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A B S T R A C T

The hygroscopic properties of a material allow water retention and release of water vapor from surface of a
nanostructure. Most nanostructure exhibit morphological change due to swelling or directional expansion upon
water intake. The study focuses on characterizing the hygroscopic properties of additive enhanced zinc oxide via
weighing method and testing of its hysteresis free sensing potential. Zinc oxide (ZnO) was prepared along with
added additive via modified low temperature hydrothermal synthesis. The growth solution was coated on to glass
slides before characterization of hygroscopicity and water adsorption hysteresis. The sample was placed in a
sealed chamber with sensitive microbalance to measure mass gain and loss of the sample. The humidity within the
chamber was manipulated chemically and temperature was left at constant ambient temperature. Relative hu-
midity range from 40 to 80 % RH was exposed to the samples. The additive enhanced zinc oxide (ZnO-HMT) film
has shown superior water retention and release capabilities by having steeper gradient compared to its initial
version. ZnO-HMT could maintain its mass at low RH% of 37.5 % and high RH% of 80 % at closely similar value
upon exposed to several cycles of incremental and decremental RH%. The mass intake and release of ZnO-HMT
was also greater at 1.5 mg per 10 % increment and decrement of RH within 40 RH% - 80 RH% compared to ZnO
which only have 0.9 mg mass change at each increment. Microscopic observation has shown apparent
morphology change to ZnO-HMT nanostructure upon exposed to increased humidity from lower humidity. ZnO-
HMT shown potent candidate as a humidity sensor material to be implemented into optical sensors that requires
strain as the sensing mechanism to take advantage of the hygroscopic nature of the material.
1. Introduction

Relative humidity is the ratio of vapor pressure of water present
against vapor pressure required for saturation at a known temperature
[1]. According to Byrn et. al [2], condensation of water only occurs when
relative humidity (RH) is 100 %. At lower RH%, condensation occur only
when water molecules can interact with the solid interface before the
solid can retain the water. Humidity control is crucial in various in-
dustries. Thus, sensors play an important role in the industry as being the
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first line of detection in terms of product monitoring and optimization.
Product manufacturing require monitoring of the environmental pa-
rameters regularly to ensure proper product specifications met [3]. For
instance, in pharmaceutical industries, relative humidity percentages are
monitored to ensure no defects or water deliquescence occur to products
and medications impacting their quality. Optical based sensors are get-
ting more attention due to their capabilities of real time monitoring and
electromagnetic proofing nature. Implementation of hygroscopic mate-
rials for humidity detection can be used together with optical sensors that
021
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detects strain caused by the hygroscopic materials upon water intake.
Humidity optical sensors that rely on signals in form of light transmission
within an optical fiber are a family of optical humidity sensors. There is
various sensing mechanism in each type of an optical humidity sensors.
One of the examples of an optical sensor is the absorption-based sensors.
This type of optical sensor relies on the refractive index changes of a
material that is coated onto the sensing region of an optical fiber. When
immersed or contacted onto an external stimulus, the material will
experience a reversible refractive index change that will perturb the
photonic evanescent waves that leaked out of the sensitized, coated re-
gion. The perturbance of the leaked waves, will induce a change in
photonic signals within the core of the fiber. Therefore, this indicates that
the material coat of the fiber detected a change of the monitored
parameter. An example of this type of sensor is demonstrated by Sharma
et al. [4], where a fiber optic was coated with a chalcogenide based
graphene for hemoglobin detection in blood. An optical sensor that can
successfully utilize a hygroscopic material with changes in physical and
mechanical changes would be the family of grated fiber sensors. Fiber
Bragg gratings (FBG) are optical fiber sensors that rely on expansion/-
compression of the sensing region to produce Bragg wavelength signals
[5]. Wavelength shift would occur upon strain-imposed Bragg grating
which would be the response of the sensed parameter. Common uses for
uncoated FBG sensors include as soil strain sensors [6], temperature
sensors [7] and pressure sensors [8]. When tailored for chemical sensing,
it is common for materials that react to external parameters either via
refractive index change or hygroscopic behavior to be coated on FBG
based optical fibers. The behavioral change of the material will perturb
the signal propagation in form of wavelength shifts or even optical
reflectivity power change. Therefore, the characteristics of the sensor
layer will be the primary factor in determining the performance of the
sensor [9].

Currently, capacitive humidity sensors dominate the market in many
industries due to their cost effectiveness [10]. However, this does not
mean that such family of sensors are devoid of any loopholes. While
susceptible to electromagnetic fields, capacitive humidity sensor also has
limited application in mapping of a specific region of its measuring
parameter. For instance, a region within a soil could have spots of
different humidity. A capacitive sensor would require multiple devices
working in tandem to address this issue which could lead to an increase
in cost. Optical sensors can overcome this problem by having several
sensor heads position at specific targets within the said soil region for
humidity sensing. This not only allows real time monitoring but also
humidity regions can be mapped out. Optical sensors require sensitive
materials that can produce response when change in parameter is
detected. Solid materials react either physically or chemically if exposed
to a physical parameter (Eg. high temperatures, magnetic fields, vacuum,
etc.) or chemical substances. A material may react in a way that its own
chemical structure reversibly or irreversibly altered [11]. Materials can
Fig. 1. Various modes of w
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exhibit a reaction where its nanostructure or surface is altered mechan-
ically when exposed to water molecules in one of its water solid in-
teractions as shown in Fig. 1. The nanostructure of a material could be
deformed when water molecules adhere to its surface either by simple
diffusion or condensation. A simple example of a hygroscopic material
would be a sponge, where water molecules are adhering to its very large
surface area from its countless pores. The pores expand slightly to allow
attachment of the water molecules and this results in an increase in the
overall weight of the sponge. When dried, water molecules detach and
removed from the surface of the sponge making it lighter in overall mass.
Other hygroscopic materials include polymeric agar [12], di-ureasil [13],
graphene oxide [14] and wood fiber [15]. An example of a hygroscopic
material used in sensing is polymeric agar for moisture sensing [12]. It
was utilized together with an FBG type optical sensor for cultural artifact
moisture detection. The porous nature of the agar polymer allows
adsorption and absorption of water molecules. This leads to expansion of
the agar nanostructure together stretching the FBG when increasing
exposure to water molecule at higher relative humidity. The polymer
nanostructure has demonstrated volumetric expansion and has shown
visible wavelength shifts at lower RH% range between 5 and 30 RH%.
This makes it excellent for ultra-low RH monitoring of water molecules
that are near surface of a structure or a solid such as heritage cultural
stones of fossils. Another well-known hygroscopic polymer is polyimide.
Like agar, this material can stretch depending on the thickness of its
coating which makes it an excellent sensing material for use with FBG.
Chai et al. [16] reported great linear increase between coating thickness
and relative humidity sensitivity when used in detecting moisture in
building materials. However, since different material boasts different
nanostructures and surface morphologies, the relation between thickness
and sensitivity towards water molecule may vary [17].

Though exist many reports on hygroscopic polymers, metallic mate-
rials that can be hygroscopic as well given that they have enough surface
area on nanostructure and pores for water molecule attachment. For
instance, aluminum phosphate relies on the hydrophilic group existing
on its surface layer for attachment of water molecules [18]. Aluminum
phosphate was utilized as a cantilever-based sensor for humidity detec-
tion due to its hygroscopic properties. Ceramic materials with form of
nanostructures such as zeolites were also reported to have hygroscopic
behavior causing strain to FBG based optical sensor [19]. Boersma et al.
[19] stated suitable chemical coating for an FBG should be stiff and has
proper adhesion to the optical sensor itself. Therefore, coating of mate-
rials also play an important role to ensure proper adhesion of the active
sensing layer for it to exhibit strain or compression upon introduction of
water molecules. While not as thermal sensitive as polymer-based coat-
ings, ceramic layers tend to be more feasible in applications at higher
temperatures. They can maintain their nanostructure at slightly higher
temperatures compared to polymers without affecting its sensing per-
formance towards water molecules and degradation. Zinc oxide is a
ater-solid interaction.
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material that have many variations in terms of crystal and morphological
nanostructures. It has various attractive properties and has been used in
various devices including sensors, solar cells and power storage unit.
Until today, many newer studies [20-22] are still discovering more
purpose of zinc oxide despite it is an age-old material. This is due to zinc
oxide having various techniques of synthesizing. Among well-known
methods are solid state route, sol-gel and hydrothermal techniques.
Each synthesis technique, when varied may affect and instill a change in
the nanostructure of zinc oxide. Since hygroscopicity depends on mate-
rials with more surface area or morphologically rough, ZnO can be made
to possess improved hygroscopic quality. Water molecules may only
adhere on to ZnO surface without any chemical reaction that causes
crystal deformation or bond breakage of the material itself [23]. Natu-
rally, ZnO synthesized hydrothermally possess hydrophilic and porous
structure that can allow proper adsorption of moisture [18,24]. Zinc
oxide has seen its implementation with an FBG as reported in another
work [22]. The work involved zinc oxide in flake form coated on to an
FBG for humidity sensing. It yielded greater sensitivity compared to a
bare FBG upon exposure to humidity with linearity of more than 99 %.

Many studies present detailed structural reports on ZnO with addi-
tives and dopants only with their respective applications such as photo-
voltaic [24], volatile organic chemical (VOC) sensing [25] and pH
sensing [20]. These are remarkable studies that demonstrates the
versatility of ZnO material produced through different techniques. When
narrowing down towards optical humidity sensing, ZnO have been pro-
posed elsewhere on its humidity sensing capability when used together
with optical based sensor with report on hygroscopic properties of ZnO
absent [26]. However, Reports on the interaction of ZnO surface with
relative humidity change is quite scarce to the best of our knowledge.
Furthermore, there have yet been a utilization of ZnO nanostructure with
low temperature hydrothermal assisted synthesis technique. This study
therefore aims to provide the implementation of hygroscopic character-
ization technique in determining the humidity sensing potential in a low
temperature synthesized ZnO enhanced with an organic additive.

2. Methodology

Zinc oxide nanostructure was synthesized from its precursor of zinc
acetate dihydrate Zn(CH₃CO₂)₂⋅2H₂O which was obtained from Sigma
Aldrich. Solvent ethanol 95 % purity was obtained from HmbG Chem-
icals. The growth of ZnO nanostructure is facilitated with Sodium hy-
droxide, NaOH obtained from Merck Chemicals. The main additive is
Fig. 2. (a) Addition of pH control solution into thermally
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hexamethyltriethylethanolamine (HMT) is obtained from Sigma Aldrich.
2.1. Hydrothermal, low temperature zinc oxide synthesis technique

The zinc oxide nanostructure layer was synthesized via a modified
low temperature hydrothermal route. 0.01M of precursor zinc acetate
dihydrate Zn(CH₃CO₂)₂⋅2H₂O was added in 20ml of ethanol before being
stirred for 30min (see Fig. 2). Additional 20ml of ethanol added into the
precursor solution to further dissolve the precursor before stirring for
another 5min under room temperature. Sodium hydroxide, NaOH was
added in 1ml drop with a micropipette into the zinc acetate solution
while it is continuously stirred under 50 �C temperature. NaOH in this
solution acts as the growth enhancer and crystal growth controller for the
solution [27]. The addition of the 0.01M NaOH droplets were repeated
20 times at interval of 1 min between every drop for a total of 20ml of the
NaOH solution added into the main precursor solution. The solution was
the sonicated in an ultrasonic bath for 3 h and 60 �C allowing further
mixture of the solution and formation of a growth solution. The enhanced
zinc oxide nanostructure variant follows closely similar synthesis tech-
nique. The only exception is that equimolar concentration hexamethyl
triethanolamine, HMTwas added together with Zn(CH₃CO₂)₂⋅2H₂O. Each
solution was stirred and mixed well in ethanol before proceeding further.
The HMT is a surfactant that acts as a structural modifier for the zinc
oxide nanostructure. The HMT enhanced zinc oxide was annealed in
similar manner as its non-enhanced counterpart.
2.2. Coating of growth solution on glass substrate

Prior to coating of the growth solution onto a glass substrate, a
cleaning process was done on the substrate itself. The glass substrate was
first ultrasonically cleaned with alcohol solution before being left to dry
and ready for coating. After sonication of the Zn(CH₃CO₂)₂⋅2H₂O and
NaOH solution, a 1ml pipette was used to add the solution onto an empty
glass slide. The coating process used in this study is the drop coating
technique. The coating process proceeded with 1ml drop of the growth
solution on to the center of the glass slide. The glass slide is maintained
under temperature of 70 �C during the drop coating process. Upon 1ml
drop of the solution, the slide, and the droplet on it is left to dry under the
heated slide before the next drop will be added. This process cycle was
repeated for 10 times for a total of 10ml of growth solution added on to
the same center spot on the glass slide.
monitored base solution and (b) Sonication for 3 h.
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2.3. Annealing of ZnO-HMT

Prior to annealing of both ZnO and ZnO-HMT coatings on the glass
slides, they are cooled down in ambient temperature. The annealing of
ZnO-HMT was done within a sealed lab grade oven pre-heated to 140 �C.
The purpose of this final stage of the material synthesis is to further
promote the growth of ZnO and ZnO-HMT crystal nanostructures and
enhancing their adhesiveness on its glass substrate. Coated slides were
placed on a thermal resistant board and annealed in an oven for 3 h under
the temperature of 140 �C before ready to be characterized for its hy-
groscopic behavior. Upon completion of the annealing process, the
samples were left to cool at room temperature.
2.4. Weighing method for hygroscopic behavior study

There are several ways in characterization of hygroscopic behavior in
materials. In this study, which is based on the capabilities of the lab, a
weighing method for water uptake was used. This method was adapted
from American Society for Testing and Materials (ASTM) technique [28].
This technique involves the use of high accuracy microbalance and
samples within a sealed chamber. In this study, a high accuracy micro-
balance with build in chamber and accuracy of 0.0001 g with error
tolerance of �0.0002 g was used and the sample is placed on the
balancing plate within. A humidity sensor was placedwithin the chamber
to monitor the relative humidity, RH and temperature within. The
chamber was sealed with industrial clay sealant. The hygroscopic test
involves manipulating the RH within the chamber and monitoring the
mass change of the sample within as water molecules adhere on the
surface of the nanostructure [29]. Controlling the RHwithin the chamber
is by chemical means where small amount of NaOH solutions made of
Fig. 3. XRD spectra of Z
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dissolved NaOH pellets and deionized water was placed within the
chamber for increasing the humidity. It is important not to use any me-
chanical assisted force drying for reduction of RH. This is because forced
drying is often associated with directing strong wind flow by means of a
fan into the chamber. High wind flow can greatly affect the microbalance
rendering the mass of the sample inaccurate. Therefore, the reduction of
humidity was done by having the NaOH solutions replaced with calcium
chloride, CaCl2 a desiccant that absorbs moisture within an enclosed
volume. By controlling RH with these chemical means, the temperature
can be maintained since it can impact the hygroscopicity of the material
and may give off unreliable results when accidently varied greatly.
During increasing RH values with NaOH solution, beginning at 40 %
which is the lowest achievable RH in lab and equipment, the mass of the
sample was recorded every 10 % of increment until RH value of 80%was
achieved. At the highest RH achievable, the NaOH solution was swapped
with CaCl2 powders for RH reduction. Similarly, at every 10 % RH
decrement, the mass of the sample was recorded. Temperature is to be
kept constant at room temperature during this test and was also recorded
for reference.

3. Results and discussion

3.1. ZnO-HMT crystal properties confirmation

Crystal structure analysis of the synthesized ZnO-HMT was studied.
The XRD spectra was obtained from a CuKα source with scanning angle
ranging from 20 to-80 �C (see Fig. 3). Both spectra of ZnO and its additive
enhanced counterparts were analyzed with Diffrac EVA Software.
Outcome of the samples was consistent with PDF-00-001-1136 of the
international powder diffraction data. Peak of (002) and (101) have been
nO-HMT and ZnO.
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greatly enhanced using ZnO-HMT method. However, other peaks do not
seem to show much difference in the detected counts of the diffracted X-
ray. This have shown that the addition of the organic enhancer to ZnO
does influence some of its crystal structure albeit small changes in its
lattice. The presence of contaminants could also influence the perfor-
mance or structure of the material. However, there are minimal unknown
peaks for the ZnO-HMT and this depicting close to no presence of un-
identified contaminants.
3.2. Hygroscopicity of zinc oxide and its additive enhanced variant

Hygroscopicity behavior was exhibited by both ZnO and ZnO-HMT
thin films through drop coating technique. Based on Fig. 4 (a) for ZnO
sample, when RH increments from 30 RH% to 40 RH%, mass intake in-
crease is rather low until 50–70 RH% range. Gradient increase was
observed up until 70 % to 80 % RH which is the max achievable manip-
ulated RH% that can be achieved with this closed system in the lab. During
the reduction of RH% using the CaCl2 powders, a reversed pattern of mass
intake mentioned during the increasing of RH% occurs on the mass loss.
Between 80 RH% - 70 RH% a similar small gradient change was observed
followed by the steep curve down to similar mass at 40% RH. This showed
that on its own without any additives added during synthesis, ZnO can
retain water on its nano-structural surfaces. However, hysteresis needs to
be investigated further since at lowest recorded RH which was at 37.5 RH
%, the sample fails to return to its original mass and a leftover water mass
was retained in the sample. This behavior would be the cause of hysteresis
Fig. 4. Hygroscopic behavior through mass uptake and release of water
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if the sensor is to be implemented in humidity sensor since it is unable to
return to its original mass or ‘zero’ value after being exposed to higher RH
%. For ZnO-HMT sample depicted in Fig. 4 (b), incrementing RH% in-
crease almost exponentially throughout the tested relative humidity range.
Decrementing RH% follows slight inverse exponential after RH% values 80
% -70 %. The beginning recorded mass is 37.5 RH% and this sample
successfully achieved same value of mass as beginning of the test at the
said RH%. The release and retention of water from the nanostructure
occurred at more rapid pace relative humidity wise. Fig. 4 (c) was added as
a reference sample to ensure chamber is sealed and mass retention and
release can still occur even on empty glass slide. It was worth to note that
even glass substrate allows adhesion of water molecules at can have mass
changes with increasing and decreasing RH%. Therefore, it is possible for
one type of optical sensor which is the FBG to detect the rough humidity
changes, but it will suffer from low sensitivity and critical hysteresis. Upon
plotting the regression lines for each curve, the approximate potential
sensitivity of the material towards relative humidity can be estimated from
the gradient. Fig. 4 (b) depicting the mass curve for ZnO-HMT possesses
0.1382mg/RH(%) sensitivity with linearity of at least 85 %. This is at least
35 % improvement in terms of sensitivity when compared with its
additive-absent counterpart. The performance of sensitivity found in this
study follows the order of ZnO þ HMT > ZnO > empty glass slide. The
samples are at least able to give limit of detection of 3.5mgwithin range of
40–80% RH. Response time for ZnO-HMT is ~5min for 10 % increment
from 50 to 60 % RH while time it takes to recover from same range is
7min.
of (a) zinc oxide, (b) HMT þ zinc oxide and (c) Reference substrate.



Fig. 6. Repeated continuous cycles of RH tests on Zinc oxide þ HMT.
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3.3. Hysteresis test of material

The hysteresis test involves cycles of incrementing and decrementing
RH% exposure to the samples. The purpose was to verify whether the
nanostructure can maintain similar pattern of mass change through
various cycles RH% changes of the test. There were three cycles of RH%
manipulation fixing on the lowest humidity able to be achieved which is
37.5 RH% and 80 RH%. Fig. 5 shows 3 repeated RH cycles on ZnO
samples with each curve of different color represents the cycle. It is
clearly seen here that as humidity cycle proceeds from 1 to 3, the overall
mass change is reduced. This could mean that as more cycle added, the
water release not only occurs in smaller masses, but also may affect the
surface of the ZnO in a way that it is released together with the water
molecule. The mass recorded at each interval of RH% and deviate greatly
especially at minimum and maximum RH%. This may be unfavorable if
applied to optical sensors since recalibration of the sensor is to be done
frequently. For ZnO-HMT depicted in Fig. 6, the curves for each cycle
appears to overlap with each other unlike cycle curves in ZnO sample.
There are still small deviations occurring on each data point from one
cycle to the next cycle. This is expected since external factors including
the sensitive microbalance itself may produce small deviations in dis-
playing the mass. It is also seen that cycle 1 and cycle 2, the mass at
lowest RH% achieved similar value but deviates at cycle three. At
maximum RH%, the mass recorded deviates in a slightly reducing
pattern. When compared with ZnO samples curves, minimum and
maximum RH% recorded mass values are more stable in a sense that it
deviates less between curves.

3.4. Microscopic visual of structure coating exposed at various RH%

The surface of the ZnO structure was observed via microscope under
40 %, 60 % and 70 % relative humidity at magnification 175x. The
samples were placed in a closed chamber where the RH is reduced before
quickly placed under the microscope to observe its nanostructure
morphology. Upon placing the sample on the observation stage after it
has been reduced to reduced RH, observation image was recorded and
NaOH solution was placed near the sample to increase the RH. Based on
Fig. 7(a), it was seen that the surface irregularity occurred greatly.
Various large gaps had been observed in the image which is due to poor
formation of crystal in the absence of additive. When observed at
increased relative humidity at 60 RH% as shown in Fig. 7(b) on the
similar location, adsorbed water molecule cannot be observed clearly,
and image is indistinguishable when compared to Fig. 7(a). In Fig. 7(c)
where the relative humidity is approaching 70 RH%, Some of the ZnO
islands appears slightly vivid or presumed swollen and water formation is
still barely observed. The differences in Fig. 7 (a), (b) and (c) are difficult
Fig. 5. Repeated continuous cycles of RH tests on Zinc oxide. (Retake photo).
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to spot suggesting poor water molecule adsorption on the zinc oxide
surfaces. This conforms that only small increments of water mass are
increasing at every 10RH% increase of relative humidity as previously
displayed in Fig. 5(a).

Fig. 8 the ZnO-HMT sample observed in a similar manner as its ZnO
counterpart. The film morphology appears more vivid and possibly
thicker at 40 RH% than normal ZnO sample. Gaps and the white spots
due to light shine frommicroscope are present. When the RH% increased
to 60 RH%, some of the ZnO islands seem to be thicker or swollen
slightly. Water molecules began to take shape and adhere on some of the
ZnO islets as shown in Fig. 8 (b). At the highest exposed humidity
observation on Fig. 8 (c), clear water droplets of approximately 120 μm
diameters are observable. This is due to more water molecule attached to
the film resulting in more increase in mass as portrayed previously in
Fig. 4(b). On peaks of the nanostructure can also be observed spots a
lightly colored entity which was absent in Fig. 8(a) which could be water
retained and adhering to the nano-structural peaks of ZnO-HMT.

For a direct comparison between the two different samples of ZnO,
Table 1 has been constructed with comparable parameters. Since
observation was done under a microscope assisted with digital camera
calibrated with a calibration slide, comparable parameters are qualita-
tively and quantitatively defined and compared. It can be seen clearly
that ZnO þ HMT is more capable to allow the adsorption of water
droplets to its surface compared to its unmodified counterpart. Both
coatings are irregular in surface and is presumed to be rough. With the
presence of HMT, the irregularities in forms of gaps of uncoated regions is
reduced significantly depicting the proper coverage of the material to the
substrate. Proper coating is important especially if it is to be used in
conjunction with mechanically sensitive optical sensing mechanism such
as FBG.

4. Conclusion

Synthesis and coating of ZnO and ZnO-HMT nanostructure with
modified hydrothermal technique was analyzed of their hygroscopic
behaviors. It is apparent that adsorption occurs in both samples. When
analyzed qualitative and quantitatively, there are slight difference in
terms of hygroscopicity potential in both sample types. When tested both
samples on one cycle of increasing and decreasing RH%, ZnO-HMT
showed greater mass increase and decrease at each interval of at least
1.5 mg compared to ZnO with minimal low gradient mass increase at
lowest and highest RH interval. This suggest that ZnO-HMT can retain
more water, hence gain and lose more mass at different RH%. When
tested for hysteresis with up to three cycles, ZnO-HMT also maintains
close approximations of mass value at specific RH especially at highest of
80 RH% and lowest relative humidity of 40 RH%. The additive enhanced



Fig. 7. Microscopic view of zinc oxide surface exposed to low and high RH% where (a) 40 %, RH (b) 60 % RH and (c) 70 % RH.

M.A. Riza et al. Sensors International 2 (2021) 100106
ZnO clearly showed less hysteresis occurrence when exposed to multiple
cycles of RH manipulation. In qualitative observation of the morphology,
it was observed that both samples have slight change in the film
morphology in terms of island vividness when exposed to greater RH%.
ZnO-HMT showed more clear morphological change when subjected
from low RH to high RH. Water droplets are clearly forming at higher
relative humidity in ZnO-HMT compared to ZnO. It can be concluded that
ZnO-HMT has potential to be used together with optical sensors that rely
7

on micro-strain to produce reliable signals in detecting humidity. Since
ZnO and its additive is abundance in availability, it can be feasible to be
implemented in industries requiring constant monitoring of their envi-
ronmental relative humidity. Sensors are to be used for long periods of
time if it is for the purpose of constant environment monitoring. Hys-
teresis should be reduced to allow minimal calibration or maintenance
for environmental parameter sensing.



Fig. 8. Microscopic view of zinc oxide surface exposed to low and high RH% on
the same spot where (a) 40 % RH, (b) 60 % RH and (c) 70 % RH.

Table 1
Comparison between two different methods and samples of ZnO with key
parameters.

Parameters ZnO ZnO þ HMT

Droplet Size upon high humidity
exposure

<20 μm ~100 μm

Average gap size ~40 μm 10 μm
Surface irregularity Irregular Irregular
Presence of chunks/Islands/
Clumps of crystal

Present Present in larger quantity and
sizes than ZnO.
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