, vehicles
that use fossil fuels (gasoline and diesel), various fuelbased engines, incomplete oxidation during combustion in
gas stoves and heaters, boilers, stoves and fireplaces that
work with firewood, and forest fires, among others. CO is
an odorless and colorless gas, it represents a health hazard
due to its high toxicity, since it can cause irreversible
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damage to health; that is why the importance of designing
an accessible and simple-to-operate CO sensor [1-2].
In the literature we can find a large number of reports
where they are applying semiconducting materials as CO
sensors, some of them are WO3 [3], NiO [4], TiO2 [5],
ZrO2 [6], SnO2 [7] and CuO [8], because these materials
can be produced through simple chemical methods.
However, Tellurium-based chalcogenides have been
poorly studied in comparison to semiconductor metal
oxides [8-15]. Zinc telluride, ZnTe, is an n-type
semiconductor that has two crystalline structures, a
zincblende type and other wurzite type, with the
zincblende phase being the thermodynamically more
stable structure. ZnTe has a band gap in the order of 2.2
eV, it also has good chemical and thermal stability at room
temperature [16], this material, due to its various
properties, has been applied in electronics,
optoelectronics, photocatalysis, etc. [17].
ZnTe can be manufactured using different synthesis
techniques, including the sol-gel method [18], chemical
precipitation [19], solvothermal [20-21] and hydrothermal
methods [22-23], among others. However, many of these
methods produce a large amount of waste, in addition to
the fact that, in many cases, the separation processes for
the purification of these materials are expensive and
involve, sometimes, the use of organic solvents that are
polluting for the environment. Therefore, a promising
alternative for obtaining various materials such as
semiconductors is through solid state synthesis, this
through mechanochemical processes.
The mechanosysntesis process is an ecological and
energetically efficient alternative that avoids the use of
solvents and uses a high-energy grinding process, by
means of tiny metallic balls, to generate chemical
reactions [24]. Grinding is achieved through the intense
impact of pellets made of different materials, commonly

steel, which are stirred together with the reagents in a
rapidly rotating container. The chemical transformations
take place in the places where the balls collide with the
precursors, where the impact generates significant
localized points of pressure and heat for an instant, thus
promoting the formation of the materials of interest, in
addition to the fact that with these processes it is possible
to get nanomaterials, which have better optical,
morphological, structural and surface properties
compared to volumetric materials [25].
Additionally, ZnTe has been little studied in the field of
gas sensing, so in this work ZnTe powders were
synthesized using a green chemical method through a
mechanosynthesis process, using pure zinc and tellurium
powder as precursors. ZnTe powders were characterized
by different techniques, such as X-ray diffraction and
scanning electron microscopy to determine their
crystallographic and morphological properties. Finally,
the powders were used to make pellets to be applied as
solid-state sensors for sensing CO at different
temperatures and gas concentrations.

II.2 Manufacture of the ZnTe pellets
ZnTe powder pellets were manufactured by using a
stainless steel die with a diameter of 7 mm in a hydraulic
pressing machine (Ital Mexicana). The optimal pressing
conditions for manufacturing stable pellets were, a
pressure of 15 Ton for 5 min. 1 mm thick pellets were
obtained with 400 mg of ZnTe powder. For measuring the
electrical resistance in gas CO, ohmic contacts were
fabricated with high purity silver paint (Spi).
II.3 Characterization techniques
Structural properties were analyzed by an X-Ray
diffractometer, (PANalytical model X'PERT-PRO) by
using the CuKα radiation, with a wavelength of 0.154 nm.
In order to confirm the zincblende phase of the
synthesized material, the diffractograms obtained were
indexed using the crystallographic cards of the Joint
Committee on Powder Diffraction Standards (JCPDS). In
addition, the crystallite size values were estimated by
using the Scherrer´s equation (Eq. 1), using a K value of
0.9.

II. EXPERIMENTAL
II.1 Synthesis of ZnTe materials
The synthesis of the ZnTe powders was carried out
through a mechanosynthesis process, for which pure zinc
and tellurium powders were used as precursors, with a
purity greater than 99.9% by mass, from the SigmaAldrich Inc brand.
A mixture of 10 g of precursors was prepared, using a 1:1
stoichiometric ratio. The Zn-Te powder mixture was
added to the tungsten carbide jars together with the 10 mm
diameter and a weight of 7.8 g zirconia spheres. A high
energy planetary ball milling, model Pulverisette 7, was
used. The ball to powder mass ratio of precursors was set
at 10:1. The process was carried out for a maximum of
10 h at a constant speed of 600 rpm, using 5X5 grinding
cycles, each cycle being equivalent to 5 min of effective
grinding for 5 min of rest [20]. The formation of ZnTe was
monitored, a sample was taken at 0 h, corresponding to the
mixture of initial precursors, then samples were taken
from the system every 2 h of effective grinding until the
total synthesis time, 10 h. Mechanosynthesis, through the
high-energy grinding process, is induced by a series of
thermomechanical processes. The ZnTe, from pure Zn and
Te precursors, is carried out by a direct reaction,
represented by:
∆
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Where ΔEm represents the energy supplied by the highenergy grinding process [25].
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Where, is the wavelength of the radiation used, 0.154
nm, FWHM is the Full Width at Half Maximum, in
radians, and θ is the angle of the diffraction peak of
interest. The morphology of the powders was analyzed by
Scanning Electron Microscopy (SEM), using an FEHRSEM Auriga 3916 equipment, while the surface
morphology of the powders (grain size and surface
roughness) was measured with an Atomic Force
Microscope, AFM, Solver Netx 1100 brand NT MDT,
using a CSG10/PT/5 contact tip. All the AFM
measurements were performed at room temperature.
The sensing properties of the pellets were determined by
electrical resistance measurements in a vacuum chamber
(1 mbar). The conductance changes were recorded with a
Keithley 2001 multimeter. The measurements of the
sensor pellets were made at three different operating
temperatures, namely, 100, 200, and 300 °C, at different
propane concentrations, 0, 10, 50, 100, 200, 300, 400, and
500 ppm. The sensitivity of the pellets, S, was estimated
by the electrical resistance measurements, registered in a
normal atmosphere, Ra, and in CO, Rg (Eq. 2).
=
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III. RESULTS AND DISCUSSION

(2)

III. 1 XRD analysis of ZnTe powders
#( ) +
Fig. 1 shows the X-ray diffraction patterns of the ZnTe
samples prepared at 0, 2, 4, 6, 8, and 10 h of grinding. The
diffraction patterns were compared with the ZnTe
crystallographic chart (JCPDS 00-015-0746). The black
diffractogram of figure 1, corresponding to time 0, shows
the characteristic signals of Zn, 2ϴ= 36.29, 38.99, 43.23,
54.33, 70.05, 70.66 and 77.01º, and from Te, 2ϴ= 23.04,
27.56, 38.26 , 40.44, 43.33, 45.90, 47.04, 49.63, 51.24,
51.94, 56.87, 62.81, 63.75, 65.88, 67.65, 72.09, and
75.53º, corresponding to the powder precursors, according
to crystallographic charts JCPDS 00-004-031 and 00-0361452, respectively, as was expected.
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From the diffractograms, the crystallite sizes were
calculated for the samples processed at the different
grinding times 2, 4, 6, 8, and 10 h. The values obtained
were 11.8, 30.4, 23.7, 71.4, and 53.1 nm, respectively. It
was found that the 2 h sample presented the smallest
crystal size, 11.8 nm, while the 8 h sample presented the
largest crystal size, 71.4 nm.
III.2 Morphological properties of ZnTe powders
Figure 2 shows the SEM images, with the same
magnification, of the synthesized ZnTe materials. In
general, it can be seen in all the micrographs that the
particles obtained in each of the grinding times have
irregular morphologies, and are agglomerated. The
agglomeration phenomenon can be explained by the high
surface energy produced during the high energy grinding
process [28].
On the other hand, it was observed that as the grinding
time increases, the particle size tends to decrease, finding
particles in all the samples smaller than 100 nm, this
indicates that the materials have a high specific area that
can be reflected evidenced in the sensing properties of
these materials.

III.3 Surface morphology of ZnTe pellets
Fig. 1 Evolution of diffraction patterns of the different samples during
the mechanosynthesis process.

On the other hand, in all the samples at the different
grinding times, the characteristic diffraction signals of
ZnTe with a zincblende-type cubic structure were
observed, showing a preferential growth along the (111)
plane. Additionally, in these samples other diffraction
signals were observed corresponding to the presence of a
hexagonal phase of ZnO according to the crystallographic
chart (JCPDS 01-080-0074), and to an orthorhombic
phase of zinc tellurite (ZnTeO3), according to the
crystallographic chart (JCPDS 00-044-0240). The
formation of these phases is due to the fact that in the
grinding system there is oxygen within the internal
atmosphere of the grinding jar. This oxygen present in the
jar, promotes oxidation reactions of the precursors, so the
reaction of Zn and O results in the formation of ZnO,
represented by the following reaction reagents [26-28]:
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Fig. 3 shows the AFM images of the surfaces of the
different ZnTe pellets, at the different grinding times, in
an area of 2 μm x 2 μm.
The micrographs of the surface of the pellets show
granular and irregular morphologies, with an increase in
the particle size with respect to grinding time, due to the
formation of agglomerates formed by the particles of
ZnTe materials, as could be seen in the SEM analysis.
Grain dimensions were measured and found to be in the 5
μm range. The surface RMS roughness of the ZnTe
samples at different grinding times, 2, 4, 6, 8 and 10 h,
were 69.66, 103.12, 54.33, 29.772 and 210.0 nm,
respectively. The scan area for surface roughness
measurement was 5 μm × 5 μm. It can be seen that the
surface RMS roughness generally increased with grinding
time in all materials.

III.4 Sensing properties of ZnTe pellets
For studying the gas sensing properties of the synthesized
ZnTe powders, 1 mm thick and 7 mm diameter pellets
were manufactured. The measurements were carried out
in a gas sensor test system, containing CO at concentration
and temperature controlled. Resistance measurements
were performed at 0, 10, 50, 100, 200, 300, 400, and, 500
ppm of CO gas, and different operating temperatures, 100,
200 and, 300 °C.
Figure 4 shows the plots of surface electrical resistance as
a function of CO concentration (ppm) for ZnTe pellets at
different grinding times. The materials were observed to
exhibit a temperature response, which can be seen from
the initial strength values measured at 0 ppm.
Measurements in the presence of gas show that the highest
response was recorded at 100 ºC, with the change in
resistance increasing with gas concentration almost
linearly. The decrease in the sensitivity of the samples at
temperatures of 200 and 300 °C could be due to the
saturation of the surface by various residual species
adsorbed on the surface from 100 °C.

Fig. 2. SEM images of ZnTe powders at different grinding times. A) 2
h, B) 4 h, C) 6 h, D) 8 h and E) 10 h.

Fig 4. Graphs of electrical resistance versus CO concentration (ppm)
for ZnTe pellets at different grinding times. A) 0h, B) 2h, C) 4h, D) 6h,
E) 8h, F) 10h.

Fig 3. AFM micrographs of the ZnTe material pellets at different
grinding times. A) 0 h, B) 2 h, C) 4 h, D) 6 h, E) 8 h, F) 10 h.

Figure 5 shows the sensitivity graphs for all the pellets
manufactured, calculated at different concentrations of
CO and constant operating temperature, 100°C. An
increasing trend was observed with increasing grinding
time, obtaining an increase in sensitivity of almost three
orders of magnitude. The highest sensitivity value was

11.8, for the sample synthesized with 8 h of effective
grinding. The increase in sensitivity, from the grinding
time of 4 h, may be due to the decrease in particle size,
since by presenting smaller particle sizes, the specific area
of the materials is greater, so there is a greater area that
can interact with CO. This result is confirmed with the
AFM micrographs, which revealed an increase in
roughness with grinding time, thus favoring the
adsorption of CO on the surface of the pellets.
Additionally, in general, it can be observed that, samples
presenting high sensitivities presented the largest crystal
sizes. This result could be associated to the fact that the
(111) plane of ZnTe promotes the adsorption of CO on the
surface of the materials.
On the other hand, the sensing response of the materials
may be related to the coexistence of both phases, ZnO and
ZnTeO3, since it has been frequently published that
materials, such as ZnO present good response on sensing
of reducing gases, such as CO [29-30], so these materials
present a promising option to be used as sensors of
oxidizing gases such as CO.

material. AFM micrographs showed surfaces with
irregular grain sizes.
In the case of the CO sensing analysis, all the samples
presented a good response to the gas at the different
operating temperatures (100, 200 and 300°C). On the
other hand, the samples processed at times greater than 4
h, presented high sensitivity values at an operating
temperature of 100 °C. The pellet prepared with ZnTe
powders synthesized with 8 h of grinding presented the
highest sensitivity value, 11.8. This result is associated to
the presence of the ZnO and ZnTeO3 phases in the
materials. The linearity recorded in the response to CO is
a favorable aspect that would allow direct calibration
curves to be obtained.
The results obtained in this work show the potential of
ZnTe synthesized in powder form for its application in the
area of gas sensing.
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