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Abstract— Zinc oxide (ZnO) nanostructure was successfully synthesized on an alumina substrate by the hydrothermal method. The 

hydrothermal method consists of two stages: the preparation of seeding layers and the growth of ZnO nanostructures. 0.4 M Zinc 

Acetate Dihydrate (Zn(CH3COO)2·2H2O) and 3 M Sodium Hydroxide (NaOH) were used as precursors. The hydrothermal process 

was carried out at 90 °C for 4 hours. Morphological characterization of ZnO nanostructures was conducted by using Scanning Electron 

Microscope (SEM). The result produces a diameter of 60-80 nm and a length of 600-800 nm in the form of nanoflowers. The crystal and 

crystalline structure were studied with XRD, and it was shown that the ZnO nanostructure is a wurtzite structure in the form of a 

hexagonal shape and has a crystallite size of 59 nm. After conducting electrical characterization, it was shown that the current is directly 

proportional to the voltage, forming an ohmic contact curve. ZnO nanostructures have the potential to be applied as a gas sensor since 

the good response indicated the presence of butane gas. It is clarified that the nanostructure with a flow rate of 200 mL/min has a change 

in resistance of 0.17 MΩ/s with a recovery time of 30 seconds when it is exposed to butane gas for one minute. ZnO nanostructures also 

have a sensitivity change of 0.000495 MΩ/mL in the gas flow rate range of 50-250 mL/min. 
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I. INTRODUCTION

Zinc oxide (ZnO) is one of the most popular metal oxide 
semiconductors that has a wide band gap (3.37 eV) and large 
exciton binding energy (60 meV) [1]. ZnO in nanostructures 
has become very interesting to researchers compared to its 
bulk condition to its high surface and volume ratio [2]. The 
peculiar properties of ZnO nanostructures have been applied 
to some applications, especially gas sensors [3]. ZnO has been 
widely used as a gas sensor due to its high selectivity and 
sensitivity when exposed to the gas, even at very small 
concentrations. [4]. Many gases have been tried to be sensed 
by ZnO nanostructure. Different nanostructures have been 
synthesized for detecting some gases, i.e., acetone [5], ethanol 
[6], NH3 [7], LPG [8], and methanol [9]. All of the ZnO 
nanostructures were synthesized by thermal oxidation [10], 
thermal decomposition [11], co-precipitation method [12], 
liquid phase reaction [13], a self-template method [14], a 
solvothermal method [15], electrodeposition method [16], a 
microwave-assisted method [17] and many other methods. 

Among them, there was no report about using the 
hydrothermal method for the synthesis of ZnO nanostructure. 
Comparing to the method describe before, the hydrothermal 
method is one of the simple and cheapest way to synthesis 
ZnO nanostructure [18], there were no need advance 
instrument, and the result can be controlled easily. Besides 
that, there were not many reports regarding the usage of ZnO 
nanostructures to be applied for the detection of butane gas. 
One of them reported the usage of a thin film of ZnO for 
butane gas sensing [19].  

Air pollution has become one of the main problems in the 
world, especially in developing countries. There are many 
sources of air pollution, i.e., vehicle gas emissions, factories, 
and other sources, especially in a big city. One of flammable 
gas can be found around home is butane that is usually used 
for cooking [20]. Leakage detection of butane should be 
possible using a very sensitive gas sensor, even at very low 
gas concentrations. A good air quality management system is 
a must to be used, since good air quality is a must, there are 
many sensors to be developed, especially butane gas sensors. 
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Many gas sensor systems have been developed worldwide; 
the current need in gas sensors is a sensor with high 
selectivity, high sensitivity, and fast response and recovery 
times. The gas sensor based on nanostructure material will be 
the most promising application [21]. Metal oxide 
semiconductors are used to fabricate nanosensor gases 
because they have high sensitivity and can be facilitated with 
good, easily fabricated, and inexpensive gases [22]. The metal 
oxide semiconductor materials used as gas sensors are ZnO 
[23], SnO2 [24], WO3 [25], Ga2O3 [26], TiO2 [27] and Fe2O3 
[28]. Among these materials, ZnO is the material most widely 
developed by researchers. The advantages of ZnO are high 
electron mobility, large band gap energy, high extension 
energy, transparency to visible light, antibacterial, non-
contradictory, and good thermal properties. [29]. 

This paper presents the synthesis of ZnO nanostructures 
using the hydrothermal method. The hydrothermal method is 
chosen since it is the simplest and cheapest way to synthesize 
nanostructured ZnO. Their morphology and crystallinity then 
characterized the nanostructure synthesized. Finally, it can be 
applied as a gas sensor for detecting butane gas. 

II. MATERIALS AND METHOD 
The synthesis process begins with the stage of deposition 

of the seeding layer. The experiment begins with dissolving 
1.976 grams of 0.3 M Zinc Acetate Dihydrate 
(Zn(O2CCH3)2(H2O)2) 99.99% from Merck (without further 
purification) into 20 mL of deionized water. The solution is 
stirred using a magnetic stirrer in a heated state until the 
temperature reaches 60 °C. The temperature was then 
maintained at 60 °C so the ZnAc solution became 
homogeneous. The seeding layer was then deposited by 
dipping the alumina substrate into the seeding solution for 5 
minutes. After the dipping, the substrate was placed at the top 
of the aluminum foil container for baking at 110° C 
temperature for 15 minutes. This process aims to eliminate the 
ethanol content in the substrate. 

In the next process, the hydrothermal solution was then 
prepared.  0.4 M, 99.99% Zinc Acetate Dihydrate 
(Zn(O2CCH3)2(H2O)2) powder from Merck, and 3M sodium 
Hydroxide (NaOH) pellets from Merck, 99.99% as 
precursors, were used without further purification. Each 
chemical was mixed with deionized water and stirred using a 
magnetic stirrer for 30 minutes. After being completely 
mixed, the two solutions were mixed into a 50 mL beaker to 
be stirred again using a magnetic stirrer for another 30 
minutes. After the solution is complete, the solution is poured 
into a growth bottle. The selected growth bottles are Schott 
Duran bottles of 50 mL. A tin coil is attached to the bottle cap 
using duct tape foam and thermal tape as the media to put the 
substrate. The substrate that had been dipped with the seeding 
layer was then placed in a bottle cap with a hanging state. The 
position of the hanging substrate is expected to facilitate the 
hydrothermal process through the natural convection process 
by heat and gravity. Particles in the solution will easily rise to 
the top due to the addition of heat and pressure from the 
outside. The nanostructure crystallization process can occur 
on a hanging substrate. The synthesis process is continued by 
inserting the bottle into the oven at a temperature of 90 ° C for 
about 4 hours. After heating, the white layer on the substrate’s 
surface was expected to be ZnO nanostructure. The substrate 

was then washed using ethanol to remove the remaining zinc 
acetate attached to the substrate. The washing process was 
then followed by deionized water, as shown in the flowchart 
Fig. 1 below.  

 

 

Fig. 1 The Synthesis Process of ZnO Nanostructure 

III. RESULTS AND DISCUSSION 
Morphological characterization with Scanning Electron 

Microscopy (SEM) showed that the ZnO nanoflowers were 
grown in this process. Nanoflowers are another designation 
for nanostructures in the form of rods that resemble flowers. 
The results of this study are consistent with previous studies, 
which state that the synthesis of ZnO nanostructures using 
high pH or alkaline precursors such as NaOH or KOH will 
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produce nanostructures that resemble flowers[30]. Each ZnO 
nanorod is known to have diameters of 60-80 nm with lengths 
of 600-800 nm. The elemental confirmation inside the 
nanostructures was then tested with EDS. The results show 
that ZnO nanostructures only have material compositions 
from ZnO nanostructured samples consisting of Zn, O, C, and 
Na elements. There was no impurity found in this grown 
result. The dominant Zn content is 59.12%, and O of 13.96 
indicates the sample is proven ZnO. The elements C and Na 
indicate that some elements in the precursor content are found 
during the synthesis process. SEM images and EDS results 
are shown in Fig. 2 below. 
 

 
 

 
c 

Fig. 2 (a) ZnO nanoflowers grown during the synthesis process, (b) the 
nanoflowers contains of single ZnO nanorod and formed nanoflowers and (c) 
the EDS result shows the elemental composition of the ZnO nanoflowers. 

 
The crystallinity study of the grown ZnO nanoflowers was 

then conducted using X-Ray Diffraction (XRD). The peaks 
observed were sharp and narrow in shape, indicating that the 
sample formed a crystal structure. The results of the peaks 
correspond to the ZnO COD reference database [96-900-
8877] (shown in the figure as a red line below the graph) in a 
31.6° position with an orientation of (100), 35° at (002), 
37.65° at (101) and 43.19 ° at (012) indicate the wurtzite 
crystalline ZnO structure in a hexagonal shape. The other 
peak corresponds to the Al2O3 COD database [96-101-0915] 
(pictured here as a green line below the graph). These other 
peaks arise because the ZnO nanostructure is grown on an 
alumina substrate, so during XRD testing, the alumina 
substrate part is also diffracted by X-rays: 5,1232 Å. The 
diffraction pattern of ZnO nanostructures can be observed in 
Fig. 3. 

 
Fig. 3  XRD diffraction peak of as synthesized ZnO nanostructure. 

A response test was carried out in the presence of butane 
gas to determine the potential of ZnO nanostructures as a gas 
sensor. Three of the best samples were selected based on the 
results of the electrical conductivity test with the best 
linearity. The three best samples are ZnO nanostructures with 
0.05 M 2 and 4 hours ZnO, respectively, continuing with a 
sample of 0.15 M 4 hours dipping in the seeding layer. All of 
the samples were deposited on the alumina substrate. Gas 
sensor testing was carried out by flowing butane gas at a 200 
mL/minute flow rate. The changes in resistance indicate the 
sample's response to the presence of butane gas. The result is 
shown in Fig. 4 below. The response curve in Fig. 4 shows 
that the sample with a 0.05 M 4-hour dipping in the seeding 
layer shows the fastest change in resistance of 0.170 MΩ/s. 
The result follows the sample of 0.05 M 2 hours dipping in a 
seeding layer. It was 0.053 MΩ/s and the sample of 0.15 M 
dipping in seeding solution for 4 hours of 0.052 MΩ/s. All the 
samples were then exposed to butane gas for about 1 minute, 
and they had a relatively similar recovery time of about 30 
seconds.  

 

 
Fig. 4 (a) Response of ZnO nanostructure to the presence of butane gas for 
different dipping times to seeding solution, (b) the change of resistance with 
the relation of exposure time to butane gas. 
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Based on the graph in Fig. 4, it is concluded that the 
sensitivity value depends on the butane gas flow rate. The 
greater the flow rate of butane gas exposed to the sample, the 
higher the sensitivity value. The sample has a sensitivity 
change of 0,000495 MΩ/mL in the gas flow rate range of 50-
250 mL/min. This shows that although the sample has a 
sensitivity change, the change in sensitivity is relatively not 
large even though the sample is exposed to various butane gas 
flow rates. The ZnO nanostructure sample has the opportunity 
to become a butane gas sensor. The graph of the change in 
sensitivity of the ZnO nanostructure to the butane gas flow 
rate is shown in Fig. 5. 

 

Fig. 5  Changes in the Sensitivity of ZnO Nanostructures to Butane Gas Flow 
Rates. 

 
In general, the interaction of the sensing layer with the 

target gas to be detected can result in electrical resistance 
modulation, which can lead to gas detection based on 
semiconducting metal oxide (SMO). When SMO is exposed 
to air, oxygen molecules will adsorb on the sensor's surface 
due to the ionization of those molecules. The layer that results 
from the adsorption of oxygen molecules is known as the 
electron depletion layer, and it is characterized by a low 
electron concentration on the n-type SMO's surface and a high 
resistance to the metal oxide's core as shown in Fig. 6. The 
electron depletion layer and hole accumulation layer of the n-
type SMO increase when an oxidizing gas is applied as the 
target gas in the sensing operation, raising resistance. The 
adsorption of target gas molecules in SMO also depends on 
the surface area, with variations in morphology leading to 
variable adsorption capacities. As a result, a gas sensor with a 
larger surface area will have more adsorption and a higher 
response [31].  

Fig. 6  Gas Sensing Mechanism in n-type SMO When Exposed to Oxidizing 
Gas 

The gas detection process in this work is related to the 
principle of the SMO conductometric sensor, which involves 
adsorption and chemical reactions that occur between the gas 
target and the active surface, causing a change in resistance. 
SMO is employed in the form of ZnO, which is an n-type 
metal oxide. When ZnO surface layer interacts with air, 
oxygen molecules, which can be O-, O2-, or O2

- containing, 
adsorb the surface area of ZnO by attaching electrons in the 
ZnO conduction band. The molecule that leads to a depletion 
area on the surface of ZnO as shown in Fig. 7 and the reaction 
below, occurs in the presence of ZnO in ambient air [32, 33]. 
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Fig. 7  ZnO Nanoflowers Gas Sensing Mechanism When Exposed Butane 
Gas Causes Change in Depletion Layer (a) ZnO Nanoflowers in air (b) ZnO 
with Oxygen Interact with Butane Gas (c) Depletion layer Change Caused by 
Butane gas 
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The absorbed oxygen molecules in ZnO will then react 
with butane gas (C4H10) as shown in Fig. 7(b). The oxygen 
adsorption process reduces the conductive surface of ZnO. 
Butane's oxidation processes include dehydrogenization, 
isomerase, partial oxidation by breaking carbon bonds, and 
thorough oxidation and the sensing mechanism is explained 
by the reaction shown below and Fig. 8 [34]. 

 
������� �  �  →  ��� �  ����� ∶ � �  �  (5) 

 
 

����� ∶ � �  �  → ��� � ��� �  �   (6) 
 

Fig. 8  Reaction Scheme of Butane Gas With Oxygen Surface 

IV. CONCLUSION 
The ZnO nanostructure was successfully synthesized by 

the hydrothermal method. The hydrothermal method is 
carried out in pre-treatment and hydrothermal stages. Pre-
treatment is done by giving a 0.05 M seeding layer by the dip 
coating method. Hydrothermal synthesis was carried out 
using 0.4 M Zinc Acetate Dihydrate and 3 M NaOH in 
distilled water with a hydrothermal time of 4 hours, resulting 
in a small ZnO nanostructure with a uniform growth 
distribution. The results of morphological characterization 
using SEM produce ZnO nanostructures in the form of 
nanoflowers with diameters of 60-80 nm and lengths of 600-
800 nm. The XRD result showed that the ZnO nanostructure 
has a hexagonal wurtzite crystal structure with a crystallite 
size of 59 nm and a lattice size of a: 3.26664 Å and c: 5.1232 
Å. Electrical conductivity was then tested to study the effect 
of morphology on conductivity. The smaller the size and 
uniformly distributed growth of nanostructures, the higher the 
value of electrical conductivity. It is indicated by the decrease 
in the value of resistance and the form of an ohmic curve. The 
ZnO nanostructure has the potential to be applied as a gas 
sensor because it is responsive to the presence of butane gas. 
The gas sensor characteristic was characterized by a change 
in resistance of 0.17 MΩ / s at a gas flow rate of 200 mL/min 
with a recovery time of 30 seconds when exposed to butane 
gas for one minute. The ZnO nanostructure also has a 
sensitivity change of 0.000495 MΩ / mL in the gas flow rate 
range of 50-250 mL / min. 
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