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Abstract

Anatase TiO; nanoparticles are successfully synthesized via a simple hydrothermal
method with citric acid as a capping agent. The effects of systematic growth periods on
the morphological, structural and optical properties of TiO, nanoparticles are
investigated. XRD results confirm the formation of anatase phase while citric acid was
used. TEM measurement reveals that the particle size increased by increasing the
growth period. TiO; particles synthesized under different growth periods such as 5, 15,
25 and 45 h are used to prepare a photoanode layer by spray deposition technique for
dye-sensitized solar cell fabrication using N719 ruthenium as a sensitizer. It is found
that the maximum efficiency (n) of 7.66 % is achieved for 15 h growth period and is
attributed to enhanced light harvesting caused by absorption of greater numbers of dye

molecules.

1. Introduction

Dye-sensitized solar cells (DSSCs)
have been considered as an alternative to
semiconductor solar cells due to their
good potential and cost effectiveness [1].
It is known that the DSSCs consist of
FTO substrate, photoanode material for
dye absorption, platinum  counter
electrode and the electrolyte
(iodide/tri-iodide). There are numerous
factors which determine the efficiency.
Among those, the photoanode is
considered to be an important factor for
the light harvesting and charge transfer
properties. In DSSCs, the semiconductor
oxide material with the wide band gap is
used as the photoanode material [6].
Titanium-di-oxide (TiO,) gained good
attention due to their unique properties
such as well matched band alignment
with dyes [7]. It is regarded as a
promising material preferred as a
heterogeneous photo catalyst in solar
cells. TiO, exists in three crystalline
polymorphs such as rutile, anatase and
brookite. Among those, rutile is the most
stable phase, where as anatase and
brookite are in metastable phases.
However, the anatase phase has been
highly employed in wide applications
such as DSSCs, photo catalysts, sensors
etc. In order to synthesis TiO;
nanoparticles several methods such as sol

gel, hydrothermal, laser ablation,
solvothermal were adopted. In
comparison with the other methods,

hydrothermal method is a simple and
inexpensive method to prepare well
crystalline materials. However, the fast
hydrolysis process leads to the formation
of irregular phase and morphology. In
order to synthesize the nanoparticles
without agglomeration, it is necessary to
use the capping agent. It is reported that
the carboxylic acids have strong affinity
towards TiO, material. The carboxylic
acid with a long hydrocarbon chain is
considered as an important surfactant for
the synthesis of titania nanoparticles. It is
very important to identify the capping
ligand which offers unique size reduction
and better morphology.

In the present work, we report
synthesize of anatase TiO; nanoparticles
by facile hydrothermal method, using
citric acid as a capping agent. The
systematic investigations are carried out
for the growth period and the functional
properties.  The  photoanodes are
fabricated using spray technique and
DSSC performances are studied.

2. Results and Discussion
Figure 1(a) depicts the XRD pattern
of the samples at different growth periods
of 5, 15, 25 and 45 h. The phase
compositions of all the samples were



identified from the XRD pattern. All the
diffraction peaks were indexed to (101),
(004), (200), (105), (204), (116), (220)
and (215) planes of the crystal structure
of anatase TiO, phase and they matched
with card (JCPDS: 21-1272). Whereas
the uncapped material shows other planes
such as (110) (101) and (211) which
corresponded to the rutile phase and
mixed with anatase phase. XRD patterns
evident that the role of citric acid as a
phase directing ligand to obtain only the
anatase phase.
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Fig.1(a) XRD pattern of TiO, nanoparticles
with growth periods of 5, 15, 25 and 45 h.

Figure 1(b) illustrates the Raman
spectra of the prepared samples.
Generally, the anatase phase has six
fundamental vibrational modes such as
[Ag + 2 Byg + 3 Eg] and the rutile phase
has four fundamental vibrational modes
such as [Ayg + Big + By + Eg]. The citric
acid capped nanoparticles grown at
different growth period have the four
Raman peaks at 148, 400, 158 and 649
cm™ which can be assigned to Eg, By,
Alg and Eg modes of the anatase phase
[2]. The uncapped material has the
Raman pl)eaks at 237, 400, 450, 518 and
640 cm™. Where the peaks 237 and 450
cm™ can be assigned to Eq modes of the
rutile phase and the remaining lines
belong to the anatase phase as mentioned
above. Thus it confirms that the uncapped
material has the mixture phase of anatase
and rutile. It has good agreement with the
XRD data.
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Fig.1(b) Raman Spectrum of TiO,
nanoparticles with growth periods of 5, 15,

25 and 45 h.

Further confirmation for the electronic
levels of the samples was analysed by
X-ray photoelectron spectroscopy (XPS).
The binding energies obtained in the XPS
analysis were corrected by reference to
Cls at 284.60 eV. Figure. 2 represents the
XPS spectra obtained from Ti and O
regions of TiO, nanoparticles. Figure 2
(@) shows two strong peaks at 459.5 and
464.9 eV which correspond to the
binding energies of Ti 2ps, and Ti 2py/,.
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Fig.2(a) XPS spectra of TiO, nanoparticles
with growth periods of 5, 15, 25 and 45 h.

In Figure 2 (b), there was a strong
peak at 530.8 eV, which is attributed to
signature of the lattice oxygen O1s in the
Ti-O-Ti bonds. All the samples exhibited
the similar peak values in the Ti and O
core level spectra. No obvious peaks for
other elements of impurities were
observed.
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Fig.2 (b) XPS spectra of TiO, nanoparticles
with growth periods of 5, 15, 25 and 45 h.
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Fig.3 IHlustration of 1-V characteristics
and photocurrent spectra of TiO;
nanoparticles at growth periods of 5, 15,
25 and 45 h.

Table.1 Device parameters of DSSC

Growth

peried 5h I5h 25h 45h
¥F 0.64 067 0.66 [ 175
Eft (%) 554 7.66 645 5.61

Isc (mAjew®) 1202 16.59 13.44 12.16

The DSSCs were fabricated using the
nanoparticles synthesized at various
growth periods. Figure 3 shows the
current density versus voltage (I-V)
characteristics measured for 5, 15, 25 and
45 h. The values of Voc, Isc, FF and
conversion efficiencies (n) of the DSSCs
are listed in the Table.1. From the table it

is clear that the Voc and FF show
somewhat constant whereas the Isc shows
an increasing behaVIor from 12.02 to
16.59 mA cm? when the particle size
increased from 8 - 11 nm (5 h) to 12 - 18
nm (15 h). When the particle size
increased as 24 - 29 nm (25 h) and 29 -
37 nm (45 h), the Isc started to drop from
16.59 to 13.44 and 12.16 mA cm?. The
overall conversion efficiency (n) shows
the similar behavior of Isc thus the
efficiency increased from 5.44 to 7.66%
(8 =11 nm (5h) to 12 - 18 nm (15 h))
and it decreased as 6.45 and 5.61 %. It is
clear that the DSSC performance is
highly dependent on the Isc factor. When
compared with the above data, the growth
period 15 h is optimized to yield the
maximum efficiency 7.66 % with the
particle size of about 12 - 18 nm. The
decrease in the efficiency as the particle
size increased may be due to the minimal
of surface area for the greater absorbance
of dye molecules.

3. Conclusions

TiO, nanoparticles have been
successfully synthesized using facile
hydrothermal method. The effect of citric
acid on TiO, nanoparticles has been
studied. The functional properties of the
TiO, nanoparticles were investigated by
TEM, XRD, Raman spectroscopy, UV-vis
spectrophotometery, FTIR spectroscopy
and XPS analysis. Citric acid promotes
the formation of anatase phase through
the coordination of carboxylic groups
with the titanium complexes. The effects
of various growth periods (5, 15, 25 and
45 h) have been investigated. The effect
of the photoanode (with various growth
periods) on the DSSC conversion
efficiency was investigated. It was found
that the maximum efficiency (n) of
7.66% was obtained for 15h growth
period.
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Abstract

The hexagonal phase MoSi, was grown using MoS, powder as the source material
by the molten salt technique. The structural and morphological properties of the
resultant silicides are characterized. The layered structure of MoS, with a hexagonal
crystalline structure would affect the growth morphology and enhance the formation of
the hexagonal MoSi,. Moreover, Synthesis of the h-MoSi2 was promoted by adding S
atom. A simple growth procedure to fix the crystalline structure using an appropriate
starting material under a preferable growth environment is proposed.

1. Introduction

Recently, semiconducting silicides,
which consist of non-toxic and abundant
materials, have attracted much attention for
their potential to create new classes of
environmentally conscious electronics [1].
The group VI metal silicides are classified in
this material group [2]. MoSi, with stable
tetragonal (t-) phases is metallic and has
been used in electrode wire materials. On the
other hand, the hexagonal (h-) phase MoSi,
has lattice constants of a=0.4622 nm and
¢=0.6646 nm, and is known to be a narrow
gap semiconductor. It is reported that the
low temperature phase, h-MoSi,, is expected
to be one of the novel silicide
semiconductors, which has improved
thermoelectric properties [2]. However, the
electrical and thermoelectric property of the
bulk crystal h-MoSi, have not been
experimentally clarified. Since t-MoSi, is
transformed into h-MoSi, with the Ti
addition by a Mechanical Alloying (MA)
technique in the Mo-Ti-Si system [3], it has
been reported that Mo-silicides were grown
using Mo substrates and Mo-Ti alloy
(Mo(Ti)) compacts by the molten salt
method. However, the tetragonal phase was
formed as well as the hexagonal phase in the
silicides. A nonhomogeneous compositional
distribution of Mo and Si atoms was
observed in the silicides when using the Mo
substrate and Mo(Ti) compact [4]. The
single phase growth of h-MoSi, and
improved compositional homogeneity of the

silicide are required.

On the other hand, MoS; has a hexagonal
structure with lattice constants of a=0.31612
and c¢=1.22985 nm. The detailed structure of
MoS; and extraordinary chemical properties
of the two-dimensional MoS, nanoclusters
are described in Refs.5 and 6, respectively.
MoS, has a characteristic layered structure,
i.e., metal chalcogenide slabs are formed by
two layers of close-packed chalcogenide
atoms sandwiching one metal layer between
them. These slabs are stacked with only van
der Waals forces between the slabs [7]. It is
considered that the use of the thin separated
slabs would improve the homogeneity of the
atomic distribution in the resultant alloys,
because the diffusing species easily can pass
through the materials during the treatment.
Moreover, it has also been reported that the
crystalline structure of the resultant
compounds is strongly affected by that of the
starting materials. For example, the
formation of the zincblende-MnTe phase
was demonstrated using ZnTe [8]. Single
phase Ca,Si was obtained using Mg,Si as the
starting material [9]. In the same manner, it
is expected that the h-MoSi, would be easily
obtained using MoS; as the source material.

In this study, the synthesis of h-MoSi,
was examined using MoS, powder to
overcome the previously  mentioned
difficulties. The structural and
morphological properties of the resultant
silicides were also characterized.
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Fig.1 XRD spectra of the resultant powder by
using MoS; as the source material at 600 °C.

2. Experiments

10 20 30 40

The Mo-silicide powder was synthesized
using MoS, powder, S powder and a molten
salt, comprised of 36.58 mol%NaCl - 36.58
mol%KCl - 21.95 mol%NaF - 4.89
mol%Na2SiF6. The salt mixture, silicon
powder (99.999%, 21.85 mol% for the salt
mixture), S powder (99.99 %, 10 mol% for
salt mixture) and MoS, powder (99.9%up,
2.73 mol% for salt mixture) were placed in
an SiO2-Al203 crucible with the powder.
They were thermally treated at 873 and
973K. After the heat treatment, the salt was
removed from the sample using deionized
H20. The structural properties of the powder
were characterized by scanning electron
microscopy (SEM) with energy dispersion
spectroscopy (EDS), transmission electron
microscopy (TEM) and scanning
transmission electron microscopy (STEM)
with EDS.

3. Results and Discussion

Figure.l1 shows XRD spectra of the
resultant powder by using MoS2 as the
source material at 600 °C. The h-MoSi,
was formed with progress of growth time.

Figure.2 shows XRD spectra of the
resultant powder by using MoS2 as the
source material at 700 °C. The h-MoSi,
was formed with progress of growth time,
however, the t-MoSi, formed as well as

0 hex-MoSi2 V Si @®KCI
¥ tet-MoSiz ‘ Mo @ NaCl
¥V MoS» O NaF

700°C,4h

X-ray Intensity[a.u.]
£

700°C,1h

10 20 30 40 50 60 70 80 90
20[deg.]

Fig.2 XRD spectra of the resultant powder by

using MoS; as the source material at 700 °C.

h-MoSi, with progress of growth time. The

stable t-MoSi, was formed at higher
temperature.
.Mo
Si
Composition
Source Potision [at.%]
Material
Mo Si S
MoS, 1 25.16 68.73 6.11
2 17.66 74.92 7.43
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Fig.3 SEM image and corresponding EDS
mappings of resultant powders grown using
MoS; as the source material at 600 °C / 4h.

Figure.3 shows an SEM image and
corresponding EDS mappings of the



resultant powders grown using MoS, as the
source material. The average composition of
the local area on the resultant silicide is
approximately Mo : Si= 1 : 2~4. The region
with pure Si is also observed. According to
the Mo-Si phase diagram, no stable phase
exists between MoSi, and Si [10]. The
excess Si is due to the presence of Si powder
as the source material.

Fig. 4(a) TEM image and (b) an enlarged
lattice image of the resultant powder using
MoS; as the source material at 600 °C / 4h. The
FFT pattern of the images and corresponding
crystalline orientations of the domains are
shown in the inset.

Figure.4 shows a TEM image and an
enlarged lattice image of the resultant
powder using MoS, as the source material.
The Fast Fourier Transformation (FFT)
pattern of the images and corresponding
crystalline orientations of the domains are
shown in the figure. As shown in Fig.4(a),
thin silicide films were synthesized, which is
due to the layered structure of the MoS,
starting material. The enlarged lattice fringes
show a hexagonal symmetry and the lattice
spacing of the fringe is 0.23 nm which
corresponds to that of h-MoSi,(110) as
shown in Figure.4(b). The six-fold FFT
pattern is consistent with the electron
diffraction patterns of the h-MoSi, observed
along the [0001] zone axis.

Figure.5 shows an STEM image and
corresponding EDS mappings of one of the
powders grown using MoS, as the source
material. The average chemical composition
of the powder is about Mo:Si=1:2, though a
small amount of S (~0.4%) remained in the
powder.

Figure.6 and 7 shows XRD spectra of the
resultant powder by using S and MoS, as the
source material at 600 and 700 °C,

respectively. Synthesis of the h-MoSi2 was

promoted by adding S powder.
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Fig.5 STEM image and corresponding EDS
mappings of one of the powders grown using
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Fig.6. XRD spectra of the resultant
powder by using S and MoS, as the
source material at 600 °C.
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4. Conclusion

The h-MoSi, was formed using MoS,
powder as the source material by the molten
salt method. Moreover, thin silicide firms
were synthesized, and the composition was
uniform. The layered structure of MoS, with
hexagonal crystals would affect the growth
morphology and enhance the formation of
h-MoSi,. Synthesis of the h-MoSi, was
promoted by adding S atom. It is expected
that this simple growth procedure to fix the
crystalline structure using the appropriate
starting material under the preferable growth
environment would open a new field of
silicide semiconducting technology.
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Abstract

Nanostructured calcium — tin system composites were synthesized by thermal annealing.
These shapes of nanostructures grown on surface of composites were different each other.
Additionally, formed composites had reactivity against moisture. The structural properties of
the resultant composites were characterized by scanning electron microscopy (SEM)

1. Introduction

Recently, a tin and tin compound attracts
much attention in various fields. It was
reported that tin catalyst was useful for
synthesis silicon nanowires [1]. In addition,
it was reported that tin oxide nanorods were
used as a Li storage compound for Li-ion
batteries [2]. Furthermore, it is reported that
amorphous zinc tin oxide thin films were
examined for thin film transistor application
(3]

On the other hand, the intermetallic
compounds of the alkali metals with
group-1V B elements (Si, Ge, Sn, Pb) from an
interesting class of materials, exhibiting quite
peculiar crystal structures associated with a
variety of chemical-bond types [4]. Among
them, Na — Sn phase system has intensively
been investigated for more than 80 years[5],
the discovery of binary phases and their
structural characterization occurred only
recently. After the structural characterization
of NaSn in 1977[6] it took 20 years until the
structures of other binary phases on the
tin-rich side were detected and characterized,
namely NasSn;3(1997)[7], NaSns(1998)[8],
Na;Sn2(2003)[9], and NaSn,(2005)[10].

In this study, Na-Sn system composites
were synthesized by simple thermal
annealing method, and their structure
property is characterized.

2. Experimental

The composites were synthesized from

Sn lumps (Alfa Aesar, -100 mesh, 99.999%)
and Ca lumps (High Purity Materials, 99%),
which were weighted in an Ar filled glove
bag, and charged in boron nitride (BN)
crucibles (DENKA; inside diameter, 6 mm;
depth, 17 mm). The details of experimental
conditions are described in Table 1. Each
crucible was sealed in a stainless-steel tube
(inside diameter, 13mm; length, 80 mm) to
prevent the vaporization of Ca. The sealed
tubes were heated at 500°C for 4 hours in an
electric furnace.

The structural properties of the resultant
composites were characterized by scanning
electron microscopy (SEM).

Table 1 Preparation conditions

Molar ratio
(Na: Sn)

#1 1.0:1.0

Composite

3. Results and Discussion

Figure 1 shows the SEM image of
Composite #1.

Figure 2 shows the SEM image of
Composite #1. As shown in Fig.2 (a), a large
number of wires were formed on the
composite surface. Furthermore, it is
interesting that the wires tend to grow up
from a lumps formed on the composite
surface, which is illustrated by the image in
Fig.2(b). Additionally, it is observed that an
individual wire is thin, straight, and has a



Fig.1 SEM images of Composite #1 shown in
Tablel.

sharp top end. Meanwhile, it is found that
the average diameter of the wires is 400 nm
and their lengths are in the range of about
6.7-11um.

Figure 3 shows the SEM images of
Composite #2. As shown in Fig.3 (a), a large
number of rods were formed on the
composite surface. The average diameter of
the rods is 1.76 pm and their lengths are in
the range of about 7.7-10um. Additionally, it
is observed that an individual rod has an
unhomogeneous shape and has a rugged
surface, which is illustrated by the image in
Fig.3 (b).

While both composites were stored, both
composites reacted with moisture. Therefore,
it seems that peaks of compound having a
hydroxy group and peaks of monohydrate
compound appeared. In other words, it is
considered that the nanostructures on the
surface of composites were formed by a
reaction with the moisture.

Though composite #2 was synthesized
under the Sn-rich condition, the peaks of tin
of composite #2 is weaker than that of
composite #1 from the XRD spectra.
However, the XRD spectrum of composite
#2 shows surface. On the other hand, the
XRD measurement of composite #1 was
carried out powder of composite #1.
According to XRD spectra, it is considered
that most of Sn existed in center of
composite #1 and #2.

4. Conclusion

Nanostructured sodium — tin system
composites were obtained by simple thermal
annealing method. Both composites had
reactively against moisture. Additionally,
different-shaped nanostructures were
synthesized on the surface of both
composites. The wires, which are thin,

straight, and have sharp top end, were grown
in composite #1. On the other hand, the rods,
which have an unhomogeneous shape and a
rugged surface, were grown in composite #2.

The synthesis condition of Na-Sn system
composites is clarified by characterization of
the cross-section of composite #1 and #2.
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Abstract

Carbon materials were synthesized from the wastes of organic materials such as corn cob and
lemon peel by a simple chemical route. XRD and Raman data indicated that the
synthesized materials were related to graphitic based structure with disordered grains.
Compared to lemon peel derived carbon, corn cob based carbon material had more
ordered structure. FTIR spectra and elemental analysis concluded that the material had

oxygen and hydrogen.

1. Introduction

Dye-sensitized solar cells are the third
generation electrochemical solar cells, which
consist of four different major parts i.e., the
photo anode, dye, electrolyte and photo
cathode. The typical cell arrangement is
shown in Fig. 1. The principle of DSSC’s
was discussed in 1991 by Gratzel et. al [1].
Photoelectrodes consist of nanostructured
TiO, particles which are mainly used for
photovoltaic conversion. The mechanism of
DSSC’s is that the dye molecules adsorbed
on TiO, are exposed to sunlight, as a result
photo electrons are generated and are injected
into the conduction band of photo anode. The
oxidized dye is then reduced by the lodide
() / tri-lodide (1*) electrolyte. Counter
electrodes or photo cathodes are utilized for
the supply of an electron to the tri-lodide [I*]
in the reduction process. This cycle should
proceed continuously. The overall efficiency
depends on every section of DSSC’s [2].
High catalytic activity and high cyclic
performance depend on the material at the
counter electrode. Commercially platinum is
used as a best photo cathode. But, in terms of
cost and stability, variety of research focuses
on the replacement of platinum material
without affecting its performance.

Carbon is one of the possible material for
overcoming these issues. Because carbon
materials are generally considered as a better
catalytic material in the field of Fuel cells,
supercapactors and so on.

Y43 ung
et

.
.
.
Wt atea
st I
a2 v e
LA
R B
e " e 3
LTI
. .

“, o8 "

'... aten Electrolyte &
" =
g e, -E
; 8
w A e
o,

Ruthenium dye

Fig.1 Schematic arrangement of dye-
sensitized solar cells

Many research groups have been
synthesizing the nanostructured carbon
materials as an efficient counter electrode [3].
However, in terms of cost and complicated
synthesis methods it finds less attractive
towards the application of DSSC’s. To
overcome the above problems by employing
simple and easy synthesis procedures,
organic sources are being attracted. In this
work synthesis of carbon based materials
from the wastes of organics such as corn cob
and lemon peel are discussed.



2. Experimental Procedure
Fig. 2 shows the photograph of corn cob

waste and lemon peel waste.

2.1.Corn cob carbon synthesis

Phosphoric acid was taken for
carbonization as well an activating agent in
one step process of chemical synthesis. In
our experiment 50 wt.% of phosphoric acid
was mixed with the carbon source of 10 g
and stirred for 3 h at 120 °C. Residues of
the filtrate were sintered at 500 °C in argon
atmosphere. The final powder was washed
with distilled water several times to
maintain the pH in the range of 6 to 7.

Fig. 2 Organic wastes Corn cob and lemon
peel.

2.2.Lemon peel carbon synthesis

Potassium hydroxide [KOH] was taken as
a corrosive salt for carbonizing as well
activating the wastes of lemon peel. The ratio
1:1 of lemon peel and KOH was taken with
100 ml of distilled water. The above mixer
was stirred for 3 h at 100 °C. Then the
residue was subjected to sintering at 700 °C
for 1 h in inert atmosphere. Further washing
and filtration were carried out. A solution of 1
M Hcl is added to achieve the pH in the
range of 6 to 7.

3. Results and Discussion

Corn cob  contains  cellulose,
hemi-cellulose, and ligno cellulosic
organic compounds. During

carbonization the unsaturated valences of
edge carbon atoms were created because
of the removal of other elements from the
organic sources. X-ray diffraction image of
corn cob derived carbon is shown in Fig. 3. It
indicates that graphite based carbon was
formed. The two broad peaks at 26° and 44°

were related to the (002) and (101) miller
indices of graphitic carbon material.
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Fig. 3 XRD spectra of corn cob carbon.

Raman spectra of corn cob carbon and
lemon peel carbon are shown in Fig. 4 ()
and (b), respectively. The peaks at 1350 and
1604 cm™ were the well known graphite G
band and defect D band which related to the
graphitic SP? -bonding. Lemon peel carbon
as well corn cob carbon containd both peaks.
But the intensity raio of G and D bands were
different. In the case of corn cob carbon, Ig/lp
ratio was 1.27 and for lemon peel carbon the
ratio was 1.
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Fig 4. Raman spectra of a) corn cob carbon
b) lemon peel carbon



The FTIR spectra of the synthesized carbn
from corn cob and lemon peel were shown in
Fig. 5 (a) (b), respectively. The peak
corresponded to 3400 cm™ was related to the
O-H vibrations of the hydroxyl groups. The
C=C aromatic rings vibration was located at
1564 cm™. The bands located at 1330 and
1392 cm™ were related to the C-O
carboxylate group. Other two peaks at 1170
and 1042 cm™ were due to the C-O stretching
vibrations. Peaks at 667 and 578 cm™ were
assigned to the out of plane of C-H bending
mode. The C-H out of the plane
causedanother vibration at 870 and 811 cm™.

In Fig 5 (b), the strong peak at 1550
cm™ corresponded to the C=C carbon
material. The other peaks at 1213,1100 cm™
and 1170, 1042 cm™ were related to C-O
bending and stretching modes, respectively.
The peak at 872 cm™ was due to the C-H out
of plane bending. From the Fig 5, it was
found that the presence of carbon and surface
oxygen were observed. From both the FTIR
spectra peak at 2400 cm™ corresponded to the
atmospheric CO,.
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Fig. 5 FTIR spectra of (a) corn cob carbon
and (b) Lemon peel carbon

FESEM images of corn cob and lemon
peel carbon are shown in Fig. 6(a) and (b),

respectively. Fig. 7(a) and (b) indicate the
elemental analysis of corn cob carbon and
lemon peel carbon, respectively.

From, Fig. 6(a) and Fig. 7(a), it was found
that corn cob carbon based carbon contained
porous structure with different sizes and
approximately 90 at.% of the synthesized
material contained carbon and 7 to 8 at.%
oxygen. The remaining trace elements of
hydrogen, sulfur were present less than 0.5
at.%. Fig. 6 (b) and Fig.7 (b) indicated that
three dimensional porous network structure
was synthesized from lemon peel carbon. The
porous arrangement was ordered throughout
the material. It contained 83 at.% of carbon ,
14 to 15 at.% of oxygen and remaining of
trace elements.

(b)
Fig. 6 FESEM images of (a) corn cob carbon
(b) lemon peel carbon
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(b)
Fig 7 Elemental analysis of corn cob carbon
(a) lemon peel carbon (b)

4. Conclusion

Synthesis of carbon based material
from the organic wastes such as corn cob
and lemon peel were performed. From
the XRD it is clear that material related to
graphitic based structure with disordered
grains. Raman spectra explains that the
amount of graphitic based carbon and its
disorderness. Compared to lemon peel
derived carbon, corn cob based carbon
material has a more ordered structure,
which can be understood from the ratio of
lc/lo. FTIR spectra and elemental
analysis conclude that the material has
oxygen and hydrogen, adsorbed from the
atmosphere. The synthesized material of
highly activated carbon can be utilized
further as a counter electrodes for dye
sensitized solar cells.
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Abstract

CaSi2 to generate a thin film onto the Si(111) substrate in an atmosphere of Ca by vapor
deposition. Growth time becomes longer, began to increase in the proportion of Ca component
of the substrate surface. The structural properties of the resultant composites were characterized
by scanning electron microscopy (SEM), energy dispersive x-ray spectroscopy (EDS), and

X-ray diffraction (XRD).

1. Introduction

First, I will introduce silicon-based
nanosheet structure. Nanosheet is a
nanomaterials with nanometer-scale
thickness obtained apart by a layer
constituting the layered compound, the
horizontal size of the micrometer scale.[1]

There are the typical ones that are made
graphene in the current characterization
studies, and have been functionalized. Such
as high thermal conductivity and high carrier
mobility, as has been reported characteristics
are those of good quality[2]

Those are expected to apply wiring material,
such as to chemical and bio-sensors. As with
graphene with silicon nanosheet effective
properties can be expected. Considered trying
to produce silicon-based nanosheet structure,
and can be used as a starting material, which
is a layered crystal CaSi2 as a preliminary
step.[3]

CaSi2 layered crystal structure is a Ca
atomic layer is inserted between the plane
Si(111)  diamond-shaped. High  vapor
pressure Ca, re-evaporation of calcium
occurs in the silicide formation temperature,
it is difficult silicide growth. Toxicity rather
than Ca, both Si, it is a material with low
environmental impact because it is an
abundant element in the Earth's crust.[4]

As mentioned earlier in a high vapor
pressure Ca, in the silicide formation

temperature growth is difficult because the
evaporation will occur again.[5]

Thus, the purpose of this study is on the
growth of CaSi2 layers on Si(111) substrates
in an atmosphere of Ca using a quasi-closed
tube container and, the observation and
composition analysis of the surface structure
of those compounds.

2. Experimental

It was grown by vapor phase growth of

CaSi2. The composites were synthesized
from Ca powder (0.05g, particle
size :1-3mm) and Si substrate (0.03g). The
inside of the chamber is evacuated to about
10°Pa degree of vacuum, heat-treated at
600 ‘C Growth time I was done in 2.5 hours
and 2.0 hours and 1.5 hours.

The structural properties of the resultant
composites were characterized by scanning
electron  microscopy (SEM), energy
dispersive x-ray spectroscopy (EDS), and
X-ray diffraction (XRD).

3. Results and Discussion
Fig.1 shows SEM images of each samples

of the surface of the substrate by the growth
time.



Fig.1 SEM images of each sample.
(a) 1.5h (b)2.0h (c) 2.5h

Growth time of all, I look in particular at 1.5
hours, as have grown big piled plate-like
crystals. The size of the plate is seem growth
time becomes longer and smaller. Crystals in
2.5 hours is quite small, it is seem to be the
membrane.

Position at(%) Ca Si C
1 30.67 48.80 20.53
2 28.72 53.27 13.60
3 34.28 52.95 12.77

Table.1 the results of EDS substrate surface
growth time 1.5 hours.

Table 1 shows the results of EDS substrate
surface growth time 1.5 hours. The
composition ratio of Ca and Si was
approximately 3:5 in all points.

Table 2 shows the results of EDS substrate
surface growth time 2.0 hours. The
composition ratio of Ca and Si was
approximately 4:5 in all points. It has
increased the proportion of Ca than 1.5 hours
was observed.

Position at(%) Ca Si C

1 40.34 49.40 10.25
2 42.17 49.23 8.59
3 38.43 51.89 9.57

Table.2 the results of EDS substrate surface
growth time 2.0 hours.

Position at(%) Ca Si C
1 63.70 28.69 7.61
2 65.28 28.58 5.88
3 64.53 27.28 8.19

Table.3 the results of EDS substrate surface
growth time 2.5 hours.

Table 3 shows the results of EDS substrate
surface growth time 2.5 hours. The
composition ratio of Ca and Si was
approximately 2:1 in all points. It has further
increased the proportion of Ca from the
results of 2.0 hours.

Based on the results of EDS, I have
observed the XRD spectra of the sample
substrate surface obtained by heat treatment
of the composition ratio was close to 1.5
times the most CaSi2. These are shown in
Fig.2.
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Fig.2 the XRD spectra of the substrate
surface of the sample obtained by heat
treatment for 1.5 hours.

The diffraction peaks of CaSi2 were
observed. And also, this most biggest perk is
silicon. This result is believed, by performing
a heat treatment for 1.5 hours in vacuo, and
CaSi2 is generated on the substrate surface.

4. Conclusion

In this study we have conducted
observations of the surface structure of the
compounds obtained, the composition
analysis, and attempts film growth CaSi2
onto Si(111) substrate in an atmosphere of Ca
with the container closed tube level. Growth
time becomes longer, began to increase in the
proportion of Ca component of the substrate
surface. The results of the EDS, the substrate
surface of the sample generated by the
growth time 1.5 hours, it was possible for
making the composition ratio of Si and Ca is
the most close to 1:2. From XRD spectrum of
the sample is considered generated by the
growth time of 1.5 hours in vacuum, to have
been generated on the substrate surface
CaSi2.
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Abstract

The titanium oxide nanorods on titanium wire were grown by the thermal oxidation
technique in the air. The pretreatment dependence of nanorods was investigated. The length
and the diameter of nanorods grown on the substrate chemically-etched in hydrochloric acid by
the thermal oxidation at 800 °C for 4 hours were approximately 1300 nm and 190 nm,
respectively. Layer and nanorods were composed of Ti-oxide such as TiO, rutile. It is clarified

that the length and diameter of nanorods depend on pretreatment.

1. Introduction

TiO, is an n-type semiconductor with
wide band gap energy of 3.0-3.2 eV and has
been widely used for various applications in
dye-sensitized solar cells [1], gas sensors [2],
photocatalyst [3] and negative electrode for
lithium rechargeable batteries [4].

Nanostructured materials have attracted
much attention for its promising potential for
electronics, optoelectronics  applications
because they have many merits such as a
high surface to volume ratio and short and
controlled electron pathway [5]. They have
been reported in various forms such as
nanotubes [6], nanowires [7], nanoparticles
[8] and nanoplates [9].

TiO, nanostructures are synthesized by
many techniques such as sol-gel method [10],
hydrothermal process [11], electrochemical
oxidation method [6] and thermal oxidation
technique [12]. Among of them, thermal
oxidation technique is simple and cheap.
TiO; nanostructures grown by this technique
was carried out under carrier gas such as
acetone [7] and ethanol [12]. However,
almost none of this technique is able to grow
the TiO, nanostructures in the air.

In this study, we reported the growth of
Ti-oxide nanorods by thermal oxidation
technique of titanium substrates in the static
air. In addition, the pretreatment dependence
of nanorods was investigated.

2. Experiments

The TiO, nanorods were grown by
thermal oxidation technique of titanium
substrates in the air. Titanium wires with
diameter of 1 mm were used as the
substrates. The substrates were polished by
three pretreatment methods. The
pretreatment methods were mechanical
polish with #400 and #1500 sandpapers,
chemical etching in hydrochloric acid at 80
°C for 1 min and chemical etching in
sulphuric acid at 80 °C for 1 min. And then,
the substrates were ultrasonic cleaned in
acetone and ethanol for 10 min. The
substrates were placed at the center of
electric furnace. The temperatures were
raised to 800 °C for 1 hour. The substrates
were annealed in the air for 4 hour. The

temperatures were reduced to room
temperature in atmosphere.
The Ti-oxide nanorods were

characterized by field emission scanning
electron microscopy (FE-SEM, JSM-7001F)
and X-ray diffraction methods (XRD, RINT
Ultima III).

3. Results and Discussion
Figure 1 shows SEM images of the

substrate polished by three pretreatment
methods. Figure 1(a), 1(b) and 1(c) show



Fig. 1.

SEM image of the substrate (a)
polished with #400 and #1500 sandpaper, (b)
chemically etched by hydrochloric acid, (c)
chemically etched by sulphuric acid.

SEM images of the substrate polished with
#400 and #1500 sandpapers, chemically
etched in hydrochloric acid and chemically
etched in sulphuric acid, respectively. In Fig.
1(a), 1(b) and 1(c), the surface of substrate
were different. In Fig. 1(a), the surface of the
substrate polished with #400 and #1500
sandpapers is rough. In Fig. 1(b), on the
substrate chemically etched in hydrochloric
acid, many ledges were formed. The
diameter of ledges was approximately 200
nm. In Fig. 1(c), on the substrate chemically
etched in sulphuric acid, many voids were
formed. The diameter of voids was
submicron order.

Fig. 2. SEM image of Ti-oxide layer and
nanorods on the substrate (a) polished with #400
and #1500 sandpaper, (b) chemically etched by
hydrochloric acid and (c) chemically etched by
sulphuric acid.

Figure 2 shows SEM images of TiO,
nanorods grown at 800 °C for 4 hours. In Fig.
2(a) and 2(c), nanorods were formed and laid
randomly on the layer. In Fig. 2(a), the
length and the diameter of nanorods were
approximately 910 nm and 130 nm,
respectively. In Fig. 2(c), the length and the
diameter of nanorods were approximately
1400 nm and 190 nm, respectively. In Fig.
2(b), aligned nanorods were formed and laid
on the layer. In Fig. 2(b), the length and the
diameter of nanorods were approximately
1300 nm and 190 nm, respectively. The
length and the diameter of nanorods in Fig.
2(b) was formed as same as that in Fig. 2(c).
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Fig. 3. XRD spectra of Ti-oxide layer and

nanorods on the substrate (a) polished with #400

and #1500 sandpaper, (b) chemically etched by

hydrochloric acid and (c) chemically etched by

sulphuric acid. R represents TiO, rutile structure.

However, the density of nanorods in Fig.
2(b) was more than that in Fig. 2(c).

Figure 3 shows XRD spectra of TiO,
nanostructures grown at the temperature of
800 °C for 4 hours. TiO, exist in three forms
of tetragonal rutile, tetragonal anatase and
orthorhombic brookite. In Fig. 3, some
diffraction peaks of TiO, rutile were
observed. Overlapped diffraction peaks due
to other TiO, structures and Ti-oxide
materials such as TiO, Ti,03 and Ti305 were
observed in Fig. 3(a). Hence, layer and
nanorods in Fig. 2(a) were composed of
Ti-oxide such as TiO; rutile.

4. Conclusions

Ti-oxide nanorods were grown by
thermal oxidation technique in the air at 800
°C for 4 hour. Aligned nanorods were
formed and laid on the layer on the surface
chemically-etched by hydrochloric acid.
Layer and nanorods were composed of
Ti-oxide such as TiO,, TiO, Ti,03 and Ti30s.
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Abstract

Various Ag nanostructures were grown on metallic substrates using hexakisphosphate (IP6) as a
silver carrier agent. The structural and morphological properties of the Ag nanostructures were
characterized by SEM, EDS and XRD. SEM images shown that roughly three types of Ag
nanostructures were grown on different metallic substrates. EDS and XRD measurements shown
that the resultant nanostructures were silver. The growth mechanism of various Ag nanostructures

on metallic substrates was discussed.
1. Introduction

In recent years, silver has been extensively
investigated for its catalytic activities [1],
anti-microbial activities [2], and used to avoid
infections and prevent spoilage. Many
researchers have focused on the anti-bacterial,
ability to  kill microorganisms  and
multi-functional ~ properties  of  silver
nano-particles [3—5]. Various methods have
been employed for nano-silver production,
and the syntheses of various shapes of Ag
nanostructures have been reported, such as
dendrite [6,7], wire [8], irregular-shaped wire
[9], chain-like [10] and particle [11]
structures.

For practical wuses, it is important to
fabricate the nanostructures using a simple
process with low costs. The systematic
synthesis study is also important to clarify the
growth mechanism for various shaped Ag
nanostructures. In addition, the structural and
morphological controlling of the
nanostructures is also required to enhance the
functional properties for specific applications.

In this study, a variety of Ag nanostructures
were synthesized on various metallic
substrates, and hexakisphosphate (IP6)
[12-14] was used as a silver carrier agent.
Moreover, the growth mechanism of Ag
nanostructures on various metallic substrates
was discussed.

2. Experiments

Ag nanostructures were grown on various
metallic substrates using the LS21 solution
consisting of Ag-IP6. The experimental
process is as follows, as shown in Fig 1. A
drop of the solution was dripped onto metallic
substrates, then kept in air for several minutes
at room temperature. Then the solution was
immediately dried using a gas burner or hot
plate. When the sample was dried, Ag
nanostructures appeared on the surface of
metallic substrate.

The structural and morphological properties
of the Ag nanostructures were characterized
by scanning electron microscopy (SEM) along
with energy dispersive X-ray spectroscopy
(EDS), X-Ray Diffraction (XRD).

e

Fig 1 the experimental process of Ag
nanostructures grown on metallic substrates

In addition, the surface condition of the Ag
nanostructure and dried IP6 complexes was
characterized by X-ray  photoelectron
spectroscopy (XPS) using a VG, ESCA-LAB
Mk II with a non-monochromatized Al Ka
source (hv = 1486.6 eV). The energy
calibration for a charge correction in the
spectra was made using the Cls peak.



3. Results and Discussion

Figure 2 shows the SEM images of a
variety of nano-, and micro-structures grown
on various kinds of metallic substrates. As
shown in Fig 2, dense Ag nanostructures were
formed on (a) Cu, (b) Mn and (c) CaSi2
substrate. However, low density distribution
of Ag structures are observed on (d) Fe, (e) Ti,
(f) AL, (g) SrSi2, (h) Mo and (i) W substrates.

Figure 2. A variety of Ag nanostructures grown on
various kinds of metallic substrates.

As shown in Figure 2, roughly speaking,
three types of Ag nanostructures are grown.
One is the dendrite structure, as shown in
figures (a) — (c). It is also observed that the
three-dimensional Ag dendrite structures are
grown on (a) Cu and (b) Mn substrates.
However, the two-dimensional Ag dendrite
structures are grown on (c) CaSi, substrate.
For cases (d) - (f), the fractal-shaped
structures are dominantly observed. In
addition, the particles are formed on the (g)
SrSi,, (h) Mo and (i) W substrates.

A variety of Ag nanostructures were simply
fabricated using Ag-IP6 on the various types
of metallic substrates. It is interesting that the
growth morphology of the nanostructures
depends on the metallic substrate materials.
The discussion on the substrate metal
dependence of the morphology and the growth
mechanism will be discussed later.

Fig 3 the XRD patterns of Ag nanostructures on
Mn substrate

Fig 3 is the XRD patterns of Ag
nanostructures on Mn substrate. And the XRD
pattern of the Mn substrate is shown in Fig 3
for comparison. The figure shows that the
peak of Ag is detected, which indicates that
the nanostructures grown on Mn substrate is
Ag.

So far, many mechanisms have been
discussed on the growth of Ag nanostructures.
In this study, Ag is from Ag-IP6. When the
LS21 solution is dripped on the metallic
substrate, the metallic atoms react with
Ag-1P6, and Ag ions are released into solution,
which provides Ag ions to form the Ag
nanostructures.

Some references reported that the transition
of the dendrite to the fractal structures is
caused by the density of the deposited atoms
in the solution. The existence of the dense
deposited atoms and anisotropic growth leads
to the formation of the dendritic structures,
and a low density of deposited atoms leads to
the formation of the fractal structures [15 —
18]. Therefore, the deposition rate and silver
ions concentration are very important to the
structural control of Ag structures.

Fig 4 SEM images of the Ag nanostructure grown
on (a) Al substrate and (b) Cu substrate



Fig 5 High magnification SEM images of the Ag
nanostructure grown on (a) Al substrate and (b)
Cu substrate

Fig 4 and Fig 5 are the low-magnification
and high-magnification SEM images of the
Ag nanostructures grown on Al substrate and
Cu substrate, respectively. These two figures
shown a low density of fractal Ag
nanostructures are obtained on Al substrate.
For the Cu substrate, the dense dendrite Ag
nanostructures are grown on the surface.

Based on the previous discussion, the
substrate metal dependence of the grown Ag
structures is caused by the reaction between
Ag-IP6 and the substrate metals. For the Cu
substrate, Ag-IP6 significantly reacted with
the Cu atoms of the substrate, and the Ag
atoms are supplied from the Ag-IP6 solution
to form the dense Ag nanostructures. While
for the Al substrate, the reaction of Ag-IP6
with the Al substrate is not very active. Thus,
the low density of Ag-IP6 reacted with the Al
substrate to form the low density Ag
nanostructures.

In order to demonstrate this mechanism, the
XPS spectra are carried out. Figures 6 (a) and
(b) show the Ag(3d) and Cu(2p) XPS spectra
of the dried metal-IP6 complexes after the
reaction with the Cu substrate, respectively.
Figures 6 (c) and (d) show the Ag(3d) and
Al(2p) XPS spectra of the dried metal-IP6
complexes after the reaction with the Al
substrates. As references, the Ag(3d) XPS
spectrum of the originally dried IP6, and
Cu(2p) and Al(2p) XPS spectra of the Cu and
Al substrates, respectively, are also shown.

As shown in Fig. 6 (a), the intensity of the Ag
XPS spectra of the treated dried metal-IP6 is
significantly reduced compared to that of the
untreated Ag-IP6, which shows that the Ag
atoms are removed from the Ag-IP6 by the
treatment. On the other hand, the shape of the
Cu(2p) spectrum is significantly changed
compared with to that of the untreated Cu
substrate, which means that the Cu atoms

have combined with IP6 to form the metal-IP6
complexes, as shown in Fig. 6 (b). The
intensity of the Ag XPS spectra of the treated
and dried metal-IP6, as shown in Fig.6 (c), is
slightly reduced compared with that of the
untreated Ag-IP6, which shows that some of
the Ag atoms have been removed from the
Ag-IP6 by the treatment. On the other hand,
the intensity of the Al(2p) spectrum is quite
low compared with that of the untreated Al
substrate, as shown in Fig. 6 (d), which means
that Al atoms are only slightly replaced by Ag
atoms to combine with IP6 in the solution.
The XPS results agree with the previous
discussion.

Cu Substrates

3@ Ag3d | 2 |(b) Cu2p
S 2, Cu Sub.
g’ Ag-IP6 Ref. g metal-IP6
] metal-1P6| £
2 SN 2
= =
385 380 375 370 365 360 970 965 960 955 950 945 940 935 930 925
Binding Energy [eV] Binding Energy [eV]
Al substrates

Intensity [a.u.

(c) Ag3d @ Al 2p
Al Sub.
Ag-IP6 Ref.
&

5 380 375 370 365 360 85 80 75 70 65
Binding Energy [eV] Binding Energy [eV]

«Intensity [a.u.

Fig 6 . (a) Ag(3d) and (b) Cu(2p) XPS spectra of
dried metal-IP6 complexes after the reaction with
the Cu substrate. (¢) Ag(3d) and (d) Al(2p) XPS
spectra of dried metal-IP6 complexes after the
reaction with the Al substrates. As references,
Ag(3d) XPS spectrum of originally dried IP6, and
Cu(2p) and Al(2p) XPS spectra of the Cu and Al
substrates are also shown.

Therefore, the metallic substrates
dependence of Ag nanostructrues is
summarized. When Cu, Mn, CaSi2 react with
Ag-1P6, higher deposition rate and silver ion
concentration are provided, which introduces
Ag dendrite structures growth. Fe, Ti, Al
cause the low deposition of Ag, thus the
fractal shaped Ag structures are formed. For
W, Mo and SrSi2, the reaction of IP6 with
these substrates rarely take place, thus ,
particles are synthesized.

4. Conclusions

It was demonstrated that various kinds of
Ag nanostructures were prepared using IP6 on
various metallic substrates. The dendrite



structures on Cu, Mn and CaSi,, the fractal
structures on the Fe, Ti and Al substrates,
the particles on Mo, SrSi, and W were
controllably obtained. It is noted that the IP6
plays an important role as a silver carrier
agent for the structural and morphological
control of the Ag nanostructures. It is
expected that this simple and easy
nanostructure fabrication technique using
metal complexes will encourage us to further
develop sophisticated materials.
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Abstract

Carbonate, stannate and silicate materials with various structures were fabricated by a
simple experimental process. The molar ratio of Na : Sn affects the composition and
structural property of the sodium compound. Moreover, the structural property of
sodium silicate was affected by the growth temperature. The structural properties of
the resultant composites were characterized by scanning electron microscopy (SEM), and

X-ray diffraction (XRD).

1. Introduction

Recently, semiconducting carbonates,
silicates, germinates and stannates have
attracted much attention, as new wide gap
semiconductors. The band gap of
Sr-carbonate is estimated as 3.17 eV [1].
Zinc stannate is a wide-gap semiconductor
with a band gap of around 3.6 eV [2]. It has
been also reported that barium stannate has a
band gap of 3.4 eV [3]. One-dimensional
materials have attracted much interest due to
their enhanced or modified optical,
electronic and mechanical properties
compared to those of bulk materials.

This paper shows a preliminary growth
of carbonate, stannate and silicate
nano-/micro-rods. As a metallic element,
sodium is chosen here due to its low melting
point and high vapor pressure to make the

reaction easy. The morphological and
structural  properties of the sodium
compound nano-/micro-rods were
investigated.

2. Experimental

Nano-/micro- rods were prepared with
starting materials of Sn powder (99.999 %,
-100 mesh), Si grain (99.999 %, 2 ~ 3 mm)
and Na grain (99 %), which were weighed
in an Argon gas-filled glove box and charged
in boron nitride (BN) crucibles (DENKA;
inside diameter, 6 mm; depth, 17 mm). The
crucible was sealed in a stainless-steel tube.
The sealed tube was heated in an electric

Table 1 Preparation conditions

Na - Sn
Composite Molar‘ ratio Time Temgreture
Na: Sn (hour) °O)
#1 1.1:1.0 24 600
#2 1.0:2.0 24 600
Na - Si
Molar ratio Time Tempreture
Composite  Na:Si  (hour) (°C)
#3 1.2:1.0 24 700
#4 1.2:1.0 24 700
#5 1.2:1.0 4 750
#6 1.2:1.0 4 650
furnace.

The details of experimental conditions
are described in Table 1.

The structural properties of the resultant
composites were characterized by scanning
electron  microscopy (SEM), Energy
Dispersive X-ray Spectroscopy (EDS) and
X-ray diffraction (XRD).

3. Results and Discussion

Figure 1 shows the SEM images of
composite #1. From figures 1(a) and (b), a
large quantity of wire-like nanostructures
0.2-1um in diameter and 6.7-11pm in length
can be observed. Moreover, it is found that
several wires have needle-like shape.

In addition, Figure 2 shows results of



Fig.1 SEM images of Composite #1 shown in
Tablel.

Position
(at.%) Sm O
(a) 24.59 1590 59.44

Fig.2 SEM image and EDS analysis of
composite #1 shown in Tablel.

Fig.3 SEM images of Composite #2 shown in
Tablel.

SEM image and EDS analysis of composite
#1. This results shows that the composition
of the wires in the images of Na : Sn : O~
2:1:6. Therefore, this result suggests that the
needle-like nano-rods consist of
Nay(Sn(OH)).

Figure 3(a) and (b) show SEM images of
composite #2. As shown in Fig.2 (a), a large
number of rods were formed on the
composite surface. The inukshuk-like
nanostructures are formed, as shown in the
Fig.2 (b). The average diameter of the rods is
1.8 um and their lengths are in the range of
about 7-10pum.

Figure 4 shows the XRD spectra of (a)
composite #1 and (b) composite #2 shown in
Tablel. From Fig.1 (a) and (b), it is found
that sodium stannate and sodium carbonate
were synthesized respectively. In addition, it

(@) v V¥ :Sn
V:Na2(Sn(OH)6)
VV <{>:Na2C0O3-H20

X-ray Intansity [a.u.]

10 20 30 40 50 60 70 80 90
20 [deg.]

Fig.4 XRD spectra of (a) the composite #1 and
(b) the composite #2.

Fig.5 SEM images of (a) the Composite #5, (b)
the Composite #6, (c¢) the Composite #7 and
(d) the Composite #5.

is considered that the needle-like nano-wires
synthesized with molar ratio of Na:Sn=1.1 :
1.0 consist of Nay(Sn(OH)e¢) and Sn. The
inukshuk-like micro-rods synthesized with
molar ratio of Na : Sn=1.0 : 2.0 consist of
Na,CO3-H,0 and Sn.

Figure 5 shows SEM images of various
sodium silicate structures formed at different
experimental conditions. Coral-like
micro-rods and nano-wires of sodium silicate
are formed at 700 °C for 24 h, as shown in
the Fig.5 (a) and (b). Moreover, the
needle-like and blade-like sodium silicate
nanostructures are formed at 650 °C and 750
°C for 4h, respectively, as shown in the Fig.5
(c) and (d).



4. Conclusion

Carbonate, stannate and silicate materials
with various nano-structures were fabricated
by simple experimental methods.

The molar ratio of Na : Sn affect the
composition and structural property of the
sodium compound. Moreover, the structural
property of sodium silicate was affected by
the growth temperature.

In future, new semiconducting carbonate,
silicate and stannate nano-/micro-rods will
be grown and their electrical and optical
characterizations will be expected.
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Abstract

Powder of Ca-silicide compounds were grown by mechanical alloying (MA). Ca-silicide
compounds powder were grown in all conditions. The effect of milling energy was
investigated. Some of Ca and Si powders were not reacted by MA using 5/32 inch x 16

stainless steel milling balls.

1. Introduction

Recently, semiconducting silicides have
attracted much attention for their potential to
create new classes of environmentally
conscious  electronics  [1].  Because,
semiconducting silicides is non- toxic and
abundant materials. Alkaline-earth metal
(AEM) silicides are categorized in this
materials group. The growth of AEM
silicides and their applications to solar cell
and thermoelectric materials have been
investigated [2]. AEM silicides based
compounds, such as Mg,Sil-xGex [3] and
Mg,Si;«Sny  [4], could be promising
thermoelectric semiconductors in the middle
temperature range. However, it is generally
difficult to obtain highly efficient
thermoelectric p-type semiconductors.

Ca,Si is one of the AEM silicides, and the
electronic structures of Ca,Si have been
calculated with the expectation of a direct
transition [5, 6].

It was also reported that the orthorhombic
Ca,Si is a stable phase with a direct energy
gap of about 0.35 eV [7]. However, its
semiconducting property has not yet been
experimentally determined [8]. Matsui et al.
grew Ca,Si layers by vapor phase growth
(VPG) method using Mg,Si/Si substrates [9].

Mechanical alloying (MA) is a powder
processing technique that allows production
of homogeneous materials starting from
blended elemental powder mixtures. MA
method is simple compared with VPG
method. It is also possible to synthesize
metastable phases with an unknown structure

by MA technique [10]. It is expected that the
MA method combined with the recent
silicide technology would provide further
development of new semiconducting silicide
technologies. Warashina et al. synthesized
Ca-silicide by MA. The resulting powders
were contained Ca,Si and/or CasSi; phases
with additional cubic phase crystals [10]. It
is noted that the cubic phase of Ca,Si were
synthesized in the condition of the molar
ratio of Ca:Si=7:3.

In this study, it was attempted that
Ca-silicides were synthesized different
growth condition by MA. The molar ratio of
Ca:Si=7:3 was fixed. In addition, resultant
powders were characterized.

2. Experiments

Ca and Si powders were synthesized by
mechanical alloying. As the starting
materials, fine Si powder (0.07-0.10
micrometer APS, 98%) and Ca granules (-16
mesh, 99.5%) were used. Ca and Si powders
were weighed in the molar ratio of Ca:Si =
7:3. The powders and 1/8-1/4 stainless steel
milling balls were placed in a steel vial
under an argon atmosphere. Then, the vial
was sealed by an O-ring. The milling was
carried out 70 hours in a SPEX 8000
vibratory mill.

The powders structure properties were
characterized by X-ray diffraction (XRD)
measurements using a Cu K, source and
scanning electron microscopy (SEM) along
with energy dispersion spectroscopy (EDS).



3. Results and Discussion

Figure 1 shows X-ray diffraction patterns
of the powders mechanically alloyed of Ca
and Si powders under milling conditions of

(a), (b) and (c), respectively defined in Fig. 1.

The diffraction peaks of Ca-silicides and Si
were observed for the powder synthesized
under the all milling conditions. Moreover,
the diffraction peak of Ca was observed for
the powder synthesized under the milling
condition of (b). Some of Ca and Si powders
were not reacted because milling condition

of (b) was the lowest energy in all conditions.

However, most of Ca powders were oxidized
and then CaO were changed into Ca(OH), in
the air. The diffraction peaks of Ca2Si with
the cubic structure were observed under
condition (b). However, PDF data of Ca,Si
with cubic structure is not determined.

Hence, the cubic structure of Ca,Si is
discussed.
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Fig. 1 XRD spectra of resultant powder

synthesized using the Ca granule and fine Si
powder with (a) four 1/4 inch steel milling
balls for 70h, (b) sixteen 1/8 inch steel milling
balls for 70h, (c)sixteen 5/32 inch steel milling
balls for 70h. Ca and Si powders were
weighed in the molar ratio of Ca:Si = 7:3 in
these cases.

Position
at(%) Ca Si 0 Fe Cr Cu Cl

001 3384 8% MI13 1 05 050 048

002 3361 896 M4 176 057 042 0.4
003 342 915 M2 18 04 05 0.3

# 20um

Position
at(%) Ca Si 0 Fe Cr Cu Cl

001 M8 957 M 0 — 038 037
002 437 987 M3 02— 038 043
003 3585 885 5394 038 — 088 0.

Position
at(%) Ca Si 0 Fe Cr Cu Cl

001 3580 898 M2 0H - 056 —
002 36,60 840 506 050 — - 044
003 3367 1032 MM 04 — 02 083

Fig. 2 SEM micrograph and the corresponding
EDS analysis for the powders synthesized from
Ca and Si powders with (a) four 1/4 inch steel
milling balls for 70h, (b) sixteen 1/8 inch steel
milling balls for 70h, (c)sixteen 5/32 inch steel
milling balls for 70h. Ca and Si powders were
weighed in the molar ratio of Ca:Si = 7:3 in
these cases.



Figure 2 shows SEM images and the
corresponding EDS analyses of the powder
synthesized under the all milling conditions.
The composition ratio of Ca and O were
about 1:1.6 in all milling conditions.
According to XRD spectra and EDS
analyses, it was confirmed that Ca powders
were changed into Ca-silicides and Ca(OH)s,.
Fe and/or Cr atoms were existed in all
conditions. It was considered that this result
was caused by stainless milling balls. It is
observed that Ca atoms were homogeneously
distributed corresponding to the Si. In other
words, it was considered that Ca-silicides, Si
and Ca(OH), were homogeneously
distributed.

4. Conclusion

Powder of Ca-silicide compounds were
grown by MA. The diffraction peaks of
Ca-silicides, Ca(OH), and Si were observed
in all milling conditions. The diffraction
peak of Ca was also observed for the powder
synthesized under the milling condition of
(b). Some of Ca and Si powders were not
reacted for the powder synthesized under the
milling condition of (b). Ca atoms were
homogeneously distributed corresponding to
the Si and the composition ratio of Ca and O
were about 1:1.6 for the powder synthesized
under the all milling conditions.
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Abstract

Si dissolution into Ge melt and crystal growth of SiGe was in-situ observed by
X-ray penetration method. The rectangular shaped sandwich sample of Si (seed)/Ge
/Si (feed) was used for the experiment. The penetrated X-ray intensities through the
sample were recorded by rectangular shaped CdTe detector as a function of time and
temperature. The experimental results demonstrate that the dissolution of Si seed was
larger compared to Si feed crystal. Moreover, the crystal growth of SiGe was clearly
observed from the drastic variation of penetrated X-ray intensity near the growth
interface. The growth mechanism for the observed SiGe growth process was
discussed based on the penetrated X-ray intensity profile and composition profile

measured by EPMA.

1. Introduction

Si; xGey is a promising material for
thermoelectric applications especially at
elevated temperatures. However, it is
highly challenging to optimize the figure
of merit by a suitable compromise
between the thermal conductivity, £,
Seebeck coefficient, «, electrical

conductivity, o of the material. Moreover,

the thermoelectric properties of the
Si; xGey alloy are strongly dependent on
the composition of the material [1].
Therefore to enhance the thermoelectric
performance of the material, it is
necessary to grow the alloy crystal with
homogeneous composition. However,
bulk growth of SijxGex with
homogeneous composition from
solution is very difficult because of the
large miscibility gap. Any small
changes in the solidification rate lead to
significant composition variations [2].
Online monitoring of the solution,
composition profile and solid-liquid
interface is highly useful to understand
the solute transport and growth
mechanism from the high temperature
solution.

The enormous efforts have been
made by the researcher using different
methods. Nakajima et.al [3] and his
group [4] developed an automated

feedback control (AFC) system to keep
the temperature at the interface constant
during growth. Sazaki et al. observed
the solution temperature distribution
during the solution growth of SiGe bulk
crystal using an infrared camera
[5].They investigated the position of the
growth interface and measured the

temperature  around the  growth
interface.
In the present study, we have

investigated the dissolution of Si into
Ge melt, and crystal growth of SiGe by
using X-ray penetration method. The
composition of the grown crystal was
measured by EPMA, and discussed the
dissolution process.

2. Experimental Method
Fig. 1 shows the sample configuration
and the temperature profile of the
furnace Rectangular shaped Si (6X6><3
mm°) (seed) /Ge (6x3x3 mm’)/Si
(6x6x3 mm’) (feed) sandwich sample
was used for the experiment. The
samples were mirror-polished using
alumina abrasive powder and etched in
an acid mixture of HF: HNO; (1:1) (for
Si) and HF:H,O, (1:1) (for Ge) to
remove the oxide layer. The sandwich
sample filled BN crucible was inserted
into the quartz ampoule and evacuated
about 10™ Pa before sealing. The sealed



ampoule was fixed vertically inside a
furnace whose temperature profile was
carefully = measured before  the
experiment. The vertical temperature
gradient at the sample position was
fixed at 0.6 °C/mm. The reference
temperature of the furnace was
monitored using the R-type
thermocouple connected at middle of
the furnace.

«— Quartz

FESSSEEES-— Carpon sheet
73,

T~ BN

et Carbon sheet

Fig.1 Sample configuration and the inside
temperature profile of the furnace.
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"
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[l ———
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X-Ray source
Voltage 150kV
Current 0.1 mA

Fig. 2 X-ray penetration measurement
system configuration.

X-ray source is the tungsten target with
an acceleration voltage of 150 kV and a
current of 0.1 mA. The detector is a
rectangular shaped CdTe line sensor,
which has 64 cells in the x-direction and
1510 cells in the y-direction (Fig.2).
The temperature of the furnace was
raised up to 1200 °C at a
pre-determined  heating rate and
maintained as constant for 5 h to
observe the dissolution and crystal
growth of SiGe. During heating after
660 °C, the X-rays were allowed to
penetrate through the sample and the
penetrated X-ray intensities were
continuously recorded for every one
second. Ge had completely melted when
the reference temperature reached
970 °C. The composition profile of the
solution was continuously observed
when temperature maintained constant
for 5 h. After 5 h, the temperature was

slowly decreased from 1200 °C to
1170 °C at a cooling rate of
-0.42 °C/min to observe the growth
from seed-solution interface.

The penetrated X-ray intensities
were continuously recorded up to
800 °C during post-growth cooling.
Finally, the sample was cooled down to
room temperature (RT) and the
penetrated X-ray intensity through the
solidified sample was recorded for 1 s.
The grown sample was cut parallel to
the growth direction and polished with
an alumina abrasive powder. The Si
composition profile of the grown
sample was measured along the growth
direction by Electron probe micro
analyzer (EPMA).

2. Results and Discussion

Temperature ()

970 1008 1190 1200 1200 1200 1200 1200 1197 1000 800

9 63° 67 217 68 1280 184" 259 379 465 516 s

Time (min) —

Fig. 3 X-ray images of the sample as a
function of time and temperature.

The image at RT shows the initial
dimensions of the solid Si and Ge
sandwich sample. In the RT image, the
Si seed and feed regions looked light
blue whereas the Ge region looked dark
blue due to density variation between Si
and Ge. The image corresponded to Ge
melting at 970 °C shows the volume
change of Ge during melting. When the
temperature increased, the dark blue
region increased which shows the
dissolution process of Si seed into Ge
melt. Moreover, the darkness of the
solution decreased as the time and
temperature increased due to large
amount of Si dissolution.

Fig. 4 illustrates the variations of
the penetrated X-ray intensities during
heating the sandwich sample as a
function of time and temperature. The
penetrated X-ray intensity of Ge was
smaller than that of Si due to large
density difference of Ge (5.323 g/cm”)
and Si (2.390 g/cm’).
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Fig. 4 Variations of penetrated X-ray
intensities during dissolution with respect to
time and temperature.

When the reference temperature
reached 970 °C in 9 min, Ge was
completely melted. The penetrated
X-ray intensity of molten Ge was low
compared with RT intensity profile and
the total length of the Ge decreased
from 3 to 2.7 mm due to density
variation of Ge solid and liquid.

The temperature of the furnace was
increased up to the desired growth
temperature (1200 °C). The Si seed had
started to dissolve into Ge melt as a
shoulder region in the intensity profile
at 1098 °C was observed in Fig. 4. The
shoulder region near the seed interface
and the intensity of SiGe solution region
increased as the temperature increased
due to continuous dissolution of Si seed
into Ge melt at 1190 °C. Due to the
continuous solute transport from seed
interface to the feed interface, the
penetrated X-ray intensity near the feed
interface  increased due to Si
accumulation. These changes are
possibly due to solute transport from
seed interface by solutal convection and
thus the solution near the feed interface
becomes Si richer.

Once the temperature reached
1200 °C, it was kept constant for about
5 h. The intensity profile changes are
shown in Fig. 5. During the dwell-time,
the Si seed dissolved continuously.
Moreover, the overall intensity of SiGe
solution increased as the time
increased and a very steep
compositional gradient was established
in the solution.

Intensity (cps)

—m—RT
—8—1200 C 68 min
—&—1200 ‘C 128 min
—w—1200 C 184 min
——1200 C 255 min|

40000

30000
20000

10000

Length (mm)

Fig. 5 |Intensity profile at constant
temperature 1200 °C with various time.

As a consequence, the solution near the
feed interface got supersaturated since
the inside temperature gradient between
seed interface and feed interface of the
sample was very low (0.6 °C/mm) as
measured by dummy sample prior to the
experiment (Fig. 1). Subsequently, the
spontaneous growth of SiGe was started
near the feed interface and it was clearly
observed from the intensity profile of
128 min data. Moreover, the growth was
started at the reference temperature of
about 1200 °C after 128 min, thus the
crystal was Si richer and the solution
near the interface was Ge richer since
most of the Ge was rejected from the
growth interface due to segregation
phenomena. The heavier Ge moved to
seed interface and the dissolution of
seed was proceeded further shown in
Fig. 5.

Fig. 6 shows the variations of
penetrated X-ray intensity profile during
the cooling process of the sample. The
profile at 1200 °C after 375 min shows
that the dissolution stopped at the seed
and feed interfaces and the growth
proceeded towards seed interface. The
intensity profiles at 1000 °C after 516
min and at 800 °C after 521 min
indicate the overall intensity of the SiGe
region increased. It shows
crystallization of the residual solution
during cooling process.
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Fig. 8. Grown sample intensity compared
with standard sample intensity.

After the growth process, the grown
sample was removed from the ampoule
and polished to study the composition
distribution. Fig. 7 shows the Si
compositional distribution of the grown
sample by EPMA measurement. From
the compositional profile it is found that
the crystal was grown from the feed
interface to the seed interface with the
Si composition of 0.7. Near the seed
interface, the  composition  was
fluctuated and was Ge richer due to the
crystallization of residual solution

during the cooling process. The
composition of the grown sample was
analyzed by comparing the penetrated
X-ray intensity data with the standard
sample and the composition of the
grown sample was determined nearly
Sig.7Gep 3 as shown in Fig. 8.

4. Conclusion

Dissolution of Si into Ge melt and
growth process of SiGe was in-situ
observed using Si(seed)/Ge/Si(feed)
sandwich sample by X-ray penetration
method. The experimental results reveal
that the dissolution of Si seed was
dominant when compared to Si feed.
The growth process was clearly
observed from the time dependent
X-ray intensity profile. Due to the low
temperature gradient, and continuous
solute transport from seed interface to
feed interface, spontaneous growth had
occurred near the feed interface. The
composition of the grown sample was
analyzed by EPMA and it well agreed
with standard sample calibrated data
intensity.
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Abstract

This paper introduces theoretical background and design of quantum well for optically
pumped mid-infrared surface emitting laser. To obtain high optical gain we use multiple
quantum well (MQW) structure. We calculated the theoretical value of quantum well’s gain.

1. Introduction

Tunable mid-infrared lasers are useful
for spectroscopic applications such as trace
gas analysis, high speed gas detection. A
high non-radiative = Auger-recombination
probability and a large free carrier
absorption which is proportional to the
wavelength squared are making difficult to
prepare mid-infrared semiconductor lasers
operating at room temperature. Lead salt
IV-VI materials such as PbTe, PbSe, and
PbS have direct gaps at L-points of
Brillouine zone and have almost symmetric
band structure between conduction and
valence  bands. Thus the  Auger
recombination probability is much smaller
than that of III-V and II-VI materials, and
relatively higher temperature laser operation
have been obtained in the IV-VI materials
[1,2]. Optically pumped lasers are useful to
decrease the optical losses by free carrier
absorption [3]. We recently prepared
SrS/PbS multiple quantum well (MQW)
VECSELs with optically excitation (OE)
layers in both sides of the active layers [4,5].
The MQW laser operated in high efficiency
and high power at -70°C with external
quantum efficiency of 16% and maximum
pulsed output power of 2W. We describe
here a theory and design of quantum well for
optically pumped PbS-based active layer.

2. Density of States(DOS)

Density of states for bulk material is
given by

4
d |3
D,y(E)=2—
=20 oy

des
(1)

E-k relationship at the bottom of conduction
,,, band or the top of valence
E= n°k” bandis given by
2m
, 2

where 7 is plank constant and m is
effective mass. Therefore, density of states
for bulk material is given by

\N2mE

D..(E)=————F— . ?3)
3D( ) ”2h3
m Also
ZD( ) ]mz E ( n ) mensi

onal density of states for quantum well is
given by

C)

where E, is the band edge energy of the n-th
subband, and O(E-E,=1 for E-E,=0 and
O(E-E,)=0 for E-E,<0.
IV-VI materials has the property that
u
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, E

1T I II
Fig.1 Schematic band diagram of a superlattice.



shapes of constant energy surfaces is

ellipsoids of revolution along the <111> axes.

Therefore, electron and hole have two kinds
of effective masses; m; and along the
symmetry axes and m, transverse to the
symmetry axes. So the E-k relationship
becomes as follows.

]

2/r2 |2 2
E 1+£ _n k—x+—y+k—z
E 2\m, m, m, . (%)

g t t

where E, is the band gap and the term
(1+E/E,) represents nonparabolicity near
the band edge, based on two-band model.
Thus, three dimensional density of states is
given by

\2m*m E E 2F
Dyp(E) = Y e |1+ —| , (6)
~n \ E\| E

and two-dimensional density of states is
given by

NmPm, /m 2F
DZD(E)= t lz 7z 1+
Jh E,

Ye(E-E,) 7

where m,, is the effective mass along
quantum well direction given by

1/m_ = (cos2 0/ m, )+ (sin2 0/m, ) )

As usual, boundary conditions of the
wave function at the materials boundary I/ 11
are

(I)l = (I)]l
[x10"" 1 ' w '
Gsd: Dbl S ]
> T
Lol E+Egy - .
2 04p DOS(2d) SLA
c.f L 4
S 02F g
g 4o 500 600
energy[meV]

Fig.2 Density of states for PbSrS/PbS (111)
MQW with 12nm PbSrS barrier and 8nm PbS
well. Small and large steps in the density of
states correspond to [111] and other <I11>
oblique valleys.

€)

and

(10)

In superlattice shown in Fig.1, the Bloch
condition ®(z+L)=d(z)exp(ikL) must be
fulfilled, resulting in the following equation
for the subband structure of the superlattice
with layer thicknesses L; and Ly;:

1/& . .
- %Sln(kzll’l )Sln(kzlll‘ll ) (11)
+ COS(kZILI )COS(kZ,,L” )= COS(k(L, + LII ))
, where
§=kzl(E+Egll _U)/kzll(E+Egl) . (12)

By solving the above equation, the E-k
relationship of superlattice consisting of
several subbands and density of states are
obtained as shown in Fig.2. The density of
states for each subband is represented by a
two-dimensional density of states.

In PbS, there is one valley along [111]

superlattice direction and 3 oblique valleys
along other <111>.

3. SrS/PbS SPSL and optical gain

We  used  SrS/PbS short-period
superlattices (SPSLs) with atomic layer SrS
for the barrier layers in the MQWs. The
SPSL has higher carrier mobility compared
to PbSrS alloy owing to smaller alloy

SrS content (%)
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T T T T T
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900 T pbSiSalloy
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Band gap (meV)
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4001 2 3 4 5 6
PbS well width (nm)

Fig.3 Band gaps of SrS/PbS SPSL with
monolayer SrS and PbSrS alloy with the same
SrS content.



scattering. And the higher mobility is useful
to decrease free carrier absorption because
free carrier absorption is inversely
proportional to the mobility [4,5]. Figure3
shows the band gap of the PbSrS SPSL, and
that of PbSrS alloy with same SrS content.
The band gap of the SPSL increases with the
decrease of the PbS layer thickness.
Absorption coefficient is proportional to
density of states. The absorption coefficient
is obtained simulating of the theoretical

IS
=}

%
S
T

0.8

QW

(Pt = alss )

SPSL 104
. buffer

=) S

Transmittadce (%)
133
(=]

I PbSrS(8nm)/PbS(12nm) |
40QWs on PbSrS(1.05 um)
L L I h
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Wavenumber (cm’l)
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Fig4 Optical transmission spectra of
PbSrS/PbS 40MQW, grown on PbSrS buffer
layer. BaF,(111) was used for the substrate.
PbSrS layer consists of SrS/PbS(12nm) SPSL.
Black dashed line shows theoretical
transmission spectrum calculated from the
indicated absorption coefficients (solid line in
red color), and blue line shows experimental
spectrum.
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Fig.5 Dependence of optical gain on injected
carrier concentrations for PbSrS/PbS MQW
from 80 to 300K.

transmission spectrum to the experimental
one.

The optical gain y is obtained by
following equation.

(13)

Fig.5 shows the dependence of optical
gain for one PbS quantum well grown in
[111] direction on excitation carrier density
with the parameter of temperature from 80K
to 300K. Maximum gain per one quantum
well is about 0.002 at 300K with excited
carrier concentration n=p=5x10"*cm”. Thus,
if we prepare the active layer with 5QWs,
mirror reflectivity above 99% is necessary to
obtain laser operation.

4. Summary

Theoretical background and design
of quantum wells for optically pumped
mid-infrared surface emitting lasers were
described. To obtain enough optical gain a
multiple quantum well (MQW) structure is
necessary. With the mirror reflectivity about
99%, number of quantum wells around five
is necessary for room temperature laser
operation.
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Abstract

Characteristic changes by the substitution of Ca for Ba in YBa,CuzO, superconductors have
been investigated. The pellets were characterized by scanning electron microscope (SEM) to-
gether with X-ray energy dispersive spectroscopy (EDS), X-ray diffraction (XRD) and mag-
netic susceptibility measurement. It was found that the sample didn’t show superconductivity
between 56 K and room temperature. CaO rich precipitates were formed.

1. Introduction

The high-temperature superconductivity
at 30 K in the oxide compound (LaBa),CuQ,
was discovered by Bednorz and Muller [1] in
1986. Soon after that Cho et al. and Wu et al.
[2-3] found the superconducting transition
temperature around 90 K in Y-Ba-Cu oxide
system. These discovery of high-T. super-
conductors simulated many researchers to
investigate new oxide superconductors with
higher T, and extensive studies have been
made on various properties of these oxides.
Up to now, however, the highest T, is 164 K
which is recorded on Hg,Ba,Ca,Cus0,, at
high pressure [4].

In order to find high-T. superconductors,
we have investigated about the effect of sub-
stitution of Ca for Ba on the YBa,Cu;O, su-
perconductor.

2. Experimental

At first, the standard YBa,CusO super-
conductor was synthesized for a reference.
Y,03, BaCO; and CuO of reagent-grade pu-
rity were used as source materials. It was
sintered at 900 °C for 12 h in air and then it
was reground and cold-pressed into
disk-shape pellets. The pellets were sintered
at 960 °C for 12 h in air, after that the fur-
nace was cooled to 500 °C and annealed in
0O, atmosphere at 24 h, then, finally the fur-
nace was cooled to room temperature at a
slow speed.

Three kinds of samples (samples A, B,

C) were synthesized from powders of Y,0s,
CaCOs and CuO of reagent-grade purity. For
the synthesis of all samples, the appropriate
amounts of powers were mixed. Figs. 1(a)
and (b) show the pre-sintering, sintering and
annealing processes of the sample A, respec-
tively. It was sintered at 960 °C for 12 h in
air, thoroughly reground and cold-pressed
into disk-shape pellets. The pellets were sin-
tered at 960 "C for 12 h in air, after that the
furnace was cooled to 500 °C and annealed
in O, atmosphere at 24 h, then, finally the
furnace was cooled to room temperature at a
slow speed.

Sample B was sintered under O, atmos-
phere in all the above processes. The tem-
perature and time conditions of sample B
was the same as the conditions of sample A.
For the sample C, the temperature-condition
was changed during the first sintering pro-
cess. The temperature was decreased to 1000
°C for the sintering process of samples C.
The atmosphere and time conditions of sam-
ple C was the same as the conditions of
sample A.

The surface morphological, composi-
tional and structural properties of all the
samples were analyzed using Scanning Elec-
tron Microscopy (SEM), Energy Dispersive
Spectroscopy (EDS) and X-ray powder dif-
fraction (XRD) apparatus. Magnetic suscep-
tibility measurements were performed by an
AC susceptibility- temperature measurement,
using a CHINO SKO03-01A.



) Pre-sintenng Sintenng
— in air or O2 in air or O2
2 960 °C
E| so00c :
2 H
=2 E
Matural MNatural
Zh 12h cooling Zh 12h cooling
Time
Fig. 1(@) Pre-sintering and sintering processes.
-l Air | O2
2 :
g :
2 : 500 °C
£ : T Natural
B E :M/ ﬁooh'lg
2h i12h 4h 24h 12Zh 10min
Time

Fig. 1(b) Annealing process.

3. Results and Discussion

B0
3-1 YBa,Cu;0y superconductor gm e
Fig. 2 shows XRD pattern of the stand- 7 aws '

ard YBa,Cu3Oy superconductor. It indicated fo0 | ! !
an orthorhombic structure and the lattice ;mgm_ l
constant was a = 3.7845, b = 3.9225 and ¢ = 5 aie)
11.6367 A 10 e

The temperature dependence of the mag- S MMM
netic susceptibility is shown in Fig. 3. The T e "

critical temperatures which are 10 % and
90 % of the change of susceptibility from the
normal state were 89.4 and 90.2 K, respec-
tively. Fig. 2 XRD pattern of the standard YBa,CusO,

perconductor.
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Fig. 3 The temperature dependence of the mag-

tic susceptibility of the standard YBa,CusOy super-

nductor.

3-2 Substitution of Ca for Ba on the
Y832CU30y

The XRD pattern of sample A is shown
in Fig. 4. The pattern was different from the
YBazCusOy (Fig. 2). It suggested that the
crystal structure of sample A was not same
as the YBaz2CusOy structure and Ca was not
simply substituted of the Ba site. The sam-
ples B and C also indicated the same struc-
tures.

Figure 5 shows the surface morphology
of sample A recorded by SEM. The compo-
sition of the P and Q area were measured by
EDS. The ratio of Y : Ca: Cu: O was 13.3:
16.7 : 34.3 : 35.7 at the area P and 1.2 :
51.8 : 3.7 : 43.3 at the area Q. It indicated
that CaO-rich precipitates were formed at the
area Q. To make clear the distribution of the
elements, the mapping of the Y, Ca. Cu and
O was measured as shown in Fig. 6. It was
clearly seen that the Ca rich area were in-
cluded in the sample.
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Fig. 5 Surface morphology of sample A
rasured by SEM.

The temperature dependence of the
magnetic susceptibility is shown in Fig. 7.
The sample A did not indicate the supercon-
ductivity between 56 K and room tempera-
ture



Y tirinm (Y)

Calcium {Ca)

Oxygen (O)

Fig. 6 the mapping of the Y, Ca. Cu and O.

T T T T T T
S 1
S,
2
= p X1 oo
[<5} o T )
8 B oo |
>
wn

L | L | L |

0 100 200 300

Temperature [K]

Fig. 7 The temperature dependence of the

ignetic susceptibility of the sample A.

4. Conclusion

YBa,Cus0y standard sample was synthe-
sized and measured the superconducting
properties. Samples which substitute Ca for
Ba on the YBa,CuzOy did not show super-
conductivity between 56 K and room tem-
perature. The crystal structure was different
from YBa,Cuz0,. CaO rich precipitates were
formed.
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