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Abstract: In this report, multiple-shell hollow silver and hematite composite microsphere has been
prepared by using carbonaceous saccharide microsphere as template. The products were
characterized by X-ray powder diffraction (XRD), scanning electronic microscopy (SEM),
transmission electron microscopy (TEM), and energy dispersive X-ray spectroscopy (EDX). The
core size and shell thickness of hollow spheres obtained can be manipulated by changing the
concentration of metal salt. The unique multiple-shell hollow silver and hematite composite
microspheres may be potentially used as gas-sensor materials for detecting various toxic gases.
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Introduction

ollow spheres with nanometer to

micrometer dimensions, defined

composition,  controlled interior
structure and tunable shell numbers have
attracted tremendous attention because of
their potential applications in catalysis, drug
storage and controlled release, nanoreactors,
photonic devices, sensor, and biotechnology,
and so on*®. Most of single shelled hollow
spheres have been synthesized by template
assisted synthesis or other methods®. Double
shelled hollow spheres could be obtained by
using sulfonated hollow sphere as template”®
or the layer-by-layer templating technique.
Furthermore, considerable effort has been
devoted to fabricate hollow spheres with
higher-level interior structure (such as multi-
shell or multi-chamber), which are expected

to provide more advantages in drug release
with prolonged release time, in heterogeneous
catalysis, and in Li ion batteries etc®. Very
recently, they further extended this method to
prepare metal oxide hollow microspheres
with multiple shells and found that those
multi-shelled hollow microspheres possessed
very unique sensing properties, whose
response significantly increases with their
numbers of shells.

Herein, we have attempted to prepare
multiple shell hollow Ag/a-Fe,O3 composite
sphere by carbonaceous microspheres as
template and silver nitrate and iron nitrate
solutions as precursors. We investigated the
effect of various experimental parameters on
the morphologies and phase of the resultant
products, such as the concentration and pH
value of solution and the ratio of silver and



iron ions. The resultant multiple shell hollow
Ag/o-Fe,O3 composite microspheres are
expected to have improved performance over
those of multiple shell hollow a-Fe;O3
composite microspheres.

Experimental

Preparation of carbonaceous microspheres.
Carbonaceous saccharide microspheres were
synthesized through the emulsion
polymerization reaction of sugar under
hydrothermal  conditions as  described
elsewhere'. Was dissolved 205 g of Sucrose
in 300ml of water to form a clear solution,
which was placed into a 1000 ml Teflon-
sealed autoclave, heated and maintained at
200°C for some time (3 hours and 32 minutes
~3 hours and 38 minutes). The black or puce
products was filtered and washed with
distilled water and absolute ethanol, and
finally dried under vacuum at 80°C forl2
hours.

Preparation of multiple shell hollow a-Fe;03
microspheres.

In typical synthesis, 0.6 g carbon microsphere
was added into 50ml of iron nitrate ethanol
solution (2, 3 and 4M)), stirred for 6 hours and
then filtered. The resultant products were
washed with distilled water and absolute
ethanol and finally dried under vacuum at
80°C for 12h. The as-prepared products were
collected and heated to 500°C at the rate of
2°C/min and maintained the temperature for
1h.

Preparation of multiple shell hollow Ag/a-
Fe,O; composite microsphere by wet
chemical method.

Multiple shell hollow Ag/a-Fe,O3 composite
microsphere were made by the wet chemical
method, as described below. In a typical
procedure, 20 ml of AgNOj3 solution (0.17,
0.23 and 1.17M) was prepared in conical
flask. And then 10 mg of multiple shell
hollow a-Fe,O3 composite microsphere and

1g L-AA were added into the above
mentioned solution and the mixed solution
was heated to 60°C for 15 min under
continuous stirring. The red products were
collected by centrifugation and washed with
distilled water and absolute ethanol in turn,
finally dried under vacuum at 80°C for 12
hrs.The as-prepared products were collected
and heated in air to 500°C at the rate of
2°C/min and maintained the temperature for
1h. These as-prepared samples were
characterized by XRD, scanning electron
microscope (SEM), TEM, element analysis
(EDX) {S1,S2, S3,S4}.

Preparation of multiple shell hollow Ag/a-
Fe,O3; composite microsphere by the post-
deposition method.

In a typical procedure, 20 ml of AgNO;
solution (0.17, 0.23 and 1.17M) was prepared
in conical flask. And then 10 mg of multiple-
shell hollow a-Fe,O; composite microsphere
the products were collected and washed with
distilled water and absolute ethanol, finally
dried under vacuum at 80°C for 12hrs. The
as-prepared products were collected and
heated in air to 450°C at the rate of 2°C/min
and maintained the temperature for 2hrs. {Ss,

Se, S7}

Preparation of multiple shell hollow Ag/a-
Fe,O3; composite microsphere by the co-
precipitation method.

In the typical synthesis, 0.6 g carbon
microspheres were added into 50 ml of the
mixed solution of iron nitrate (1.5, 2, 2.5 and
3 M) and sliver nitrate (0.002, 0.006, 0.01,
0.02, 0.03, 0.1, 0.15 and 0.23 M) and stirring
for 6 hrs in the room temperature. The
products were collected and washed with
distilled water and absolute ethanol, finally
dried under vacuum at 80°° for 12hrs. The as-
prepared products were collected and heated
in air to 500°C at the rate of 2°C/min and
maintained the temperature for 2hrs.



AgNQ +2Fe(NG,), — "% > Ag/ o0 Fe,0, + TNO, T +40, T

Results and Discussion

In typical SEM micrographs of carbonaceous
saccharide microsphere templates was shown
in Figure 1. The size of microsphere
templates obtained at reaction time of 3 hours
and 32 minutes was 2.6+0.2 pum, whereas
those obtained at reaction time of 3 hours and
38 minutes was 2.45+0.2 um. The surface of
microsphere template is hydrophilic and has a
distribution of OH and C=0O groups, which
will favor the absorption of the template for
cationic metal ions. Zeta potential analysis
indicated that the surface of the microsphere
templates was negatively charged in water
(pH=4.5, (= -47 eV).
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Figurel. SEM images of carbonaceous saccharide

microsphere templates obtained at different reaction
time: (a) 3h32 and (b) 3h38

Figure 2 shows the SEM images of Fe,Os;
hollow microshperes. From the SEM images
of Fe,O3; hollow spheres prepared at low
metal-ions concentration (2M) are shown in

Figure 2a. The surface of the hollow sphere
prepared at this condition is coarse and
broken. Figure 2b shows the overall
morphology of hollow spheres synthesized at
the condition of 3M and we noted that most
hollow spheres had a small opening which
might be the imprint from the template
removal. Because the shells of the hollow
spheres were very thin, we could observe
some wrinkles on the hollow spheres. When
the concentration of metal ions were raised to
Cre=4M, (figure 2c) the surfaces became
more smooth, which may be caused by the
increase of shell thickness.

> 6.0mn

Figure 2. SEM images of Fe,0; hollow

microspheres byusing iron nitrate solution precursors

with different concentration: (a) 2M, (b) 3M and (c) 4
M.



This implies that more metal ions were
absorbed into the templates. Moreover, we
also found that there existed a small core in
the inside of some broken spheres of products
obtained at higher concentration of metal
salts, which indicated these products may
possess a hollow core-shell structure. The size
of the resultant hollow spheres (1.4+0.1 pm)
is reduced to about 46% of the original size of
template spheres, similar to that of single
metal oxide hollow sphere (about 30%). This
reduction mainly depends on the shrinkage of
template sphere due to further carbonization
of organic matters and the densification of
adsorbed metal ions to form oxides during the
thermal treatment.We have prepared hematite
hollow microspheres by using iron nitrate
solution with concentration of 2 or 3M via
hard templating method.

And then silver was deposited on the surface
of hematite hollow microspheres by silver
nitrate as precursor and LAA as reduced
agents via wet chemical method. Figure 3
shows the SEM images of products with
different silver amounts, which exhibits
different morphologies. The corresponding
EDX results exhibit that the ratio of silver and
iron in the four products are 1/200, 1/209,
1/251 and 4/1, respectively. The results
suggest the amount of silver in the products
increases with the concentration of silver
nitrate solution used here. But here hollow
microshpere was not formed.
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Figure 3. Scanning electron microscopy (SEM), EDX
images of the synthesized silver doped iron oxide
hollow sphere with different silver nitrate.
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Therefore, silver was deposited on the surface
of hematite hollow microspheres by sliver
nitrate as precursor and then heated at 450°C
for 2 hours by post-deposition method. Figure
4 shows the SEM images of products with
different silver amounts, which exhibits
spherical morphologies and 1.6~2 pum in
diameter. The XRD results only shows some
diffraction peaks attributed to hematite and no
peak of metal silver appears, which suggests
the amount of silver in the products is
possibly very few.
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Figure 4. SEM images and XRD patterns of hollow
composite microspheres obtained by using silver
nitrate solutions with different concentration.
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We used 0.6 g carbon microspheres as
template and the mixed solution of iron
nitrate (1.5, 2, 2.5 and 3 M) and sliver nitrate
(0.002, 0.006, 0.01, 0.02, 0.03, 0.1, 0.15 and
0.23 M) as precursors to prepare composite
hollow microspheres via co-precipitation
method.
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Figure 5. Scanning electron microscopy (SEM), images
of the synthesized hollow composite microspheres
obtained by using silver nitrate solutions with different
concentration.

Sg), 1.5Mgc at 0.03Magnos (Sg), 2Mee at 0.02M agnos,
S10), 2.5Mge at 0.23M agnos-

When iron nitrates solution with low
concentration (1.5-2.5 M) were used, the
resultant product are some broken hollow
microspheres (see Figure 5), which could be
attribute that the introduction of silver ions
affected the absorption of irons ions on the
carbonaceous microsphere templates and
resulted in a low absorbing amount of iron
ions and thinner hematite shell. We increased
the concentration of iron nitrate solution to
3M. SEM images of the resulting products
(S11, S12, S13) were shown in Figure 6. It can
be seen that the integrity of the resultant
products were significantly improved.
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More microspheres would be observed from
the SEM images (Figure 6). Furthermore, we
decreased the concentration of silver nitrate

solution for avoiding the affection of silver on
the adsorption of iron ions over carbonaceous
microsphere templates.

SEM images of the resulting products (Sia,
S5, S16, S17) Were shown in Figure 7, which
> o Eewr g confirmed our speculation.
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Figure 6. Scanning electron microscopy (SEM), XRD
images of the synthesized hollow silver and iron oxide
composite microspheres obtained by using silver
nitrate solutions with different concentration.
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Figure 7. SEM and TEM images, XRD and EDX
patterns of the synthesized hollow silver and iron oxide
composite microspheres obtained by using silver
nitrate solutions with different concentration.

S14), 3Mgc at 0.002M agnos, S1s), 3Mge at 0.006M agnos,
Si6), 3Mge at 0.01Magnozs Si17), 3Mee at 0.02Magnos.

More spherical particles with well defined
morphologies were observed from the SEM
images. This experiment was prepared by the
co-precipitation method. TEM  images
confirm these spherical particles possess
double shell hollow structure and even some
triple-shell hollow structures also were
observed from the TEM images. EDX results
exhibited the presence of Ag in all the
products and confirmed that we have
successfully introduced sliver into hematite
hollow microspheres. However, we should
note that XRD results show that impurity
AgFeO, appeared in the resultant products
when we used silver nitrate solutions with
high concentration. That result possibly
reflect the generation of bulk Ag particles
(AgFeOy), which is not desired. Therefore,
we should carefully control the amount of
silver precursor used in this process.
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Conclusions
In summary, we have successfully prepared

threetiple shell hollow silver and hematite



composite microspheres (Ag/aFe203) with
1.5 um diameter by various methods such as
wet chemical, post-deposition and co-
precipitation methods. The most suitable
method was co-precipitation and the size of
microshpere fibers was regularly produced by
using this method. The effect of various
experimental parameters on the morphologies
and phase of the resultant products, such as
the concentration (3M Fe(NO3)3, 0.01M
AgNO3) and the ratio of silver and iron ions
(Ag:Fe=1:4,73) were investigated. And the
size of the threetiple hollow spheres (1.5+0.1
pm) is reduced to about 40% of the original
size of template spheres (2.45+0.2um) were
established. The novel multiple shell hollow
Ag/a-Fe203 composite microspheres may
find potential applications in catalysis, gas
sensors, and so on.
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