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A MULTI-PLANT MAINTENANCE SYSTEM BASED ON LIFE CYCLE MAINTENANCE MANAGEMENT
Yoshitsugu KIMURA®?, Toshiaki WAKABAYASHI®®, Yuji OHUE"!, Shozo TAKATA"2, Yasuhide NISHI"3, Tetsuro
SHIRAISHI®3, Takuzo SOGABE"“, Yoshifumi TANIGUCHI"* and Hiroshi ISHIMARU®®

Ulraculty of Engineering, Kagawa University, "ZDepartment of Industrial and Management Systems Engineering, Waseda
University, “SFaculty of Engineering, Ehime University, U“Niihama National College of Technology, “°Process and
Production Technology Center, Sumitomo Chemical Company, Ltd.

Proceedings of the International Tribology Conference NAGASAKI, pp2351-2356, (2001)

A regional consortium project spanning three years has progressed on the framework of a multi-plant
maintenance system in Shikoku area, Japan, where the turnaround of a number of small and medium-sized
maintenance businesses is a matter of urgency, and a centralized multi-plant maintenance system
is being developed by fully utilizing their skills.

The research organization is composed of three working groups: System, Practice and Tool WGs.
System WG is developing maintenance software assigning optimal maintenance specifications to each
component of plants and planning a network connecting the plants and a maintenance center. Practice
WG is developing practical methodology of modeling plants for efficient maintenance. Further, based
upon their tribological and diagnostic component technology, members of Tool WG are developing
advanced maintenance tools to apply to, and to improve total effectiveness of, the maintenance
systenm.

In particular, as one of important activities of System WG, this paper introduces the development
of a multi-plant maintenance system based on a concept of life cycle maintenance management.

FEM Study on Microstress Distribution of Fiber Reinforced Material and Triaxiality of X-ray
Stress Measurement

Masayuki NISHIDA"?!, Takao HANABUSA”? and Yasukazu IKEUCHI"?®

UKobe City College of Technology, “?Faculty of Engineering, Tokushima University, "*Niihama National College of
Technology

Materials Science Research Internationall Special Technical Publication-10 pp320-32302001 0 5
O

The criterion of biaxial or triaxial analysis was examined with the distribution of microstress

in the fiber reinforced material by the finite element method (FEM). The microstress in the matrix
phase and the long-fiber phase is generated from the thermal stress due to the deference in the
thermal expansion coefficient between these two phases. Two models of different fiber arrangement
were used to calculate microstress states. The correlation between the free surface effect and the
distribution of microstress both in the matrix and the fiber was investigated. The weighted average
strain O¢ Y O in the direction of the angle Y inclined from the surface normal was calculated
under the consideration of the X-ray absorption. The criterion of the biaxial and triaxial
stress measurement was discussed from the Oe (O - sin?y diagram calculated on different
volume fractions and fiber arrangements.



X-Ray Evaluation of Residual Stresses in Continuous Fiber-Reinforced Aluminum Composites
Yasukazu IKEUCHI®!, Tatsuya MATSUE"! and Takao HANABUSA-Z
UINiihama National College of Technology, "?Faculty of Engineering, Tokushima University
Materials Science Research Internationall Special Technical Publication-10 pp324-32702001 [0 5
O

Residual stresses arise in fiber-reinforced metal matrix composites after cooling down from
elevated temperatures due to the thermal expansion mismatch between the matrix and fibers. The
thermally induced residual stresses were measured by the X-ray method in the matrix of two different
composites, one being pure Al reinforced with 17um average diameter v-ALQ; fibers and the other
being 6061A1 reinforced with 140um diameter SiC fibers. Results of the X-ray triaxial stress
analysis showed that the stress state in the matrix sampled by the diffracted X-ray beam was biaxial
on the composite with large fibers, whereas triaxial on the composite with small fibers. In the
matrix of annealed composites, a tensile residual stress state was observed. After cooling the
annealed composite to liquid nitrogen temperature, the matrix showed a compressive stress state
in each composite. Regardless of the tensile or compressive stress states, the residual stress
parallel to the fibers was the maximum principal stress. From the X-ray biaxial stress measurements
during heating and cooling process of each composite, it was found that the tensile residual stress
in the matrix linearly decreased with increasing temperature. The amount of reduction was in good
agreement with the prediction by an elastic cylinder model.

Quaternary Diffusion in the o Solid Solutions of Al-Zn-Mg-Ag Alloys

Tomoshi Takahashi”?, K. Hisayuki”?, Toshimi Yamane”?, Yoritoshi Minamino"?®

Ulpepartment of Materials Science and Engineering, Niihama National College of Technology, Niihama 792-8580, Japan,
U2pepartment of Mechanical Engineering, Hiroshima Institute of Technology, Hiroshima 731-5143, Japan, “°Department
of Adaptive Machine Systems, Graduate School of Engineering, Osaka University, Suita 565-0871, Japan

Defect and Diffusion Forum Vols. 194-199, pp.235-240(2001)

Quaternary interdiffusion experiments of Al-rich o Al-Zn-Mg-Ag alloys have been performed in
the temperature range from 725 to 832 K. The concentration profiles indicate that the diffusion
distance of Ag is shorter than those of Zn and Mg in the solid solutions. The direct interdiffusion
coefficients D* ,,;,, D* 4, and D*,,,, are positive, and indirect coefficients are negative. The
impurity diffusion coefficients of Ag, Cu or Mg in Al-Zn-Mg (or Ag) alloys can be expressed by the
following equations.

D™ \gcar-3.0azn-1.00ag) 1 2-0x107%exp(-119 kJ mol*0RT?) m*Os,

DY agcar-3.37zn-2.75mg) 1 1.9x107%exp(-138 kJ mol*0RT?) mOs,

D™ cucar-3.37zn-2.75mgy O 5.7x10”%exp(-132 kJ mol*O0RT™) m’Os.
The ratio values of indirect to direct diffusion coefficients suggest that attractive interactions
of Zn-Mg atoms exist in the Al-Zn-Mg-Ag alloys.

Diffusion in 2000 Series Aluminum Alloys
Toshimi Yamane"?!, Koji Hisayuki”!, Tomoshi Takahashi“?, Koji Fujita"!

Ulpepartment of Mechanical Engineering, Hiroshima Institute of Technology, Hiroshima 731-5143,
Japan, “?Department of Materials Science and Engineering, Niihama National Col lege of Technology, Niihama 792-8580,
Japan
Defect and Diffusion Forum Vols. 194-199, pp.253-258(2001)



2000 series aluminum alloys contain mainly Cu and other elements such as Mg, Si, Fe, Mn and so
on. In this research, effective interdiffusion coefficients of Cu and Mg were obtained in the
commercial milticomponent 2000 series aluminum alloys. At atmosphere pressure, the temperature
dependence of the average effective interdiffusion coefficients in the temperature range from 763
K to 813 K are expressed by Arrhenius type relation.

The ratios of activation volumes O O ™ for effective interdiffusion obtained from pressure
dependence at 0.1 MPa to 0.196 GPa to the molar matrix volumes V, are 0.68-0.84 for Cu and Mg. From
these values, Cu and Mg atoms are considered to diffuse through the medium of monovacancies.
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Quaternary Diffusion in 7000 Aluminum Alloys
Tomoshi Takahashi®?!, Yoritoshi Minamino™2, Toshimi Yamane®?

Ulpepartment of Materials Science and Engineering, Niihama National College of, Technology, Niihama 792-8580, Japan,
U2pepartment of Adaptive Machine Systems, Graduate School of Engineering, Osaka University, Suita 565-0871, Japan,
O3pepartment of Mechanical Engineering, Hiroshima Institute of Technology, Hiroshima 731-5143, Japan
Materials Transactions, Vol.43, pp.232-238, (2002)

Quaternary and ternary interdiffusion experiments of 7000 aluminum alloys have been performed
at 725 K and 755 K. The concentration profiles indicate that the diffusion distance of Cu is shorter
than those of Zn and Mg in the solid solutions. The direct interdiffusion coefficients D" , ;. ,
D A, are positive, and indirect coefficients D ™ ,,, , D * ,,,, are negative in the ternary
Al-Zn-Mg alloys. The effective interdiffusion coefficients in 7000 aluminum alloys are in the order
DM, c0 D0 D™ . When the concentration distribution of Zn and Mg are almost
constant and the concentration of Cu approaches zero in the Al-Zn-Mg(d Al-Zn-Mg-Cu couple, 1t is
obvious that D 7 , . OD* ¢ycy OD ” ¢ycar-zn-ugy- The ratio values of indirect to direct diffusion
coefficients suggest that attractive interactions of Zn-Mg and Cu-Mg exist in the Al-Zn-Mg-Cu
alloys.

Glass forming-regions and thermal properties of Bi,0,-Zn0-B,0,-R,0 quaternary systems
ooooiPo oo oOpooogr?



Nl0pDOD0000D00000000"200000000000000000000000
Physics and Chemistry of Glasses, Vol.42, pp275-278 (2001)

New glasses containing Bi,0;, Bi,0,-Zn0-10B,0,-R,0(R O Li, Na, K) system, were studied on
glass-forming regions and thermal properties. The glass-forming regions containing Li,0 are wider
than those containing Na,0 or K,0. It is found that Zn0O in the glasses containing Bi,0; spreads out
the glass-forming region. Tg of the Bi,0,-Zn0-B,0,-R,0 quaternary systems ranges from 272 to 3390 .
Tg does not depend on the size of alkaline ions, but depend on the amount of alkaline oxide. The
values of ratio TgO Tl are from 0.63 to 0.72, being in fair agreement with "two-third rule.”
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Relationship between the structure and the depositing conditions of TiN film deposited by arc
ion plating were investigated by X-ray diffraction. Bias voltage and arc current were changed to
examine their roles on the structure of TiN films. The structure of TiN film depended on the bias
voltage. Inthe case of a bias voltage at OV, the TiN films exhibited high {110} orientation, whereas
the films exhibited high {111}orientation when the bias voltage was -100V. On the other hand, arc
current did not affect the structure of TiN films. {111}orientation was accomplished on the glass
substrate when the effect of droplets was reduced. The ratio of nitrogen to titanium composition
(NO Ti) was observed by X-ray photoelectron spectroscopy (XPS). The results of XPS analysis showed
that the maximum value of NOI Ti was about 0.89 in the TiN films when they had {110} and {111} preferred
orientation along the film surface.
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In the industrial fields, aluminum (A1050) and aluminum alloys (A5052 and A2017) are widely used
in mechanical components. However, their application is essentially restricted because of their
low strength and low hardness. In the present study, TiN film deposition was tried on a surface
of aluminum and aluminum alloy substrates by means of an arc ion plating. The aim is to develop
thick TiN film on aluminum based materials in order to get strong wear resistance. In order to
minimize an increase of the substrate temperature throughout the deposition, the process was planned
to deposit TiN intermittently with cooling intervals of 120 min. Arc current, bias voltage and
coating time were changed to examine their roles on hardness and wear property of TiN films. X-ray
diffraction study revealed (100) preferred orientation in the film deposited under the condition
of low bias voltages, whereas (111) under high bias voltages. No cracks were observed in the films
deposited on the A5052 and A2017 substrates under the bias voltage below -30V, however, they occurred
in the films deposited higher than -20V on A1050 substrate. Low bias voltage should be essential
to obtain thick TiN films on aluminum-base materials. Wear test was made by a ball-on-disk type
machine. The depth of wear traces observed in the films with the thickness of 9 um on A1050 substrate
was about 40 um. However, no wear traces appeared in the other films deposited under low bias
voltages; regardless of film thickness. Although the hardness of the film was reduced with using



low bias voltage, the wear property was greatly improved by thick TIN coatings.

Influence of Processing Conditions on Structure of TiN Films Deposited by Arc lon Plating
Tatsuya MATSUE"?!, Takao HANABUSA"? and Yasukazu IKEUCHIP!

UINjiihama National College of Technology, "%Faculty of Engineering, Tokushima University
Materials Science Research Internationall Special Technical Publication-10 pp303-30602001 [0 5
O

The relationship between deposition conditions of TiN film deposited by arc ion plating and the
resultant structure was investigated by X-ray diffraction. Bias voltage and arc current were varied
in order to examine their roles in determining the structure of TiN film. It is found that the
structure of TiN film was depend on bias voltage. When a bias voltage of OV was applied, the resultant
TiN film exhibited high {110} orientation, whereas when a bias voltage of -100V was applied, the
film exhibited high {111} orientation. In contrast, arc current did not affect the structure of
TiN film. The ratio (at.00) of nitrogen to titanium (NO Ti) was measured by X-ray photoelectron
spectroscopy (XPS). The results of XPS analysis show that the maximum value of NO Ti is about 0.89
in TiN films when they exhibit {110} and {111} preferred orientations along the film surface.
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Preparation of (Li,0)s.,(RE0;),.,(S10,)s;, (REO Sm, Gd, Dy, Ho, Y, Er and Yb) glasses and
their electrical properties
Taro ASAHIP!, Yan Lin AUNG"?, Maiko SAITO"?!, Shinji IMAI®3, Masatomi SAKAMOTO"* and Susumu
NAKAYAMA® 2
Ulpepartment of Materials Engineering Niihama National College of Technology, “ZDepartment of Applied Chemistry
and Biotechnology Niihama National College of Technology, “*Sharp Takaya Electronics Industry Co. Ltd. and ““Faculty
of Science Yamagata University
Journal of the Ceramic Society of Japan, Vol.110 (2002), p.200-203

Lithium rare-earth silicate glasses, (Li,0)s,(RE,0;);,(Si0,)s;, (REO Sm, Gd, Dy, Ho, Y, Er and
Yb), were prepared by melting a mixture of Li,CO;, RE,0; and Si0, under the composition ratio of
each component. The density was increased with increasing the atomic weight of RE. Three differential
thermal analysis (DTA) exothermic peaks (Tc(Od ), Tc(O) and Tc(O )), attributed to crystallization,



were observed in the temperature range of 650 to 88000 . The powder X-ray diffraction analysis
indicated that Li,510;, (Li,S10;00 RE,S1,0,00 RE,S10;) and (Li,S10;00 RE,S1,0;) formed around Tc(O ),
Tc(O) and Tc(O), respectively. The conductivity of, (Li,0)s -(RE05);,(Si0,)s;, glass was found
to increase about two orders of magnitude over that of the corresponding LisYSi,0,, ceramic.

Crystallization of tantalum oxide formed by PLD
Takanori Hino™!, Minoru Nishida®?, Takao ARAKIP?

Ulpepartment of Materials Science and Engineering, Niihama College of Technologyd “’Department of Materials Science
and Engineering, University of Ehime
Surface & Coatings Technology, Vol.149, ppl-6, (2002)

The film using Ta target at 1mPa consisted of fine crystal and orientated to Ta(110) independently
of substrate orientation. The enough collision above 5Pa was necessary to obtain stoichiometric
film irrespective of the target, however the films were amorphous.
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The Structure of TiN Films Deposited by Arc lon Plating
Tatsuya MATSUE"!, Takao HANABUSA”? and Yasukazu IKEUCHI?

UINiihama National College of Technology, "*Faculty of Engineering, Tokushima University
The Sixth International Symposium on Sputtering&Plasma Processes(1SSP2001)0 12312001 O

The relationship between deposition conditions of TiN film deposited by arc ion plating and the
resultant structure was investigated by X-ray diffraction. Bias voltage was varied systematical ly
in order to clarify the effect of such a variation on the final structure of TiN films. At low bias
voltage, the resultant TiN film exhibited strong {110} preferred orientation, whereas at high bias
voltage, the dominant orientation of the film was {111}. The ratio of nitrogen, carbon, and oxygen
to titanium at the film surface and the interface between the film and substrate was determined
by X-ray photoelectron spectroscopy (XPS), revealing that the maximum NO Ti ratio is approximately
0.89 in TiN Ffilms that exhibit {110} and {111} preferred orientation on the film surface. Titanium
oxides such as TiO, or TiO were observed at the interface between the film and substrate in {110}
oriented films, however these oxides were not observed in {111} orientated films.

The Effect of Laser Irradiation Condition on the Formation of Droplets Using KrF Excimer
Laser
S. Mustofa”?, K. Mii", T. Hino"%, M. Nishida”!, T. Araki"!
Ulpep. of Materials Science and Engineering, University of Ehime, “*Dep. of Materials Science and Engineering,
Niithama College of Technology
Proc. of the 7th International Symposium of JWS, Vol. 1, pp609, (2001.11)

In this experiment, the relationships between laser irradiation conditions and formation of
droplets were investigated by KrF excimer laser of 1 pulse, which was irradiated to the target
materials such as Au, Ag, Al and Cu by altering laser fluence from 2.5J00 cm? to 10J0 cm?.

Reduction of droplet formation in PLD of tantalum oxide
Takanori HINO"!, Mustofa Salim”2, Minoru Nishida®?, Takao ARAKI"?2, Yasuhiro TSUGITA"®
UlDep. of Materials Science and Engineering, Niihama College of Technology, “°Dep. of Materials Science and
Engineering, University of Ehime, “3Sumitomo Metal Mining Co,. Ltd. Tokyo
Proceedings of 3rd International Conference on Laser Assisted Net Shape Engineering, pp775-784
(2001) 775-784

In this work the influence of droplets on corrosion resistance was studied and a double slit droplet
reduction method suitable for the PLD using KrF excimer laser was also invented.



Development of Emission-Free Recycling Process for Printed Circuit Boards of Spent Personal
Computer
Araki Takao™!, Nishida Minoru®!, Tsugita Yasuhiro”?2, Agawa Ryuichi”® and Hino Takanori“*
Ulpep. of Materials Science and Engineering, University of Ehime, “2Sumitomo Metal Mining Co,. Ltd. Tokyo, "
3Sumitomo Heavy Industries, Ltd. Niihama, ““Dep. of Materials Science and Engineering, Niihama College of Technology,
Proceedings of International Electronics Recycling Congress, pp38, (2002)
Emission-free process for recycling of PCB was developed. All of the materials contained in PCB

could be recovered by combination of so-called physical separation, i.e., combination of mechanical

and thermal separation.
ood o oao

FEM Study on Microstress Distribution of Fiber Reinforced Material and Triaxiality of X-ray
Stress Measurement
Masayuki NISHIDAP!, Takao HANABUSA"? and Yasukazu IKEUCHI"3

UlKobe City College of Technology, "% aculty of Engineering, Tokushima University, "Niihama National College of
Technology
INTERNATIONAL SYMPOSIA ON MATERIALS SCIENCE FOR THE 21ST CENTURYJ 200100 50 2500

The criterion of biaxial or triaxial analysis was examined with the distribution of microstress
in the fiber reinforced material by the finite element method (FEM). The microstress in the matrix
phase and the long-fiber phase is generated from the thermal stress due to the deference in the
thermal expansion coefficient between these two phases. Two models of different fiber arrangement
were used to calculate microstress states. The correlation between the free surface effect and the
distribution of microstress both in the matrix and the fiber was investigated. The weighted average
strain e Y O 1in the direction of the angle Y inclined from the surface normal was calculated
under the consideration of the X-ray absorption. The criterion of the biaxial and triaxial
stress measurement was discussed from the Oe& ( O- sin®y diagram calculated on different
volume fractions and fiber arrangements.

X-Ray Evaluation of Residual Stress in Continuous Fiber-Reinforced Aluminum Composites
Yasukazu IKEUCHI"?!, Tatsuya MATSUE"! and Takao HANABUSA®?2

UINiihama National College of Technology, "*Faculty of Engineering, Tokushima University
INTERNATIONAL SYMPOSIA ON MATERIALS SCIENCE FOR THE 21ST CENTURYJ 200100 50 2500

Residual stresses arise in fiber-reinforced metal matrix composites after cooling down from
elevated temperatures due to the thermal expansion mismatch between the matrix and fibers. The
thermally induced residual stresses were measured by the X-ray method in the matrix of two different
composites, one being pure Al reinforced with 17um average diameter v-ALQ; fibers and the other
being 6061A1 reinforced with 140um diameter SiC fibers. Results of the X-ray triaxial stress
analysis showed that the stress state in the matrix sampled by the diffracted X-ray beam was biaxial
on the composite with large fibers, whereas triaxial on the composite with small fibers. In the
matrix of annealed composites, a tensile residual stress state was observed. After cooling the
annealed composite to liquid nitrogen temperature, the matrix showed a compressive stress state
in each composite. Regardless of the tensile or compressive stress states, the residual stress
parallel to the fibers was the maximum principal stress. From the X-ray biaxial stress measurements



during heating and cooling process of each composite, it was found that the tensile residual stress
in the matrix linearly decreased with increasing temperature. The amount of reduction was in good
agreement with the prediction by an elastic cylinder model.
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Low melting glasses based on bismuth oxide
oooo
00000000000 0000n
XIX International Congress on Glass Proceeding(Extended Abstracts) 200100 P. 661

Oxide glasses are extensively applied some electric parts, which are CRT (cathode-ray tube), FPD
(flat panel display), thick film hybrid IC, LSI, and magnetic heads. Especially, magnetic heads
have been using sealing glasses having lower Tg (glass transition temperature). It is widely known
that these sealing glasses contain lead oxides as a major component. However, lead oxides have
toxicity upon human body and environment. New low melting glasses without lead oxide are needed



in the industrial field of electric devices right now. However, until now, there have been little
investigations as to the properties relating with sealing glass.

The purpose of this study is to study glass forming regions and thermal properties of
Bi,0,-Zn0-B,05-R,0 (RO Li, Na, and K) system in order to investigate the possibility as the sealing
glasses.

New glasses containing Bi,0;, Bi,0,-Zn0-B,0,-R,0 (R O Li, Na, K) system, were studied about
glass forming regions and thermal properties. The glass forming regions as follows : Li,0
ONa,0 O K, 0. The glass forming regions of these systems weakly depend on the size of alkaline
ion, however, Zn0O in the glasses containing Bi,0;, spreads out the glass forming region. Tg of the
B1,0,-Zn0-B,05-R,0 quaternary systems are the range from 272 to 33900 . Tg does not depend on the
type of alkaline oxide, but the amount of alkaline oxide. The values of ratio Tg Tl are from 0.63
to 0.72 and in fair agreement with "two third rule”
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Bi,0,00 B,O,[01 ZnO and Bi,0,00 B,0511 ALQO; systems were studied on glass-forming regions and thermal
properties. Bi,0,01B,0,00Zn0 system has the wide glass-forming region up to ZnOO 60mold . That of
the system with AL,Q,, however, is narrower than that of the system with Zn0. Tg of these glasses
decreases with increasing the content of ZnO and Bi,0;, while Tg of the glass with Zn0O 10mol
becomes the maximum value at Bi,0,[120mol] . The system with Al,0; also shows the similar tendency
of Tg. It is ascribed that coordination number of born ion changes from 3 to 4 by addition of Zn0
and Bi,0, to the system.
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Influence of Processing Conditions on Structure of TiN Films Deposited by Arc lon Plating
Tatsuya MATSUE"?!, Takao HANABUSA"? and Yasukazu IKEUCHIP?!

UINjiihama National College of Technology, "“Faculty of Engineering, Tokushima University
INTERNATIONAL SYMPOSIA ON MATERIALS SCIENCE FOR THE 21ST CENTURY[2001 01 50

The relationship between deposition conditions of TiN film deposited by arc ion plating and the
resultant structure was investigated by X-ray diffraction. Bias voltage and arc current were varied
in order to examine their roles in determining the structure of TiN film. It is found that the
structure of TiN film was depend on bias voltage. When a bias voltage of OV was applied, the resultant
TiN film exhibited high {110} orientation, whereas when a bias voltage of -100V was applied, the
film exhibited high {111} orientation. In contrast, arc current did not affect the structure of
TiN film. The ratio (at.00) of nitrogen to titanium (NO Ti) was measured by X-ray photoelectron
spectroscopy (XPS). The results of XPS analysis show that the maximum value of NI Ti is about 0.89
in TiN films when they exhibit {110} and {111} preferred orientations along the film surface.

The Structure of TiN Films Deposited by Arc lon Plating
Tatsuya MATSUE"!, Takao HANABUSA"? and Yasukazu IKEUCHI?
UINiihama National College of Technology, “%Faculty of Engineering, Tokushima University
The Sixth International Symposium on Sputtering&Plasma Processes(1SSP2001)2001 0 6 0 130150
The relationship between deposition conditions of TiN film deposited by arc ion plating and the
resultant structure was investigated by X-ray diffraction. Bias voltage was varied systematical ly
in order to clarify the effect of such a variation on the final structure of TiN films. At low bias
voltage, the resultant TiN film exhibited strong {110} preferred orientation, whereas at high bias
voltage, the dominant orientation of the film was {111}. The ratio of nitrogen, carbon, and oxygen
to titanium at the film surface and the interface between the film and substrate was determined
by X-ray photoelectron spectroscopy (XPS), revealing that the maximum NO Ti ratio is approximately
0.89 in TiN films that exhibit {110} and {111} preferred orientation on the film surface. Titanium
oxides such as TiO, or TiO were observed at the interface between the film and substrate in {110}
oriented films, however these oxides were not observed in {111} orientated films.
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