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Abstract. The ZnO nanorods are synthesized by a typical CVD method without any catalyze
and substrate. The concentration of nitrogen is changed by a digital gas control system. The
influence on the morphology is studied in detail. Under lower amounts of nitrogen the diameter
of nanorod is smaller than in the higher one. Meanwhile, the size of the nanorod is bigger in
the rich nitrogen amounts. The morphology of the sample is carry out by SEM, and the crystal
structure information is giving by XRD. All the measurement told that the nanorods have a
great hexagonal wurtzite structure.

1. Introduction

As an excellent semiconductor photoelectric material Zinc oxide (ZnO) can be widely used in many
areas, especially in photodetectors [1], light-emitting diode (LED) [2,3], nanogenerators [4,5] and gas
sensors [6-8]. With the development of economic society, the photoelectric devices need to be more
and smaller, so that the ZnO nanostructures are more useful. After many years of hard work, different
morphology of ZnO nanostructure has been made, such as nanowires, nanorods, nanoflowers,
nanostars and nanoflakes [9-13]. Among them ZnO nanorods exhibit more advantage, for instance the
large surface-to-volume and prefer orientation. During the study process there are also some
difficulties need to be overcome, the nanorods have not realized controlling deposition, because it is
very sensitive to the experiment condition, such as pressure, gas concentration, deposition temperature,
and it may also some other factors which has not been consider. So it is very necessary to discuss the
major factor which can affect the morphology of the nanorod. The experiment technique is also a
important factor, many methods have been made to deposited ZnO nanostructures, for example
aqueous based chemical deposition [14], hydrothermal method [15], thermal evaporation technique
[16], electrochemical solution [17], and chemical vapor deposition (CVD) [18]. Among all the
methods, CVD technique exhibit is more stable, reproducible and easily to change the experiment
parameter.

In this paper, we deposited ZnO nanorods using three different nitrogen concentrations without any
substrate, the concentration of nitrogen are 20 sccm, 25 scem, 30 scem, respectively. During the whole
deposition process, the nitrogen is act as carrier gas. It was found that at different concentration the
ZnO exhibit different nanostructures. The mechanism of different morphology was studied in detail.

2. Experiment
The ZnO nanorods were deposited by CVD method without any substrate. The CVD system is
composed of three parts: gas controller operation, three heating zone quartz tube furnace and
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integrated digital control system. The quartz tube furnace was 120cm in length and 8cm in diameter.
The melting point of ZnO is about 1975°C, in order to reduce the growth temperature, A mix powder
of ZnO 8g and graphite 2g are grinding in agate mortars, the mix powder react readily to produce Zn
and CO,, the melting point of Zn is about 419°C, in the next step the Zn and O, react to produce ZnO.
Then the mix powder was put into one end of a small quartz tube (30 cm in length, 4 cm in diameter).
The small tube is located at the central of the heating zone. The nitrogen is introduce into the system
with a constant flow rate of 20 sccm(sample a), after a few minutes the impurity gas was all exhaust,
turn on the digital control system to start the deposition, the deposition temperature was 1000 °C, when
the grow up temperature up to 800°C, introduced the oxygen with constant flow rate of 20 sccm which
was act as react gas, the whole grow up process maintained 60 minutes, then the temperature cooled
down to room temperature, and the ZnO nanorods can be found at another end of the small tube.
Changing the flow rate of nitrogen to 25 sccm (sample b) and 30 sccm (sample c), other parameters
remain the same one, the other two samples can also be found.

The morphology of the ZnO nanorods was observed in a hitachi SU1510 scanning electron
microscope (SEM) system which operating at 15 KV. The structural properties detail was given by X-
ray diffraction (XRD; RigakuD/max3B) which performed in a 6-20 configuration.

3. Results and discussion

The surface images of ZnO nanorods were shown in figure 1, the sample a,b,c were deposited in
nitrogen under a constant flow rate of 20, 25 and 30 sccm severally. In figure 1, a it can be clearly
found that the nanorods was short, and the most longest one was about 2.33 um. There are also some
nanotetrapod structure exist in the sample, the nanorods were grow up out of order and there remain
some small holes exist. The nanorods have clearly hexagonal wurtzite structure with smooth surface.
When the concentration of nitrogen up to 25 sccm, the morphology was clearly changed, the nanorods
become more longer with smooth surface, the longest one was about 3.67 um, meanwhile, the hollows
were become bigger which means the density was decrease. In the other hand, there are few nanowires
emerged in the picture. The nanorods still have a perfect hexagonal wurtzite structure. With the flow
rate continue to grow, the morphology have a great change. As can be seen the nanorods gets more tall
and fat, it can up to 10 um in length, in the same time the structure also have some difference. Two
different surface morphologies appeared in the same time, one is the hexagonal wurtzite structure, the
other one is the hexagonal pyramids like nanorods, there are also some nanowires can be found around.

Figure 1. SEM images of ZnO nanorods with different amounts of nitrogen (a) 20 sccm, (b) 25 sccm
and (c) 30 sccm.

From the SEM image we can see that when the flow rate increased, the nanorods became bigger
and fatter. The different structures maybe explained by different mechanism. At the first stage, the
carrier gas was not enough, so the process was carry on slowly, ZnO powder in the react mix source
are reduced to Zn or its suboxide, due to the lowly flow rate of nitrogen the concentration of oxygen is
relative bigger, as a result a lot of ZnO nuclei are formed at the low temperature area which lead to
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small ZnO nanorods and nanotetrapod structures as sample a. When the flow rate up to 25 sccm, the
carrier gas was increase in the same time the concentration of oxygen is decrease which lead to few
ZnO nuclei, so the nanorods became a little bigger. However for the case of sample c, it is deposited
under rich carrier gas atmosphere, the pressure was change a lot which result in the nanorods get
bigger and fatter. It can be deduce that the pyramids-like nanorods also a result of the higher flow rate.
When the concentration changed the pressure also changed which lead to a different crystal and size

[19].

(101)

~~
o
o
h
—~ N
3
= N
= o
(0] o
® <
[0}
S
kS

(103)

—— (110)
%’201)

(102

20 30 40 50 60 70 80
2 theta(degree)

Figure 2. The XRD pattern of ZnO nanorods.

The XRD pattern of ZnO nanorods is shown in figure 2. The XRD test is made in this way; we put
the three samples together in a small box and then using 6-26 scanning. There are eight peaks arrives
at 31.74934.42936.25947.43< 56.45< 62.80< 67.95%and 69.03<respectively which corresponding
to Zn0O(100), (002), (101), (102), (110), (103), (112) and (201) peaks [20]. All these peaks are related
to the typical hexagonal wurtzite structure. These peaks all have a great intense especially the (101)
peak which means the ZnO nanorods are in a good crystal quality. The lattice constant can be

calculated as follows [21]:
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The (hKI) represent Miller indices, 2=0.15418 nm, 0 is the diffraction angle, a and c are the lattice
constant, according to equation above, the constant of the most intense (101) peak can be calculated
with a=3.265 A, c=5.214 A. According to literature (JCPDS NO.36-451), when the ZnO exhibit
hexagonal wurtzite structure, the lattice constant are a=3.427 A, ¢=5.200 A. The XRD pattern has a



2018 5th Global Conference on Polymer and Composite Materials (PCM 2018) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 369 (2018) 012042 doi:10.1088/1757-899X/369/1/012042

great agreement with the literature which means the nanorods is grown up with hexagonal wurtzite
structure.

4. Conclusion

In summary, the ZnO nanorods are synthesized by a simple CVD method without any substrate. By
controlling the flow rate of nitrogen, the ZnO nanorods realized controlling synthesis. When the
concentration of nitrogen is not enough, the diameter of the nanorods is small, there are also some
small hollow exist, when the amounts of the gas carrier increasing, the nanorods become longer and
bigger, there are also some nanowires emerged. In a rich nitrogen condition the diameter and length of
the nanorods all increase to some extent. It can be deduced that the concentration of nitrogen can
affect the pressure of the growing environment, under a rich gas condition the nanorods are long, and
otherwise the nanorods are too short. The SEM and XRD all give the information that the nanorods
have a great hexagonal wurtzite structure with lattice constant a=3.265 A, ¢=5.214 A.
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