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ARTICLE INFO ABSTRACT

Keywords: Precise measurement of humidity is of high significance in diverse fields like instrumentation, automated sys-
Graphene oxide tems, agriculture and climatology. Herein as a first ever attempt, we report ceria-graphene oxide (CeO2-GO)
Ceria

composites as resistive type humidity sensor, that shows attractive response to moisture. High surface area ceria
is synthesised via ammonia mediated precipitation from salt precursor, and CeO2-GO composites are achieved
via hydrothermal route. The composites are well characterized using various analytical tools. Experiments using
different mass ratios of GO in the composite show that there is an optimum amount of GO to realise maximum
efficiency in the test parameters. It is further noted that the performance of the sensor is controlled by the active
adsorption sites, which is proportional to surface area of the composite. An optimized CeO2-GO matrix yielded a
response and recovery time of 19 s and 10 s respectively. The narrow hysteresis in moisture adsorption-
desorption study and excellent stability for about 60 days are also observed for the system, warranting the
successful utility of the system for practical applications.

Humidity sensing
Response and recovery times
Stability

1. Introduction

Sensors are devices that make some detectable output signals upon
interaction with a physical parameter, and they open up new applica-
tions and ways for better operational interactions [1]. Humidity sensors,
focus of the present study, have been extensively used in various areas
including medical field, industry, agriculture, food production etc.,
where utmost care is required for monitoring/controlling humidity [2].
The principle behind humidity sensors relies on converting the amount
of water molecule in the environment in to a measurable signal. Hu-
midity sensors can be categorized into resistance [3], capacitance [4],
impedance, quartz crystal microbalance (QCM) resistance, surface
acoustic wave (SAW) resistance, resonance type resistance [5] etc., in
accordance with the change of physical parameters after interacting
with water molecules. Spinels [6], oxides of transition metals and lan-
thanides [7-27] and pervoskite compounds [28,29] have been widely
explored in the category of resistance type humidity sensors. Polymers
[30-36], 2D materials such as MoS, [37-39], WS, [40-42], and black
phosphorous [43-45] also fall in the category of materials explored to
this effect. Various carbon materials such as porous carbon [46], carbon
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nano tube [47,48] and graphene [49,50] are also investigated for their
response towards humidity. Out of the semi conducting materials
explored, the interest in lanthanides, especially in cerium oxide, has
increased recently, as it is economically competitive and abundant as
copper oxides [51,52]. However, resistance type humidity sensors based
on CeO, usually exhibit long response and recovery times, and fail to
meet the requirements for onsite humidity detection [23]. This disad-
vantage is overcome by modifying ceria by suitable species, that even-
tually enhances the response to water molecules [53]. In the present
work, this is affected by incorporating graphene oxide in ceria matrix.

The oxidised form of graphene, GO, has caught tremendous attention
owing to its adorable properties [54], including water purification and
humidity sensing [55]. Features like flexibility, transparency and super
permeability to water bestow enhanced response to GO towards mois-
ture. Graphene oxide supported on silicon wafer is utilised for colori-
metric humidity sensing by the researchers [56]. It is noted that
electrical type GO based humidity sensors show low conductivity and
less moisture sensitivity due to the interruption of the conjugated elec-
tronic state in GO. Recent research shows better sensing and response
and recovery times for GO as a capacitive type humidity sensor. The
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noble goal of this work is the setting up of a solid position for graphene
oxide in resistive type humidity sensors. In this direction, CeO2-GO
nanocomposites achieved via simple hydrothermal process are exam-
ined for resistive type humidity sensing at room temperature. Fine
dispersion of nano ceria in graphene oxide matrix tunes the response of
the composites towards moisture favourably. CeO2-GO composites of
varying compositions are prepared and well characterised using various
analytical tools. An optimized composition containing 7 wt % graphene
oxide exhibited significantly low response and recovery times of 19 s
and 10 s, in the respective order. This approach is scalable and finan-
cially viable, assuring successful utility of the material in commercial
applications.

2. Materials and methods
2.1. Materials and reagents

The study employed materials and reagents including graphite
powder (ACROS ORGANICS), Ammonium ceric nitrate ((NH4)2Ce
(NO3)e, 99 % purity, SPECTROCHEM PVT LTD), Potassium permanga-
nate, (KMNO4, 99 % purity (SRL), and Ammonia solution (NHz(aq) 25 %,
Merck), Solvents used in this research, Hydrochloric acid (HCL37 %),
Sulfuric acid (H2S04,97 %), Hydrogen peroxide (H202, 30 %) and
Phosphoric acid (H3sPO4, 88 %) are sourced from Sigma Aldrich. All the
solutions were prepared using Deionized (DI) water obtained using
Aquoion TBD 50 Two Bed Demineraliser and hydrophilic graphene
oxide were synthesised by following toxic gas free modified Hummers’
method.

2.2. Synthesis procedures

2.2.1. Synthesis of graphene oxide

According to standard protocol, pure graphite powder was used to
create graphene oxide (GO) using the modified Hummers process [57].
In this procedure, 27 mL of sulfuric acid (HSO4) and 3 mL of phosphoric
acid (H3PO4) were combined at a 9:1 vol ratio and stirred for a while.
Next, the solution was supplemented with 0.225 g of graphite powder
under maintaining the stirring.1.32 g of potassium permanganate
(KMnOg4) was gradually added to the mixture. The solution turned dark
green after 6 h stirring. 0.675 mL of hydrogen peroxide (H202) was
added gradually and again agitated for 10 min in order to remove the
excess KMnOy4. The endothermic nature of the process was associated
with cooling. The mixture was centrifuged at 3000 rpm for 15 min with
10 mL hydrochloric acid and 30 mL DI water added. For the full elimi-
nation of salts and acids, the obtained residue was then washed again
with 5 % HCI and hot DI water.GO solution was dried in a hot air oven at
80 °C for 24 h to obtain fine GO powder. Subjected to ultrasonication for
2 h to obtain the light brown uniform suspension of GO.

2.2.2. Preparation of CeO2-GO nanocomposite

Generally speaking, there are two distinct methods for planning and
managing the synthesis of graphene-based nanostructures. In the first
method, the precursor salt adheres to the graphene matrix’s surface,
where nanoparticles are formed directly while their sizes and shapes are
controlled (in situ growth); in the second method, as-prepared nano-
structures are anchored/deposited therein (self-assembly approach).
Here, CeO, nanoparticles atop graphene sheets were grown under
regulated conditions using a straightforward, inexpensive, and one-step
(in situ growth) hydrothermal technique [58]. Briefly,in the first step,
CeO3 nano particles were synthesised by adopting a high surface area
method. The procedure is as follows. NH4OH (28 %) was added drop-
wise over 15 min duration to a stirred Ce(NO3)4 solution (1.5 M) at 0 °C,
followed by warming to room temperature.0.5 M Cerium ion concen-
tration was then achieved by diluting the yellow homogenous solution
with DI water. This mixture with initial pH 1.17 is treated with 25 mL of
2.0 M NaOH over the course of about 15 min at 85 °C (1.5 mL/min). The
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Fig. 1. Schematic of the humidity sensor experimental setup.

final pH after the addition was complete was 9.16. The as-prepared GO
suspension was added to the afore-mentioned mixture with constantly
stirring, and the stirring was continued for an additional hour. Then
poured into a 100 mL Teflon-lined stainless steel autoclave tube, which
was then subjected to 24-h hydrothermal treatment in an electric oven
set to 180 °C. The autoclave was allowed to spontaneously cool to
ambient temperature after the reaction was complete. The next step was
to dry the product overnight in a vacuum at 60 °C, after multiple washes
with de-ionized water and 100 % ethanol. The black colour powder
eventually obtained was collected for the sensing studies. The same
procedure is adopted to synthesise five different composites, adjusting
the graphene oxide percentage. The composites were named as HCG1,
HCG4, HCG7, HCG10 and HCG13, in accordance with the weight per-
centage of graphene oxide in the sample. The digits in the name signify
the percentage of graphene oxide in the composite.

3. Characterization techniques

Several analytical tools provide a fair idea on the physicochemical
features of the produced nano composite. Phase composition of the
samples was analysed by X-Ray Diffraction using Rigaku Miniflex 600
diffractometer with a rotating anode. The Jasco FTIR-4100 spectrometer
was used to record the FTIR spectra of the produced samples using the
KBr disc method. Using the LabRam HR-Horiba Jobinyvon spectrom-
eter, Raman spectral measurements were made. SEM-JSM 848 equip-
ment and Philips CM 200 transmission electron microscope,
respectively, were used for the samples’ electron microscopic analysis
(Scanning Electron Microscopy and Transmission Electron Microscopy).
XPS analysis was made using AXIS-Supra + xps analyser in the region
200 -200eV. Utilizing the Brunauer Emmett and Teller (BET) method,
the surface area measurements were performed using the Micromeritics
Gemini surface area analyzer.

4. Humidity sensing measurements

The humidity measurements were carried out in a specially designed
humidity chamber using pellet sample. Pellett of 1 mm thickness was
prepared using a hydraulic press. Silver electrodes were pasted on the
pellet to get the ohmic contact, and the pellet was held between the two
probes of the specimen holder. Schematic of humidity sensing was
illustrated in Fig. 1. The experimental setup was composed of saturated
salt solutions in various flasks, each of which is kept at a specific RH
percentage and measured using a humidity metre (make: Mextech-DT-
615). The electrodes attached to the pellet run through a cork fitting
at the top of each chamber and the sample was exposed to relative hu-
midity in the reasonably, practically appropriate range of 11-97 %, and
the variation in surface resistance was recorded before and after. The
other ends of the electrodes were connected to a programmable
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Fig. 2. a)XRD patterns and b) FTIR spectra of CeO,, GO and the composites ¢) Raman spectrum of pure GO, CeO, and HCG7 system, containing 7 wt% GO.

computer interfaced digital multi metre (make: HIOKI, Japan, model:
DT4282). The sensing response for each sample was computed using the
following formula [59].

_ |RLH - RH|

LH

Su x 100%

where, Ry y is the resistance of the sample at lower relative humidity and
Ry is the resistance of the sample at higher relative humidity.

5. Results and discussion
5.1. Characterization of Ceria-GO composites

5.1.1. X-Ray Diffraction (XRD) analysis

The crystalline phase, purity and structural details of the as-
synthesised composites are confirmed from the XRD pattern, depicted
in Fig. 2a.From the figure, the most intense diffraction peak of GO can be
marked at 20 = 9.72°, which corresponds to a d-spacing of 0.90 nm,
arising from the (001) reflection of graphite oxide.This d-spacing is
noticeably larger than the d-spacing pure graphite (0.34 nm), showing
that the flake-graphite was oxidised into graphite oxide, decorated by
oxygen-containing functional groups, which results in an atomic-scale
roughness.In the case of as-prepared CeO; nanoparticles,the XRD
pattern validates the cubic fluorite-type structure of CeOy (JCPDS no.
34-0394), with peaks observed at 28.743°,33.04°,47.41°,
56.27°,58.96°,76.75°,79.04°and 88.32° 20,which are assigned to (111),
(200),(220),(311), (322), (400), (331) and (422) planes respectively
[60], which is suggestive of CeOy phase. In the case of CeO2-GO nano
composites, it is clear that the primary diffracted peaks are identical to
those of the as-prepared CeO, nanoparticles. The broad peak for GO is
not evident, in the composite. This is likely because the GO was wrapped
in CeO5 nanocrystals during the hydrothermal treatment or the strong
peak of CeOy nanocrystals at around 28.74° at the (111) plane over-
whelms the small peak of GO. Peaks of the composites were somewhat
broader due to the presence of abundant functional groups on GO.

5.1.2. Fourier transform infrared spectroscopic (FT-IR) analysis

FT-IR spectroscopy is a non-destructive technique that yields the
fingerprint of a sample with absorption peaks that correspond to the
frequency of vibrations between different bonds in the material. The FT-
IR spectra of CeO,, GO and the CeO2-GO nanocomposite are shown in
Fig. 2b. The FT-IR spectra of GO shows distinctive absorption bands at
1735 cm ™! and 1059 cm ™!, which correspond to the C=0, and C-OH
stretching vibrations of the COOH group, respectively. The band at
1642 cm ™! is attributed to the bending vibration of absorbed water
molecules and the contributions of the sp? properties. The band noted at

1219 cm laccounts for the epoxy groups. The —OH stretching and
deformation vibrations are responsible for the bands at around 3425
em ! and 1397 cm ™Y, respectively [61]. FT-IR spectrum of CeO, shows a
band at 477 em ™! that corresponds to the Ce-O vibration of the CeOy
crystal which confirms the formation of cerium oxide, and the band at
1622 cm ™! that is linked to the bending mode of hydroxyl group, may be
caused by the presence of moisture in the sample [62]. CeO2-GO
nanocomposite contains the distinct bands of both CeO, and GO. A
minor shift in Ce-O vibration position noted in the composites can be
assigned to the strong interaction between CeO, nanoparticle and GO
surface.

5.1.3. Raman analysis

Raman spectroscopy analysis is an important tool, that offers useful
information on the electronic and structural characteristics of graphitic
and graphene-related materials. Especially to identify the presence of
defects, and order of crystal lattices, which are primarily reflected by the
vibrational energies of the molecules. Raman spectrum GO, ceria and
GO modified Ceria are presented in Fig. 2 (c). The three peaks in GO are
attributed to the D band (1310 cm’l), G band (1592 cm™ 1) [63] and 2D
band (2710 cm’l). The D band is connected to structural flaws including
bond-angle disorder, bond-length disorder, and hybridization that can
violate the laws of symmetry and selection, while the G band is con-
nected to in-plane vibration of sp2 hybridised carbon atoms. The band
~2700 cm™ !, identified as the 2D band, serves as an indicator of number
of layers in graphene. Strictly monolayer graphene exhibits a distinct
sharp peak at approximately 2700 cm™!. In this present case, the
above-mentioned band is noted to be broadened, indicating the presence
of few layer graphene, with some defects [64,65]. A slight shift in these
bands are noted for the composite due to interaction with ceria, and are
observed at 1349 cm ™! and 1548 cm ™}, in the respective order. The 2D
band was absent in the composite. GO exhibits an Ip/Ig ratio 1.4, which
is lowered to 1.13 for the composite. In the case of Raman spectra of
pure-CeO NPs, a strong peak at 466 cm !, corresponds to the sym-
metrical stretching vibrational mode of the Ce-O unit is seen, assigned
to the Fog transition [66]. This peak, which has a blue shift to 455 em !
in the CeO2-GO nanocomposites, confirms the interaction between these
moieties.

5.1.4. Field emission Scanning Electron Microscopy (FE-SEM)

In the FE-SEM images of CeO, nanoparticles instead of having a
spherical ball shape, the CeO» nanoparticles morphology resembles that
of crumpled up paper form, and their individual morphologies resemble
ribbon shape. The method and conditions used during synthesis have a
significant impact on the structure of the nanocomposite that is pro-
duced, as demonstrated by the ribbon-like CeO, nanoparticles we ob-
tained using the high surface area ceria synthesis method. Micrometer
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Fig. 4. (a) TEM image of CeO2-GO nanocomposite shows the presence of CeO, NPs onto the graphene oxide matrix,(b) HR-TEM image showing lattice fringes of
CeO3NPs(c) SAED pattern showing hkl planes and (d) Particle size distribution curve obtained from HR-TEM.

dimension is presumed for the ceria system. GO shows the expected
wrinkled and layered sheet-type morphology, as seen in the Fig. 3b.A
regular distribution of ceria and graphene oxide is evident in the SEM
image of CeO,-GO nanocomposite (Fig. 3¢). This demonstrates how well
GO and CeO; nanoparticles combine. This combination not only effec-
tively prevents the agglomeration of CeOy nanoparticles, but also
hypothesised that the well-dispersed CeO, nanoparticles on the surfaces
of the GOs may serve as spacers and prevent the GOs from restacking,
increasing the stability of the single-or few-layer exfoliated GO.

5.1.5. Transmission Electron Microscopy (TEM)

Morphology and particle size of the as-produced CeO,-GO nano-
structures are studied by TEM tool (Fig. 4). Successful anchoring of CeO,
NPs on graphene oxide surface is confirmed from the TEM image pre-
sented in Fig. 4a. Even distribution of metal oxide particles is seen on GO
sheets. They demonstrated excellent interfacial contact between the
graphene sheets and CeO, NPs. [67]. Additionally, most of the syn-
thesised CeOy NPs are in the range, 4-8 nm, with spherical morphology,
and finely dispersed over the graphene oxide sheets (Fig. 4b).

Individual nanoparticles showed an interplanar spacing of 0.32 nm,
which is consistent with the (111) d spacing of CeO; phase, estimated
from the XRD pattern. Fig. 4c shows the SAED pattern of the nano-
structures with a series of bright rings, indicating that the sample is
polycrystalline. The d spacing is also calculated from SAED pattern using
image j software and is presented in Table 1. Fig. 4d shows the particle

Table 1
d spacing and hkl values derived from SAED.

SL.No. 1/2r (nm™) 1/r (nm™Y) r (nm) d spacing (A) (hkD)

1 6.112 3.056 0.3272 3.2722 a1y
2 8.81 4.405 0.2270 2.2701 (200)
3 11.984 5.992 0.1668 1.6688 (220)
4 15.161 7.5805 0.1319 1.3191 (311)
5 18.096 9.048 0.1105 1.1052 (222)
6 21.323 10.6615 0.0937 0.9379 (331)
7 23.254 11.627 0.0860 0.8600 (420)
8 25.794 12.897 0.0775 0.7753 (422)

size distribution of ceria nanoparticles in the composite, as evident from
the TEM image provided in Fig. 4a. The average size of these particles is
estimated to be nearly 5.2 nm.

5.1.6. X-ray photoelectron spectroscopic analysis (XPS)

Fig. 5depicts the XPS survey scan of the composite, in which the
three peaks are attributed to Ce,O and peak of carbon (C1s). Within the
sensitivity of the technique, no contamination peak was found. The
binding energies (BE) of Ce 3 d5,0 1s and C 1s were measured at 882.2
eV,531.2 eV and 283.5 eV respectively [68]. Four prominent peaks of
ceria were clearly visible in the fitted spectra of the composite shown in
Fig. 5b. Both Ceric and cerous forms of cerium are identified in the
composite. The following Ce 3d peaks were confirmed by XPS analysis:
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Fig. 5. (a) XPS survey scan of HCG7 system, containing 7 wt% GO, (b) Deconvoluted XPS region spectra of Ce 3d fitted spectra,(c-d) XPS fitting curve of Ols and Cls.

Table 2
Specific surface area measured from the BET analysis of the pure
CeO, and the composites.

Sample name BET surface area (m?/g)

CeO- 114.04
HCG1 127.51
HCG4 134.1
HCG7 147.18
HCG10 103.91
HCG13 54.70

Ce*" 3ds,y, Ce®" 3ds/s, Ce** 3d3/9, and Ce* 3ds,. The primary char-
acteristic peaks of ce*t 3ds/2 and cett 3ds,/» were seen at 916.7 and
898.4 eV, respectively. The peaks at 901.1 and 882.6 eV were attributed
to Ce3" 3ds/5 and Ce®*3ds,, respectively. The spectral information is
completely in agreement with earlier reports [69]. The C1s peak further
curve fitting showed a peak at 284.35 eV indicative of C-C/C-H groups.
No C=C was noted as per the XPS results. Highly oxygen functionalised
graphene oxide of course rules out the possibility of unsaturated carbon
framework. The peak at 285.31 eV, characteristic of C-O groups is also
noted that can be ascribed to either surface OH functional groups or a C
—-O- Ce bond in the composite. Carbonyl/carboxyl groups were also not
observed in the system.

5.1.7. Specific surface area analysis by BET method

Nitrogen adsorption via Brunauer-Emmett-Teller method was
employed inorder to determine the specific surface area of the systems.
BET specific surface area analysis were performed on pure CeO; and
Ce02-GO nanocomposites, and the results are depicted in Table 2.The

special route adopted yielded ceria nanoparticles of high surface area
when compared to systems yielded by usual methods. Graphene oxide
incorporation substantially enhanced the surface area values up to
HCG7. Thereafter a sharp decrease is seen for the surface area values. It
is further noted that drastic reduction is seen in the values as the HO
content is increased.

5.2. Humidity sensing response

The variation of resistance and sensing response of CeO; and the
corresponding CeO2-GO composites at room temperature in the RH
range of 11-97 % is depicted in Fig. 7a&(c) respectively. It is obvious
that there is a decrease in resistance with %RH of pure CeO; in the
humidity range because the matching sensing response is only 30 %.
However, resistance in the case of composites, investigated in the same
RH range, has also phenomenally dropped linearly by four orders of
magnitude. Additionally, as the amount of GO in the composites has
increased, their sensing response has improved as well, reaching a
maximum of 99.93 % for the HCG7 composite. BET surface area analysis
showed that surface area of the composites increased uniformly with
increasing the amount of GO in the composite, atributed to the presence
of GO sheets, up to HCG7. SEM and TEM analysis show that CeO, par-
ticle are uniformly scattered over GO sheet and both the CeO, particles
(Ce®*& Ge*™) and hydrophilic functional groups like hydroxyil,
carboxyl and epoxy groups presents on the GO sheet simultaneously
provide plentiful water-absorbing areas will enhance the sensing
response of the composites [70]. The decisive role of surface area in
humidity sensing application is already established.

The sensing mechanism observed in the composite can be explained
by three consecutive processes—chemisorption, physiorption, and
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condensation. In the first stage at low relative humidity levels water investigations, when water molecules initially approach the sensing site,
molecules are chemically adsorb on the sensor material and then grad- OH" ions get chemisorbed onto the composite surface to form the first
ually dissociate into OH and H* ions [6,70].Due to the hydrophilic chemisorbed layer. H' ions then become mobile, causing a decrease in
groups that are present in the composite, as shown by FTIR the composite’s resistance. When there is an increase in humidity the
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Table 3
Comparison of the current system’s humidity sensing performance with certain
earlier reports.

System Response time Recovery time Reference
(s) (s)

Ceria nanoroads 19 49 [23]

Ce dopped nanoporousZnO 13 17 [74]

Turncated octahedral CeOy 10 14 [27]

Aero-gel based CeOynano 4.6 2.7 [75]

particle

Graphene oxide 10.5 41 [76]

G/SnOy/CFs 8 6 [77]

GO/NWF 8.9 11.76 [78]

Graphene/TiOy 128 68 [79]

Zn0O/rGO/Cu 19 42 [80]

HCG7 19 10 Present
work

formation of the first physisorbed layer is also realised, as a result of
hydrogen bonding between each water molecule and two nearby hy-
droxyl groups thus forming the immobile layer [71]. With subsequent
increases in relative humidity, water molecules are simply adsorbed to
the physisorbed layer and become mobile as a result, generating a sec-
ond physisorbed layer. Such physisorbed layers were accumulated as the
relative humidity rises and finally act like bulk liquid water. The images
below shows the way the layers are generated. At this stage, each water
molecule joins with each OH group to create H30 *, which then disso-
ciates into H,O and H" ions, according to Grotthus’s mechanism [70,
71]. As aresult, the concentration of H' ions increase quickly, becoming
mobile and hopping from one water molecule to the next by the
simultaneous cleavage of the hydrogen bond network of the water
molecules and the covalent bonds of nearby molecules [72].Further
increase in relative humidity causes water to condense in the composites
interlayer’s, which finally allows for electrolytic conduction by further
reduction of, and causing an increase in sensing response. The sensing
strategy is represented in Fig. 6.

5.2.1. Humidity response and recovery behaviour

Response and recovery times, hysteresis, and stability are essential
factors for fabricating an effective and reliable humidity sensing device.
Two distinct chambers, one with a lower relative humidity (RH) of 11 %
and another with a higher RH of 97 %, were maintained to allow for the
precise experimental assessment of the response and recovery periods of
all the samples. In a typical procedure for measure each sample was
subjected humidity exposure ranging from 11 % RH to 97 % RH, and the
conditions were retraced from 97 % RH to 11 % RH, respectively,
keeping the switching duration 1 s [73].Resistance variation of different
systems with change in humidity is provided in Fig. 7a. Among the
systems investigated, HCG?7 is identified as the best one in their response
towards humidity. The response and recovery times of HCG 7 is shown
in Fig. 7b. The results show that HCG7 sample has an excellent response
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time of 19 s and a quick recovery time of 10 s. Changes in sensing
behaviour with respect to relative humidity is presented in Fig. 7c. It can
be seen that the composite exhibits attractive response when compared
to either of the two constituents alone. Though GO exhibited response
time 10 s, the recovery time was rather high, 40 s. Incorporation of high
surface area ceria has significantly reduced the response time, which at
the optimum ceria amount is 10 s. Table 3 compares the sensor response
of the system with those of other composites under comparable situa-
tions. A comparison of the result with data presented shows that the
system can compete with other reported ones in terms of recovery time.
However, response time was more attractive for other systems. Though
pure ceria shows a good performance, the stability aspect makes the
candidate less preferable. Despite the fact that that G/SnOy/CFs re-
ported attractive values of test parameters, the tedious synthesis
pathway is pointed out as a demerit of the system. Hence, a comparison
reveals that present work benefited by simple sample preparation con-
ditions and the attractive recovery time is promising one in the field of
humidity sensing.

5.2.2. Adsorption desorption hysteresis and stability

The variation of resistance of the system during adsorption and
desorption of water vapour shows the hysteresis curve, which can be
taken as a measure of performance of the material [71]. The area of
hysteresis marks the efficiency. The experiments conducted using HCG7
is depicted in Fig. 8a.The hysteresis pattern of the composite shows that
the adsorption process is spontaneous whereas the desorption process is
delayed.This is because adsorption, which occurs in the humidity
sensing situation, is an exothermic process and desorption, which occurs
in endothermic manner. Comparatively low area validates the low re-
covery tome shown by the system.In order to test the stability of the
composite as a humidity sensor, Sensing response of HCG7 for 60 days
was examined at 33 % relative humidity and 97 % relative humidity and
the corresponding graphs are displayed in Fig. 8b.As can be seen, HCG7
demonstrated high stability and stable sensing over the course of two
months, establishing the system to be ideal for device manufacturing.

6. Conclusion

In this work, we have successfully addressed the shortcomings of
CeOy and GO as a standalone humidity sensor by combining their
qualities by synthesising their composite in various percentages using a
straightforward hydrothermal technique. From the composites we
created, HCG7 containing 7 wt% GO in ceria, has demonstrated an
impressive sensing response of 99.93 % in the region of 11 %-97 % RH
in addition to a very strong response time of 19 s and recovery time of
10 s. Additionally, the composite sensor has shown to be extremely
stable with little hysteresis. Thus, the system offers the possibility of
creating an effective, affordable, and humidity-sensing device that
operates at room temperature. All of the aforementioned characteristics,
together with the ease of fabrication and adaptability of the fabrication
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Fig. 8. (a) Humidity hysteresis of HCG7 and (b) Humidity sensing stability of HCG7.
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process used to synthesise any other metal oxide, make this type of
device a possible candidate for high performance and quick humidity
sensor development.
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