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ZnO nanoparticles and ZnO films deposited on surface of Al
particles were successfully synthesized via esterification be-
tween zinc acetate and ethanol under different solvothermal
condition. As-synthesized ZnO particles were nearly spherical
with uniform size close to 100 nm and homogeneously distribut-
ed on the surface of Al particles. By changing the reaction tem-
perature, ZnO thin films were obtained instead of individual par-
ticles.

Ceramic/metal structural composite materials, especially
nanocomposite materials, have been extensively explored re-
cently. Fabrication of composite structures provides a new
way to functional materials with fundamentally different proper-
ties from those of the single materials and those properties
including mechanical, optical, structural, catalytic, electrical,
magnetic, etc.1–6 For example, Ag and Ru nanoparticles support-
ed on alumina have been found to exhibit attractive catalysis for
the direct aerobic epoxidation of alkenes because of its effective
and selective catalysis for liquid phase.7

Up to now, various routes have been explored to fabricate
structural composite materials, including electroless plating,8

surface reaction,9 surface seeding,10 and self-assembling.11 In
most case, those methods give great assistance to achieve uni-
form and complete shell on core materials,12 and now assembly
of nanocrystals on substrate materials with tunable size and
packing density is just made great interests to researchers.13 Ac-
tually, this structure can be used to produce materials with tun-
able properties by controlling the size, distribution, crystal
phase, and packing density of nanocrystals. Recently, we report-
ed a novel method to synthesize nanosized ZnO with high crys-
tallinity and good monodispersity via esterification between zinc
acetate and ethanol under solvothermal condition,14 and similar
results were obtained for CoO, Ni, etc. via esterification between
metal acetates and ethanol. Considering the advantages of con-
trolled precipitation with slow rate and nonexistence of H2O,
solvothermal reaction can effectively prevent oxidation of metal
nanoparticles synthesized in esterification between metal ace-
tates and ethanol, so it is preferable to synthesize metal-coated
particles using the esterification under solvothermal condition.

In this paper, we reported the preparation of ZnO/Al com-
posite structure by using the mechanism of this method to depos-
it ZnO on Al particles. The preparation was started from a mix-
ture of zinc acetate dihydrate (0.65 g) in absolute ethanol solu-
tion (70mL) and Al powder (1 g). The mixture was first transfer-
red into a 100-mL Teflon-lined autoclave under constant stirring,
then the autoclave was maintained from 80 to 100 �C for differ-
ent time and cooled down to room temperature on standing.

The structural characteristics of as-synthesized samples
were investigated by an X-ray diffractometer (XRD, Philips
X’Pert PRO MPD) operated at 40 kV and 30mA with CuK�

radiation (� ¼ 1:5418 Å) through the 2�-range from 10 to 90
degree. As shown in Figure 1, typical diffraction peaks of ZnO
were clearly observed as marked in the figure, which indicated
the formation of ZnO crystal. Besides, hexagonal structure with
high crystallinity of as-synthesized ZnO also can be confirmed
by ref 14. While the structure of Al remained unchanged during
the process.

The morphology of the products was characterized using a
transmission electron microscope (TEM, Hitachi H-800) with
an accelerating voltage of 200 kV. Figure 2 shows the typical
TEM images of Al and ZnO/Al samples prepared from esterifi-
cation of zinc acetate on Al surface at 80 �C for 24 h. The lamella
structure of Al with smooth surface can be observed from
Figure 2a. Figure 2b shows the sample of ZnO/Al particles syn-
thesized by esterification. From the picture, we can see that the
deposited ZnO particles have been homogeneously distributed
on the surface of Al particles, and they are spherical with size

Figure 1. XRD patterns of Al and ZnO/Al samples synthesized
from esterification at 80 �C for 24 h.

Figure 2. TEM images of (a) Al and (b) ZnO/Al samples pre-
pared at 80 �C for 24 h.
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close to 100 nm as the inset shown in Figure 2b. The chemical
compositions of the nanoparticles were analysed by energy dis-
persive X-ray spectroscopy (EDX) affiliated to the TEM system
by focusing the electron beam on the particles deposited on the
Al surface. The results shown in Figure 3 illustrate that only the
characteristic peaks of Al, Zn, and Cu (come from the TEM sam-
ple grid) were detected and the weight ratio of Zn to Al is about
1.5, which indicated the deposition of ZnO nanoparticles on Al
surface. By varying the length of reaction time, we can also tailor
the packing density of ZnO nanoparticles on Al surface.

Further experiment was performed by increasing the reac-
tion temperature from 80 to 100 �C, and the results were shown
in Figure 4. From Figure 4a, we can see that no individual ZnO
particles were obtained on the surface of Al particles, and further
magnification of the particle was shown in Figure 4b, which dis-
tinctly illustrated the existence of ZnO thin films on the Al par-
ticle margin. The EDX analysis gave an evidence of Zn on the Al
surface and the weight ratio is about 7.90wt%, which is rather
lower than former experiment. It might contribute to the differ-
ence between the thickness of the films and size of particles. The
thickness of the films is about 30–40 nm from the Al particle
margin, as shown in Figure 4b, however, the size of deposited
ZnO particles is about 100 nm. In our experiment, the tempera-
ture is relatively lower than that in the reference14 for the pur-
pose of obtaining composite materials rather than individual
ZnO nanoparticles in solution. These results revealed that when
crystal growth was feasible on Al surface, temperature plays a
key role on the conformation of deposited ZnO owing to the ef-
fect of temperature on the activation energy of reaction. There-
fore, by varying the temperature of reaction, the conformation of

ZnO deposited on Al particles could be controlled. Since ester-
ification between metal acetate and ethanol under solvothermal
condition could be used to synthesize various metals and oxides,
it is expected that this method could be used to synthesize other
ceramic/metal and ceramic/ceramic composite materials with
tunable structures. Moreover, the results hint us that this struc-
ture opening a possibility to tailor the properties of composite
materials as a functional device.
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Figure 3. EDX spectrum of ZnO/Al prepared at 80 �C for 24 h.

Figure 4. TEM images of ZnO/Al sample prepared at 100 �C
for 24 h with (a) low magnification and (b) high magnification.
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