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Abstract Cr,O; nanoparticles have been prepared for precipitation technique at
reaction temperature 50 °C. The prepared samples were annealed different temper-
atures at 500,700 and 1000 °C. Synthesized powders were characterized as X-ray
diffraction, optical, transmission electron microscope, SEM with EDAX, humidity
sensor, FTIR. The annealing temperature has been found to be playing a crucial role
in the controlling particle size. XRD study shows the rhombohedral crystal structure
of highly preferential orientation along (1 0 4) direction. FTIR reveals that the
presence Cr—O bonds in the structure. The TEM images show that the size of NPs of
Cr,03 varied from 26 to 60 nm with average crystalline size 43 nm. UV-visible
spectrum shows the absorption band of Cr,O3 nanoparticles at 400 nm. The humidity
sensor of the Cr,O3 nanoparticles was studied by two temperature method. 1000 °C
annealed Cr,O; nanoparticles show better sensing properties and exhibits good
linearity in response than 500 °C. SEM images show the clusters and agglomeration
of nanoparticles. EDAX spectrum confirms the presence of Cr,O; nanoparticles.
Each samples have been characterized as sensing materials to determine relative
humidity in the range of 20-90%. The humidity sensing property increased with
increasing of annealing temperature and the resistance was decreased.
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1 Introduction

In recent years, metal oxides constitute an important class of materials that are
concerned in environmental science, electrochemistry, biology, chemical sensors,
magnetism and other fields. Among various metal oxides, chromium oxide
(stoichiometric excess of oxygen due to cation vacancies) has drawn much attention
[1-4] because of its unique properties such as high hardness, thermodynamic
stability and resistance to chemical attack and versatile applications such as catalyst
supporter [5], green pigment and protective coating [6], gas sensors [7], etc. [8]. The
sensing response is one of the most important characteristics to be possessed by a
gas sensor. Therefore, it becomes most important to device some techniques to
enhance the sensing response from a gas sensor.

Several sensors based on the ion conducting materials are reported on a variety of
gases [9, 10], SOy, NO,, COy [11, 12], O, [13], H,O (humidity) [14-17], etc.

Now a days, increased concern about environment protection has led to
continuous expansion in sensor development technology [18]. Especially, sensing
and control of humidity are of great importance in the field of industry, agriculture
and medicine [19].

Particularly, the humidity sensing devices which are widely reported on literature
can be classified into two types of their working principle: (a) impedance type in
which resistance/conductance or capacitance of the sensors changes; and (b) elec-
trochemical cell type in which potential/current changes, due to absorption of water.

In the present work, Cr,O; nanoparticles were synthesized by the chemical
precipitation method. The prepared samples were annealed different temperatures
at, 500, 700 and 1000 °C. Optical, structural, size, humidity sensor and morpho-
logical properties were investigated.

2 Experimental Details
2.1 Synthesis of Chromium Oxide Nanoparticles

Chromium chloride (CrCl;-6H,0) were purchased from Sigma—Alridch, India
Ammonia was obtained from Merck, India.

Nanoparticles of chromium oxide was prepared by following a precipitation
technique.0.2 M solution of CrCl;-6H,O was dissolved in 100 ml of deionized
water using continuous stirring for 30 min. Then ammonia solution was added to
drop wise with continuous stirring until the pH of the solution reached to 10 for an
hour. After adding ammonia solution,the solution became a white color. The
reaction temperature was maintained at 50 °C using stirrer with hot plate. The
resulting precipitate were separated from solutions. The obtained product was
filtered, washed with deionized water several times and dried into powder at 120 °C
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in muffle furnace. After that the sample was naturally allowed to cool to room-
temperature by switching off the furnace. The dark green powder was calcined at
different temperatures for 500, 700 and 1000 °C for 3 h and it was grinded for an
hour. Obtained samplese were found impurity free Cr,O3z nanoparticles.

2.2 Humidity Sensing Properties of Cr,O3; Nanoparticles

Figure 1 shows experimental set up for humidity sensing properties of Cr,O3
nanoparticles. The prepared samples of Cr,O3 nanoparticles for 500 and 1000 °C
are fine grinded in a mortar and then pressed into pellets using a Pelletizer
(»5 MPa). The thickness of the pellets is 3 mm. The top side of the pellet was made
contacts two copper wire and silver paste area was 1 mm with the pellet top surface.
The prepared pellets are placed inside a dynamic humidity chamber. The humidity
system consisted of a closed flask (total volume 500 mL) with two necks for
inserting thermometers and the sensor. The flask was partially filled with water and
kept in a thermocol container. The external container was filled to the equal level of
water with ice. The temperature of the system was adjusted to mixing ice and water
as required. Thus, the water inside the flask can be kept at the required temperature
(T1). The sensor of Cr,O3 nanoparticles pellets were mounted inside the flask at a
height of 6 cm from the surface of the water, and the temperature of the sample (T2)
was measured with a thermometer placed at an equal height of the sample to be
studied. The humidity inside the chamber is calculated by taking the ratio of the
saturated water vapor pressure on a water temperature (T1) and the sample
temperature (T2). The values of the saturated vapor pressure are obtained from the
CRC Handbook of Chemistry and Physics. It should be noted that the temperature of
the sample changes from 3-6 °C during the experiment.

Different % RH values are obtained by adjusting the temperature of the water
inside the flask, with ice and water mixture from room temperature to 0 °C.

t LCR meter
----*  Thermometer

(T2°C)

- —ie------» Sample

-+ 500ml Flask

<+ Ice + Salt

-+ Water Bath

Fig. 1 Schematic experimental set up for the measurement of % RH
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The % RH inside the flask is given by following equation [20].
Ew(T1)
Ew(2)

where Ew (T1) is the saturated water vapor pressure in the temperature of water and
Ew (T2) is the saturated water vapor pressure at the temperature of the sensor
element.

Different % RHvalues are obtained by adjusting the temperature of the water
inside the flask, with ice and water mixture from room temperature to O °C. The
system equilibrium was fast and stable readings were obtained within 10 min.

%RH =

x 100 (1)

3 Characterization Techniques

TEM images were taken using Hitachi 600 transmission electron microscopy. The
morphology and EDAX analysis of the composites was done using a 20 kV JSM-
5600 J scanning electron microscopy (SEM). The composition of the films was
analyzed by energy dispersive analysis using X-rays (EDAX) equipped in SEM, for
which a 20 kV accelerating voltage was applied. The FT-IR spectrum were recorded
by using Nicolet Avatar 360 Fourier transform infrared spectrometer with samples
dispersed in pressed KBr disks. Optical absorbance spectrum was taken using
JASCO V-530 dual beam spectrometer in the wavelength range 200-800 nm with a
scanning speed 400 nm/min. The synthesized Cr,O; nanoparticles were then
successfully utilized as humidity sensors for a broad range of humidity ranging
between 20 and 100% RH using a Fluka 177 digital multimeter with an RS-232
interface by two temperature method.

4 Results and Discussions
4.1 SEM Analysis with EDAX Analysis

Figure 2a—c represents the SEM with EDAX spectrum of the nanostructured Cr,O3
powders at various annealing temperatures. Larger numbers of pores are also seen in
the pictures Fig. 2a, b.

This higher porosity increases surface to volume ratio which helps in getting good
sensitivity. As annealing temperature increases, the pores in the sample increases
which results in absorption of more water vapour giving better sensitivity [21].

Figure 2c shows the spherical morphology at a higher calcined temperature for
1000 °C [22].

The higher temperature of Cr,O; nanoparticles show that the pores in the
saturated and the condensation of the moisture,which is seen in the Fig. 2¢. This
leads to the decreases of resistances for Cr,O5; nanoparticles. The EDAX spectrum
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Fig. 2 SEM images of Cr,0O; nano particles for 500, 700 and 1000 °C

shows better stoichiometry of the Cr,O3 nanoparticles. The elemental composition
of the nanostructured Cr,O5; powder is presented in Table 1.

4.2 Spectroscopic Analysis

Figure 3 shows the FTIR spectrum of nanostructured Cr,O; powders at various
annealing temperatures. A broad band of 3420 cm™" corresponds to the stretching
modes of surface OH groups. The band 1033 cm ™' is assigned to Cr=0 vibrations.
Two peaks displayed at 631 and 485.65,510 cm™" attributed to Cr—O stretching
modes, are clear evidence for the presence of the crystalline Cr,03 [23, 24].

Table 1 Elemental

composition of Cr,0s Element (keV) Mass (%) Atom (%) K

nanoparticles CK 0277 15 338 14122
0K 0.525 29.48 55.92 0.5373
CrK 5411 69.01 40.28 |
Total 100 100
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Fig. 3 FTIR spectra of Cr,0O3 nano particles for 500, 700 and 1000 °C
4.3 X-ray Diffraction Analysis

The XRD patterns of the Cr,Oz nanoparticles prepared for different sintering
temperatures (500, 700 and 1000 °C) are shown in Fig. 4. The diffractograms
indicate the presence of prominent peaks corresponding to (0 1 2), (1 04), (1 10),
006),(113),(024),(116),(214),(300), (10 10) and (2 2 0) planes of the
material from rhombohedral structure. Moreover, the intensity of the peak (104)
plane increases with the increase sintering temperature. The comparison was made
between the observed diffraction peak patterns with standard diffraction values of
JCPDS card no. 84-0315 confirms that the nanoparticles are having thombohedral
crystal structure with highly preferential orientation along (1 O 4) direction.
However, [25] have found (1 0 4) as a preferred orientation for their nanoparticles of
Cr,05 obtained by. No diffraction peaks of other impurity phases are found in those
nanoparticles. The lattice constants ‘a’ was calculated by using the following
expression.
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Fig. 4 X-ray diffraction of Cr,O3; nano particles for 500, 700 and 1000 °C

1|1 (h*+K 41?)sin’ o + 2(hk + kI 4 Ih)(cos? o — cos o) @)
& |a? 1 —2cos? ot + 3 cos? o)

The values of lattice constants ‘a’ of the Cr,O3 nanoparticles are found to be
4.910 for 500 °C and 4.916 for 1000 °C. It is found that the lattice constants ‘a’
values are in good agreement with the standard values taken from JCPDS data. The
XRD was used to calculate the crystallite size (D) with the help of Scherrer’s
relation.

kA

- fcosB (3)

where, k is the shape factor usually (k = 0.94), A is the X-ray wavelength and f is
the full width in radian at half maximum of the peak and 0 is the Bragg’s angle of
the X-ray diffraction peak. The crystallite sizes of the all nanoparticles are found to
be in the range between 19 and 25 nm for 500 °C and 45-65 nm for 1000 °C. The
dislocation density and microstrain were calculated using Eqgs. (4) and (5) for the
Cr,03 nanoparticles.

1
0= ﬁlines/m2 4)

‘b (5)

e=———
Dsinf tan@

It observed that the dislocation density and micro strain for the (1 0 4) orientation
plane decreases in increase of sintering temperature from 500 to 1000 °C and the
same may be due to the release of stress in the nanoparticles.
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4.4 Optical Properties

Figure 5 shows the optical absorption spectrum of as-grown Cr,O; nanostructures
for 500, 700, 1000 °C. In each spectra show the absorption band of 400 nm. This
band reveals the absorption band of Cr,O3 nanoparticles [26].

4.5 Humidity Sensing Response

The change in relative humidity values are ploted against the corresponding values
of resistance and the obtanied humiditity response curve from Cr,O3 nanoparticles
for 500 and 1000 °C are shown in Fig. 6a, b. 1000 °C shows a linear response from
5% RH to 55% RH. On the other hand, 500 °C Cr,0Oj3 nanoparticles, the resistance is
found to drop from 5% RH up to 20% RH rapidly in a linear fashion. After 20% RH
to decrease to the resistance is very small. the higher calcined temperature Cr,O3
reveals there is some change in its resistance with increase in relative humidity. The
decrease in resistance is due to the adsorption of water molecules by the surface of
the sample. Generally, the humidity sensing property of sample to water vapor can
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Fig. 5 UV- vis absorption spectrum of Cr,O3 nano particles for 500, 700 and 1000 °C
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Fig. 6 Variation of resistance with relative humidity for Cr,O; nano particles for a 500 °C, and
b 1000 °C

be regarded as (a) electron hopping assisted by proton transfer mechanism
(b) capillary condensation of water molecules into the sample surface [27].
Madhusudhana et al. [28] have studied the variation of resistance with relative
humidity(RH) for ZrO2. ZrO2 samples initially the electrical resistance decreases
rapidly with a small change in humidity due to adsorption of water vapors. This
variation of resistance spectra with humidity implies the different electrical
conduction and polarization process that occur in ZrO2 when exposed to the
different RH. This high resistance variation in ZrO2 is suitable for lower humidity
applications in industries for quick response [29]. In this present work, we have
obtained 1000 °C calcined Cr,O3 nanoparticles show better sensing in response.

@ Springer



22 Page 10 of 12 Sens Imaging (2017) 18:22

4.6 Transmission Electron Microscopy

TEM images of Cr,O5 nanopa rticles are shown in the Fig. 7a—c. The TEM images
are indicating that the grain size was homogenous and fairly small (about 26 nm)
when the sample was calcined at 500 °C. The sample calcined at 700 °C displayed
greater particle size of the enhancement of crystallization or sintering between
smaller particles, which is estimated to be about 45 nm. The increase in heat
treatment temperature caused the catalyst grains to become larger [30]. The
morphology of the prepared Cr,O3 nanoparticles calcined at 1000 °C was found to be
60 nm. The TEM images of the prepared Cr,O3 nanoparticles indicated that particles
present thomboidal-like morphology and particle size between 25 and 60 nm.

(2) 500°C

Fig. 7 TEM images of Cr,O; nano particles for 500, 700 and 1000 °C
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5 Conclusion

Chromium oxide nanoparticles (NPs) have been rapidly synthesized by precipitation
methodusing ammomia as precipitating agent. FTIR spectroscopy, revealed the
characteristic peaks of Cr—O bond stretching vibrations. XRD studies show that
chromium oxide NP is formed into Cr,O5 and it has rhombohedral crystal structure.
TEM images shows that the size of NPs of Cr,O3 varied from 26 to 60 nm with
average crystalline size 43 nm. The spectrum displays the corresponding peaks of
chromium and oxygen which clearly reflect that the as-grown material is composed
of chromium and oxygen only. The optical study shows absorption spectrum of as-
grown Cr,03 nanoparticles. SEM images show pores and spherical morphology in
the structure. 1000 °C calcined Cr,O3 nanoparticles show better sensing properties
and exhibits good linearity in response than 500 °C.
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