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KTiOPO, (KTP, potassium titanyl phosphate) is a well-known versatile material for use in electro-optical and
nonlinear optical (NLO) applications. One such application is laser systems for medical surgery that use KTP
for generating blue light. However, even though decades have passed since KTP’s recognition as a NLO material
of choice, its just in recent years that some significant improvements have been made regarding the true nature

of the ferroelectric to paraelectric phase transition, and this short article summarize those findings.

1. Introduction

The first reported preparation of KTiOPO, (KTP,
potassium titanyl phosphate) was by Ouvrard and
Troost (1890) who synthesised crystals by cooling a
melted mixture of TiO,, K,P,0,, and K;PO,. KTP is
later on mentioned in the Gmelins Handbuch der
Anorganishen Chemie (1951), although no further
characterisation of the crystal growth or structure
had been done. It was not until two decades later
that the crystal structure of KTP was determined by
Tordjman et al. (1974). The structure was found to
be non-centrosymmetric with highly asymmetric
interatomic bonds, indicating its potential as a
nonlinear optical (NLO) material. This was
confirmed by Zumsteg et al. (1976), who published
the first paper on the nonlinear properties of KTP.
Since then, KTP has evolved to a well known

[Received February 3, Accepted February 17, 2005]

material for various NLO applications (Bierlein,
1989; Stucky et al., 1989).

KTP is the material of choice in applications that
utilize the second harmonic generation effect for
laser-frequency doubling (Boulanger et al., 1994),
where a large second-order nonlinear coefficient is
needed. The material properties of high thermal
stability, chemical resistivity, high nonlinear and
high optical damage threshold in combination with
a wide optical transmission window are extended to
many isostructural compounds. These can best be
described with the general formula ATiOBO,, with A
= K, Rb, Cs or Tl, and B = P or As (Stucky et al.,
1989, and references therein). The most common are
KTiOAsO, (KTA), RbTiOPO, (RTP), RbTiOAsO,
(RTA) and CsTiOAsO, (CTA).
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However, the actual number of known KTP
isostructures is substantially larger. A complete list
would include many compounds with reduced or
almost non-existent NLO coefficients. It is for
instance possible to exchange titanium fully or
partly, e.g. KGey1sTi0s:OPO, (Sorokina et al., 1996) and
KSnOPO, (Thomas et al., 1990), as well as easy to
make cation substitutions, e.g  BayKesTiOPO,
(Norberg et al., 2000) and AgsKois TiOPO, (Phillips
et al., 1992). This diversity of similar materials with
significantly different properties give material
scientists a great opportunity to study fundamental
structural related properties, such as pyroelectricity,
ferroelectricity, NLO susceptibility, Curie tempera-
ture (7¢), and ferroelectric to paraelectric phase
transition.

The reversible ferroelectric (space group Pna?2;) to
paraelectric (space group Pnan) phase transition
have been studied by a number of techniques
including birefringence (Shaldin & Poprawski,
1990), Raman scattering (Serhane et al, 1991),
second-harmonic generation (Chu & Hsiung, 1992)
(Yanovskii &
Voronkova, 1986). These experiments clearly

and dielectric measurements
demonstrate a continuous change in the physical
property studied until 7¢ is reached, and this
suggests that the phase transition is displacive and
of second-order type. However, these studies do not
involve direct observation of actual structures, and
thus fails to give any real structural description of
the phase transition phenomenon.

Even so some progress has been achieved related to

Figure 1 The KTP structure consist of a open framework
built by TiOs and PO, groups, and alkali cations
located in framework cavities.

the determination of actual structural changes that
takes place prior and during the ferroelectric to
paraelectric phase transition. Starting with the first
finding of alkali split-cation sites in KFeFPO, by
Belokoneva et al. (1990), as well as the description of
alkali hole sites and framework pseudo-symmetry in
KTiOPO, by Thomas & Glazer (1991). Further
investigations related to the structural temperature
dependence of alkali sites were done by Delarue
et al. (1998 & 1999). And more recent studies by
Norberg et al. (2003a & 2003b) have resulted in a
detailed description of the alkali sites behaviour up
to T.. This short review of the KTP phase transition
will focus on the observable structural changes that
take place.

2. The KTiOPO, structure

KTiOPO, crystallises in the non-centrosymmetric
space group Pna2,, and its unit cell contains eight
formula units, and thus two crystallographically
independent atomic sites for titanium, phosphorus,
and potassium as seen in Fig. 1. The structure is built
up by a -TiOs-PO,- framework in which the most
pronounced feature are the distorted TiOs octahedra.
This three-dimensional framework contains both
channels parallel to the c-axis and large cavities in
which alkaline cations are loosely bonded.
Stefanovich et al. (1996) determined the cavities
length along the a, b, and c-axes to be approximately
3,3.5, and 4.5 A, respectively.

The potassium cations have rather irregular
coordination polyhedra, see Fig. 2, with Kl
coordinated to eight oxygen atoms and K2 coordi-
nated to nine oxygen atoms. All of the shorter bonds
are in the (001) plane, see Table 1, and the atomic
thermal displacement parameters for the K atoms
are elongated along the c-axis. Both K1 and K2

Figure 2 The K10; and K20, coordination polyhedra.
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occupies just a part of the available space that their
framework cavities holds, and are relatively free to
migrate to other cavities through the channels as
well as move to other parts of their cavities. The
former results in a highly anisotropic ionic
conductivity and the latter will be shown to be a
major part of the ferroelectric to paraelectric phase

transition.

Table 1 Selected bond lengths (A) (Thomas et al., 1990).

TilOs Ti20;
Til-01 2.150(2) Ti2-05 2.044(3)
Til-02 1.958(3) Ti2-06 1.981(3)
Til-011 1.981(2) Ti2-011 1.733(3)
Ti1-012 1.716(2) Ti2-012 2.092(4)
Ti1-03 2.042(3) Ti2-07 1.965(4)
Ti1-04 1.987(3) Ti2-08 1.990(3)

K10, K20,
K1-01 2.894(3) K2-01 2.677(3)
K1-02 2.738(3) K2-02 2.982(3)
K1-03 2.712(3) K2-03 3.045(2)
K1-011 2.996(3) K2-04 3.117(3)
K1-012 2.722(3) K2-011 2.765(3)
K1-05 2.872(2) K2-012 3.057(3)
K1-07 3.057(3) K2-05 2.806(3)
K1-08 2.755(3) K2-07 2.918(3)
K2-08 3.048(3)

Both of the crystallographically unique Ti atom sites
are situated in a distorted oxygen octahedra, they
are furthermore displaced from their respective
octahedron centres, as well as linked together
through alternately cis- and trans-coordination, see
Fig. 3. This results in Ti-O bonds that varies between
1.716(2) and 2.150(2) A, and it is generally believed
(although disputed) that the main contribution to
the NLO properties are due hyper-polarisation of the
Ti-O bonds. The two oxygen atoms that bind
exclusively to Ti are denoted O11 and O12, in order
to distinguish them from the other eight oxygen

Figure 3 The -O12-Ti2-O11-Til- chain with alternating
cis and trans configuration. The distances are
given in A (Thomas et al., 1990).

atoms that bond to both P and Ti.

3. Phase transition

The first measurement of KTP's ferroelectric
character was done by Yanovskii and Voronkova
(1986) who reported that the ferroelectric phase was
stable up to 1207 K after which KTP becomes
paraelectric as the space group transforms from
Pna?2, to Pnan, see Table 2 for the Tc of some common
KTP isostructures. The titanium octahedra are
centrosymmetric in the Pnan phase, and the two
alkali cations are symmetry related via the inversion
centre. The phase transition is reversible and can be
described as displacive for the structures framework
and of order-disorder type for the alkali cations
(Favard et al., 1994).

Table 2 Curie temperature (7¢) for common KTP
isostructures.

T (K) Reference

KTP 1207 Stefanovich et al., 1996

KTA 1153 Bierlein & Vanherzeele, 1989
RTP 1062 Stefanovich et al., 1996

RTA 1073 Marnier et al., 1989

CTA 943 Marnier et al., 1989

An early study of domain walls in KTP revealed the
existence of alkali cation hole sites. These empty
alkali sites are related by pseudo-symmetry to the
two crystallographically unique alkali cation sites. It
was concluded that the formation of twin domains is
through a twofold rotation with the principal
feature of the twinning being the displacements of
the alkali atoms onto their respective hole sites
(Thomas & Glazer, 1991). And such twinning models

Figure 4 Schematic view of the alkali cation shift
during polarisation reversal.
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could as well be used for the making of Pnan high
temperature models.

The relatively large alkali atom displacement is a
second order process, so the alkali atom position
should change as temperature change. The
framework shows on the other hand a high degree of
pseudo-symmetry as P1 lies on a pseudo-twofold
axis along [010], P2 lies on a pseudo-twofold axis
along [100] and a pseudo n-glide perpendicular to
[001] passes through Til. The whole framework is in
fact close to being centrosymmetric and only small
adjustments of atomic positions is needed as
compared with much larger alkali atom shifts. A
structural process that basically involves cation
shifts is the change in polarisation that takes place
then an external electric field of sufficient strength
is being applied along the polarised c-axis, as
depicted in Fig 4.

An accurate high temperature study of KTP was
made by Delarue et al. (1999) and they found that
both potassium sites are separated into multiple
sites along the c-axis as the temperature is increased
towards 673 K. The initial potassium sites and
corresponding satellite sites were further separated
as the temperature were increased to 973 K. They
also noticed that the initially low occupancy of the
satellite site slowly increased with temperature. This
investigation were later complement by Norberg et
al. (2003a) as they made a precise structural study of
slightly sodium-doped KTP at both 10 K and room
temperature. It was noted that the rigid framework
of TiOs; octahedra and PO, tetrahedra showed
insignificant atomic position shifts. Changes in the
Ti-O and P-O bond distances were primarily due to

Figure 5 Potassium displacement in KTP, relative Az
(A) movement plotted versus the crystalline
temperature (K). The atomic sizes represent
the occupancy parameter at respective
temperature. Grey atoms at 7c shows likely
cation position at the phase transition.

unit cell contraction as the temperature dropped,
this in stark contrast to the detectable movement of
the alkaline cations. Both K1 and K2 moved 0.033(2)
A along the polar direction, and these shifts are in
good agreement to those measured for Rb in the
RTA structure (Almgren et al., 1999).

It seems likely that this separation of split-cation
positions and equalisation of occupancy continues
until the structure reaches 7c and transforms from
the ferroelectric to the paraelectric phase. This is
depicted in Fig. 5 that combines the cation split and
displacement data from Norberg et al. (2003¢) with
those from Delarue et al. (1999). The fractional
atomic coordinates in the two above mentioned
papers were used to calculate the total potassium
displacement between 10 and 973 K, which give total
cation movement of 0.09(1) and 0.11(1) A, respec-
tively. No single crystal data are available for KTP
at temperatures above 973 K. Nevertheless, a
substantial cation displacement might take place
between 973 K and 7.

The Abrahams-Jamieson-Kurtz oxygen framework
T. criteria (Abrahams, 1994):
Te = (K/2k)(A2)* K

where K is a force constant, & is Boltzmann’s
constant, Az is the largest displacement component
along the polar direction from the zero spontaneous
polarisation position, and (K/2k) approximates to
2.00(9) X10* K A * has not been used successfully for
ferroelectric ATiOBO,-type structures. The formula
were designed for transition metal atoms moving
along the polar axis inside a relatively constrained
environment as an MOs octahedra, for example Ti in
BaTiOs; and Nb in LiNbO.;. However, it is suggested in
Norberg et al. (2003a) that the formula can be used
in regards to the displacement of the alkali cation,
although a lot of experiments are needed for
correctly determine a suitable force constant. It is
also a matter of selecting an appropriate cation
position, i.e. a main alkaline site instead of a satellite
site, something that can be problematic for low T¢
compounds.

Using the ferroelectric to paraelectric cation shift
model described above, it would seem likely that
ATiOBO, compounds with a T¢ substantially lower
than that for KTP should have alkaline split
positions at room temperature. And that is indeed
the case, as recent structural characterisations of
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RTA (Streltsov et al., 2000) and CTA (Nordborg,
2000) indicate a substantial alkaline split, even
though that implication of the alkaline positions
were not discussed in those papers.

Dopant inclusion in ATiOBO, structures, like for
instance the exchange of Ti for either Sn, Ge, or Nb,
result in decreased 7¢. Such changes might be
observable by the appearance or disappearance of
alkaline split-cation sites, as well as changes in the
alkaline sites population parameters. Investigations
of RTP (Thomas et al., 1992; Delarue et al., 1998) give
that no alkaline split positions existed at room
temperature, so RTP were selected as a test
candidate for study if it were, as suspected, possible
to directly observe T¢ changes from analysing the
room temperature structure of similar compounds
(Norberg et al., 2003b).

The structures of RbTisGeiwsOPO, (GeRTP#1) and
RbTios Geor PO, (GeRTP#2) as well as RTP were
determined and all structures are similar with one
exception. Alkaline split sites is seen in both
GeRTP#1 and GeRTP#2. The separation of the Rbla
and Rblb atomic site is 0.553(17) A in GeRTP#1,
while Rb2a and Rb2b is separated by 0.45(4) A.
These distances are 0.57(2) A and 0.60(3) A in
GeRTP#2 and thus indicating that the 7¢ of
GeRTP#1 is above that of GeRTP#2 as well as that
both have a 7¢ below that of RTP. Dielectric
measurements on RTP and GeRTP#1 confirmed that
the 7Tc of GeRTP#1 indeed is below that of RTP
(Norberg et al., 2003b).

The results in the above investigation were the first
in which a number of similar KTP isostructural
compounds studied gave information about the
compounds 7¢ from nothing but structural data.
Even so, many more studies are needed in order to
make any try to calibrate the alkaline cations room
temperature positions to actual 7¢ values. Table 3
lists data for germanium-doped KTP and RTP, as
well as for some of the common KTP isostructures,
and it seems likely that different types of
isostructures, e.g. phosphates and arsenates, needs to
be separated. RTP and RTA have approximately the
same 7Tc¢ and only the latter compound has a room
temperature structure with alkaline split sites.
Nevertheless, the increased distance between the
alkaline split sites in CTA (7¢ = 943 K) compared
with RTA (7Tc = 1067 K) shows that the same trend

exists for arsenates.

Table 3 Alkaline split sites at room temperature and 7
values for some KTP isostructures.

Alkaline split sites * Te (K)
KTP No 1207
KGeOPO,; No 1058
RTP No 1062
GeRTP#1 Yes Rbl [0.93/0.07; 0.553(17) A] 994

Rb2 [0.94/0.06; 0.45(4) A]
GeRTP#2 Yes Rbl [0.88/0.12; 0.57(2) A]
Rb2 [0.94/0.06; 0.60(3) A] -

RTA Yes Rbl [0.88/0.12; 0.312(3) A]

Rb2 [0.87/0.13; 0.233(4) A] 1073
CTA Yes Csl [0.80/0.20; 0.366(8) Al

Cs2 [0.90/0.20; 0.26(2) A] 943

% the alkaline atomic sites are given as [occupancy for
main/satellite site; distance between sites]
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In order to clearly visualize the magnetic flux, for example, the magnetic flux penetrated in high 7.

superconductors, the epitaxial magnetic garnet films was synthesized as MO indicator by liquid phase epitaxi

technique. For the high sensitivity and the high spatial resolution, large Faraday effect and in-plane magnetic

anisotropy are key factors. The magnetic anisotropy of the film consists of (1) growth induced magnetic

anisotropy, (2) magneto crystalline anisotropy, (3) stress induced magnetic anisotropy and (4) the shape

magnetic anisotropy. The large Faraday effect was induced by the bismuth substitution. The magnetic

anisotropies was variable with the kinds of rare earth ions, crystalline plane etc. The MO indicator with

in-plane magnetic anisotropy was realized under controlling these magnetic anisotropies. [Received Feb.10,
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The effect of Fourier series truncation errors on the electron
density distribution of LiMn.O,
— Examination using the molecular dynamics simulation
and the synchrotron X-ray data —

Kenji Tateishi, Douglas du Boulay and Nobuo Ishizawa

Ceramics Research Laboratory, Nagoya Institute of Technology
10-6-29, Asahigaoka, Tajimi, 507-0071, Japan

The effect of Fourier series truncation errors on the electron density distribution (EDD) of LiMn,O, has been
examined using the single-crystal synchrotron X-ray diffraction data and the molecular dynamics (MD)
simulation. The MD crystal structure factors obtained from each MD snapshot taken at 2 fs intervals in real
space were time-averaged and then reversely Fourier transformed to calculate EDD in a similar way to the X-
ray data. The EDD thus obtained in the range sin0/1 < 3.33 A'' was scarcely affected by the series truncation
errors, indicating unambiguously that a small portion of Li does exist close to interstitial positions near the
16¢ site of the space group Fd3m. The residual EDD assuming a partial structure with eliminating Li atoms also
reproduced a mostly correct picture about the distribution of interstitial Li atoms, even though the value of
sin@/2 of the MD data was reduced to 0.80 A '. The interpretation of EDD obtained from the single-crystal
synchrotron X-ray diffraction data was thus verified and reinforced from the MD simulation, not only by
looking at the real space distribution of atoms in the snapshots but also by a close examination of their Fourier
transform. [Received February 3, Accepted February 17, 2005]
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Fig. 1. Structure of LiMn.O, and Li diffusion pathway.
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Fig. 2. Frequency distribution of Li atoms obtained from
the MD simulations (solid-line) and that being
taken into account the periodicity of crystal
(dashed-line). The enlarged ordinate is used in the
inset.
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Fig. 3. Observed electron density distribution p, along the
8a-16¢ tie-line obtained from the MD data within
the ranges sind/1 < 1.00 (dashed line), 1.21(dotted
line) and 3.33 A ' (solid line). Phases ¢. were
calculated from the LiMn.,O, model structure.
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Fig. 7. Observed electron density distribution p, along
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calculated from the LiMn,O, model structure.
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X-ray diffraction within the ranges sin6/2 < 1.00
(dashed line), 1.21 A' (dotted line). Phases ¢. were
calculated from the LiMn.O, model structure.
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Fig. 9. Residual electron density distribution Ap along
the 8a-16¢ tie-line obtained from the synchrotron
X-ray diffraction within the ranges sind/2 < 1.00
(dashed line), 1.21 A'! (dotted line). Phases ¢. were
calculated from the LiMn.O, model structure.
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Fig. 11. Difference Fourier map ( Ao map) of a 10X10
A’ section parallel to (110) with 0.2 e/A® contour
intervals, calculated from the LiMn.O, model
structure (MD data, sind/2 < 1.21 A™"). Solid and
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Fig. 12. Difference Fourier map ( Ao map) of a 10X 10
A? section parallel to (110) with 0.2 e/A® contour
intervals, calculated from the Mn,O, model
structure (MD data, sinf/4 < 121 A™").
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Fig. 13. Fourier map (o, map) of a 10X 10A® section
parallel to (110) with 0.2 e/A® contour intervals,
calculated from the LiMn,O, model structure
(MD data, sinf/1 < 3.33 A™D).

Fig. 14. Fourier map (o, map) of a 10X 10A® section
parallel to (110) with 0.2 e/A® contour intervals,
calculated from the Mn,O, model structure
eliminating Li atoms (MD data, sind/2 <
333 A1).
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Fig. 15. Difference Fourier map ( Ao map) of a 10X 10
A? section parallel to (110) with 0.2 e/A’ contour
intervals, calculated from the Mn,O, model
structure  (synchrotron X-ray diffraction,
sin@/2 < 121 A™Y).

Fig. 16. Difference Fourier map ( Ao map) of a 10X 10
A? section parallel to (110) with 0.2 e/A’ contour
intervals, calculated from the LiMn.O, model
structure  (synchrotron X-ray diffraction,
sin@/2 < 1.21 A™Y).
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A Novel Fabrication Technique of High-Purity Silicon
for Solar Cell Application.
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A novel technique to fabricate silicon from silicon tetrachloride by reduction reaction with zinc at high

temperatures has been described for the purpose of providing high-purity silicon materials for silicon solar-cell

industries. This technique requires essentially less energy consumption than those now in use, and is expected

to provide silicon single- and poly-crystals at a greatly reduced fabrication cost with a reasonable quality for the

solar-cell use when it is applied to large scale manufacturing. A preliminary experiment was carried out to

investigate the direct reduction of silicon tetrachloride by zinc vapour in the argon atmosphere. The reaction

products were examined by the powder X-ray diffraction, scanning electron microcopy, and energy dispersive

spectroscopy. A formation of well-crystallized silicon micro-fibers with 0.1-5 xm in diameter and 50-5000 /# m in

lengths was confirmed. [Received February 1, Accepted February 17, 2005]
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Fig. 1. Flowchart of the novel fabrication system to produce high-purity silicon for solar cell application.
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Abstract

Powders of cathode material, LiNiO, were prepared by an emulsion method. It has been found that the
optimum condition for the synthesis of LiNiO, is the heat treatment at 750°C for 24 hr in oxygen atmosphere.
The calcined powders have layered structure, and the shape of the particles is smoothly edged polyhedron. The
average particle size was estimated at 05~1 gm from SEM photographs. For the measurements of
electrochemical properties, the cells composed of Li/ {1M-LiPFs-(EC+DMC)} /cathode materials were prepared.
Charge-discharge tests were carried out galvanostatically in the voltage range between 2.7 V and 4.2 V. The
discharge capacity of the LiNiO, electrode prepared in the optimum condition was 161 mAh/g at first, and

147mAh/g at the 20th cycle. [Received February 9, Accepted February 17, 2005]

Keywords : Lithium ion secondary battery, LiNiO,, Cathode material, Emulsion method

1. Introduction

More than 200 materials have been evaluated for
use as positive electrodes of secondary batteries' ¥
over the past two decades. Of these, LiNiO, is a
promising cathode material for lithium secondary
batteries. It has a higher discharge capacity and is
relatively excellent for economics and low
environmental pollutions compared to commercial

LiCoO,*". Because of the high vapor pressure of

' Tel : + 82-63-270-2380, Fax : +82-63-270-2386
E-mail : hwanyl00@naver.com

* i E D Prof. KIM Bok-Hee (&#Fi) b KR¥EFIRITHAY:
hiRELS (JSPS) —ERIZHEE¥ICH & DX, Korea Science
and Engineering Foundation (KOSEF) X D& N T4 H
BT¥ERPET Iy 7 AT EMIEE > 5 — R ST
PO - FRHFZEEICIRIE SN, EREI64E12H 20 H 7 5 Fpk
174- 1 H16H £ CRMREICIHIEL, BRSIEZEHEL 2
LiNiO, D G it 1 27t —~< & U TR XHRIEHT 2
W TR 2T D T2 RS Z O FERHEDOE &7 Fmim
Thd,

lithium oxides and the difficulty to convert Ni*" to
Ni*" ions, various methods for synthesis of LiNiO,
have been reported. In an emulsion method, organic
phase divides homogeneous mixed solution of
starting materials into fine mists by high-speed
agitation. All of these divided fine mists, that is,
emulsion have spherical shape and homogenized
composition. It is considered that these emulsions
could be easily decomposed and reacted to
synthesize crystalline solid by calcination at proper
temperatures. This emulsion method will be more
preferable for the synthesis of layered LiNiO,
powders than any other processes. In this work, we
investigated optimum conditions for the synthesis of
LiNiO, by emulsion method and electrochemical
properties of LiNiO, such as phase transition,
discharge capacity and cycle life, etc.

2. Experimental Procedure

Experimental procedure is shown in Fig. 1.
LiOH - H.O (99.95%, Aldrich Chemical Company,



Synthesis and Electrochemical Properties of LiNiO, Cathode Materials by Emulsion Method

Inc.) and Ni(NO;),:6H, O (99.99%, High Purity
Chemicals, Japan) were used as starting materials to
prepare mixed aqueous solutions (0.5 mol/L for the
LiNiO, composition). Aqueous solutions of the
starting materials were mixed on the magnetic
Span 80 (5 v/v%) for the
surfactant, kerosene (92 v/v%) for solvent and

stirrer for 24 hr.

paraffin oil (3 v/v%) for emulsifying agent were
also mixed on the magnetic stirrer for 24 hr to
prepare organic phase. The aqueous solution and
organic phase were mixed in the ratio of 2:1 and
emulsified at the speed of 4000 rpm for 5 min. To
evaporate water and petroleum included in the
water-in-oil type emulsions, the prepared emulsions
were dropped into the petroleum heated at 170°C” in
the silicon oil bath and dried at 120°C in the oven.
Thermal analysis of the emulsion-derived powders
was carried out with heating rate of 10°C /min using
DT-TGA. The crystal structures of the calcined
powders were examined with an X-ray
diffractometer (XRD: Rigaku, D/MAX-111A) with
CuKa radiation operated at 40 kV, 40 mA and
scanning speed of 4° /min. The shape of the particles
and microstructure were observed with a scanning
electron microscope (SEM: JEOL JSM-6400). The
electrochemical properties of samples were tested at
room temperature with half cell in Li metal/
electrolyte 1M LiPFs-ethylene carbonate (EC) and
dimethyl carbonate (DMC) (1:1 in volume)/ cathode
material. The cathode materials consist of LiNiO,
powder, acetylene black as conductor and PTFE as
binder at the ratio of 88:10:2 by weight. Lithium foil
and glass micro-fibre filters (GF/A, Whatman) were
used for anode and separator, respectively. The cells
were automatically charged and discharged in the
range between 2.7 and 4.2 V at 9.5 mA/g.

I
Cell Fabrication |
I

Cell Test

LiOH - H,0 | | Ni(NO ), 6H,0 |
| Mixed %olution |
[ Emulsion  |{_waemor ]
| Hot Kerosens drying |
| FilteringI&Drying |
[ Calonation (e
| Characterization | b sevprioa ]
|
|

| Charge -Discharge test

Fig. 1. Experimental procedure.

3. Results and Discussions

The XRD patterns of the LiNiO, powder
synthesized at 650~850°C for 24 hr in the oxygen
atmosphere are shown in Fig. 2 (a). All the observed
XRD peaks are assigned to the layered structure
except some peaks observed for the powder calcined
at 6560°C, which can be assigned to residual Li,CO;
peaks. From this, it is concluded that 650°C is not a
sufficient temperature to form LiNiO..

The intensity ratio of the 003 peak to 104 peak,
Tws/Is 1s used to examine the cation mixing of Li’
and Ni*" in LiNiO.,”. The powder calcined at 750°C
has the highest I /L. It also shows a distinct
separation between 006 and 102 peaks in the XRD
These mean that the LiNiO. powder
synthesized at 750°C has better crystallinity than

pattern.

powders synthesized at any other temperatures.

In order to determine the optimum calcination
time at 750°C, the dried powder was calcined for
various heating periods. The XRD patterns of the
LiNiO; powder synthesized at 750°C for 12 hr, 24 hr,
36 hr and 48 hr in oxygen atmosphere are shown in
Fig. 2 (b)

—F = B (@)

1 EEE S
J AA—J[ A A 800°C
J LA—J A A 75(°C
J JM—J A A~ 700C

Li2COs
T 650°C

.

10 20 30 40 50 60 70 80 90
20 (deg.)

L—J\ (b)
Iy U WY 48hr
_J AJJ 1 Mo 36hr

A i) A Aa 24hr
J : ’LA_J - /L_J\_A _12hr
10 20 30 40 50 60 70

80 90

20 (deg.)

Fig. 2. XRD patterns of LiNiO, synthesized (a) at various
temperatures for 24 hr and (b) at 750°C for vari-
ous heating periods.
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The XRD peaks of the powders calcined at 750°C
for various heating periods show that the specimen
is a single phase of LiNiO,. We could not determine
the optimum calcination time only from the XRD
patterns. Thus, investigation of charge-discharge

various heating periods.

approximately 0.5~1 g m.

powder synthesized at 750°C.

The LiNiO, powder synthesized at 750°C for 24 hr
has greater first discharge capacity than for any
other heating periods.

test was carried out for the powder calcined for =il
iz (a)
The SEM photographs of LiNiO, powder dried at =
170°C and calcined at 750°C are shown in Fig. 3. 8
The dried powder was a collection of spherical Z e
agglomerates of about 100 nm particles. The calcined i .3 L
powder was a collection of particles with similar _~ "1l
shape and size. The particles appear to be smooth- P ‘L ‘11
dged polyhedron and the average si a i I'rsoc
edged polyhedro e average size was 28 p— e
7 ) . 2 2 L . ) . " "
0 # 40 G0 BO 100 120 140 180 180
a4
= |h||
a0
B
E 16
5 M i
12 i1
= ||
i |
2.8 &fh 12h 36h 24&h
A

Fig. 3. SEM photographs of powder (a) dried at 170°C, (b)
calcined at 750°C for 24 hr

Fig. 4 shows the first discharge curves of LiNiO,
electrode prepared for various temperatures and
calcination periods in oxygen atmosphere. The
curves exhibit two or three plateaus, which indicate
that phase transitions occur during intercalation and
de-intercalation of Li ion. The LiNiO. electrode
calcined at 750°C has the largest discharge capacity.
It was expected from the highest lys/lo ratio of the

0 3 40 60 @0 100 120 140 180 180
Discharge capacity (mahig)
Fig. 4. First discharge capacity of LiNO, calcined (a) at

various temperatures for 24 hr and (b) for various
periods at 750°C.

Fig. 5 shows the discharge capacity of LiNiO,
electrode during the initial 5 discharge-charge
cycles. The discharge capacity change of specimens
for any calcination temperature and periods is not
strongly dependent on the cycle number except the
specimen calcined at 650°C.

Fig. 6 shows the discharge capacity with cycle
number for the LiNiO; electrode synthesized at 750°C
for 24 hr. The discharge capacity was 16lmAh/g at
first and 147mAh/g at the 20th cycle and the rate of
decrease in discharge capacity was 9% after 20"
cycle.
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200
180 @)
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Fig. 5. Discharge capacity of LiNiO, synthesized (a) at
various temperatures for 24 hr, (b) for various
periods at 750°C.
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Fig. 6. Discharge capacity of LiNiO, synthesized at 750°C
for 24 hr for the initial 20 cycles.

Conclusion

The cathode material, LiNiO. was prepared by

an

emulsion method and calcined at various

temperatures and periods in oxygen atmosphere.

The optimum condition for synthesis of LiNiO;
cathode material was heating at 750°C for 24 hr. The
discharge capacity was 161 mAh/g at the 1* cycle
and 147 mAh/g at the 20" cycle.
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Bonding mechanism between alumina and aliminum

Yoshihiko KURASHIMA

Ceramics Research Laboratory, Nagoya Institute of Technology
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The good joining state between Al and Al:O; is to produce MgO - ALLO; spinel in this joint layer that dispersed

in anchor shape along the Al metal layer.
[Received February 3, Accepted February 17, 2005]
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Formation of thermally stable coated v -Al;Os layer on steel substrate

Masakuni Ozawa*, Ken-ichi Araki*
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SYNOPSIS

Formation of catalytic alumina coating on stainless steel substrate was examined through a simple dipping-

drawing process of 7 -ALQO:; slurry for the puropose of fabrication of a catalytic part which was used under heat

condition. Thermal stability of coat layer on stainless steel was examined by the change about surface area,

XRD, and SEM morphology in the temperature range of 500-1100°C. The surface area was 108m°/g and 96m°/g

after heat treatment in air at 900°C and 1000°C, respectively. The coat layer was stable with porous structure on

steel below the temperature of 1000°C. [Received February 10, Accepted February 24]

KEYWORDS: Alumina, Stainless steel, Thermal stability, Dip coating, Oxidation, Catalyst
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(O) and alumina-coated SUS substrate (@) after
heat treatment in air at 500-1100°C for 3h.
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Fig. 2 Weight increase per unit area of SUS substrate

(O) and alumina-coated SUS substrate (@) after
heat treatment in nitrogen at 500-1100°C for 3h.

BmITk> T, MUMIRE, FHEKEME, WEZE
Il U7z SUS304AK 2 il Wz fs R 2 Fig. 1 L Fig.
212RT, ZIIFa—bLEREI-FLAEW
SUS30M4EMRITDONT, HRE TEIHBITEHRT X
3 RFIREF L 2 E EOEBMME R L T, ELH
TH500~800°C TIZERENIIFE & A E/RWAS, 900°CLA
FOREEFRICE>TEEBMMEZTZZEDDMNS
(Fig.l), HITE=L T TI00C TR TS & 0 — M
LOHATI3WIYS, I—MEDDBE T IWtS DKRE
WEEINNH D, ZERHHHOBE1100°CHHE DR E
TIEHER T Db Ot MR OBl 5 Bifilan s Z
EERBELTWS, £/2, 7IVIFI—MIRLEPD
B2 EWSEENRB SN, —F, E2FFPEBRTHN
< OMOBEEMMA 51 (Fig2), 1000CETDF—
& TlE, 225, #HPEHIFIFRSERMEZRL TWY



INEBIEFR » SR —

%, TOEMI0.ImmEAFER TOTWIX L FTH O,
ZHEHPTIZI00°C TELH IG5 O 1 FEICHE A L
2o FEA-FNELICEXRTZIINIFI-MTEDT
1100°C @ & &M=L UKEE#/0 E F TOELTIX
O— MNEDBILZ T 2RNAH 6Nz, EBRHPET
TRSEFPTTHEEHENASLND2DIFIHNWEERTA
FE2399.9% T, MIRTIHMEWEBRRBECHLNDST
AL BN EDD THW =D TH 2 EBbh b, HIKD
BHERE DB SN S B GE, VIV T IR o THE
IREERR U CltEE Ltk 2 m LS8 558035 5° 7,
REOXIIBWMADAZY —a— b TlE, KFHDZE

140

Surface area (m2/g)
S o S S o
I | | 1 T

[\®}
[w]
I

0 L L 1 L
400 600 800 1000 1200

Temperature (°C)
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Fig. 5 SEM photograph of alumina coat layers on SUS substrate heated at 900-1100°C for 3h in nitrogen.
(a) Surface, 900°C, (b) Cross-section, 900°C, (c) Surface, 1000°C, (d) Cross-section, 1000°C.
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Fig. 6 SEM photograph of the surface morphology of the coated layers from (a) pure ALO, and (b) La-modified ALO;
subjected to heat-treatment at 1100°C for 3h in air.
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“Porous ceramics prepared by mimicking silicifi-
ed wood”
K& 5F, mEEEZ, REER, ABRKE KMEE
FlHhERER
Sci. & Tech. Adv. Mater., [9] (2004)
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“In—plane magnetic anisotropy of (111) and (100)
garnet film prepared for magneto-optical
indicator”

ZEFR, WOER, BEST, HHA, BERECS
Journal of Magnetism and Magnetic Materials 272-
276 (2004) 2255-2256
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“ Magnetic Properties of Gd-Al-Substituted
Garnet films for Microwave Devices”

ZEGER, BN #, HESTLE, A% F
Transaction of Materials Resarch Society of Japan
29[4] 1441-1444 (2004)
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“Temperature Stability of Magnetic Properties on
Gd Substituted Garnet Films For Microwave Devi
ces’

Nobuyasu Adachi, Shintaro Yagi, Yutaka
Hayakawa, Takashi Okuda, Toshitaka Ota

Symposium NITECH-CEC Limoges, November 2004

“Porous Hydroxyapatite Ceramics Derived from
Woods”
Haruki Yoshida, Nobuyasu Adachi, Toshitaka Ota
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Growth of MgNb.O;s crystals from a Na.Mo,0O; flux
S. Oishi, Y. Kawatani, T. Suzuki & N. Ishizawa
J. Mater. Sci., 39 1467-1469 (2004) .

Na:Mo.0:7 5 7 A% HBENWTAT 2N MK %
& 5 MgNb.Ogfiti i D G R # D TR L 7ze MgNb,Os
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THEN, Jeumilo i3 {130}, pEHmE (100) |
BERE501 g/cm* TH > /=,

The effect of mixed Mn valences on Li migration in
LiMn.O, spinel: A molecular dynamics study.
Kenji Tateishi, Douglas du Boulay, Nobuo
Ishizawastextetext

Applied Physics Letters. 84[4], 529-531 (2004).
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Synthesis and powder diffraction study of
Rb,Ta;0:; and related compounds

Atsuko Oono, Katsumi Suda, Douglas du Boulay
and Nobuo Ishizawa

J. Ceram. Soc. Japan, Suppl. 112[5], S1444-S1450
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Behavior of Li in LiMn:O,: Molecular Dynamics
Study.

K. Tateishi, D. du Boulay and N. Ishizawa

J. Ceram. Soc. Japan, Suppl. 112[5], S658-S662
(2004).
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X-ray diffraction evidence for a monoclinic form
of stibnite, Sb2S3, below 290K.

S. Kuze, D. du Boulay, N. Ishizwa & A. Saiki & A.
Pring

Amer. Mineral. 89[7], 1022-1025 (2004).
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LiMn,O, —a spinel-related low temperature modifi-
cation —
K. Tateishi, K. Suda, D. du Boulay, N. Ishizawa & S.

Qishi
Acta Crystallographica Section E, 60, i18-21 (2004).
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=l & A 232:1 D F G THRETICHOM L TV EHEE
SN TOEDITLIMO,DHEEARIE R IIMn O 5
M7l OB L &, ZHUTPED BRI T O
TSI N2 ZENHSNITE S T,

Structures of LiCaAlF; and LiSrAlF; at 120 K
and 300 K by synchrotron X-ray single-crystal
diffraction.
Satoru Kuze, Douglas du Boulay, Nobuo Ishizawa,
Nobuhiro Kodama, Mitsuo Yamaga, & Brian
Henderson
J. Solid State Chemistry, 177, 3505-3513 (2004).
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NTWs, ZOEBIZE, a0F 71 MGG OO
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DOEVERIIERE FICL > T 6 I NS /FTNESN
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Synthesis and characterization of yttrium-based
compounds

Y. Mao, K. Yanagisawa, A. Onda & K. Kajiyoshi, N.
Ishizawa & C. Udawatte

Hydrothermal
Proceedings of the

Reactions and Techniques:
Seventh
Symposium on Hydrothermal Reactions, edited by
SH. Feng, JS. Chen, Z. Shi, SH. Feng, JS. Chen, & Z.
Shi. World Scientific Publishing Co., Singapore
pp127-132 (2003).
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International

Synchrotron X-ray and ab initio studies of
B -Si;N,

D. du Boulay, N. Ishizawa, T. Atake, V. Streltsov, K.
Furuya and F. Munakata

Acta Crystallographica Section B, 60, 388-405
(2004).
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Connection of powder diffraction intensity data
measured with a multiple-detector system
T. Ida
Photon Factory Activity Report 2003 Part B, 157
(2004).
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GdAIQO; Perovskite

D. du Boulay, N. Ishizawa and E. N. Maslen

Acta Crystallographica Section C, 60 [12], i120-i122
(2004).

GAAIO; & ALO, DIk T H 2 R U 72 B s L EE i 2t
Z 2w 7 A OISO F LR Z K B I GAAIO, D
RGN EEINT W, T TI I v A%
MAWTGAAIO S ZF R L, £ DGz #E Dt
ZRHWTHENLUZ, COWMEIIRIARRT, 22MHEE
PnmalZf&L, O AZXROTANA Mg EZE 5,
Gd-AlFE T HEEE TSN DD D, REFET
MOERNHESZRB L TNWD, Gd-Al-GAd-fEEHOE
EaBET 5L, ZOWEDO/\AEDKE/2HE & ME
EHITHHEG A D EINTE S,

ST UAREICLSD BaTiO; F/ K FOFEBIFIEDET
1

REFE, $HAKE, HAXE, HA &
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Lithium diffusion in lithium manganese spinel
Kenji Tateishi, a Douglas du Boulay, b and Nobuo
Ishizawa

The Sixth Conference of the Asian Crystallo-
graphic Associations, Hong Kong, 6. 27-30 (2004)

3x3x1 superstructure of lithium manganese spinel
N. Ishizawa, D. du Boulay, K. Suda & S. Oishi

The Sixth Conference of the Asian Crystallo-
graphic Associations, Hong Kong, 6. 27-30 (2004)

Correlation between crystal structure and
ferroelectric phasetransition temperature for KTP
materials.

Stefan T. Norberg, Joacim Gustafsson, Nobuo
Ishizawa

The Sixth Conference of the Asian Crystallo-
graphic Associations, Hong Kong, 6. 27-30 (2004)
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Structure of New Phase SrGdMnO;
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Symmetrization of Diffraction Peak Profiles
Measured with Angular Dispersion-type Powder X
-ray Diffractometers (invited)

Takashi Ida

International Meeting on Data Acquisition and
Reduction Jor TOF Neutron Biological
Diffractometer at J-PARC, Tokai-mura, March 4
(2005)
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“Fabrication of Porous Construction Ceramics by
Gel Casting of Waste Resources”

Koichiro Adachi, Masayoshi Fuji, Minoru
Takahashi
Materials Processing for Properties and

Performance, 2, 219-225 (2004)
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“Characterization of Nano-Particle Dispersion in
a Silica Slurry”

Chika Takai, Masayoshi Fuji, Minoru Takahashi
Ceramic Transaction, 146, 67-72 (2004)
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“Characterization of a Photocatalyst Prepared by
a New Method to Introduce Ti Sites on the Surface
of Silica”

Masayoshi Fuji, Minoru Takahashi, Nanami
Maruzawa, Takashi Takei, and Masatoshi
Chikazawa

Ceramic Transaction, 146, 155-162 (2004)
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My name is Stefan Norberg, and I was born 1972 in
the city of Gothenburg, Sweden. I graduated 1998
after doing MSc studies in Chemistry Engineering at
Chalmers University of Technology; continued with
PhD studies at the same University, and received in
May 2003 a doctoral degree in Chemistry after
finishing my research study titled "Nonlinear
Optical Materials - structural studies of alkali
titanium phosphates” at the department for
Materials and Surface Chemistry.

I moved the 6 October 2003 to Tokyo after receiving

Stefan T. Norberg (JSPS postdoctoral researcher)

a JSPS postdoctoral fellowship
and joined the research group of
Nobuo
Moved again after approxi-

Professor Ishizawa.
mately 6 months in Tokyo, and
found myself this time in the
city of Tajimi. I am currently

working in the  Structure

Analysis group at the Ceramic Research Institute
and my main research interest lies in study of
ferroelectric phase transitions, in particular for

nonlinear optical materials like KTiOPO..

Xiaomao Yang (Postdoctoral researcher)

My name is Xiaomao Yang, and I was born in the
city of Yingtan, Jiangxi, P. R. China in 1970. I gradu-
ated 1998 after doing MSc studies in Chemistry
Engineering at Nanchang University; three years
later, continued with PhD studies at the same
University, and received in June 2004 a doctoral
degree in Materials of Physics and Chemistry after
finishing my research study titled "Preparation of Co
-based A2BO4 Mixed Catalytic Materials and Their
Structure and Performances” at the Institute of
Applied Chemistry.

I moved to Tajimi on December
2004 after receiving a post-doc
position and joined the research
group of Professor Masakuni
Ozawa. I am currently working
at  the
Institute and my main research

Ceramic  Research

interest lies in study of prepa-
ration of materials and their structure and
performances, in particular for catalytic materials.
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