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In this letter, we report the predictions on the effective piezoelectric coefficients and
electromechanical coupling factors of ferroelectric ceramics BaTiO; and
Pb(Mg,/3Nb,,3)O3—PbTiO; (PMN-PT) with various fiber textures, including [001], [011], and [111],
using a two-scale micromechanical model that accounts for microstructural phenomena at both
domain and grain levels. It was observed that for BaTiO; the [011] texture is optimal with highest
ds; and ds3, while for PMN-PT [001] texture is optimal despite the fact that [011]-oriented
single-crystalline PMN-PT has higher ds, than that of [001]-oriented PMN-PT single crystal. In fact,
[011]-textured PMN-PT ceramics have much smaller piezoelectric coefficients ds, and d33 than does
[011]-oriented PMN-PT single crystal. It is also noted that [001]-textured BaTiO; and PMN-PT
ceramics have even higher electromechanical coupling factor k3; than that of [001]-oriented single

crystals. © 2005 American Institute of Physics. [DOI: 10.1063/1.1952584]

Ever since the discovery of ultrahigh strain and piezo-
electric behavior in relaxor-based [001]-oriented rhombohe-
dral single crystals Pb(Mg,;,3sNb,,3)O3;—PbTiO; (PMN-PT)
and Pb(Zn,;Nb,/3)O3—PbTiO; (PZN-PT),"? there have been
efforts devoted to accomplishing similar electromechanical
properties in textured polycrystalline ceramics,”™ which are
relatively cheaper to produce. Texture levels up to 90% and
piezoelectric coefficients as high as 90% of single-crystal
values have been demonstrated in the resulting ceramics,
which are very attractive for transducer applications. How-
ever, most of these investigations focused on [001]-textured
PMN-PT ceramics, and other textures have rarely been stud-
ied. On the other hand, there is compelling experimental and
theoretical evidence suggesting that single-crystalline
PMN-PT and PZN-PT oriented along other directions, such
as [011] axis, may have even higher electromechanical cou-
pling. For example, much higher piezoelectric coefficient d3,
and electromechanical coupling factor k3, were observed in
[011]-oriented PZN-PT crystal,”® consistent with theoretical
predictions.g’10 Motivated by these studies, it is natural to ask
whether the [001] fiber texture is optimal for PMN-PT and
PZN-PT ceramics, as far as electromechanical coupling is
concerned. We intend to answer this question from a theoret-
ical point of view in this letter.

Compared with their single-crystalline counterpart, poly-
crystalline ferroelectric ceramics have much more compli-
cated microstructure. They consist of numerous grains, with
each grain having its own domain pattern. As such, micro-
structural phenomena at both grain and domain levels have

¥ Author to whom correspondence should be addressed; electronic mail:
jli2@unl.edu

YAlso associated with: Key Laboratory of Advanced Materials & Rheologi-
cal Properties of Ministry of Education, Faculty of Materials & Optoelec-
tronic Physics, Xiangtan University, China.
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to be accounted for in order to model the ferroelectric ce-
ramic accurately, and there are recent theoretical develop-
ments in the modeling of ferroelectric single crystals and
ceramics that make this possible. In particular, an energy
minimization approach has been applied to construct the en-
gineered domain configuration in a ferroelectric single crys-
tal poled along a nonpolar axis wusing multirank
1::1mination,9_11 allowing the calculation of the electrome-
chanical moduli of a single-crystalline ferroelectrics using
lamination theory. Combining this energy minimization-
based lamination theory with an effective medium type self-
consistent model that accounts for the intergranular interac-
tions in ferroelectric ceramics,'" it is possible to develop a
two-scale micromechanical model to calculate the effective
electromechanical moduli of textured polycrystalline ferro-
electric ceramics, which we report here.

First, let us consider a ferroelectric grain poled along a
nonpolar axis by an electric field E;, which favors those
variants that minimize —E,-p"), where p® and e are spon-
taneous polarization and transformation strain of ferroelectric
variants. When those variants are pairwise compatible, lami-
nated domain configurations will be resulted in the grains to
minimize their potential energy.10 The effective electrome-
chanical moduli of a grain having such a laminated domain
configuration is given bylo’11

L=L")",
M = (LHYL'M), (1)

N = (ML WL L'M) + (N) - (M'L"'M),

with

© 2005 American Institute of Physics
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Abstract

We study the effect of doping transition metals (TMs) into single-wall
carbon nanotubes by using first-principles calculations. For metallic isolated
(3, 3) single-wall carbon nanotubes, doping of Mn, Fe and Co makes them
semi-metallic, while Ni doping leads to semiconductors. For (3, 3) nanotube
bundles, a Co atom in the unit cell makes it exhibit semiconductor character.
With two or three Co and Ni atoms doped into the bundle, the impurity
atoms change the nanotube to semi-metal. In particular, the Mn,C;, and
Mnj;C, bundle have comparable large magnetic moments, suggesting that
such TM-doped nanotubes could be useful as nanomagnets.

Single-wall carbon nanotubes (SWCNTs) are among the
most promising candidates for the construction of nanoscale
electronic devices owing to their special properties and
intriguing applications in many fields [1-6]. Depending on
their chirality, SWCNTs may be semiconducting or metallic
and they can thus be used as transistors and interconnects
in electronic circuits [1]. However, one could modify the
structure and electronic properties by doping. For example,
by alkali-metal-atom doping, such as in Li-intercalated carbon
nanotube ropes [4] and K-doped individual small carbon
nanotubes [7, 8], a similar charge transfer is seen between
the alkali-metal atoms and the carbon host. In these cases, the
points of interest are the influence of hybridization between
the alkali-metal atoms and carbon, and whether they introduce
some new states on the valence or conduction band. However,
besides the similar aspects with metal doping, there is an
important influence in the aspect of magnetism on the nanotube
by TM doping, especially the contribution of the d orbital of
the TM atom when considering the hybridization.

In experiments, the three most common methods of
producing SWCNTs are arc discharge [9], laser ablation [10],
and catalyst chemical vapour deposition (CCVD) [11, 12]. A
common feature of these methods is the presence of catalytic
transition-metal (TM) particles (e.g., Mn, Fe, Co, Ni or their

0957-4484/05/123092+05$30.00 © 2005 IOP Publishing Ltd  Printed in the UK

alloys). Study of the interaction of such TM particles with
the nanotubes is essential in understanding their potential
applications, including nanowires, high-strength composites,
metal-coated structures, and nanoelectronic devices [13, 14].
It also provides an opportunity to investigate the magnetism
of low-dimensional systems. The interaction between TM
particles (Mn, Fe, Co, and Ni) and nanotubes could lead
to semi-metallic systems that are of interest for spintronics
devices [15] as well as nanomagnets. Moreover, quantitive
evaluation of the band structure of SWCNTSs doped with
TM particles is important for possible electronic applications.
However, to our knowledge, a complete understanding of the
interaction between TMs (Mn, Fe, Co, or Ni) and CNTs
or especially nanotube bundles has not yet been achieved.
For instance, how do the TM particles affect the electronic
structures of SWCNTs? To what extent do the changes in
properties depend on the concentration of TM particles? In
this paper, we perform a systematic theoretical study of TM
(Mn, Fe, Co, and Ni) atom doping in the (3,3) SWCNT and
its bundles.

We use first-principles plane-wave pseudo-potential
density functional theory as implemented in the CASTEP
code [16]. For the exchange and correlation terms, the
generalized gradient approximation (GGA) is used as proposed

3092
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Abstract

The band structure of a single-bonded cubic phase of nitrogen has been investigated by the ab initio calculations of the pseudopo-
tential density functional method. The basic optical constants including the dielectric function, the refractive index, the absorption,
the electron energy-loss spectrum, the optical conductivity and the reflectivity of the single-bond cubic nitrogen and their dispersion
properties were calculated. These theoretical results suggested that the single-bond cubic nitrogen could be a wide-gap optical material

with unique properties.
© 2005 Elsevier B.V. All rights reserved.

Nitrogen usually consists of molecules where two atoms
are strongly triple-bonded. In the recent decades, the nat-
ure of nitrogen at the high pressure has been intensively
studied and many progresses have been made in both
experimental and theoretical. In experimental, the shock-
wave experiments by Nellis et al. [1] showed that the fluid
nitrogen undergoes a transition at the modest pressures
of 300 kbar and the high temperature of 6000 K, which
appears to be the dissociation of the N, molecular to form
monatomic. Similarly, other high-pressure experiments
demonstrated that the nonmolecular solid phase of nitro-
gen is metastable at the ambient pressure [2-4]. On the
other hand, the theoretical predictions showed that the
raising pressure destabilizes the triple molecular bond of
nitrogen and leads to various nonmolecular structures, in
which each atom is bounded by single bond to three neigh-
bors [5-8]. In these constructed phases, the ‘cubic gauche’
structure proposed by Mailhiot et al. [7] is energetically
preferable. Since the cubic gauche phase (cg-N) of nitrogen
was proposed, much interest has been paid to the stability

* Corresponding author. Fax: +86 20 8411 3692.
E-mail address: stsygw@zsu.edu.cn (G.W. Yang).

0009-2614/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.cplett.2005.12.004

of cg-N at the high pressure [8-10]. Recently, the cg-N
phase of nitrogen have been synthesized by the high-pres-
sure and high-temperature method [11]. The study showed
that the cubic phase of nitrogen is a stiff substance with
bulk modulus >300 GPa, characteristic of strong covalent
solids [8]. Therefore, the cg-N represents a new class of sin-
gle-bonded nitrogen materials with unique properties such
as the energy capacity being more five times than that of
the currently most powerfully energetic materials. How-
ever, a complete understanding of the basically physical
properties of cg-N still remains a challenging issue. In this
contribution, we present the systemic investigation of the
optical properties of cg-N by the first-principle method.
To our knowledge, few studies involved in the optical prop-
erties of cg-N have been reported in the literatures [8—11].

In this study, we focus on the optical properties of the
cg-N phase of nitrogen using the ab initio pseudopotentials
density functional method. The ab initio calculations
described here are performed with the CASTEP code,
based on density functional theory (DFT) using ultrasoft
pseudopotentials and a plan-wave expansion of the wave
function [12]. We use the generalized gradient approxima-
tion (GGA) in the scheme of Perdew—Burke-Eruzerhof
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Abstract

The first principle calculations of the lattice dynamical properties of the single-bonded cubic nitrogen were performed using the den-
sity-functional perturbation theory together with plane-wave expansion and nonlocal pseudopotentials. The equilibrium structure of the
single-bonded cubic nitrogen was first evaluated via the minimization of the total energy. Then, the harmonic phonon dispersion curves
and the density of phonon states of the single-bonded cubic nitrogen have been evaluated within the linear-response framework. Fur-
thermore, the heat capacity, enthalpy, free energy, entropy and velocity of sound of the single-bonded cubic nitrogen were calculated.

© 2005 Elsevier B.V. All rights reserved.

Nitrogen usually consists of molecules where two atoms
are strongly triple-bonded. In the recent decades, the nat-
ure of nitrogen at the high pressure has been intensively
studied and many important progresses have been made
in both experimental and theoretical. In experimental, the
shock-wave experiments by Nellis et al. [1] showed that
the fluid nitrogen undergoes a transition at the modest
pressures of 300 kbar and the high temperature of 6000 K
that appears to be the dissociation of the N, molecular to
form monatomic. Similarly, other high-pressure experi-
ments demonstrated that the nonmolecular solid phase of
nitrogen is metastable at the ambient pressure [2-4]. Theo-
retical predictions showed that the raising pressure destabi-
lizes the triple molecular bond of nitrogen and leads to
various nonmolecular structures, in which each atom is
bounded by single bond to three neighbors [5-8]. Note
that, among these phases, the ‘cubic gauche’ structure pro-
posed by Mailhiot, Yang, and McMahan [7] is energeti-
cally preferable. Since the cubic gauche phase of nitrogen
(cg-N) had been proposed in theoretical, much interest
has been paid to the stability of cg-N at the high pressure
[8-10]. Very recently, the cg-N phase has been synthesized

* Corresponding author. Fax: +86 20 8411 3692.
E-mail address: stsygw@zsu.edu.cn (G.W. Yang).

0009-2614/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
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by the high-pressure and high-temperature method [11].
The cubic phase of nitrogen is a stiff substance with bulk
modulus >300 GPa, characteristic of strong covalent sol-
ids [8]. Therefore, the cg-N represents a new class of sin-
gle-bonded nitrogen materials with unique properties
such as the energy capacity being more five times than that
of the currently most powerfully energetic materials. How-
ever, a complete understanding of the basically physical
properties of cg-N still remains a challenging issue. In this
contribution, we present the systemical investigation of the
thermal properties of cg-N by the first-principle method.
To our knowledge, most of previously researches such as
[9,10] are only concerned the phase transition of the cubic
nitrogen at the high pressure, and few studies involved in
the lattice dynamic properties of cg-N have been reported
in the literatures [8—11].

In this case, we present the extensive first-principle stud-
ies of the structural and lattice dynamical properties of the
single bonded cubic nitrogen. First, we briefly review the
underlying theoretical methods, and then perform and dis-
cuss the theoretical results such as the geometry parame-
ters, phonon dispersion curves, density of phonon states,
and heat capacity. The calculations are performed using
the plane-wave pesudopotential approach within the
framework of density functional theory (DFT) as imple-
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Abstract

Considering deposition, dissociation, and diffusion of adatoms on the surface of substrates with hexagonal structure, we performed a
kinetic Monte Carlo modelling to explore aspects of the thin film growth via pulsed laser deposition (PLD) within the submonolayer regime.
First- and second-nearest-neighbor interactions calculated by the Morse potential are taken into account. The simulations show that the
behavior of PLD at a relatively low substrate temperature is similar to that of molecular-beam epitaxy (MBE). However, with increasing
temperature, there would be a crossover to PLD characterized by an increase of the island density with the pulse duration decreasing.
Moreover, we show that the scaling function of the island size distribution for PLD and MBE at the temperatures 7=250 and 550 K.
Similarly, the scaling function for PLD resembles that of MBE at the relatively low temperature, and then, it is markedly different from MBE
at the higher temperature. The physical origins involved in the growth behaviors above are proposed.

© 2004 Elsevier B.V. All rights reserved.

Keywords: Kinetic Monte-Carlo simulation; Pulsed laser deposition; Molecular-beam epitaxy; Film growth

1. Introduction

Thin films are used extensively for electronic devices and
optical components, and thin film growth techniques have
then become very important in the development of new
materials and devices [1-4]. Pulsed-laser deposition is a
convention growth technique, in which target materials are
ablated by a pulsed-laser and then deposited in pulses on a
substrate surface. Note that the technique could improve
layer-by-layer growth [5], and is especially suited for the
growth of complex multicomponent thin films, e.g., high-
temperature superconductors [6], polymers [7], biomaterials
[8], or ferroelectric films [9]. It is well known that a great
advantage of PLD is the conservation of the stoichiometry

* Corresponding author. Key Laboratory for Advanced Materials and
Rheological Properties of Ministry of Education, Xiangtan University,
Xiangtan, Hunan 411105, China. Tel.: +86 732 8293586; fax: +86
7328292468.

E-mail address: zhouyc@xtu.edu.cn (Y.C. Zhou).
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of virtually any target material in the deposition [10].
Therefore, it is essential to understand basic physical
processes involved in PLD. Recently, Hinnemann et al.
[11] proposed a simple model for PLD. In this model, the
duration of a pulse is assumed to be zero and the transient
enhancement of the mobility of freshly deposited atoms is
neglected. Moreover, the PLD process is controlled by three
parameters, namely, the intensity / of the pulses, the
diffusion constant D, and the average flux density of
incident particles F. In detail, the atoms are instantaneously
deposited in pulses of intensity / onto a surface. Between
two pulses the adatoms diffuse to neighboring sites with rate
D until they meet another adatom, in which case they form a
stable and immobile nucleus of a 2D island, or until they
attach irreversibly to edge of an already existing island.
Importantly, these simulations show that thin films growth
by PLD can differ markedly from that by MBE, which is
consistent with the study by Combe [12] using a model with
a finite pulse length. However, these studies have primarily
focused on the effect of pulse intensity, while somewhat less
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Abstract

A three-dimensional (3D) kinetic Monte Carlo simulation was performed for the growth of polycrystalline Ni films
on a Ni(100) substrate via pulsed-laser deposition (PLD) on the basis of the deposition of the incident atoms that nucle-
ate randomly and the adatoms surface diffusion combining with a growth restriction within identically oriented grains.
The simulations showed that the grains grow rapidly in PLD until they reach the critical grain size that is about 7 mono-
layer (ML) for the substrate temperature of 7= 300 K, and then grow slowly with the time span of the simulations.
Moreover, we compared PLD with molecular beam epitaxy (MBE), and found that PLD is characteristically different
from MBE at the beginning of the deposition under the condition of the same deposition rate in both cases. However,
the differences became not obvious as time unfolds and growth proceeds later.

© 2005 Elsevier B.V. All rights reserved.

Keywords: Kinetic Monte Carlo simulations; Pulsed-laser deposition; Polycrystalline thin film growth; Nickel

1. Introduction

Researches of the epitaxial growth of thin films
have been of increasing interest in recent years,
due to their extensive applications in electronic de-
vices and optical components [1-4]. Although

* Corresponding author. Tel.: +86 732 829 3030; fax: +86 732
829 2468.
E-mail addresses: tanxin@xtu.edu.cn (X. Tan), zhouyc@
xtu.edu.cn (Y.C. Zhou).

most studies are is experimental, the theoretical
simulation has come to play an important role in
analyzing the experimental data and providing
the mechanistic information that is inaccessible
experimentally. Kinetic Monte Carlo simulations
have been proven to be useful for increasing the
understanding of the atomistic details of thin film
growth, as demonstrated by the numerous litera-
tures, concerning computer simulations of the thin
film growth, that have been published in the last
10 years (see e.g. Refs. [5-8]). These simulations

0039-6028/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
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Abstract

Ert ion-doped ¥%O3 nanocrystals have been synthesized by co-precipitation technique. Up-conversion properﬁés of Er
in Y>03 nanocrystals under 488 nm laser excitation have been investigated. It is found that the luminescence intensities of the
2P3/2 — 4I13/2 and2P3/2 — 4I11/2 transitions which originate frorﬁPg/z level are much stronger comparing with that of
other up-converted transitions. The study implies that developifit:E»O3 nanocrystalline materials might be promising for
an up-converted violet laser application.
0 2005 Elsevier B.V. All rights reserved.

Considerable attention has been devoted to the en-storage—retrieval, shorter wavelengths are better. Great
ergy conversion in rare-earth doped materials for the progress in blue—green diode laser has been made in
development of shorter wavelength radiation due to recent yearg10,11] Thus, in the future, it is possi-
its potential application to undersea communication, ble to use the blue and green diode laser as pumping
medical diagnostics, information technology, color sources to realize compact solid-state violet and ul-
displays and so ofil—5]. Green up-converted lasers traviolet lasers with the development of diode laser
have been developed at room temperature by pumpingtechnology. Up-converting the visible light to higher
erbium-doped fibers with near-infrared las¢8s9]. frequency emission through rare-earth doped materials
However, for some applications, such as information might be a feasible approach. Nanometer-sized crys-

tals, on the other hand, have attracted much attention
more recently because strongly sized-dependent op-
msponding authors. tical properti_es ha\_/e disclo_sed applications including
E-mail addresses: xiaosiguo@xtu.edu.c(S. Xiao), optoelectronic devices of high performar{d2]. For
xhyan@nuaa.edu.qiX.H. Yan). RE doped nanocrystals, it is believed that the doped

0375-9601/$ — see front mattér 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.physleta.2005.06.011
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Abstract

Cross-sectional nano-indentation is a new technology especially designed for measuring interface adhesion of thin film with nano-
indenter and atomic force microscopy or scanning electron microscopy. In the paper, the delamination area induced by nano-inden-
ter pressing on the cross-section of multiple-layer thin film structure was regarded as a semi-circular interfacial crack system, and
thin film delaminated from the oxide-layer/substrate composite assumed as rigid was simplified as a bending circular plate. Based on
the anisotropic plate theory, in which the effect of transverse shear is considered, the analytical relationship of the critical energy
release rates per unit new crack with the radii of interfacial crack area, the size of oxide-layer/substrate composite extrapolated,
and the displacement of thin film extrapolated by the indenter was derived. As example, the interfacial adhesion of BaTiOs,
CoFe,04, and PZT-4 thin films evaluated by the anisotropic plate and the previous tapered beams models were simulated and

discussed.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Thin film; Interfacial adhesion; Cross-sectional nano-indentation; Delamination; Plate theory

1. Introduction

Since the emergence of thin and thick films at the end
of 1970s and their subsequent applications in microelec-
tromechanical systems (MEMS), there has been contin-
uous effort for materials development and technology
innovation in this field, leading to a significant number
of industrial and commercial applications [1]. Spearing
pointed out the basic premise behind MEMS concept
is that the high volume production and low unit cost
achieved by the microelectronics industry over the past
50 years could also be accomplished in devices where

* Corresponding author. Tel.: +86 732 8293648; fax: +86 732
8292468.

E-mail addresses: xj_zheng2002@hotmail.com, zhengxuejun@xtu.
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mechanical and electrical components are integrated
into a single silicon chip or equivalent structure [2]. They
are widely used in the high technological field of infor-
mation techniques, new material techniques and avia-
tion, and appear great superiority increasingly. MEMS
are usually composed of multiple-layer piezoelectric thin
film structures, such as actuators, detectors, memories,
and sensors [3,4]. Additionally, the application of these
piezoelectric thin film materials as dielectric layers in ex-
treme high density, new generation dynamic random ac-
cess memory (DRAM) looks promising.

Interface adhesion is becoming a critical material
property for improving the reliability of multiple-layer
thin film structures used in MEMS. As we know, it is
natural that the film may fail due to the heating loads,
electric loads as well as mechanical loads in the case of
the film at operating state. Therefore, it is important
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Abstract

The thermal fatigue of particle reinforced metal-matrix composite induced by repetition-pulsed laser heating and mechanical
load was experimentally and numerically studied. It is found that the fatigue damage is initial at the intersection region of laser irra-
diated brim region and the perpendicular direction of tensile load. The initial damage is induced by void nucleation, growth and
subsequent coalescence in the matrix material or interface separation. The fatigue cracks are constituted of void in the matrix, inter-
face separation and particle fracture. The propagation direction of fatigue crack is the perpendicular direction of the tensile load.
The fields of temperature, macroscopical stress and microscopical stress and the histories of temperature, macroscopical stress and
microscopical stress induced by the repetition pulsed laser and tensile load were simulated by ANSYS-DYNA finite element code. It
is found that with the times of laser-irradiated increasing, the maximum temperature within every pulsed laser is increasing. The time
of the maximum temperature lagged in the time of the maximum intensity of laser. The maximum stress took place at the intersec-
tion region of laser heating brim region and the perpendicular direction of tensile load. Therefore, the damage would be initial at

these regions. The results are agreement with the experiment results.

© 2005 Elsevier Ltd. All rights reserved.

Keywords: A. Metal-matrix composites (MMCs); B. Fatigue; C. Damage mechanics; D. Scanning electron microscopy (SEM); Laser heating

1. Introduction

Particle reinforced metal-matrix composite (PMMC)
can be fabricated by standard techniques, considerably
reducing the manufacturing cost and providing a good
balance between price and mechanical properties. They
are excellent candidates for structural components in
the aerospace and automotive industries due to their
high specific modulus, strength, and thermal stability
[1,2]. Many papers have been devoted to the prepara-
tion, microstructure, corrosion behavior, creep proper-

* Corresponding author. Tel.: +86 732 829 3586; fax: +86 732 829
2468.
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ties and fatigue properties of PMMC [1-6]. However,
the structural components applied for the aerospace
and automotive industries are often subjected to severe
thermal and mechanical loads simultaneously produced
by aerodynamic heating, laser irradiation, localized in-
tense fire and other mechanical loads [7-10]. Thermal
load will lead to intense thermal stress concentration
in the components of PMMC because of the mismatch
of thermal and mechanical properties between the me-
tal-matrix and ceramic reinforced particle. Such a con-
centration of thermal stress around defects often
results in catastrophic failure of components. The ther-
mal and mechanical loads are usually cycled, i.e., cycled
thermal load and constant mechanical load,
cycled mechanical load and constant thermal load or
cycled thermal load and cycled mechanical load.
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Abstract

Nd-substituted BisTi30, (BNT) ferroelectric thin films have been fabricated on Pt/Ti/SiO,/Si(100) substrates by
chemical solution deposition (CSD). X-ray diffraction (XRD) and scanning electron microscopy (SEM) were used to
identify the crystal structure, the surface and cross-section morphology of the deposited ferroelectric films. After
annealing at 700 °C, the Bis ;5Nd(gsTi30, and Biz 54Ndg46Ti30, films are crystallized and exhibit a polycrystalline
structure, but however show different preferred orientations. The experimental results show the ferroelectric and
dielectric properties of the Bis5NdggsTi3O;,> thin films are better than those of Bijs4Ndg4Ti301, thin films.
Bis 15Nd, s5Ti305 thin films show a large remanent polarization (2P,) of 65.4 pC/cm? under a maximum applied field of
356kV/cm and high dielectric constant (¢;) of 521 at the frequency of 10kHz. This work clearly reveals that
Bi3.15Ndg.g5Ti301; thin film has the more promising potential application in the non-volatile ferroelectric random access
memories and dynamic random access memories.
© 2005 Elsevier B.V. All rights reserved.

PACS: 77.55.+1; 77.80.—e; 77.84.—s

Keywords: BNT thin films; Chemical solution deposition; Ferroelectric material

1. Introduction in non-volatile ferroelectric random access mem-
ories (NvFeRAMs) [1]. The applications of

Ferroelectric thin films have attracted con- PbZr, Ti;_,O3 (PZT) thin films have been most
siderable attention for the potential applications widely studied because PZT films have many

advantages, such as large remnant polarization

*Corresponding author. Tel.: + 867328292 199; (2P,) and a low processing temperature. However,
fax: + 86732 8292 468. it has some serious drawbacks such as the lead
E-mail address: zhouyc@xtu.edu.cn (Y.C. Zhou). toxicity, fatigue and leakage current for use.

0022-0248/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jerysgro.2004.12.140



Available online at www.sciencedirect.com

sc.ENCE@D.“cr.

sourna FGRYSTAL
GROWTH

ELSEVIER

Journal of Crystal Growth 284 (2005) 142—148
www.elsevier.com/locate/jcrysgro

Radial spherical ZnO structures with nanorods grown
on both sides of a hollow sphere-like core

Shulong Ding®*, Jian Guo®, Xiaohong Yan®, Tiejun Lin?, Kai Xuan®

4Key Laboratory of Advanced Materials & Rheological Properties of Ministry of Education,
Faculty of Material and Photoelectronic Physics, Xiangtan University, Hunan 411105, China
®College of Science, Nanjing University of Aeronautics and Astronautics, Jiangsu 210016, China

Received 8 March 2005; received in revised form 15 June 2005; accepted 1 July 2005
Available online 15 August 2005
Communicated by R. Fornari

Abstract

Radial spherical ZnO structures with nanorods grown on both inside and outside of a hollow sphere-like core along
the c-axis direction have been produced by thermal evaporation of Zn powder in the absence of catalysts. Scanning
electron microscopy and X-ray diffraction investigation show that the radial spherical ZnO structures are of high purity
nanocrystal with a wurtzite structure. It is found that the formation of the sphere-shaped liquid Zn droplets before
adding oxygen is a key factor to control the morphology of the radial spherical ZnO structures. The radial spherical
structures could possibly be used as a building block and open up new opportunities for the self-assembly of functional
nanodevices.
© 2005 Elsevier B.V. All rights reserved.

PACS: 81.05; 81.15.G; 68.65
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1. Introduction important for future nanotechnology to synthesize
nanostructures of different shapes, which could be
the building blocks in self-assembled process, and
the novel properties of nanostructures depend
sensitively on their shape and size, the ability

to generate new types of nanostructures and to

Nanostructures exhibit peculiar and fascinating
properties compared with their bulk counterparts
due to the minuscule structures. Since it is very

*Corresponding author. Tel.: +867328292195;
fax: +867328292468.
E-mail address: dingsulon@yahoo.com.cn (S. Ding).

understand the growth mechanism is essential to
nanoscience and nanotechnology development.
Recently one-dimensional (1-D) nanostructures,

0022-0248/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
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A sensitive and selective electrochemical method was developed for the amperometric determination of
ascorbic acid (AA) at a glassy carbon electrode (GCE) modified with single-wall carbon nanotubes-
dihexadecyl hydrogen phosphate (SWNT-DHP) composite film. The SWNT-DHP composite film modified
GCE was characterized with SEM. The SWNT-DHP composite film modified GCE exhibited excellent
electrocatalytic behaviors toward the oxidation of AA. Compared with the bare GCE, the oxidation current of
AA increased greatly and the oxidation peak potential of AA shifted negatively to about —0.018 V (vs. SCE) at
the SWNT-DHP composite film modified GCE. The experimental parameters, which influence the oxidation
current of AA, were optimized. Under the optimal conditions, the amperometric measurements were performed
at a applied potential of =0.015 V and a linear response of AA was obtained in the range from 4 x 107 to 1 x
10~ mol L™ and with a limit of detect (LOD) of 1.5 x 107" mol L™'. The interferences study showed that the
SWNT-DHP composite film modified GCE exhibited good sensitivity and excellent selectivity in the presence
of high concentration uric acid and dopamine. The proposed procedure was successfully applied to detect AA

in human urine samples with satisfactory results.

Key Words : Amperometry, Ascorbic acid, Single-wall carbon nanotubes, Electrocatalysis

Introduction

It is well known that ascorbic acid (AA) exists extensively
in fruit and joins in many biological reactions. Recently
there has been a considerable effort in the development of
the voltammetric procedures for the determination of AA
selectively and sensitively in biological organization and
food etc. It is generally believed that direct electrooxidation
of AA at bare electrodes is irreversible and therefore
requires high overpotential.! Moreover the direct redox
reaction of uric acid (UA), dopamine (DA), and AA take
place at very similar potentials and often suffer from a
pronounced touling effect, which resulting in rather poor
selectivity. Although various electrochemical methods,
mainly based on the chemically modified electrodes, have
been proposed”!! for determination of AA, seldom proce-
dure could well resolve this problem by eliminating the
interferes of high concentration DA and UA at the same
time.

There has been much interest in the research of carbon
nanotubes since their discovery.'”> Carbon nanotubes are
molecular-scale wires with high electrical conductivity, high
chemical stability, and extremely high mechanical strength
and modulus.”® Utilization of these properties has lead to
application of carbon nanotubes as scanning probes,'*
electron field emission sources,'> actuators,'® nanoelectronic
devices,” batteries,'® nanotubes-reinforced materials,'” potential
hydrogen storage material’® and chemical sensors.?! The
subtle electronic behaviors of carbon nanotubes reveal that
they have the ability to promote electron-transfer reactions

when used as an electrode material in electrochemical
reactions. However, since carbon nanotubes have a large
dimension and hydrophobic surface, the aqueous suspension
of intact carbon nanotubes was usually unstable, which
limited the applications of carbon nanotubes in electro-
analytical chemistry. Carbon nanotubes consisting of
cylindrical shells of graphitic sheets with nanometer
diameter were found in two distinct types of structures: the
single-wall carbon nanotubes (SWNT) and multi-wall
carbon nanotubes (MWNT). The multi-wall carbon nano-
tubes (MWNT) were firstly used to fabricate carbon
nanotubes electrodes by mixing them with binders such as
bromoform, mineral oil or liquid paraffin, which was applied
in the oxidation of DA,** electrocatalysis of oxygen® and
electrochemistry of protein.* Then MWNT was either
treated with concentrated acids® or heated in the air®® to
produce hydroxyl, carboxyl and ketone groups at the
terminus and dispersed in concentrated sulfuric acid® or
organic solvents.?® The resulting suspensions were then cast
on the electrode surface and dried. However, these
electrodes often suffered from the lack of stability or
controllable dispersion on the electrode surfaces, i.e.
attaching carbon nanotubes to an electric circuit in a
controlled way is still a problem. Our previous work>"%’
reported that MWNT could be easily dispersed into water in
the presence of dihexadecyl hydrogen phosphate (DHP).
Based on the stable suspension of MWNT in the aqueous
suspension of DHP, MWNT-DHP composite film modified
GCEs have been developed. These electrode exhibited
catalytic activity towards several biomolecules. Compared
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We investigate boron and nitrogen substitutional doping single wall carbon nanotubes
(SWCNTSs) by first-principles calculations. The optimized geometres of boron and ni-
trogen substituted SWCNT's exhibit bamboo-like structures. Boron and nitrogen impu-
rities form acceptor and donor states in semiconductor SWCNTs. The highest occupied
molecular orbital (HOMO) indicates the trend of forming inter-tube bonds in doping
SWCNTs. It may start a new way to form inter-tube bonds by doping in SWCNTs.

Keywords: Carbon nanotube; impurity; electronic structure.

PACS Nos.: 7125X, 7115A.

As a new quasi-one-dimensional structure, single wall carbon nanotubes (SWC-
NTs) have received much attention since they exhibit rich phonon and electronic
properties connected closely with the geometric properties.! !0 It is found that the
variation in the structure of SWCNTSs causes remarkable changes in their prop-
erties, such as semiconductor-metal-semiconductor phase transitions.'' It means
that one could modify the properties of SWCNTSs by changing the geometric sym-
metry or atomic structures, for example, by doping in the form of substitution of
carbon by impurity in SWCNTSs. To our knowledge, the first nanotube simulations
by Yi and Bernholc!? developed ab initio molecular dynamics method to study
the atomic and electronic structure of doped microtubules of graphitic carbon. It
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The elastic-plastic finite element method of a dynamic explicit algorithm was used
to simulate the deep drawing processes of nickel coating electrodeposited on a steel
substrate to form an advanced battery shell. The Belytschko-Wong-Chiang shell
element was used to mesh the materials, the kinematical work-hardening model was
adopted for the components, and the tied-with-failure contact criterion was given to
the interfacial combination. The rate-type elastic-plastic constitute law was employed
to handle the large deformation, and the central difference method was utilized to
solve the finite element equations. The simulations of the materials in the first and
final processes illustrated that the steel substrate and the nickel coating were
simultaneously deformed and yielded in the die fillet profile and the flange area. The
thickness variation of the nickel coating and steel substrate was dependent on the
main principal stress, and their variation rule was consistent. In the entire drawing
processes, the thinnest region after forming was at the lower part of the cup near the
cup bottom, the extent of the coating being thinned after drawing was acceptable, and
the material was capable of forming the battery shell. The simulated results were

partly compared with tests and other analysis and showed good agreement.
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Abstract The uniform nickel coatings on substrate of low carbon steel were prepared by an
electrodeposition method. The chemical composition near the interface between electrodeposited
nickel coating and low carbon steel substrate was graded. The residual stress in the electrodeposited
nickel coating was measured by X-ray diffraction (XRD). It was tensile when the coating was not
treated. The mechanism of residual stress in nickel coating is discussed based on free energy. Laser
beam thermal shock was used to modify the mechanical properties of the nickel coating. Laser
beam thermal shock could redistribute the residual stress in the nickel coating. The residual stress
could be converted from tensile to compressive. A tensile method to determine the stress-strain
curve of the coating is proposed where the stress-strain relationship of the substrate without coating
was determined for the specimen loaded by an applied tensile force.

Introduction

Electrodeposited coatings are used as wear-resistant, corrosionresistant, decorative and
functional surface layers in many fields, such as aviation, space flight and electron.
Nano-electrodeposits [1,2] are attracting much interest since the potential application in
nano-materials. Electroplated nickel coating is widely used in the fabrication of metallic
microdevices or microsystems due to some outstanding properties, such as soft, ductile, machinable
and dense[3]. The electrodeposited nickel coating can also be used as the shell of high quality and
high energy-storing battery. As a good corrosive-resistant coating, electrodeposited nickel coating
must have high interface strength, good thermal mechanical match between substrate and coating,
and good residual stress distribution.
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Abstract. The intent of this article was to study the failure mechanism of thermal barrier coatings
(TBCs) induced by buckling. The main content included the following two parts. The first part
investigated the thermal/residual stresses fields in TBCs with thermal cycles, which induced by the
norlinear coupled effect of a large thermal gradient, thermal fatigue and creep strain of TBCs. One
found that the residual stresses in the ceramic coating were compressive and accumulated with
thermal cycles, which may be high enough to induce the buckling failure of the ceramic coating.
The second part studied the critical buckling failure loading of the ceramic coating in TBCs under
the condition of the compressive loading by use a theoretical model. Finally, a buckling plane, i.e.
N - T, -s, plane, was obtained by combined the above parts and applied to predict the service life
of the TBCs system. In this plane, it was divided into the two parts, i.e., non-buckling region and
buckling region.

Introduction

During the last decades, the thermal barrier ceramic coatings (TBCs) had been recognized as
showing considerable promise for various applications involving high heat flux and/or moderately
high temperature environments [1,2]. The TBCs system consisting of the ceramic coating, bond
coat and substrate was now employed in most turbine engines, permitting gas temperature to be
raised substantially above those for uncoated systems. The optimized TBC systems could make
turbine process more efficient. The ceramic coating (i.e.7-9wt% yttria stabilized zirconia) had wide
application due to its low thermal conductivity and diffusivity as well as its acceptable thermal
shock resistance. This protective coating provided thermal insulation and could be used to prolong
the life of the turbine components.

However, there are many factors that can degrade the thermal function of the TBCs. Zhou and
Evans et al. have reviewed the mainly failure mechanisms of the TBCs system [3,4,5,6]. In some
cases, the interface oxidation occurs between the ceramic coating/bond coat interface at high
temperature. Many kinds of oxides (mainly alumina) form and may result in the interface
delamination/crack [7,8,9]. Once nucleated, the many small cracks extend and coalesce, but the
TBCs may remain attached at the remnant ligaments. Failure happens when the ligaments are
detached over a sufficient area that a separation becomes large enough to create either a large-scale
buckle or an edge delamination that eventually spalls from the substrate under the effect of the
accumulated residual stresses in TBCs [10].

In this paper, the thermal/residual stresses fields in TBCs are firstly studied and obtained the
relationship of that with thermal cycles, discussed in the section 2 A theoretical model in the
section 3 is also proposed to predict the critical buckling loading of the ceramic coating under the
condition of the compressive loading.
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Abstract. In this paper, creep tests under the same temperature and different stress levels have been done on carbon
constructional quality steels, the integral creep constitutive equation and differential stress-strain constitutive
relationship can be established according to relevant rheological model, the integral core of the creep has been
achieved through the experiments. Moreover, the coefficient related with viscosity of 35 steel was obtained through
creep experiments’ data. The viscosity coefficients of TC11 titanium alloy and Lc4 aluminum alloy were also
compared and analyzed.

Introduction

Creep of materials is usually associated with time-dependent visco-plasticity under a fixed stress at an elevated
temperature. Some important internal and external factors such as temperature, time, stress and material structure,
etc. have influence on the creep performance of metals. Creep is an extremely complicated phenomenon that can’t
be ignored, because its existence (especially under high temperature) may lead to a serious accident. Cliftom R J.
from the Engineering College of Brown classified it as the first item of the schedule of the items to be researched in
his article of the plasticity of metal in 1985 [1], and suggested to seek a unified method to link up the creep strain
and basic mechanism by combining microstructure with simulation.

A typical creep curve can be usually divided into three stages [2]. Stage one, or primary creep, which denotes
that the creep-rate decreases with increasing viscoplastic strain or time. Stage two, or steady-state creep, the strain
rate increases to a value that is constant over a range of strain. Eventually, an increase in the apparent strain-rate is
observed, this region is termed Stage three, or accelerating creep, and leads to fracture. As far as the rheology of
model is concerned, frature or rupturing means the failure of rheological forming, so we mainly consider the creep
of the first stage and the second stage.

We have studied the creep properties of TC11 titanium alloy and Lc4 aluminum alloy and draw some important
conclusions. In this paper, creep tests of 35 steel under the same temperature and different stress levels were carried
out. The experimental curve is shown as Fig.1.

Determination on the creep constitutive equation

The rheology models used to describe metal materials are Kelvin’s model or Voigt’s model, Maxwell’s model,
Bingham’s model, Burgers’ model, six elements union of Kelvin-Maxwell model and series of Kelvin-Bingham
model [3-5], etc. From the curve of 35 steel’s creep experiment data, we can see that it is very short at the first stage
and very similar with the creep curve of the modified Burgers’ model, so we adopt the model to describe its creep
deformation. The modified Burgers rheology model is shown in Fig.2.

It is not difficult to determine the constitutive equation of the rheological model for modified Burgers’ model,
and its expression is as follows:

g(t)=%+%{1_exp[_?tﬂ+("ol<"s)p o200 (1)

El E2 2 3
According to the results of the creep experiments of the material 35 steel, the parameters of this model can be
determined; furthermore the creep equation can be obtained. The creep equation of 35 steel under the stress of
150MPa and the temperature of 500°C is shown as below:
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Abstract. The stress relaxation behavior of PP is investigated at room-temperature. Displacement controlled
experiment is simulated using engineering computational software ANSY'S and performed on PP. Both results were
compared with each other. The experiment results show a good agreement with the numerical ones. The utility of
numerical simulation is also discussed.

Introduction

As the development of industry and technology, there are all kinds of new demands for materials. To satisfy the
needs of technology of different fields, including aeronautic industry, electronic information, modern automobile,
electronic appliance and so on, we should improve the mechanical properties, heat-resistance, endurance, and
corrupt-resistance of materials. Thus, the exploitation and investigation of polymers have become an important
aspect in polymer science recently. Therefore, deformation and destruction regularity or relation between structure
and properties of polymers have become one of the topics which are concerned and investigated by materials’ and
mechanical workers [1-5].

Recently, with the rapid development of computer technology and computational method, complex engineering
problems can acquire good numerical solution by computer using discrete numerical computation method.
Numerical simulation technology has become one of the impetus of forming and developing of modern engineering.
Simultaneously the FEM (Finite Element Method) is also the most practical and broad way in engineering. In this
paper, we investigated stress relaxation behavior of PP under room-temperature. The mechanical response is
studied using ANSY'S for finite element analysis. In this way, we get mechanical properties of this viscoelastic
material. The stress relaxation behavior of it is verified and incarnated at the same time.

Finite element analysis

The material model in ANSYS
The property of material is determined by Generalized Maxwell Model [6], we have

G(&) = $.Ge /%) 1 G (), (1)
i=1

where G(¢&) presents condition evaluation of material property; / is the approximate relaxation coefficient of
material used in Maxwell Principle; G; = C;(G(0)—G(«)), where C; are constants associated with transitory
response, G(0) is initiation modulus and G()is final modulus; & is decay time; A; is discrete relaxation
spectrum.

Deter mining material parameter by experiment

Stress relaxation experiment under room-temperature is performed on Electronic Universal Test Machine CCS
44020. The curve of stress relaxation of PP specimen is shown in Fig.1. The values of relaxation modulus
decreases quickly at beginning, then the relaxation velocity slows and gradually approaches equilibrium at last. The
relaxation curve has oddity at time¢=0.

Taking the logarithm to the base 10 of Williams-Landel-Ferry equation [7-8], then

Cl (T(t’) B Tbase)

A = 10 )
810 (T~ Ty

@
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Abstract: The variational problem of the variational principle, which is so called in Mechanics, is very useful when
building more reasonable calculating theory of the finite element. This paper focuses on how to derive the
corresponding calculating formula of the finite element method according to a kind of new variational principle.
And the specific instances are given, and the results are correct.This finite element method of the new variational
principle is appropriate to the general situations including elasticity, plasticity and rheology, besides, it offered a
new alternative way for some more complicated problems, such as the study of elastic-plastic interface in the
elastic-plastic analysis.

Introduction

It is generally known that the calculating formula also can be derived by the void work principle, which has nothing
to do with stress-strain relation (namely, physical equation) of materials, so the finite element method derived by
void work principle attaches no limitations to stress-strain relation of materials and is appropriate to general
circumstances including elastic, plastic, and rheological theory. However, in the aspect of treating boundary
conditions of finite element reasonably, in the aspect of approximate solutions, which adopt the simplest
interpolating function to get the result that the stresses extend between every finite element after using mixed-mode
finite element, and in the aspect of eliminating the non-continuance of stress of displacement-type finite element
and so on , which are relative with finite element method, variational principle has important value of
application[1] ,and it is difficult to settle these problems according to finite element method derived by void work
principle, so in many situations, people would rather build more reasonable calculating theory of finite element
method with the aid of variational principle. But some variational principles existing always attach some restrictive
conditions, which obviously bring inconvenience when solving a kind of structure analysis problem in which
different areas are described with different stress-strain relations. Therefore it is necessary to search a kind of
variational principle which sets no limits to physical equations, that is, appropriate to general situations including
elasticity, plasticity and rheology so as to establish establish the reasonable finite element method.

Zhou Zhubao [2] proposed and proved a least work consumption principle, from which three types of new
variational principles which solve problems by stress, displacement and mixed method are derived. Since this least
work consumption principle adds no limitations to physical equations and whether the structure has “dissipation”
under loading, the derived new variational principles are just what we want: appropriate to general situations
including elasticity, plasticity and rheology.

The finite element formula for calculating is established based on this new variational principle in this paper, the
calculating instances are given and the results are correct.

Calculating formula of finite element of the new variational principle

Take the new variational principle solving by displacement for example, its expression is given as follows [2]

5{ng(uk(r))dV [l Olog @)+ £ (v + I 25 (Ofus () -, s

u

[ O g O, -7, =0 0

where u, (¢)(or ui(t)) is the displacement component; F(u, (t)) is the external work consumption rate; F;(¢) is the

body force component; 4, is the given boundary displacement component; o ;; (u k(t)) is the stress component ;
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Abstract. Constitutive model back analysis is important aspect and difficult point in geo-material back analysis, in
which the identification of geo-material constitutive model is precondition and foundation of constitutive model
back analysis. Based on the present circumstances about the model identification methods of geo-material
constitutive researching, this paper begins with the fundamental principle of identification, puts forward the
researching train of thought taking the geo-material constitutive model database as a platform, combining several
identification algorithms.

Introduction

Early in 1977, the investigation of identification problems about the constitutive model were at earliest put forward
by L. Jurina, G. Maier and K. Podolak [1]. In 1981, the problem of how to choose rational model was mentioned by
G. Gioda and S. Sakurai[2]. However, the research in this field is far from the attention paid in the parameter
inversion analysis. Entering the 1990’s, Chinese scholars started to set foot in the field of constitutive model
identification research. In 1991, having adopted systematical identification theory, statistics information theory and
decision-making principle of mode identification, Dr Yuan Yong approached the problem of rock constitutive
model identification[3]. In 1997, Liu Baoguo established one general mothod for viscoelastic constitutive model
identification in tunnel surrounding rock system by analytical method[4]. In 1999, Academician Sun Jun introduced
the fundamental thinking about geotechnical constitutive model recognition in his monograph, and researched the
identification for rock mass elastic-viscoelasticity and elastic-viscoplasticity constitutive model under complicated
conditions by least square method[5]. At the same time, since 1998, Professor Feng Xiating, as the representative,
led the intelligence technique (artificial nerve network, genetic algorithm and evolution algorithm) into the research
on the geotechnical material constitutive model identification, so that came into existence of the intelligence
identification for constitutive model[6-8].

To sum up, rich fruits have been obtained in the research on the geotechnical constitutive. However, most of the
research took those as the key point, which are establishing suitable criterion function[3,4], choosing effective
input-output information[6,7], or looking for efficient parameter inversion algorithm[8], while with less
consideration given to the establishment and exploitation of constitutive model database. In fact, through longtime
researches, a lot of data about the constitutive model has been accumulated for the geotechnical engineering circles
which has set up a solid foundation for establishment of constitutive model database. Based on the above
consideration, this paper poses the researching train of thought taking the database of geo-material constitutive
model as one platform, combining a few identification algorithms, such as the least square method, the intelligence
identification algorithm and so on.

Fundamental principlefor identification of geo-material constitutive model

Early in 1962, L. A. Zadeh made the definition for identification: identification is to define one model equivalent to
the system being measured in one group of given model classification on the basis of input-output data. The three
essential factors for identification are evidently pointed out in the definition, namely, data, model classification and
criterion. Just the same, this definition is also followed by the identification of geo-material constitutive model; the
fundamental identification loop chart is seen as Fig. 1"°). Within the exact identification, one set of data collected
through actual observation are usually stress o (input) measured on-site, and actually measured U (input), where

U={U,/x,y,,At)} ie[l,N],At=20 , (1)
Where At is a stretch of observation. The constitutive model classification set being marked as M ,

M =M M, MM} je[lll], 2)
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Abstract. A series of experiments was carried out using a rolling-type tribometer to investigate the effects on
friction behavior of the entraining velocity of the lubricant at the inlet to the contact zone (V) and sliding velocity
during deformation (4¥). Experiments with stainless steel sheets of two different surface roughnesses showed that
the variations in the friction coefficient with entraining velocity ¥ and sliding velocity AV are largely dependent on
the initial surface texture of the workpiece. For a smooth workpiece, the friction coefficient decreases with
increasing sliding velocity 4V but keeps almost constant with increasing entraining velocity V. However, for a
rough workpiece, the friction coefficient initially decreases slowly and increases largely with increasing sliding
velocity AV or decreasing entraining velocity V. Observation of the rolled surface for a smooth workpiece shows
that, with increasing entraining velocity V, the slip band becomes more marked, and with increasing sliding velocity
AV, the rubbed portions become more conspicuous. For a rough workpiece, galling occurs at high sliding velocity
AV. The critical condition for galling outbreak is shown on the V-AV graph. The galling outbreak process is
observed by interrupting the rolling process.

Nomenclature

F = friction force on friction roll

h = lubricant film thickness

N = normal force on traction roll

p = yield pressure of workpiece

r=(ty— t;)/ty x 100%, reduction in workpiece thickness
Rp = friction roll radius (35 mm)

R = traction roll radius (55 mm)

R, = maximum roughness height

ty = workpiece thickness at inlet

t; = workpiece thickness at outlet

V = (Vy+ Vg)/2, entraining velocity of lubricant

Vy = workpiece velocity at inlet

V; = workpiece velocity at outlet

Vi = friction roll velocity

V= Vy+ V)2, average velocity of workpiece

Vr = traction roll velocity (rolling velocity)

o = pressure viscosity index of lubricant

0=Vyu-Vp) (V,,+ Vi)/2 , slide/roll ratio

1o = viscosity of lubricant at ambient pressure

AV =7V, - Vg, relative sliding velocity between workpiece and friction roll
u = F/N, friction coefficient between workpiece and friction roll
6= inlet angle

Introduction

It has been realized that friction in the lubricated forming process is determined by the amount of lubricant entering
the work zone and its performance at the interface between the tool and workpiece [1]. The amount of lubricant
carried into the contact interface has been calculated by Mizuno based on hydrodynamic theory [1]. Mizuno
showed that the thickness of the lubricant film is proportional to the entraining velocity of the lubricant at the inlet
to the contact zone. This was revised by Wilson [2], who considered the thermal effects due to viscous shear, and
by Sutcliffe and Johnson [3], who took the influence of surface roughness into consideration. On the other side, the
viscous shear stress of the lubricant film is determined by the lubricant properties at high pressure, the film
thickness, and the relative sliding velocity. The relative sliding velocity especially affects the lubricant
performance at the interface [4]. This suggests that the entraining velocity of the lubricant at the contact zone inlet
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Abstract. Combining closely with the practical production of one rectifier internal hood deep-drawing thermal
forming, in order to provide parameters of material properties for the numerical simulation “experiments” of it,
the standard samples of TC1 Ti-alloy thin plate of 0.8mm thickness were made, the tensile tests under different
temperatures and strain-rates have been done so that the effects of their material’s thermo-rheological mechanics
properties have been inquired out.

Introduction

Being a novel alloy material, TC1 titanium alloy has its broad prospect in application of aerospace-aviation
which has been used in one model of aeroengine rectification hood made in China, and has a sound effect.
However, the fundamental research is not sufficient on the mechanics properties of this new material, especially
the investigation on the mechanics property of dependence on temperate, deformation speed has not unfolded yet.
But actually, this kind of investigation in other sorts of material has gone on deeply, and has gotten good results,
such as , the research on the influence of deformation speed and temperature on pure titanium friction coefficient
was made by PVENUGOPAL in India[1]; the research on the influence of deformation degree and temperature
on Ti-31 alloy was done by Li Baoxun in the Institute of Shipping Material of Luoyang, in China [2]; the
approaching on the effect of temperature and deformation speed on the relation of stress-strain of aluminum
alloy A6061 was done by Yingshe Luo, in Xiangtan University of China, and Toshihiko Mori in Japan [3]. These
show that it has the same important significance for TCI titanium alloy to spread out these researches in this
field. Based on this consideration, having adopted the method of combining testing analysis with numerical
calculating, the influence of temperature and speed on tensile mechanics property of TC1 titanium alloy has been
researched in this paper and the relevant mechanics parameters have been achieved.

Thetensile experiment for TC1 titanium alloy

The experiment condition, equipment and scheme. An identical TC1 titanium alloy sheet has been used to
have been made into standard samples. The tensile test is done at 8 kinds of different temperature and 5 sorts of
tensile speed. The standard samples of titanium alloy thin sheets of TC1(Ti-2Al-1.5Mn) are shown as Fig. 1; the
equipments for tensile test are shown as Fig. 2.

-
1 ._I 5

|
i
i
1
Fig. 1. The shape and size of the sample(Z=0.8mm). (a) The shape of the (b) High-temperature

experiment machine hearth
Fig. 2. Experimental system of AG-1 type
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Abstract. Based on piezoelectric constitutive equations and statistic average of micro-mechanics, a method is
proposed to measure residual stresses in ferroelectric thin films with X-ray diffraction (XRD). Considering an
unit cell in the crystallite coordinate, the crystallite lattice strains are determined by the mismatches of lattice
constants and thermal expansion coefficients, and its residual stresses are expressed using piezoelectric
constitutive equation. Residual stresses in any oriented crystallite can be obtained via a transformation matrix,
and residual stresses in thin films can be statistically averaged by orientations. Experimentally, PZT ferroelectric
thin films were grown by pulsed laser deposition (PLD) method. Residual stresses in PZT thin films were
evaluated by the statistic average of micro-mechanics and conventional sin’y method. The measured results

and the statistic average model of micro-mechanics are discussed.

Introduction

Pb(Zr,Ti; )O3 (PZT) thin films have been intensively investigated for their widely use in high-value capacitors,
sensors and actuators, ferroelectric field-effect transistors and nonvolatile memories. Residual stresses will be
produced inevitably in thin films during the deposition [1,2], and the determination of residual stress in
ferroelectric thin films is indispensable. Several techniques have been used to measure macroscopical surface
residual stresses in thin films. For XRD methods, the most widely used model is conventional sin?y method, in
which thin films are assumed as isotropic and the piezoelectric coupling effects are neglected. However, as we
know, it is inappropriate to evaluate the residual stresses in ferroelectric thin films.

In this paper, we propose a micro-mechanical model to measure residual stresses in ferroelectric thin films.
Experimentally, PZT thin films were prepared by PLD method. XRD patterns of thin films were measured by
X-ray diffractometer and texture goniometer. Residual stresses in PZT thin films were evaluated by the statistic
average of micro-mechanics and conventional sin®y method. The results were compared and discussed.

A x
Model

AR An unit cell of PZT thin film in the crystallite coordinate O-X;X,X3 is
A4 — N shown as Fig. 1, in which Xj-axis, X;-axis and Xz-axis are parallel to
: 4 crystallographic directions [100], [010] and [001], respectively.
: o Considering the piezoelectric effect and inherent anisotropy, the
| : constitutive equations can be specifically expressed as
i i ot =CEsf —e, E°
i 0 i‘_, £y { r: pqz pn nC (p.q=1---,6;m,n=123) (@B)]
! - - D, =€4&; + K Ey
:_2'__1____/ X, Where o and e are elastic stress and strain of the unit cell in the

Sy

crystallite coordinate O-X;X;X3. p¢ and gc are electric displacement
/x1 and electric field. CE, e

piezoelectric tensor and dielectric tensor, respectively.

In the deposition, strains will be developed due to misfit between the
phase to tetragonal phase in the film and substrzilte. A(_:corcyng to_thelm!nlmum energy principium, there are
crystallite  coordinate  O-XyX,X: four stresses in thin films: intrinsic stress &, , thermal stress o, ,

(solid lines: cubic structure, broken  transformation stress -, and epitaxial stress ;_[3].
lines: tetragonal structure) i

and «,, are elastic stiffness tensor,

mg

Fig. 1 An unit cell of PZT thin film
and phase transition from cubic

The intrinsic stress &, is generally caused by an incomplete structural
order. Kweon and his group [2] considered that &, could be determined by the differences of lattice constants
before and after annealing. The elements of intrinsic strain tensor of tetragonal grain en of unit cell in
0-X1X,X3 can be expressed as Eq. 2, where a and ¢ denote a-axis and c-axis tetragonal lattice constants at room
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Abstract. Polycrystalline PbZrys,Tig4s0s (PZT) thin films with different thickness were prepared by
metal-organic decomposition (MOD) at different thermal decomposition temperatures. Their effective elastic
constants were evaluated by x-ray diffraction (XRD) technology. XRD patterns were used to analyze the relative
intensities of textures in the films, from which the effective elastic constants were evaluated by averaging over
orientations. In the meantime, Gaussian distribution functions were used to describe the grains’ orientation
distribution, and the effective elastic constants of PZT thin films were evaluated by (001) pole figures. The
results show that the effective elastic constants of PZT polycrystalline thin films evaluated by XRD patterns are
in good agreement with those evaluated by pole figures. The polycrystalline thin films prepared with different
experimental parameters are of different elastic properties.

Introduction

Ferroelectric thin films have attracted a great deal of attention recently due to their potential application in
ferroelectric random access memories (FeERAM), microelectromechanical systems (MEMS) and photoelectronic
fields. Ferroelectric PbZry,Ti,Os; (PZT) thin films have been widely investigated for their excellent
characteristics, such as high dielectric constants, large remnant polarization and fast switching [1]. In the case of
polycrystalline PZT thin films, the mechanical properties are deeply dependent on their microstructures
especially textures. Researchers have paid much attention on the correlation between the elastic properties and
textures in traditional materials [2,3]. However, along with the wide use of MEMS, it’s urgent to investigate the
elastic properties of ferroelectric thin films for better understanding their mechanical behavior in these devices.

The present work reports on the evaluation of effective elastic constants for polycrystalline PZT thin films
with x-ray diffraction (XRD) technology. First, PZT thin films were fabricated by metal-organic decomposition
(MOD). Then, XRD techniques including XRD pattern and pole figure were used to analyze the grains’
orientation distribution in PZT thin films, and the effective elastic stiffness constants were calculated. Finally, the
experimental results evaluated by XRD patterns and pole figures were compared and discussed.

Experimental Procedure

Polycrystalline PbZrg5,Tig4305 thin films were deposited on Pt/Ti/SiO,/Si (100) substrates by metal-organic
decomposition (MOD). The precursor compound solution [4] was 0.4 mol/L. The rotational speed of spin
coating was 200 rpm for 5-7 seconds, and then it was changed into 3000 rpm for 20 seconds. Wet films were
roasted on a hot plane at different thermal decomposition temperatures after each coating. After the dry films
with needed thickness were obtained, the rapid treatment annealing (RTA) was adopted for 1 minute at 700°C
under an O, gas flow. The samples were respectively labeled as A, B, C and D, and corresponding thickness and
thermal decomposition temperatures were listed in Table 1.

The Philips X'Pert MRD x-ray diffractometer with monochromatic Cu-K, radiation was used to measure
XRD patterns of PZT thin films and PZT powder. The scan speed was 4°/min with a degree increment of 0.01°.
(001) pole figures were measured by the X’Pert texture goniometer, in which the covered angular ranges were
0°< o <70° for the pole angles and 0°< £ <360° for the azimuth angles with a degree increment of 5°.

Evaluation Methods

In order to calculate the macroscopic elastic properties of a polycrystalline sample with texture, the sample fixed
coordinate system O-xyz and the crystal fixed coordinate system O-XYZ are established. In the O-xyz system, x-
and y-axis are two orthogonal directions in the sample’s surface, and z-axis aligns along the normal direction of
the surface. In the O-XYZ system, X-, Y- and Z-axis are parallel to crystallographic directions [100], [010] and
[001], respectively. The orientation of the O-XYZ system with respect to the O-xyz system is determined by
three Euler angles ¢, ,¢, and ¢ (in Roe’s notation [5]).

* Corresponding author.
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Studies of Anti-corrosion Properties of Nickel-plated Steel Strips

for Alkaline Battery Can

TANG Tian*?, PAN Yong*?®, ZHOU Yi-chun'??

Faculty of Material and Photoelectronic Physics, Xiangtan University, Xiangtan, Hunan 411105;

Key Laboratory of Advanced Materials & Rheological Properties of Ministry of Education Xiangtan

Hunan 411105;
3. Hunan Leed Material Science & Technology Limited Company, Zhuzhou, Hunan 412007
Abstract: Nickel plated steel strips are widely used for battery can of alkaline battery. Samples of
different facilities were examined by scanning electron microscopy (SEM) and X-ray diffraction (XRD).
Mechanical properties of different nickel plated steel strips were compared. With electrochemical
technology, corrosion behaviors in 40% KOH solution were discussed in detail. Results showed that battery
can using nickel plated steel strips produced by Hunan Leed Material Company have reached the same
lever with the international counterparts.
Keywords: nickel plated steel strip; corrosion properties; battery can; alkaline battery
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Mechanical Properties of the Electrodeposited

Nickel Coating by Nanoindentation

Y. P. Jiang"® G. X. Zhao® Y. Pan'* Y. C. Zhou'* "~

1.Key Laboratory for Advanced Materials and Rheological Properties of Ministry of Education Xiangtan University

2. Faculty of Physics and Optoelectric Engineering Guangdong University of Technology

3.Faculty of Physics Hunan University of Science and Technology Xiangtan 411201 China

4. Faculty of Materials & Optoelectronics Physics Xiangtan University Xiangtan 411105 China

Abstract ~ With the development of the science and the widely uses of the films or coatings

erties of the films attachs much interest of the researchers

Xiangtan 411105 China
Guangzhou 510090 China

the research of the prop-

especially mechanical properties. In the paper the hardness

and Young' s modulus of nickel coating are investigated. The principles of nano — indenter to measure the hardness and

Young' s modulus of nickel coating are introduced. The relation curves of the load and displacement are obtained includ-

ing the original electrodeposited samples and the samples undergoing annealing and laser thermal shock. The results re-

vealed that the hardness of the samples undergoing annealing is less small while that of undergoing laser thermal shock is

slightly lager compared with the original electrodeposited samples. Moreover

load the hardness decrease with the increasing of the depth.

Key words  Nickel coating Nano — indentation Hardness Young' s modulus
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Study on the Rheological Properties of
20 Steel under Thermal Tension Part ||
LUO Ying = she'* YANG L’ * YU Min® XU Jian = min’* JI Zhong'

1. Key Laboratory for Advanced Materials and Rheological Properties of Ministry of Education Xiangtan University Xiangtan 411105 China
2. Institute of the Fundamental Mechanics & Material Engineering Xiangtan University Xiangtan 411105 China
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Abstract  In order to study the influences of temperature and strain rate upon viscosity and rheological properties of
solid metal materials a series of experiments under the same strain rates in the range of 0.05 /s ~0.20 /s and at the
constant temperatures in the range of 450 ~ 500 °C were done on the 20 steel. The rheological constitutive model of 20
steel is established on the basis of the Perzyna model and Johnson — Cook model. Furthermore the coefficient ¥ related
the viscosity was obtained . Comparing the results calculated from the model with the experiment results it proves that the
model can reflect the temperature effect and strain rate effect of 20 steel better.

Key words 20 steel rheological ptress constitutive model strain — rate effect
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Determination of the equivalent circuit parameters for
the impedance spectroscopy on
the oxidation measurement in the thermal barrier coating

YANG Li'* LU Xin'* ZHOU Yi — chun'*
1.Faculty of Materials &Optoelectric Physics Xiangtan University Xiangtan 411105 China
2.Key Laboratory for Advanced Materials and Rheological Properties of Ministry of Education Xiangtan University Xiangtan 411105 China

Abstract  The simple equivalent circuits of thermal barrier coatings at different oxidation periods were proposed. The
relationship between impedance spectroscopy and the parameters of the equivalent circuit of TBCs has been analyzed
meanwhile the parameters of the equivalent circuit have been analytically obtained so as to evaluate the degradation and
the growth of TGO The oxidation between ceramic coat and bond coat was named as thermal growth oxidation 1i.e.
TGO in TBCs. It was found that the results of the impedance spectroscopy were fit to an idealized model circuit and the
parameters obtained by the model were in good agreement with the simulated results by EQU program.

Key words  impedance spectroscopy thermal barrier coatings equivalent circuits parameters
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Prediction of residual stressin thermal barrier coating during the

deposition process

W.G.Mao ™ C.Y. Dai'"? Y. C. Zhou"”
" Faculty of Materials & Optoelectronics Physics, Xiangtan University, Hunan, 411105, China
(2] Key Laboratory for Advanced Materials and Rheological Properties of Ministry of Education,
Xiangtan University, Xiangtan, Hunan, 411105, China

Abstract The material parameters (such as Young’s modulus, Poisson’s ratio and thermal
expansion coefficient) of each layer will result in the different cooling velocity of thermal barrier
coatings (TBCs) system during the deposition process. Moreover, to satisfy the condition of strain
compatibility at the free boundaries, residual stresses in TBCs occur after cooling to the ambient.
In this paper, the analytical solution has been obtained by using a theoretical model. We have
obtained the effect of cooling kinds and the thickness of ceramic coating on the magnitude of
residual stress in TBCs. Finally, we will use a group of optimize parameters to control the
deposition technology of TBCs.

Key words thermal barrier coating, residual stress
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