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Abstract

The nanocomposites have many applications such as humidity sensors, solar cells, antibacterial,....etc. In this
review, polymer- ceramics nanocomposites have been studied for humidity sensors with high sensitivity and low

cost. The polyvinyl alcohol, oxides nanoparticles, carbide nanoparticles and other nanocomposites have been

reviewed for humidity sensors.
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Introduction

Composite materials are widely available use this day
for everyday life. Due to their low weight and capacity
to suit their specific end using large flooring in high
performance applications such as the aviation

industry and the automotive industry.

The idea of connecting two or more different
components in the material gives almost infinite
possibilities for new creation engineering materials
are characterized by a variety of different properties
(Hashim and Hadi, 2017). Transition metal carbide
(TMCs) appearance good chemical and mechanical
immutability and resistance against attrition beneath

reaction conditions (Ham and Lee, 2009).

The integration of MgO nanoparticles in a polymer
such as polyvinyl alcohol (PVA) not only enhances the
strength and also completely changes the physical
properties of the polymer (Karthikeyan et al., 2009).
MgO and SiC are represent of oxide and non-oxide
ceramics, and leading nominee materials for a lot of
modern day engineering applications (Al-Nasrawy et
al., 2011). Polymers as a polyvinyl alcohol, mixed
with water show higher sensitivity humidity sensing
at room temperature. In presence of humidity it
attract —OH group hence the resistance decreases

(Joshi and Singh, 2009).

The nanocomposites have different applications in
many fields such as: pressure sensors (Hamad and
Hashim, 2018; Hashim and Hamad, 2018; Hashim
and Hadi , 2017; Hashim and Hadi, 2018),
antibacterial (Kadhim et al., 2017; Kadhim et al.,
2016; Hashim et al.,, 2018; Rashid et al., 2018;
Ahmed et al., 2019), humidity sensors (Ahmed et al.,
2019; Agool et al., 2017; Hadi and Hashim, 2017;
Hashim and Hadi, 2018, Hashim and Hadi , 2018),
radiation shielding (Hashim and Hadi , 2017; Agool

et al., 2017), ....etc.

Mechanism of humidity
Sensors are equipment that can notice external
exciter and change them into consistent indication.

Conservative sensors are typically stiff and cannot
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willingly distort, in dissimilarity, stretchy sensors can
be simply committed to numerous surfaces and can
be used in portable electronics and wearable. Stretchy
sensors may permit applications inskin, electronic
robot sensing and wearable health monitoring (Zhao
et al, 2017, Yang et al., 2017). Humidity and
temperature are critical factors for both living
creatures and the environment. Temperature sensing
has been understood out of many mechanisms such
as the pyro electric result(Yang et al., 2012), infrared
radiation (Usamentiaga et al., 2014) and the thermal
resistance effect (Kong et al., 2012). humidity sensing
is chiefly perceive through the communication
between sensing materials and moisture, such as
semiconductor ceramics,

polymers, electrolytes,

etc.(Farahani et al., 2014).

Amount of water vapor in the air is well-known
humidity. At the upper of crystalline grains on
triggered places of the surface ,interaction of a
specific amount of water vapor molecules are
chemically adsorbed (chemisorption), which is
attended with a separation, mechanism of vapor
molecules to forming hydroxyl groups, (two hydroxyl
ions each water molecule). As a binding between the
surface ions of grain neck and the adsorbed water, the
hydroxyl group is absorbed from every water
molecule on metal cations located in the grain
surfaces and has great density for charge carriers and
strong electrostatic fields, thus producing a movable

protons.

The protons travel from spot to another on the
surface and respond with the neighbor surface O-
2groups (oxygen) to forms a second hydroxyl (—-OH)
group, and when the resistor is exposed to humidity,
the ionic functional groups will be dissociated to
increase the electrical conductivity of the resistor,
which results in the lessening of resistance (Farahani

et al. 2014,Wang, 2013 ).

In chemical, biological processes and physical,
humidity is an important issue [Karthick. et al,
2016]. Measurement of humidity in an industrial

procedures is too critical because it may effect on the
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cost and quality of the product. Humidity sensors
based on SnO-, TiO2, CuO and ZnO and cross linked
with polymers have been developed in recent years

(Zainelabdin et al., 2012, Fei, T. et al., 2014).

H' + 0o« [OH]

where O, corresponds to oxygen at lattice sites. The
(PVA-MgO-SiC) nanocomposites are absorbent in
nature and has surface oxygen atoms, which
credited to the

fundamentally arise samples

preparation technicality.Figure (1) shows the
humidity-sensing mechanism of the PIM-based

Sensor.
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Fig. 1. Humidity-sensing mechanism of the PIM-based sensor (Li et al., 2017).

Literature Survey

Semiconductor metal oxide based humidity sensors
are used for environmental and emission monitoring,
industrial and medical

automotive, domestic,

applications.
Sawai & Yoshikawa in (2004). Examined the
Quantitative evaluation of antifungal activity of
metallic oxide powders (MgO, CaO and ZnO) by an
indirect conductimetric assay. The experimental
results showed that the MgO and CaO were found to
have good antifungal activities.

Li & Sun in (2010). Studied the poly(lactic acid)
(PLA) nanocomposites were prepared by in situ melt
polycondensation of L-lactic acid with different
loading ratios of surface-hydroxylated magnesium
(MgO)

structure, morphology, and thermal properties of the

oxide nanocrystals. Molecular weight,

nanocomposites were characterized. PLA-grafted
MgO (PLA-g-MgO) was isolated from free PLA for the
with 3% MgO via

processes and

nanocomposite repeated
dispersion/centrifugation
characterized. The weight-average molecular weight
of the PLA-0.01%Mg0O nanocomposite was 55500,
which was 30% higher than that of pure PLA.
Discoloration of PLA was obviously depressed in the
presence of MgO nanocrystals. Formation of
hydrogen bonding between PLA chains and surface -
OH groups from MgO was detected by Fourier
transform infrared spectroscopy. Morphological

images showed uniform dispersion of

MgOnanocrystals in the PLA matrix and
demonstrated a strong interfacial interaction between
the PLA matrix and MgOnanocrystals. PLA-
MgOnanocomposites exhibited improved thermal
stability compared with pure PLA Sharma et al. in

(2015) . Studied the interphase structure of poly
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(vinyl alcohol)PVA—SiCnanofiber polymer
nanocomposites. The interphase region in polymer
nanocomposites extends from nanofillers’ surface to
bulk polymer matrix. PVA-SiC nanocomposite films
with varying concentration of SiCnanofiber (0.1, 0.2,
0.5, and 1.0 wt %) were prepared using solvent

casting method.

The crystallinity of the nanocomposite films have
been determined using X-ray diffraction. The
observed changes in the polymer nanocomposite
structure are resultant of weak interaction between
hydrophilic PVA and hydrophobic SiCnanofiber. The
mechanical properties of the nanocomposites
measured, using tensile testing method, have been
explained in view of the changes in structure at

interphase.

Jang &Jeong. in (2017) . Studied the wearable
resistive-type humidity sensor is fabricated on a

cylindrical organic substrate for the first time.

This sensor contained polyvinyl-alcohol (PVA) as the
sensing material, which was applied by the dip-
coating method at the middle, and copper (Cu) thin
film was applied by RF magnetron sputtering for the
side electrodes. The resistance was measured for 60—
90%RH. Thus, the value was decreased by hydrogen
bonds between the hydroxyl groups and water

molecules in the highly humid condition.

Hashim and Hadi. in (2018). Studied the structural,
optical and electrical properties of (PVA—CMC-NbC)
nanocomposites for humidity sensors have been
studied. The (PVA—CMC-NbC) nanocomposites were
prepared with different concentrations of (polyvinyl
alcohol and carboxyl methyl cellulose) and Niobium

carbide nanoparticles.

The experimental results of optical properties for
(PVA-CMC-NbC) nanocomposites showed that the
absorbance, absorption coefficient, extinction
coefficient, refractive index, real and imaginary
dielectric constants and optical conductivity of (PVA-

CMC) blend increase with increase in Niobium

2019

carbide nanoparticles concentrations.

The transmittance and energy band gap decrease with

increase in Niobium carbide nanoparticles
concentrations. The DC electrical properties of (PVA—
CMC-NbC) showed that the

electrical conductivity of the blend increases with

nanocomposites

increase in NbC nanoparticles concentrations. The
experimental results of novel (PVA—CMC-NbC)
nanocomposites applications showed that the (PVA—
CMC-NbC) nanocomposites have high sensitivity for

relative humidity.

Conclusion

Nanocomposites are very promising in many
applications for environmental and biological fields.
Polymer/ ceramics nanocomposites can be used for

humidity sensors with high sensitivity and low cost.

The polyvinyl alcohol with oxide nanoparticles and
carbide nanoparticles have been used for for humidity

sensors with high sensitivity, low weight and low cost.
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