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Abstract: ZnO nanorods have been grown on the surface of foamed nickel by a two-step method.
Firstly, a layer of ZnO seed is sputtered on the surface of the foamed nickel by magnetron
sputtering, and then the hydrothermal method is used to grow ZnO nanorods at different conditions
(solution concentration, reaction time and reaction temperature). The results show that the
morphology of ZnO nanorods is closely related to the solution concentration, reaction time,
and reaction temperature. The energy band structure formed by the foamed nickel and ZnO seed
layers and the growth mechanism of ZnO nanorods are discussed. The samples are characterized
by Energy dispersive spectrometer (EDS), X-ray diffraction (XRD), and Raman spectroscopy.
The absorption characteristics of samples to light are characterized by ultraviolet-to-visible (UV-VIS)
absorption. The hydrophilicity of the samples is characterized by the static contact angle. By analyzing
the performance characteristics of the samples at different conditions, we finally obtained the
optimal growth parameters. At the optimal parameters, the morphology of the grown nanorods
is regular, the ultraviolet band has strong absorption, and the surface of the samples forms a
superhydrophobic surface.

Keywords: nickel foam; ZnO nanorods; hydrothermal method; ultraviolet absorption;
superhydrophobic

1. Introduction

Foam metal refers to porous metal materials with a porosity of more than 90% and a certain
strength and rigidity. Porous foam metal has been obtained from the gasification of mercury in
molten aluminum by SoSnik in the United States in 1948, breaking the understanding of the dense
structure of traditional metals [1]. The porous foam metal material is actually a composite material of
metal and gas. It is because of this special structure that it has both metal characteristics and bubble
characteristics, such as large pore size, high porosity, and low density. Therefore, porous foam metal,
as a new type of functional material, has a wide range of applications in electronics, energy storage,
chemical industry, and new energy [2-8]. At present, there are many methods for preparing foam
metal: the electrochemical deposition method, sintering method, casting method, powder metallurgy
method, and molten metal foaming method [9-13]. Nickel is a yellowish silver-white, transitional
metal with magnetic properties. It is hard in air, strong in corrosion resistance, heat resistance, plasticity,
and toughness, and magnetic at temperatures below 340 °C. Nickel foam is the main type of foam
metal. It not only has the unique properties of nickel, but also has high porosity, large specific surface
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area, and unique three-dimensional network structure [14]. At present, foamed nickel is widely used
in supercapacitor electrodes, catalyst carriers, fuel cells, photocatalytic, battery electrode, medicine,
and other fields [15-29].

ZnO has a hexagonal wurtzite structure (lattice constant 2 = 0.3249 nm, ¢ = 0.5206 nm), a novel
wide band gap semiconductor material. The exciton binding energy of ZnO is 60 meV [30], which is
much larger than 25 meV of GaN [31] and 22 meV of ZnSe [32]. As the third-generation semiconductor
material, ZnO has a forbidden band width (Eg) of 3.37 eV, a high transmittance for the visible light
band and a strong absorption for the ultraviolet band. In recent years, due to the unique physical
properties and optoelectronic properties of low-dimensional ZnO nano-materials, it has gained wide
attention, especially in the field of energy conversion of ZnO nanomaterials. Compared with ZnO bulk
materials, ZnO nanomaterials have larger exciton energy because of their small size effect. Shim [33]
and Gu [34] et al. grew ZnO quantum rods with a radius of a few nanometers and studied their
exciton spectra. It was found that the ground state energy of excitons in ZnO quantum rods is
about 0.25 eV higher than the free exciton energy of ZnO bulk materials. ZnO nanomaterials have
extreme exciton energy, the electric potential of ZnO is lower than the electric potential of the dye,
and its electric potential is below the lowest unoccupied energy level of the dye. When the light
illuminates the dye, the photoelectrons generated by the light easily enter the conduction band of the
nanomaterial, so the ZnO nanomaterial is an excellent dye-sensitized solar cell material [35]. Law [36]
et al. successfully prepared ZnO nanomaterials and studied the application in dye-sensitized solar
cells, and found that the solar energy conversion efficiency reached 1.5%. At the same time, based on
the piezoelectric effect of ZnO, Wang [37] et al. successfully prepared the ZnO nanowire array engine,
which is the world’s smallest nano-generator, and its power generation efficiency can reach about 20%.
With such a generator, mechanical energy can be converted into electrical energy at the nanometer
scale [38,39]. There are many methods for preparing ZnO nanomaterials, such as magnetron sputtering,
hydrothermal synthesis, sol-gel, electrochemical, chemical vapor deposition [40-52]. Table 1 shows
common methods [53-56] and information for growing ZnO nanorods. Most of the nano ZnO materials
are prepared by liquid phase deposition. Among them, the hydrothermal method has mild reaction
conditions and can prepare large-area samples without the generation of pollutants, so it is widely
used [57].

Table 1. Average diameter and average length of ZnO nanorods grown by common methods.

Growth Method Avg Nanorod Length (nm)  Avg Nanorod Diameter (nm)
Hydrothermal synthesis 2000 150
Organometallic method 25 3

Wet chemical method 2000 250
Via sonochemical method 6000 150

Here, we combine the advantages of the two materials. Foam nickel as a substrate not only
increases the specific surface area of ZnO nanorods, but also has the ability to absorb electromagnetic
waves. In this experiment, foamed nickel was used as the substrate. First, a ZnO seed layer
was deposited on the surface by magnetron sputtering. Then, the ZnO nanorods were grown by
hydrothermal growth method, and the temperature, time, and reactant concentration of the reaction
system were controlled, respectively. We successfully prepared 15 sets of ZnO nanorods at different
conditions and analyzed the growth mechanism. We explored the surface element distribution,
morphology and composition of ZnO nanorods by energy dispersive spectrometer (EDS), scanning
electron microscope (SEM) and X-ray diffraction (XRD). Ultraviolet-to-visible (UV-VIS) absorption,
Raman spectroscopy, and static contact angle analysis methods were used to investigate the light
absorption properties, material structure and properties of ZnO nanorods. Combining all aspects of
data analysis, nanorods with optimal growth parameters have regular morphology, excellent ultraviolet
absorption and superhydrophobic properties.
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2. Materials and Methods

2.1. Reagents and Materials

Nickel foam (porosity: 96%-97%, thickness: (1.1-2.5) £+ 0.05 mm, area density:
(400-500) £30 g/ m?, width: 30.5 mm); deionized water; hexamethylenetetramine (HMTA); zinc nitrate
hexahydrate (Zn(NO3),-6H;0O); hydrochloric acid (HCl); absolute ethanol (purity 99.5%); acetone;
ZnO target (purity 99.99%).

2.2. Cleaning of Foamed Nickel (Substrate)

The substrate was first placed in a hydrochloric acid (HCI) solution and ultrasonically cleaned
for 20 min with the aim of removing inorganic ions and oxidizing substances from the surface.
After washing, the substrate was ultrasonically washed twice with deionized water for 10 min each
time. Then put the substrate into acetone solution and ultrasonically cleaned for 20 min, the purpose is
to remove the surface oil and other organic matter. After washing, the substrate was ultrasonically
washed twice with deionized water for 10 min each time. Then the substrate was placed in absolute
ethanol, ultrasonically cleaned for 10 min, and then ultrasonicated with deionized water for 10 min.
Finally, the foamed nickel was naturally dried.

2.3. Magnetron Sputtering Deposition of ZnO Seed Layer

In order to successfully grow ZnO nanorods on the surface of foamed nickel metal, we first
sputtered a layer of ZnO seed on the surface by magnetron sputtering, using a purity of 99.99% and
a diameter of 60 mm ZnO target. When the vacuum reached 4 x 10~ Pa, the argon flow rate was
adjusted to 40 sscm, and the radio-frequency (RF) sputtering power was adjusted to 60 kW. We started
pre-deposition for 5 min, the purpose of which is to sputter off impurities on the surface of the target
to ensure the purity of the surface deposited on the substrate during formal sputtering. In the case
of formal sputtering, the substrate was aligned in the middle of the target, and the start of the glow
discharge was started for 10 min. In this experiment, the deposition rate of the atom is 10 nm/min,
and the thickness of the seed layer was about 100 nm after sputtering for 10 min. After the sputtering
was finished, we let the machine stood still for 40 min before taking out the sample.

2.4. Hydrothermal Growth of ZnO Nanorods

In order to explore the conditions for hydrothermal growth of ZnO nanorods, we used the control
variable method to control the solution temperature, reaction time and reaction concentration. First,
the substrate on which the ZnO seed layer had been deposited was placed on a glass piece and fixed
with a high temperature tape. Further, a solution of 20 mmol/L, 30 mmol/L, 40 mmol/L, 50 mmol/L,
60 mmol/L, a ratio of 1:1, and a volume of 80 mL was prepared using hexamethylenetetramine (HMTA)
and zinc nitrate hexahydrate (Zn(NOj3),-6H,0O). For the first set of experiments, we controlled the
solution concentration and placed the sample in five different concentrations of solution with a reaction
time of 4 h and a reaction temperature of 95 °C. For the second set of experiments, we controlled the
reaction time of 2, 3, 4, 5, and 6 h with the reaction concentration set to 40 mmol/L and a reaction
temperature of 95 °C. For the third group of experiments, we controlled the reaction temperature
respectively 75 °C; 85 °C; 95 °C; 105 °C; 115 °C with the reaction time was 4 h and the reaction
concentration was 40 mmol/L. Finally, the sample was washed several times with deionized water
and then dried at room temperature.

2.5. Characterization

Scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS) and X-ray diffraction
(XRD) were used to analyze the morphology, elemental composition, and structural composition of
the samples. The samples were passed through a Raman spectrometer (Renishaw In via) with a laser
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wavelength of 514.5 nm, a spectral resolution of 1-2 cm !, and a spot diameter of 1-2 um to obtain a
Raman spectrum. The sample was passed through a solid UV-VIS-NIR spectrophotometer (UV-3700,
Shimadzu, Kyoto, Japan) with a resolution of 0.1 nm, and the wavelength range was 185-3300 nm to
obtain an optical absorption diagram. The static contact angle test uses a contact angle tester (DSA30,
Kriiss, Hambourg, Germany) with a contact angle range of 0-180° and a resolution of £0.01°.

3. Results and Discussion

In order to grow complete nanorods on the surface of the foamed nickel, we first sputtered a
layer of ZnO seed with magnetron, and then the nanorods in the solution start to grow with the seed
substrate as the nucleus. The reaction of the solution system is as follows:

(CHy)¢Ny + 6H,0 — 6HCHO + 4NHj (1-1)

NH;3-H,O = NH,* + OH ™ (1-2)
Zn?** + 20H™ + 2H,0 = Zn(OH),2~ (growth unit) + 2H* (1-3)
Zn(OH), — ZnO + H,O (1-4)

In the reaction system, hexamethylenetetramine (HMTA) is first hydrolyzed to form NHj3, and then
NHS3 is hydrolyzed again to form OH~, and OH™ reacts with Zn?* in zinc nitrate to form Zn(OH)j.
Zn(OH); colloid first synthesized Zn(OH)42~, and then formed crystal nucleus with certain structure
through oxygen bridge cooperation between growing elements and the proton reaction of anionic
group. Next, the growth unit is superposed on the crystal interface by dehydration reaction and
grows into a crystal structure. The growth rate of the crystal is related to the supersaturation of the
solution, and the lower the supersaturation, the lower the growth rate of the crystal. As the reaction
proceeds, the reactants are consumed, the supersaturation is reduced, and the growth rate difference
in all directions is increased. In other words, the growth state of each crystal orientation is different.

In Figure 1A, we can observe that at the solution concentration of 20 mmol/L, the small precursor
concentration and small driving force lead to slow growth rate of crystal seeds and low mass fraction of
crystal seeds, forming sparse nanorods and short rod-like nanorods. Figure 1B shows that at a solution
concentration of 30 mmol/L, the increase in driving force leads to a significant increase in the number
of ZnO nanorods. At this time, the diameter of the nanorods are about 300 nm, hexagonal structure
is obvious. In Figure 1C, when the solution concentration is 40 mmol/L, the crystal growth rate is
fast, and a large area of ZnO nanorods have been grown. The nanorods shape are regular, and the
hexagonal diameter becomes smaller at about 100 nm. Figure 1D shows that the nanorods structure
are dense when the solution concentration is 50 mmol/L. The hexagonal diameter of the nanorods
increases, and its diameter is about 200 nm. Figure 1E shows that when the solution concentration is
60 mmol/L, the nanorods are hexagonal and the diameter of about 500 nm. The nanorods are tightly
bonded together and are gradually growing in the direction of forming a ZnO solid structure.

When the electron beam interacts with the nickel foam, the X-ray characteristic wavelength
of each element on the surface of the nickel foam is excited and finally detected by the detector.
Based on the detected characteristic wavelength, we can know the element type and distribution of the
substance. Figure 2A shows the elemental species and distribution of the surface of the foamed nickel.
Figure 2B shows that the C element is contained therein because the presence of organic substances,
such as grease in the air, is easily adsorbed by the surface of the substance. Figure 2C,F show that the
distribution of oxygen and zinc is the most dense and extensive. Figure 2D shows that the element of
Al is contained because the Al sample stage is used. When the spectrum is scanned in a relatively thin
area, there will be a signal from the sample stage. In Figure 2E, from the distribution of nickel, we can
see the porous shape of foamed nickel.
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Figure 1. Scanning electron microscopy (SEM) image of ZnO at different solution concentrations:
(A) 20 mmol/L, (B) 30 mmol /L, (C) 40 mmol/L, (D) 50 mmol/L, and (E) 60 mmol /L.

A

Figure 2. Element distribution at Solution concentration 40 mmol/L, reaction time 4 h,
reaction temperature 95 °C: (A) Overall distribution of elements. (B) Purple: C element. (C) Green:
O element. (D) Yellow: Al element. (E) Blue: Ni element. (F) Red: Zn element.

Figure 3A,B shows that the reaction time is short and the nanorods are sparse and short.
The nanorods have an increasing trend in both axial and radial directions. Figure 3C,D shows
that the reaction time is long and the structure is dense. Nanorods appear to be interconnected and
top dissolution.
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Figure 3. SEM image of ZnO at different reaction times: (A) 2 h, (B) 3 h, (C) 5 h, and (D) 6 h.

The formation of nanorods is an endothermic reaction, and at the low temperature, reaction will
be relatively slow. In Figure 4A,B, it can be seen that the reaction temperature is low and the surface
obtain nanorods with a large area, but the growth of the nanorods are incomplete. In this case, when the
concentration and time are certain, the temperature mainly affects the forming quality of the nanorods.
Figure 4C,D show that the high reaction temperature leads to overgrowth of the nanorods and the
formation of ZnO nanorods are dense.

Figure 4. SEM image of ZnO at different reaction temperatures: (A) 75 °C, (B) 95 °C, (C) 105 °C, and (D)
115 °C.

In general, the growth rate of the nanorods in the axial direction is greater than the radial growth
rate. When the concentration of the precursor solution is too low, the driving force is insufficient.
Therefore, nanorods grow slowly, and it takes a longer period of time to grow intact nanorods.
The concentration of the precursor solution is too high, the driving force is large, the nanorod growth
rate is fast, and the growing nanorods and other surrounding nanorods are closely arranged to grow
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toward the shape of the solid block. The reaction time is short, and the nanorod growth is incomplete.
When the reaction time is too long, the nanorod overgrowth leads to deformation. The temperature
mainly affects the speed of particle migration in solution and further affects the forming quality of
nanorods. After the particles are deposited to form crystal nuclei, the growth of the nanorods begins
and the diameter increases. As the reaction time, temperature, and concentration increase, then the
diameter of the nanorods becomes smaller. When the nanorods grow completely, the nanorods can no
longer continue to grow without limit. Since the reaction system is alkaline, ZnO is an amphoteric
oxide. When the nanorods grow to a certain extent, the deposition rate of ZnO is less than the
dissolution rate, and the top of the ZnO nanorods will dissolve. At the same time, the nanorods are
closely arranged to adhere to each other, and then the bulk nanorods are formed. Overall, at solution
concentration of 40 mmo/L, reaction time of 4 h and reaction temperature of 95 °C, the nanorods are
arranged in a regular manner (divergent arrangement) and have the best growth morphology.

Figure 5A shows that the diffraction peaks of foamed nickel correspond to (111), (200), and (222)
crystal orientations at 44.5°, 51.9°, and 76.7°, respectively. The nanorods correspond to the wurtzite
ZnO structure, and no diffraction peaks other than ZnO are found. The crystal orientation of the
nanorods includes (100), (002), (101), (102), (110), (103), (112), (201). Due to the three-dimensional
network structure of foamed nickel, the diffraction peak of the (101) crystal orientation is strong.
Figure 5B,C shows that the reaction time is short and the solution concentration is low, so the peak
of (100) crystal orientation is not obvious, and the growth of (002) crystal orientation is dominant.
In Figure 5D, the main peaks of diffraction are expressed at different temperatures. As the temperature
increases, the intensity of the main peak of the diffraction also increases, but the range of variation is
not large. At solution concentration of 40 mmol/L, reaction time of 4 h and reaction temperature of
95 °C, not only the intensity of each crystal diffraction peak is strong, but also the line width is narrow,
which indicates that the nanorods have high crystallinity.

Figure 6A shows that nickel foam has a strong absorption of light in the ultraviolet range, but there
is obvious fluctuation in light absorption in the 200-400 nm optical band. After sputtering a layer of
ZnO seed on the surface of the foamed nickel, the light absorption peak is broadened in the 200-400 nm
optical band; due to the scattering effect of light, the phenomenon of spectrum offset (blue shift)
is exhibited. Figure 6B shows that when the solution concentration is low, the absorption of light
mainly comes from foamed nickel, due to the growth of ZnO nanorods are sparse and short. Since the
nanorods on the surface of the foamed nickel are closely arranged in a large area, the absorption of
light is the strongest at higher solution concentration. As shown in Figure 6C, when the reaction time
is 4 h, the diameter of the ZnO nanorods are small and the length to diameter ratio is the largest.
Therefore, when light illuminates the surface of the material, the ability to capture light is relatively
weak. Compared with the reaction time of 4 h and the reaction time of 2 h, the number of nanorods
grown in 4 h is large, but the diameter of the nanorods is small; the number of nanorods grown in 2 h
is small, but the diameter is large. Therefore, in the wavelength of 400-800 nm, the light absorption
abilities of the two are substantially equal. When the reaction time is long, the diameter of the nanorods
is large. The nanorods on the surface of the substrate are connected together in a large area, so the
absorption of light is strongest. Figure 6D shows that, at the temperature of 75 °C, the absorption peak
decreased at the wavelength of around 250 nm due to incomplete growth of the nanorods. According
to the SEM image under different temperature conditions in Figure 4, large-area nanorods can be
grown on the surface of the substrate at different temperatures. Since the diameter of the nanorods are
different at different temperatures, the light absorption capacity is different. The larger the diameter of
the nanorods, the stronger the ability to capture light.
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Figure 5. (A) (a): XRD images of well-grown nanorods, and (b): XRD images of ungrown nanorods.

(B) XRD images of ZnO grown at different concentrations: (a) 20 mmol/L, (b) 40 mmol/L, and (c)

60 mmol/L. (C) XRD images of ZnO grown at different times: (a) 2 h, (b) 4 h, and (c) 6 h. (D) XRD

images of ZnO grown at different temperatures: (a) 75 °C, (b) 95 °C, and (c) 115 °C.
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Figure 6. (A) (a): Ultraviolet-to-visible (UV-VIS) absorption foamed nickel in growing seed layers,
and (b): UV-VIS absorption of foamed nickel. (B) UV-VIS absorption of ZnO grown at different
solution concentrations: (a) 20 mmol/L, (b) 40 mmol/L, and (c) 60 mmol/L. (C) UV-VIS absorption of
ZnO grown at different reaction times: (a) 2 h, (b) 4 h, and (c) 6 h. (D) UV-VUS absorption of ZnO

grown at different reaction temperatures: (a) 75 °C, (b) 95 °C, and (c) 115 °C.
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From the Figure 6, we can see that the nanorods have strong absorption in the ultraviolet band
(wavelength 200-400 nm). Due to the small size of the nanorods, the arrangement of atoms around the
nanorods does not have long-range order and, therefore, no longer has the properties of solid ZnO.
This phenomenon is the same as two-dimensional metal nanomaterials [58]. ZnO nanorods have a
quantum size effect, which causes the energy level to separate into energy bands and the band gap
increases. Thus, the absorption at short wavelengths is strong, thus exhibiting broadband absorption
in the ultraviolet band. Due to this light absorption property, it may be used in the field of ultraviolet
detectors [59], photocatalysis [23-25], etc.

ZnO nanorods belong to polar nanocrystalline semiconductors and have the characteristics of
amorphous spectrum. The four peaks appearing in Figure 7 are 329 cm~!, 387 cm~!, 437 cm ™!,
580 cm 1. Among them, the 387 ecm™1, 437 cm~1, 580 cm~! mode is a first-order scattering mode,
and the 329 cm~! mode is a second-order scattering mode. The strongest Raman peak of 437 cm ™!
comes from the optical phonon high-frequency vibration mode E,, which is a typical characteristic peak
of wurtzite ZnO [53]. The 329 cm~! peak belongs to the effect of multiphonon scattering superposition.
The 387 cm~! peak belongs to the transverse optical mode. The peak of 580 cm ! is related to defects
such as oxygen vacancies, zinc gaps and their complexes [60,61]. In the Figure 7, when the temperature
is low and the reaction time is long, the diffraction peak of the nanorod is not obvious. When the
solution concentration of the solution is different, the three sets of diffraction peaks of the Raman
spectrum are not much different. At the concentration of 40 mmol/L, the reaction temperature of 95 °C
and the reaction time of 4 h, the intensity of scattered light of the nanorods is the largest, indicating
that the nanorods have high crystallinity and quality. Through Raman spectroscopy, we know that its
diffraction intensity is strong, so the absorption of light is not the strongest.
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Figure 7. (A) Raman spectroscopy of ZnO grown at different solution concentrations: (a) 20 mmol/L,
(b) 40 mmol/L, and (c) 60 mmol/L. (B) Raman spectroscopy of ZnO grown at different reaction times:
(@) 2h, (b) 4 h, and (c) 6 h. (C) Raman spectroscopy of ZnO grown at different reaction temperatures:
(a) 75 °C, (b) 95 °C, and (c) 115 °C.

ZnO nanorods grown on the surface of foamed nickel can greatly change the hydrophobicity of
the surface of the material. According to Young’s formula, If the contact angle 8 < 90°, the surface
of the material is wet or partially wet; if the contact angle 6 > 90°, the surface of the material is not
wet; if the contact angle 0 > 150°, the surface of the material may be referred to as a superhydrophobic
surface. When the number of nanorods on the surface of the foamed nickel surface is small, the contact
angle is relatively small as shown in Figure 8A. When the number of nanorods on the surface of the
foamed nickel is large, nanorods have small diameters and exhibit divergence arrangement, so the
contact angle is the largest as shown in Figure 8B; the other is that when the diameter of the nanorod
is large, the flatness is higher and the contact angle is smaller as shown in Figure 8C,D. Figure 8B
shows the formation of a superhydrophobic surface on the surface of the material, which is expected
to improve the application of nanomaterials in biological tissue engineering [62]. The angle between
the Raman spectral line and the horizontal line (abscissa) in Figure 7 can indicate the uniformity of the
surface of the material. The larger the angle, the more irregular the surface of the material. The results
of Figures 7 and 8 correspond to each other.
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Figure 8. Static contact angle at different conditions: (A) solution concentration: 20 mmol/L,

reaction temperature: 95 °C, reaction time: 4 h; (B) solution concentration: 40 mmol/L,
reaction temperature: 95 °C, reaction time: 4 h; (C) solution concentration: 40 mmol/L,
reaction temperature: 75 °C, reaction time: 4 h; and (D) solution concentration: 40 mmol/L,
reaction temperature: 115 °C, reaction time: 4 h.

4. Conclusions

In summary, the foamed nickel substrate provides a special three-dimensional network structure
that allows the nanorods on the surface to have a large specific surface area. Second, magnetron
sputtering reduces the probability of lattice mismatch between ZnO nanorods and foamed nickel.
Finally, compared with other methods, the hydrothermal method for preparing ZnO nanorods is
more efficient, non-polluting, and simple to operate. The solution concentration, reaction time,
and reaction temperature factors are different for the growth of ZnO nanorods. Combining all aspects
of performance, we obtained the best growth parameters: solution concentration of 40 mmol/L,
reaction time of 4 h, and reaction temperature of 95 °C. The nanorods at the optimal parameters,
because of the small diameter of the nanorods, are not the strongest absorption of light, but also exhibit
strong absorption of light. It can be seen from the SEM diagram that the nanorods with the best
parameters have best growth morphology. Raman spectroscopy shows that the best parameters have
the strongest diffraction peak and the nanorods have high quality. The static contact angle shows that
the nanorods grown at the optimal parameters make the surface of the material a superhydrophobic
surface, so it can be used as a superhydrophobic material. The growth of ZnO nanorods on the surface
of foamed nickel is expected to achieve new changes in the field of photoelectric conversion due to its
strong light absorption capacity and strong hydrophobic properties.

Author Contributions: X.L. conceived the idea of experiment; X.L. and X.C. performed the experiments; Z.Y., Z.Z.,
X.L.,, YT, and Y.Y. discussed the results; X.L. wrote the manuscript; and all authors read and approved the
final manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (NNSFC) (grant numbers
51606158, 11604311, 61705204, 21506257, and 11847132); Funded by Longshan Academic Talent Research
Supporting Program of Southwest University of Science and Technology (grant number 181zx506), and the
Postgraduate Innovation Fund Project by Southwest University of Science and Technology, (grant numbers
18ycx034, cx18-060).

Conflicts of Interest: The authors declare no conflict of interest.



Micromachines 2019, 10, 164 11 of 13

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Benjamin, S. Process for Making Foamlike Mass of Metal. U.S. Patent 2,434,775, 20 January 1948.

Sun, L.; Campbell, M.G.; Dincd, M. Electrically Conductive Porous Metal-Organic Frameworks. Angew. Chem.
Int. Ed. 2016, 55, 3566-3579. [CrossRef] [PubMed]

Ma, S.; Zhou, H.C. Gas storage in porous metal-organic frameworks for clean energy applications.
Chem. Commun. 2010, 46, 44-53. [CrossRef] [PubMed]

Cen, C.L; Liu, L.; Zhang, Y.B.; Chen, X.E; Zhou, Z.G.; Yi, Z.; Ye, X,; Tang, Y.J.; Yi, Y.G.; Xiao, S.Y. Tunable
absorption enhancement in periodic elliptical hollow graphene arrays. Opt. Mater. Express 2019, 9, 706-716.
[CrossRef]

Zheng, C.X.,; Yang, H. Assembly of AgzPO4 nanoparticles on rose flower-like BiyWOg hierarchical
architectures for achieving high photocatalytic performance. J. Mater. Sci. 2018, 29, 9291-9300. [CrossRef]
Hu, Y.L.; Lian, H.X.; Zhou, L.J.; Li, GK. In Situ Solvothermal Growth of Metal-Organic Framework-5
Supported on Porous Copper Foam for Noninvasive Sampling of Plant Volatile Sulfides. Anal. Chem. 2014,
87,406-412. [CrossRef] [PubMed]

Zhao, X.X.; Yang, H.; Li, S.H.; Cui, Z.M.; Zhang, C.R. Synthesis and theoretical study of large-sized Bi4Ti3O12
square nanosheets with high photocatalytic activity. Mater. Res. Bull. 2018, 107, 180-188. [CrossRef]

Hafez, AM,; Jiao, Y.C.; Shi, ].J.; Ma, Y,; Cao, D.X; Liu, Y.Y.; Zhu, H.L. Stable Metal Anode enabled by Porous
Lithium Foam with Superior Ion Accessibility. Adv. Mater. 2018, 30, 1802156. [CrossRef] [PubMed]

Di, L].; Yang, H.; Xian, T.; Chen, X.J. Construction of Z-scheme g-C3N4/CNT/BiyFe;O9 composites with
improved simulated-sunlight photocatalytic activity for the dye degradation. Micromachines 2018, 9, 613.
[CrossRef] [PubMed]

Qin, J.H.; Chen, Q.; Yang, C.Y;; Huang, Y. Research process on property and application of metal porous
materials. ]. Alloys Compd. 2016, 654, 39-44. [CrossRef]

Yan, Y.X,; Yang, H.; Zhao, X.X.; Li, R.S;; Wang, X.X. Enhanced photocatalytic activity of surface
disorder-engineered CaTiO3. Mater. Res. Bull. 2018, 105, 286-290. [CrossRef]

Neville, B.P; Rabiei, A. Composite metal foams processed through powder metallurgy. Mater. Des. 2008, 29,
388-396. [CrossRef]

Zhao, X.X.; Yang, H.; Cui, Z.M.; Wang, X.X.; Yi, Z. Growth Process and CQDs-modified Bis Ti3O1» Square
Plates with Enhanced Photocatalytic Performance. Micromachines 2019, 10, 66. [CrossRef] [PubMed]

Yang, G.W.; Xu, C.L.; Li, H.L. Electrodeposited nickel hydroxide on nickel foam with ultrahigh capacitance.
Chem. Commun. 2008, 48, 6537—-6539. [CrossRef] [PubMed]

Mariappan, V.K,; Krishnamoorthy, K.; Pazhamalai, P.; Sahoo, S.; Kim, S.J. Electrodeposited molybdenum
selenide sheets on nickel foam as a binder-free electrode for supercapacitor application. Electrochim. Acta
2018, 265, 514-522. [CrossRef]

Li, YH.; Cao, L].; Qiao, L.; Zhou, M.; Yang, Y.; Xiao, P.; Zhang, Y.H. Ni-Co sulfide nanowires on nickel foam
with ultrahigh capacitance for asymmetric supercapacitors. . Mater. Chem. A 2014, 2, 6540-6548. [CrossRef]
Liang, C.; Niu, G.; Chen, X,; Zhou, Z.; Yi, Z.; Ye, X,; Duan, T.; Yi, Y,; Xiao, S. Tunable triple-band graphene
refractive index sensor with good angle-polarization tolerance. Opt. Commun. 2019, 436, 57-62. [CrossRef]
Tang, C.; Cheng, N.Y,; Pu, Z.H.; Xing, W.; Sun, X.P. NiSe Nanowire Film Supported on Nickel Foam:
An Efficient and STable 3D Bifunctional Electrode for Full Water Splitting. Angew. Chem. 2015, 127,
9483-9487. [CrossRef]

Lin, H.; Ye, X.; Chen, X.F,; Zhou, Z.G.; Yi, Z.; Niu, G.; Yi, Y.G.; Hua, Y.T.; Hua, ].J.; Xiao, S.Y. Plasmonic
absorption enhancement in grapheme circular and Elliptical disk arrays. Mater. Res. Express 2019, 6, 045807.
[CrossRef]

Guo, F; Cao, D.X.;; Du, M.M.; Ye, K,; Wang, G.L.; Zhang, W.P; Gao, Y.Y.; Cheng, K. Enhancement of
direct urea-hydrogen peroxide fuel cell performance by three-dimensional porous nickel-cobalt anode.
J. Power Sources 2016, 307, 697-704. [CrossRef]

Karthikeyan, R.; Krishnaraj, N.; Selvam, A.; Wong, ] W.C.; Lee, PK.H.; Leung, M.K.H.; Berchmans, S. Effect
of composites based nickel foam anode in microbial fuel cell using Acetobacter aceti and Gluconobacter
roseus as a biocatalysts. Bioresour. Technol. 2016, 217, 113-120. [CrossRef] [PubMed]


http://dx.doi.org/10.1002/anie.201506219
http://www.ncbi.nlm.nih.gov/pubmed/26749063
http://dx.doi.org/10.1039/B916295J
http://www.ncbi.nlm.nih.gov/pubmed/20024292
http://dx.doi.org/10.1364/OME.9.000706
http://dx.doi.org/10.1007/s10854-018-8959-6
http://dx.doi.org/10.1021/ac502146c
http://www.ncbi.nlm.nih.gov/pubmed/25435245
http://dx.doi.org/10.1016/j.materresbull.2018.07.018
http://dx.doi.org/10.1002/adma.201802156
http://www.ncbi.nlm.nih.gov/pubmed/29900596
http://dx.doi.org/10.3390/mi9120613
http://www.ncbi.nlm.nih.gov/pubmed/30469498
http://dx.doi.org/10.1016/j.jallcom.2015.09.148
http://dx.doi.org/10.1016/j.materresbull.2018.05.008
http://dx.doi.org/10.1016/j.matdes.2007.01.026
http://dx.doi.org/10.3390/mi10010066
http://www.ncbi.nlm.nih.gov/pubmed/30669287
http://dx.doi.org/10.1039/b815647f
http://www.ncbi.nlm.nih.gov/pubmed/19057771
http://dx.doi.org/10.1016/j.electacta.2018.01.075
http://dx.doi.org/10.1039/C3TA15373H
http://dx.doi.org/10.1016/j.optcom.2018.11.083
http://dx.doi.org/10.1002/ange.201503407
http://dx.doi.org/10.1088/2053-1591/aafc3e
http://dx.doi.org/10.1016/j.jpowsour.2016.01.042
http://dx.doi.org/10.1016/j.biortech.2016.02.114
http://www.ncbi.nlm.nih.gov/pubmed/26970695

Micromachines 2019, 10, 164 12 of 13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Wang, X.; Wu, X,; Chen, Y,; Bai, X.; Pang, Z.; Yang, H.; Qi, Y.; Wen, X. Investigation of wide-range refractive
index sensor based on asymmetric metal-cladding dielectric waveguide structure. AIP Adv. 2018, 8, 105029.
[CrossRef]

Cen, C,; Lin, H.; Huang, J.; Liang, C.; Chen, X,; Tang, Y.; Yi, Z.; Ye, X,; Liu, ].; Yi, Y.; et al. A Tunable Plasmonic
Refractive Index Sensor with Nanoring-Strip Graphene Arrays. Sensors 2018, 18, 4489. [CrossRef] [PubMed]
Xiao, W.; Wang, Z.; Zhang, Y.; Fang, R.; Yuan, Z.; Miao, C.; Yan, X.M,; Jiang, Y. Enhanced performance
of P (VDF-HFP)-based composite polymer electrolytes doped with organic-inorganic hybrid particles
PMMA-ZrO, for lithium ion batteries. J. Power Sources 2018, 382, 128-134. [CrossRef]

Wang, X.; Pang, Z.; Tong, H.; Wu, X,; Bai, X,; Yang, H.; Wen, X,; Qi, Y. Theoretical investigation of
subwavelength structure fabrication based onmulti-exposure surface plasmon interference lithography.
Results Phys. 2019, 12, 732-737. [CrossRef]

Dai, ].Y,; Li, ].J.; Zhang, Q.B.; Liao, M.; Duan, T.; Yao, W.T. Co35;@C@MoS, microstructures fabricated from
MOF template as advanced lithium-ion battery anode. Mater. Lett. 2019, 236, 483—486. [CrossRef]

Cen, C,; Lin, H.; Liang, C.; Huang, J.; Chen, X.; Yi, Z; Tang, Y.; Duan, T.; Xu, X,; Xiao, S.; et al.
Tunable plasmonic resonance absorption characteries-tics in periodic H-shaped graphene arrays.
Superlattice Microstruct. 2018, 120, 427-435. [CrossRef]

Feng, N.; Hu, D.K.; Wang, P; Sun, X.L.; Li, X.W.; He, D.Y. Growth of nanostructured nickel sulfide films on
Ni foam as high-performance cathodes for lithium ion batteries. Phys. Chem. Chem. Phys. 2013, 15, 9924-9930.
[CrossRef] [PubMed]

Igbal, S.; Fakhar-e-Alam, M.; Atif, M.; Ahmed, N.; Amin, N.; Alghamdi, R.A.; Hanif, A.; Farooq, W.A.
Empirical Modeling of Zn/ZnO Nanoparticles Decorated /Conjugated with Fotolon (Chlorine e6) Based
Photodynamic Therapy towards Liver Cancer Treatment. Micromachines 2019, 10, 60. [CrossRef] [PubMed]
Yi, Z.; Xu, X.B.; Kang, X.L.; Zhao, Y.L.; Zhang, S.L.; Yao, W.T.; Yi, Y.G.; Luo, ].S.; Wang, C.Y.; Yi, Y,; et al.
Fabrication of well-aligned ZnO@Ag nanorod arrayswith effective charge transfer for surface-enhanced
Raman scattering. Surf. Coat. Technol. 2017, 324, 257-263. [CrossRef]

Menniger, J.; Jahn, U.; Brandt, O.; Yang, H.; Ploog, K. Identification of optical transitions in cubic and
hexagonal GaN by spatially resolved cathodoluminescence. Phys. Rev. B 1996, 53, 1881-1885. [CrossRef]
Wu, Y.Y,; Yan, H.Q.; Huang, M.; Messer, B.; Song, ].H.; Yang, P.D. Inorganic Semiconductor Nanowires:
Rational Growth, Assembly, and Novel Properties. Chem. Eur. ]. 2002, 8, 1260-1268. [CrossRef]

Shim, M.; Guyot-Sionnest, P. Intraband hole burning of colloidal quantum dots. Phy. Rev. B 2001, 64, 245342.
[CrossRef]

Gu, Y.; Kuskovsky, LL.; Yin, M.; O’Brien, S.; Neumark, G.F. Quantum confinement in ZnO nanorods.
Appl. Phys. Lett. 2004, 85, 3833-3835. [CrossRef]

Ko, S.H.; Lee, D.; Kang, HW.; Nam, K.H.; Yeo, ].Y.; Hong, S.]J.; Grigoropoulos, C.P.; Sung, H.]. Nanoforest
of Hydrothermally Grown Hierarchical ZnO Nanowires for a High Efficiency Dye-Sensitized Solar Cell.
Nano Lett. 2011, 11, 666—-671. [CrossRef] [PubMed]

Law, M.; Greene, L.E.; Johnson, J.C.; Saykally, R.; Yang, P. Nanowire dye-sensitized solar cells. Nat. Mater.
2005, 4, 455-459. [CrossRef] [PubMed]

Wang, Z.L.; Song, ].H. Piezoelectric Nanogenerators Based on ZnO Nanowire Arrays. Science 2006, 312,
242-246. [CrossRef] [PubMed]

Xiong, Z.W.; Cao, L.H. Red-ultraviolet photoluminescence tuning by Ni nanocrystals in epitaxial SrTiO;
matrix. Appl. Surf. Sci. 2018, 445, 65-70. [CrossRef]

Qin, Y,; Wang, X.D.; Wang, Z.L. Microfibre-nanowire hybrid structure for energy scavenging. Nature 2008,
451, 809-813. [CrossRef] [PubMed]

Yi, Z,; Li, X,; Xu, X; Chen, X;; Ye, X;; Yi, Y,; Duan, T,; Tang, Y.; Liu, J.; Yi, Y. Nanostrip-Induced High Tunability
Multipolar Fano Resonances in a Au Ring-Strip Nanosystem. Nanomaterials 2018, 8, 568. [CrossRef] [PubMed]
Mozaffari, S.A.; Rahmanian, R.; Abedi, M.; Amoli, H.S. Urea impedimetric biosensor based on reactive RF
magnetron sputtered ZnO nanoporous transducer. Electrochim. Acta 2014, 146, 538-547. [CrossRef]

Liang, L.S.; Huang, Z.F.; Cai, L.H.; Chen, W.Z.; Wang, B.Z.; Chen, K.W.; Bai, H.; Tian, Q.Y.; Fan, B. Magnetron
Sputtered ZnO Nanorods as Thickness-Insensitive Cathode Interlayer for Perovskite Planar-Heterojunction
Solar Cells. ACS. Appl. Mater. Interfaces 2014, 6, 20585-20589. [CrossRef] [PubMed]

Zhu, L,; Li, Y.; Zeng, W. Hydrothermal synthesis of hierarchical flower-like ZnO nanostructure and its
enhanced ethanol gas-sensing properties. Appl. Surf. Sci. 2018, 427, 281-287. [CrossRef]


http://dx.doi.org/10.1063/1.5043469
http://dx.doi.org/10.3390/s18124489
http://www.ncbi.nlm.nih.gov/pubmed/30567404
http://dx.doi.org/10.1016/j.jpowsour.2018.02.012
http://dx.doi.org/10.1016/j.rinp.2018.12.029
http://dx.doi.org/10.1016/j.matlet.2018.10.166
http://dx.doi.org/10.1016/j.spmi.2018.05.059
http://dx.doi.org/10.1039/c3cp50615k
http://www.ncbi.nlm.nih.gov/pubmed/23673428
http://dx.doi.org/10.3390/mi10010060
http://www.ncbi.nlm.nih.gov/pubmed/30658388
http://dx.doi.org/10.1016/j.surfcoat.2017.05.084
http://dx.doi.org/10.1103/PhysRevB.53.1881
http://dx.doi.org/10.1002/1521-3765(20020315)8:6&lt;1260::AID-CHEM1260&gt;3.0.CO;2-Q
http://dx.doi.org/10.1103/PhysRevB.64.245342
http://dx.doi.org/10.1063/1.1811797
http://dx.doi.org/10.1021/nl1037962
http://www.ncbi.nlm.nih.gov/pubmed/21207931
http://dx.doi.org/10.1038/nmat1387
http://www.ncbi.nlm.nih.gov/pubmed/15895100
http://dx.doi.org/10.1126/science.1124005
http://www.ncbi.nlm.nih.gov/pubmed/16614215
http://dx.doi.org/10.1016/j.apsusc.2018.03.179
http://dx.doi.org/10.1038/nature06601
http://www.ncbi.nlm.nih.gov/pubmed/18273015
http://dx.doi.org/10.3390/nano8080568
http://www.ncbi.nlm.nih.gov/pubmed/30044425
http://dx.doi.org/10.1016/j.electacta.2014.08.105
http://dx.doi.org/10.1021/am506672j
http://www.ncbi.nlm.nih.gov/pubmed/25405518
http://dx.doi.org/10.1016/j.apsusc.2017.08.229

Micromachines 2019, 10, 164 13 of 13

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Shi, RX; Yang, P; Dong, X.B.; Ma, Q.; Zhang, A.Y. Growth of flower-like ZnO on ZnO nanorod arrays
created on zinc substrate through low-temperature hydrothermal synthesis. Appl. Surf. Sci. 2013, 264,
162-170. [CrossRef]

Kiomarsipour, N.; Shoja Razavi, R. Hydrothermal synthesis and optical property of scale- and spindle-like
ZnO. Ceram. Int. 2013, 39, 813-818. [CrossRef]

Chen, J; Yi, Z; Xiao, S.; Xu, X. Absorption enhancement in double-layer cross-shaped graphene arrays.
Mater. Res. Express 2018, 5, 015605. [CrossRef]

Ain Samat, N.; Md Nor, R. Sol-gel synthesis of ZnO nanoparticles using Citrus aurantifolia extracts.
Ceram. Int. 2013, 39, S545-5548. [CrossRef]

Cen, C,; Chen, J.; Liang, C.; Huang, J.; Chen, X,; Tang, Y.; Yi, Z.; Xu, X.; Yi, Y.; Xiao, S. Plasmonic absorption
characteristics based on dumbbell-shaped graphene metamaterial arrays. Phys. E 2018, 103, 93-98. [CrossRef]
Momeni, M.M.; Ghayeb, Y. Fabrication and characterization of ZnO-decorated titania nanoporous by
electrochemical anodizing-chemical bath deposition techniques: Visible light active photocatalysts with
good stability. J. Iran. Chem. Soc. 2015, 13, 481-488. [CrossRef]

Myint, M.T.Z.; Dutta, ]J. Fabrication of ZnO nanorods modified activated carbon cloth electrode for
desalination of brackish water using capacitive deionization approach. Desalination 2012, 305, 24-30.
[CrossRef]

Laurenti, M.; Garino, N.; Porro, S.; Fontana, M.; Gerbaldi, C. ZnO nanostructures by chemical vapour
deposition as anodes for Li-ion batteries. J. Alloys Compd. 2015, 640, 321-326. [CrossRef]

Hu, P; Han, N.; Zhang, D.W,; Ho, J.C.; Chen, Y.F. Highly formaldehyde-sensitive, transition-metal doped
ZnO nanorods prepared by plasma-enhanced chemical vapor deposition. Sens. Actuators B 2012, 169, 74-80.
[CrossRef]

Yi, Z.; Luo, ].S.; Ye, X.; Yi, Y.G.; Huang, J.; Yi, Y,; Duan, T.; Zhang, W.B.; Tang, Y.J. Effect of synthesis conditions
on the growth of various ZnO nanostructures and corresponding morphology-dependent photocatalytic
activities. Superlattices Microstruct. 2016, 100, 907-917. [CrossRef]

Kahn, M.L.; Cardinal, T.; Bousquet, B.; Monge, M.; Jubera, V.; Chaudret, B. Optical Properties of Zinc Oxide
Nanoparticles and Nanorods Synthesized Using an Organometallic Method. Chem. Phys. Chem. 2006, 7,
2392-2397. [CrossRef] [PubMed]

Zhang, H.X.; Feng, ].; Wang, J.; Zhang, M.L. Preparation of ZnO nanorods through wet chemical method.
Mater. Lett. 2007, 61, 5202-5205. [CrossRef]

Wahab, R.; Ansari, S.G.; Kim, Y.-S.; Seo, H.-K.; Shin, H.-S. Room temperature synthesis of needle-shaped
ZnO nanorods via sonochemical method. Appl. Surf. Sci. 2007, 253, 7622-7626. [CrossRef]

Zeng, Y.; Chen, X.F; Yi, Z.; Yi, Y.G.; Xu, X.B. Fabrication of p-n heterostructure ZnO/Si moth-eye structures:
Antireflection, enhanced charge separation and photocatalytic properties. Appl. Surf. Sci. 2018, 441, 40-48.
[CrossRef]

Chen, Y,; Fan, Z.X,; Zhang, Z.C.; Niu, W.X,; Li, C.L.; Yang, N.L.; Chen, B.; Zhang, H. Two-Dimensional
Metal Nanomaterials: Synthesis, Properties, and Applications. Chem. Rev. 2018, 118, 6409-6455. [CrossRef]
[PubMed]

Chai, G.Y.; Lupan, O.; Chow, L.; Heinrich, H. Crossed zinc oxide nanorods for ultraviolet radiation detection.
Sens. Actuators A 2009, 150, 184-187. [CrossRef]

Bhaumik, A.; Shearin, A.M.; Delong, R.; Wanekaya, A.; Ghosh, K. Probing the interaction at the nano-bio
interface using Raman spectroscopy: ZnO nanoparticles and adenosine triphosphate biomolecules. J. Phys.
Chem. C 2014, 118, 18631-18639. [CrossRef] [PubMed]

Xie, S.L.; Lu, X.H.; Zhai, T.; Gan, J.Y,; Li, W.; Xu, M.; Yu, M.H.; Zhang, Y.M.; Tong, Y.X. Controllable
synthesis of ZnxCd1-xS@ZnO core-shell nanorods with enhanced photocatalytic activity. Langmuir 2012, 28,
10558-10564. [CrossRef] [PubMed]

Padmanabhan, J.; Kyriakides, T.R. Nanomaterials, Inflammation, and Tissue Engineering. Wiley Interdiscip.
Rev. 2014, 7, 355-370. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.apsusc.2012.09.164
http://dx.doi.org/10.1016/j.ceramint.2012.07.002
http://dx.doi.org/10.1088/2053-1591/aaa62e
http://dx.doi.org/10.1016/j.ceramint.2012.10.132
http://dx.doi.org/10.1016/j.physe.2018.05.033
http://dx.doi.org/10.1007/s13738-015-0757-y
http://dx.doi.org/10.1016/j.desal.2012.08.010
http://dx.doi.org/10.1016/j.jallcom.2015.03.222
http://dx.doi.org/10.1016/j.snb.2012.03.035
http://dx.doi.org/10.1016/j.spmi.2016.10.049
http://dx.doi.org/10.1002/cphc.200600184
http://www.ncbi.nlm.nih.gov/pubmed/17051655
http://dx.doi.org/10.1016/j.matlet.2007.04.030
http://dx.doi.org/10.1016/j.apsusc.2007.03.060
http://dx.doi.org/10.1016/j.apsusc.2018.02.002
http://dx.doi.org/10.1021/acs.chemrev.7b00727
http://www.ncbi.nlm.nih.gov/pubmed/29927583
http://dx.doi.org/10.1016/j.sna.2008.12.020
http://dx.doi.org/10.1021/jp506200a
http://www.ncbi.nlm.nih.gov/pubmed/25152799
http://dx.doi.org/10.1021/la3013624
http://www.ncbi.nlm.nih.gov/pubmed/22697427
http://dx.doi.org/10.1002/wnan.1320
http://www.ncbi.nlm.nih.gov/pubmed/25421333
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Reagents and Materials 
	Cleaning of Foamed Nickel (Substrate) 
	Magnetron Sputtering Deposition of ZnO Seed Layer 
	Hydrothermal Growth of ZnO Nanorods 
	Characterization 

	Results and Discussion 
	Conclusions 
	References

