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Growth of ZnO Nanoneedles by Thermal Oxidation
of Metallic Zinc Microparticles in Air
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Abstract—2ZnO is multifunctional semiconductor material
having useful practical applications. Zno is promising in
various scientific fields like energy harvesting, sensors,
nanogenerators, optoelectronics, transducers and biomedical
devices due to fascinating and remarkable properties. We
report growth of ZnO nanoneedles by thermal oxidation of
micro particles of metallic zinc in air at 480 °C and 500 °C. The
zinc particles are deposited on the Si substrate by dip coating
method. Zinc deposited substrates are oxidized by thermal
radiation method in halogen tube furnace. The whole needles
are wurtzite single crystal. The growth concentration and
density of nanoneedles depends on the size of metallic zinc
particles, oxidation time and oxidation temperature. Scanning
electron microscope (SEM).
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furnace.
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1.  Introduction

Semiconductor oxides have a series of essential
application in photonics, optoelectronic devices, sensors and
nanogenerators [1]. Zno is semiconductor having direct wide
band gape of 3.37 eV and large exciton energy of 60 meV at
room temperature [1,2]. Nano structure of Zno includes,
Nanowires [3-5], nanoneedles [6], nanorods [7,8],
nanofibers [9] and nanotubes [10] have number of
applications in the field of nanotechnology. ZnO is efficient
for light emitting diode (LED) [11], piezoelectric diode [12],
piezoelectric nanogenerators [13], UV laser [14], field
emission devices [15] and dye sensitized solar cell [16].

Zno nano structure have been synthesized by different
techniques, such as physical vapor deposition (PVD) [17],
metal-organic chemical vapor deposition (MOCVD) [18],
vapor liquid solid (VLS) [19], hydrothermal growth [20],
molecular beam epitaxy (MBE) [7], electrospinning [21],
pulsed laser deposition [8], sputtering [22], thermal
evaporation [23] and oxidation of zinc [2-6].

Among these growth techniques, ZnO nanowires by
thermal oxidation of zinc is very compatible with silicon
based microfabrication processes [16]. Metallic zinc can be
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oxidized by different method, such as oxidation of zinc in
Hydrogen per oxide (H,0,) [6], two step oxidation [2], low
temperature thermal oxidation [4], Low-temperature
orientation-selective growth [24] and Wet oxidation [25].

The growth mechanism of grown ZnO nanowires due
oxidation of zinc is still unclear. Much efforts has been
devoted to reveal the growth behavior of ZnO nanowires.
Gui et al. reported that oxidation of zinc increases the
surface thickness and stress between the grain boundaries of
ZnO crystals, which results into the formation of crakes and
nanorods from the crakes [6]. Zhao et al. reported the
formation of tiny ZnO nanowires with in the grains due to
volume expansion after oxidation effects. Theses ZnO seeds
behaves as nucleation site for the growth of ZnO nanowires
when the temperature rises above than melting point of zinc
(419.5 °C) [5]. They further explained the growth of ZnO
nanowires on the edges of hexagonal zinc grains by thermal
oxidation is due to side or surface of hexagonal zinc grain
have high energy than that of bottom and top reported
elsewhere [26]. The growth of nanowires also depends upon
the size of zinc particle oxidation source used for the
oxidation of zinc.

In tow step of oxidation of Zn nano and microparticles,
for oxidation hydrogen per oxide (H,O,) were used as source
of oxidation. The concentration of H,O, played essential role
in growth of ZnO nanoneedles no impurities were observed
during morphological characterization. Increasing the
concentration of H,O, and decreasing the size of Zn
particles result into the increased growth rate of
nanoneedles. The author further explained the melting of Zn
before oxidation arises when the content of ZnO film
formed on the surface of oxidized particle is less than
50.4%. On the contrary the Zn particles initiated oxidation
before the melting of Zn in the particles covered by ZnO
shell [6].

In this paper, we illustration the oxidation method of
zinc microparticles for the growth of ZnO nanoneedles in
halogen tube furnace. The growth mechanism, oxidation rate
and formation of single crystal ZnO nanoneedles are
discussed. The pure metallic zinc microparticles were used
as source material for oxidation. The ZnO nanoneedles are
believed to be grown by mechanism of stress due to volume
expansion of oxidized zinc and nanowires formation is from
the crakes produced by volume expansion.

n. Experimental Procedure

A pure metallic zinc microparticles were deposited on Si
(100) substrate by dip coating method. Before depiction of
metallic zinc Si substrate were cleaned in acetone, alcohol
and deionized water for 15 mints each. For making solution
of Zn/Ethanol a 1gm of pure metallic zinc powder were
pursed into the 10ml of ethanol and stirred for 45 mints at 60
°C. The Si substrate were dipped into the Zn/ethanol
solution and annealed at 40 °C for 5 mints. For oxidation the
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samples were put into 2cm x 10cm quartz tube placed in
Halogen Tube furnace. The oxidation were carried at 500 °C
for 2 hours in atmospheric air. After oxidation the samples
were cooled down to the room temperature. The surface
morphology of the as grown ZnO nanoneedles were
examined in scanning electron microscope (SEM).

m. Experimental Arrangement

Experimental setup for the oxidation is shown in
Figure.1. The zinc microparticles Si substrate were put into
the horizontal quartz tube placed in Halogen tube furnace.
For oxidation at temperature above than melting point of
metallic zinc quartz tube were heated in thermal radiation
halogen tube furnace. The temperature controller were used
to control and monitor the temperature of the furnace as
shown in Figure 1.a. In furnace the quartz tube were passed
in between four set of halogen tubes of 500 watt A
thermocouple was inserted from one end of the quartz tube
and other end the tube remained open for air entrance.
Quartz tube and halogen tubes were covered by heat
resistive bricks sealed in steal box shown in Figure 1.b.
radiation of halogen tubes in the furnace. The temperature
controller were used to control and monitor the temperature
of the furnace. the halogen lamps were covered by heat
resistive bricks which were salad in steal box.

.Q';.
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Thermocouple

Temprature
Controller

Figure 1. The camera images of the Halogen tube furnace (a) Halogen tube
furnace with temperature controller dusting oxidation of zinc (b) Inner view
of the halogen tube furnace.

iv. Results and Discussions

The SEM images of the oxidized zinc microparticles are
shown in Figure.2. The zinc microparticles are in the range
of 5-10um. Figure.2.a, b shows the dense view of the
oxidized microparticles with grown ZnO nanoneedles on the
surface of the zinc microparticles. The grown ZnO
nanoneedles by oxidation zinc microparticles with high
resolution SEM image are shown in Figure.2.c. The
morphology of the grown ZnO nanoneedles with thick
bottom and thin at the top edges are shown in Figure.2.d.

The growth mechanism for the growth of ZnO
nanoneedles was reported by Zhao et al .The zinc
microparticles particles initially oxidized and forming thick
oxide layer on the surface of the microparticles at low
temperature (200°C). On further increasing the oxidation
temperature ZnO nanoneedles are formed from the grain
boundaries of the ZnO thick layer. During the oxidation of
metallic zinc in air weight of ZnO increases which increases
thickness of ZnO film formed on the surface of Zn
microparticles. lincreasing temperature of the zinc
microparticles increases the thickness of the ZnO layer on
surface of microparticles which reduces space between the
ZnO grains. These reduced space between the grains
produces stress on further increasing temperature and
oxidation time tends to produce cracks on ZnO thick film.
These crakes were nucleation sites for the growth of
nanoneedles [5].

On the bases of above mechanism we observed that
oxidation of Zn microparticles were increased by increasing
temperature and oxidation time. The oxidation of Zn
microparticles were initiated below 200°C and thin ZnO film
were formed on the surface of microparticles and oxidation
rate of inner zinc further slowdown. As the temperature
were increased from 250 °C to 419.5 °C crakes appeared on
the ZnO film. These crakes were due to formation thick ZnO
film on further oxidation and stress between the ZnO grains
by increased temperature. ZnO nanoneedles with sharp tips
were observed initiated from cracks on the surface of ZnO.

It was also examined that microparticles with smaller
size were having denser growth of nanoneedles with large
aspect ratio as compared to large microparticles. It is
because of smaller microparticles have large surface-to-
volume ration and are more reactive for oxidation and on
other hand large size microparticles have less energy for
oxidation. Nanoneedles were grown on the surface of
microparticles with larger size when the temperature were
greater than melting point of Zn. As the temperature
increases molten liquid Zn in core of microparticles
becomes vapor and comes out from the crakes for further
oxidation. Surface oxide layer becomes more and more thick
and compact when the growth time is increased. The ZnO
layer formed on the surface Zn particles serve as “seeds” for
the nanoneedles. The zinc ions react with oxygen at the tip
of ZnO nanoneedles to form further growth of prior
structure.

In summary, above discussed growth mechanism of ZnO
nanoneedles could be concluded as induced-stress
mechanism. The formation of zinc oxide nano structure is
driven by stress due to volume expansion and concentration
gradients.
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Figure 2. SEM images of ZnO nanoneedels by thermaly oxidized zinc microparticles (a-d) Zinc microparticles oxidized at 480 °C for 2h (a) Oxidation at 500

°C for 2h (b) A zinc microparticle oxidized at 500 °C for 2h (c) ZnO nanoneedels after oxidation at 500 °C.

v. Conclusions

We have reported a novel method for the oxidation of zinc
microparticles and growth of single crystal ZnO
nanoneedles in halogen tube furnace at 500 °C for 2h. The
nanoneedles growth rate can be controlled by oxidation
temperature and time.
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