Thermal Spraying in Japan*

C.C. Berndt

Thetwo volumesof the proceedingsaof thel4th International National Thermal Spray Conference (22-26
May 1995, Kobe, Japan) contain 208 papers of which 78 were from Japanese authors. The proceedings
(ISSN 1241-3074), entitled Thermal Spraying: Current Statusand Future Trends, with AkiraOhmori as
the editor, total 1226 pagesand are available from the High Temperature Society of Japan, ¢/e Welding
Research Institute of Osaka University,11-1Mihogaoka, | baraki, Osaka 567, Japan.

These abstracts present a uniquesnapshot of thermal spray research and devel opment in Japan towards
theend of the 20th century. Thethirteen sectionsof the proceedingsand corresponding breakdown of the
Japanese contributorsinto these sectionsare presented in the table below.

Keywords applicationsin Japan. Japaneseabstracts, modeling

Number of Fractionof
Section Section heading Total papers Abstract No. Japanese papers  Japanese papers(%)
Volumelof Proceedings
1 Automobileindustry 6 1-3 3 50
2 Steel-making indugiry 5 4-6 3 60
3 Energy industry 8 7-12 6 75
4 Applications 25 13-22 10 40
5 New therma spraying devicesand processes 15 23-32 10 67
6 Explanationand evauation of thermd soraying 20 33-36 4 20
processes
7 Microstructure of coatings 19 37-41 5 26
Volume2 of Proceedings
8 Coating properties 51 42-62 21 41
9 Methodsof eval uating coating properties 17 63-68 6 35
10 Improving coatingshy combining processes 1 69-75 7 64
n Desgnand coating propertiesaf therma spraying 13 76-77 2 15
maerids

2 Powdersand powder metallurgy 6 78 1 17
13 Thermd spraying processingand quality control 12 nil 0 0

208 78 38

#1 Current Conditions and Future Trends of Thermal
Spray Technology in the Japanese Automobile
Industry

Keywords  automobile,cost reduction, environment,Japan

T. Miyamoroand S Sugimoto
Toyota Motor Corporation

Improvement of vehiclefuel consumptionfor global envi-
ronmental protectionand cost reduction for copingwiththehigh
yen rate are two challengesthat the Japaneseautomobileindus-
try isfacing. Thermal spray technology will play an important
role in the surface coating of aluminum alloys to reduce car
weight and friction loss. But for further progress of application
to automotive parts, thermal spray processesmust bechangedto
be better suited for automobile production. Higher performance

C.C. Berndt, The Thermal Spray Laboratory, SUNY at Stony Brook.
Stony Brook, NY 11794-2275
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coatings, cost reduction, and improvement of productivity are
required.

#2 Development of Brazing Method with Thermal
Spray

Keywords arcspraying, copper, porosity, torqueconverter brazing

T. Nakano, R. Uchino, and 7. Kusano
Aisen Seiki Co., Ltd.

Non-oxidationcopper brazing iswidely used becausenoflux
is required. Wire or paste brazing filler metals are used; how-
ever, thereare various problems, such as difficulty in automat-
ion, high material cost, and high rejection rate. To solve the

*Theeditor acknowledges Jeffery Brogan, Karlis Gross, and Sang-
HaLeigh, former graduate students a Stony Brook, for their assis-
tance in the preparation of this document. The abstracts have been
edited for both form and content to suit the requirements of an ar-
chived document.
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above problems, we havedevel opedanew brazing method with
"arcspray." Anoutlineof themethodisdescribed.

#3 TheApplicationof Cermet Coatingson Piston Rings
by HVOF

Keywords Cr3Ca-NiCr, HVCF, oxygen-fuel ratio, piston ring, wear

H. Fukutome, H. Shimizu, N. Yamashita,and Y. Shimizu*
Teikoku Piston Ring Co., Ltd.
*Shinshu University

Theincreasingly harsh dliding conditions of piston rings
for internal combustion engines demand higher wear resis-
tance. Wehaveinvestigated the relationship between theoxy-
gen-fuel ratio and wear resistance in a study of HVOF
CryC,-NiCr cermet coatings. The best wear resistance can be
achieved when k=1.0; that is, the oxygen-fudl ratio is at the
perfect combustion condition.

#4 Application of Thermal Spraying Technology at
Stedlworks

Keywords detonation spraying, roll mark, steel making plants,wear
resistant spraying

M. Sawa and J. Oohori
Nagoya Works Nippon Steel Corporation

Nagoya Works, one of the central steelworks of Nippon
Steel, has applied thermal spraying to process rolls and many
other items of mechanical equipment with excellent results.
Clarificationof wear phenomena and causes, development of
optimum thermal spray materials, and establishment of opti-
mum thermal spraying conditions and therma spray machine
operating conditions are three important requirements for the
successful gpplication of thermal spray technology. To increase
theapplication of thermal spray technology, itisnecessary to (i)
make thermal spray general-purpose technology, (ii) take a
comprehensiveapproach, (iii) devel op techniques peripherd to
thermal spray, and (iv) establish techniquesfor designing ther-
mal spray coatings. This paper introducesexamplesof thermal
spraying at NagoyaWorksand discussesthefutureoutl ook.

#5 Development of Self-cleaning Coatingson Hearth
Rollsin High Temperature AnnealingLine

Keywords cermet coating, continuousannealingline, hearthroll,
pick-up

S. Midorikawa, Y. Sato, S Matumoto, and M. Ito
Kawasaki Steel Corp.

Ceramicsrollsare used in the high temperature hearth to an-
neal stainlessstedl strips. However, thelifetimeof theserollsis
short due to pick-up defects from buildup on the roll surface.
Once these defects occur, it is necessary to replace the roll to
maintain product quality. In order to prevent pick-up defects,
several materials, including abradable coatings, were investi-
gated with theaim of havingaself-cleaningfunction. ABN-base
cermet abradable coating has superior characteristicsin pre-
venting buildup and was applied for afield test. The pickup of
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material s was solved by the self-cleaningfunction of abradable
coatings, and therefore, theroll life wasextended.

#6 Effect of ManganeseOxideson the Durability
of a Cobalt Based Coating on FurnaceRollsin
ContinuousAnnealingLines

Keywords alumina, chromia, coating, furnaceroll, manganeseoxide

Y. Gao, H. Nitta, and R.C. Tucker; Jr. *
Praxair Surface TechnologiesK .K.
*Praxair Surface Technologies, Inc.

The prematuredegradation of CoCrTaAlY+Al,03 coatings
used on furnacerollsto prevent pickup and wear in continuous
annealinglines(CAL) has been studied. Investigation of prema-
turely degraded coatings and laboratory experiments showed
that a solid state reaction of manganese oxide (formed on the
steel sheetin someCAL) with duminaand chromia(formedon
the coating or the alumina dispersion within the coating) pro-
duced complex manganese oxides of MnAlLO3 and
Cr1.sMn; s04. These reactions destroy the thin, adherent alu-
mina protectivescal e that reduceswear and pickup and that is
normally present on the coatings. The resulting complex oxides
are brittle, do not prevent pickup, and lead to premature degra-
dation of the coating. Based on theseresults, new coatings are
being devel oped.

#7 Applicationof Plasma Sprayingfor GasTurbine
EngineComponents

Keywords corrosion resistant coating, L PPS, oxidationresistant
coating, TBC

N. Akikawaand 7. Okamoto
Kawasaki Heavy Industries Ltd.

Kawasaki Heavy Industrieshas been applying thermal spray
to modify the surface propertiesof gas turbine engine compo-
nentsfor morethan 30 years. This study describesthe applica-
tion of LPPS coatingsto gas turbineengine componentsand a
partof our research and development effort using burner rig test
and seal testfacilities.

#8 1kW Moduleof Solid Oxide Fud Cell Produced by
Plasma Spray Process

Keywords density, plasmaspray, resistivity, SOFC

A. Notomi and N. Hisatome
Mitsubishi Heavy IndustriesLtd.

New technology for electricity generation is required to be
efficient, environmentally benign, and able to handlea variety
of fuels. Thesolid oxidefuel cell (SOFC) power systemcould be
a promising technology that satisfies all these requirements.
Plasmaspray technol ogy hasbecomea practical processto pro-
ducecoatingsfor SOFC components,especially LPPStoforma
dense electrolytecoating of yttria stabilized zirconia. The ad-
vantages of plasmaspray technology increase the fuel utiliza-
tionto 87.1% and theefficiency to 38% in SOFC el ectric power
conversion. On the basis of the ability of cell characteristics
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achieved by the plasmaspray process, a1 kW module has been
developed and successfully operatedfor 3,000 hours.

#9 Thermal Barrier CoatingsDesignfor GasTurbines

Keywords  durability, gasturbine. multilayered coating, oxidation,
TBC,themd stress

M. Takahashi, Y. Iroh, and M. Miyazaki
Toshiba Corporation

Thermal barrier coatings applied to hot section components
of land-based gas turbines were investigated by attending to
coating design. A concept of multilayered TBCswhich showed
high thermal barrier durability was investigated. A computer-
aided interactive system that enabled thermal stressanalysisfor
the multilayered TBC was devel oped to optimize the coating
materialsand their thickness. Next, the thermal barrier durabil-
ity of coatingswereconfirmed by experiments.Thevariationof*
thethermal barrier ability wasexamined during thermal cycling
tests and confirmed that the effective thermal conductivity of
TBCstended to decreasefor microcrackingand/or oxidation of
the coating during thermal cycling. As well, the durability of
TBCswaseva uated by the thermal cyclingtest and indicated a
dependenceon oxidation at the interface between the bond and
top coating. The multilayered TBCs, which had an oxidationre-
sistant layer between the bond and top coating formed by apre-
oxidationor prealuminizing treatment, increased durability.

#10 Failure Analysisof SomePlasmaSpray Coated
Superalloy Systems Subjected to the Synergistic
High TemperatureDamagein Actual GasT urbineor
intheL aboratory

Keywords advanced gasturbine. corrogon-cregpcorrosion-fatigue,
failureanalydSTBC

M. Yoshida, T. Aranami, H. Taira,* and Y. Harada**
Tokyo Metropolitan University

*Nippon Steel Corporation

**Tocalo Co., Ltd.

In order to establish reasonable property eval uationmethods
for advanced plasmaspray coating systemsfor heavy duty high
temperature applications, failure analysis was conducted for
two kinds of thermal barrier coating (TBC) systems. Oneis a
conventional Y SZ system, and the other is a Ca0-Si0,-ZrO,
(C,8-CZ) system. Thelaboratory tests were composed of high
temperature oxidation, hot corrosion, and corrosion-stress
(creep) rupturetests. The degradation behavior of the Y SZ and
C,8-CZ systems was characterized. The former system was
more sensitive to spalling of the ceramic topcoat layer, which
wasattributed to a preferential oxidation and/or corrosionalong
thetopcoat/metallic (MCrAlY) undercoat i nterface. Thetopcoat
of the latter system was more reactive with molten salt and re-
sulted in compositional and structural changes with new phase
formation. On the basisof thefailuremodeanal ogy betweenthe
|aboratory testsand in gasturbine practice, arelativeimportance
of variousfactorsaffecting the degradation of TBC systemsis
discussed. In particular, the importance of considering the si-
multaneousstress-corrosion effect will beemphasi zed.
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#11 Highly Durable Thermal Barrier Coatingfor Heavy
Duty GasTurbines

Keywords ceramicsgasturbine, dasraspray, TBC

Y. Kojima, K. Wada™, T. Teramae**, and Y. Furuse**
Hitachi Research Lab.

*Hitachi Works, Hitachi Ltd.

**TokyoElectric Power Company

Studieswere made of four-layer TBCsfor gas turbinesthat
had the capability to relax thermal stress. The four-layer TBC
consistsof aceramiclayer, acorrosion/oxidation resistant metal
layer, athermal stressrel axing metal -ceramicmixed layer, and a
bond layer. Thermal cycling tests showed that the lifetimes of
the four-layer TBCs are about twice those of two-layer TBCs
consistingof aceramiclayer and abond layer. These four-layer
coatings on turbine nozzles were not damaged under service
conditions. The temperatures of the substrates coated with the
four-layer TBC were about 95 °C lower than those of the un-
coated substrates.

#12 Applicationof High Velocity FlameSprayingfor the
Heat Exchanger Tubesin Coal Fired Boilers

Keywords chromiumcarbidecod fired bailer,erason, flame
spraying, high velodity

Y. Fukudaand M. Kumon
Babcock-Hitachi K. K.

One successful method for preventingthe erosion of boiler
tubes is high velocity flame spray (HVFS) coatings, such as
those formed by the D-gun, Jet Kote, and DJ-gun processes.
HVFS coatings produce virtualy pore-free, high quality coat-
ings with strong adherenceto the base material. The quality of
coatingsdependson the powder properties, such asmorphology
and size distribution. We improved the coating propertiesand
tested them under laboratory and plant conditions. Various
HV FScoatingshave been successfully applied to many compo-
nentsof coal fired boilers.

#13 Improvement of the Anode Assembly of Fluorine
Cell by Plasma Sprayed Nickel Coating

Keywords anode assambly, contadt resistance, fluorinecell, nickel
spraying

M. Dohi, J. Hiraiwa, T. Tojo,J. Takeuchi*,and Y. Harada*
Toyo Tanso Co., Ltd.
*Tocalo Co., Ltd.

Animproved electrical connection wasdevel oped by spray-
ing nickel on thecontactingareato the bus-bar of aLiF-impreg-
nated carbon el ectrodeusing atmosphericplasmaspraying. The
electrolyticproductionof fluorinewas performedwith thiselec-
trode at high current density, such as 15 A/dm? for nearly 40
days. Thecell voltagewasabout 11 V throughouttheoperation.
Deteriorationof contact between thecarbonanodebl ock and the
metal bus-bar can be prevented by this method.
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#14 AMicrostructura Study of Fatigue Damage
in StainlessSteel Coated with Plasma Sprayed
Alumina

Keywords AlyO3deposit, corrosion environment, fatiguedamage,
implant, microgtructure

M. Sugano, H. Masaki, J. Kishimoto, Y. Nasu,and 7. Satake
Yamagata University

To evaluate the potentiadl of a prosthetic application, a
SUS3I6L stainlesssteel rod coated with plasmasprayed Al,O3
has been fatigue tested in a physiological saline solution. Fa-
tigue tests were conducted under push-pull loading at astress
ratio of R =-1 and 2 and 30 Hz. In the S-N curve, the plasma
sprayed Al1,03 coating improved the fatigue properties of the
substrate metal. Plasma spraying was effective in the initial
stagesof crack propagation. The effect was more pronounced
at 30 Hz than at 2 Hz. The improvement in fatigue properties
resulted from (i) the residual compressive stresses due to the
grit blasting, which was carried out prior to plasmaspraying
and (ii) the corrosion-resistance of the Al,O3 deposit. The
Al,03 plasma sprayed stainless steel is a promising material
for implant application if the plasma spraying parameters are
optimized.

#15 Development of an Automated Polishing System for
Spray Coatings Deposited on Three-Dimensionally
Curved SubstrateSurface

Keywords automatedNC polishingsystem, fixed point linkage
mechanism, turbineblade, 3-Dcurved surface,
Zr05-22%MgO

Y. Shimizu, K. Sakaki, K. Yagima, Y. Tezuka, and S. Tamai
Shinshu University

A persona computer aided manufacturing system wasdevel -
oped for polishing thermal spray coatings deposited on 3-di-
mensionaly curved substrate surfaces. The origina
3-dimensional surface profileof the object to be polished was
measured using a contact linear gauge sensor, and the detected
profile was converted to NC machining data by the automatic
programming functionsinstalled in the system prior to the ther-
mal spray processing. The thermally sprayed article was pol-
ished by the NC polishing machine. The original fixed point
linkage mechanism that enables control of the polishing tool
axis normal to the coating surfaces was adopted. This system
polishedaZr0,-22%MgO ceramic coating sprayed on atur-
bine blade having a typical 3-dimensional curved surface.
The surface roughness of the Zr0,-22%MgO coating, being
36 um Ry, in the as-deposited state, improved to better than

7 um Ry, Via the present polishing process.

#16 Study on the Bonding Char acterigticsof Self-Fluxing
Alloysin Spray and Cast CompodteMaterials

Keywor ds  bondingcharacteristics, castingmethod, clad sted.
compositematerial, self-fluxing alloy

H. Yara, K. Miyagi,and A. Tkuta*
The Universityof the Ryukyus
*Kawasaki Heavy | ndustries, Ltd.
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Thermally sprayed self-fluxing alloys can be used to bond
dissimilar materials in the production of composite materials.
These materiasare useful in various production processesdue
to their technologica simplicity and economic advantage. Cast
ironissuperiorin compressivestrength, castability, machinabil-
ity, and corrosionresistance, but inferior in tensile strength and
ductility. Therefore, a composite material incorporating cast
iron can improveits characteristics. A compositematerial con-
sistingof castiron, sprayed self-fluxingalloy, and acarbon steel
plate has been produced, and the mechanical and metallurgical
properties have been studied. In particular, experimental data
wascompared with thoseof the basemetd. It wasfound that the
strength of thecompositematerial ishigher than that of castiron.
The bonded part had a dlightly higher hardnessthan the carbon
steel and thecast iron. Furthermore, whitepigiron wasobserved
on thecast iron.

#17 Energy Absorption Capacity of Thermally Sprayed
Aluminum Friction Damper

Keywords aluminumspraying, frictiondamper. initial clamping
force(contact pressure), static and dynamic hysteresis
characteristics

S. Ono, K. Nakahira, S. Tsujioka,and N. Uno
Osaka University

When an earthquakeactson buildings,dampersareeffective
in decreasingbuildingfailure by absorbingtheinput energy. An
objective of this study is to develop a new type of friction
damper, on whosefaying surface aluminum is sprayed, and the
doublefrictionjointistightenedwithahigh-strength bolt. When
dlip occurs on this friction damper, the dlip coefficientis high
and comparatively stable. Specimens of the friction damper
weretested under-staticand dynamic cyclic loading conditions
to investigatethe effect of the faying surface on the hysteresis
characteristics. The parameters of the test are thickness of
sprayed aluminum, initial clamping force (contact pressure),
loading program, kind of sprayed metal, and sprayedsideof the
plate. Results show that a rel ationshi pexists between the thick-
ness of sprayed aluminum and the clampingforceto obtain sta-
bledlipload.

#18 Artificial Tooth Rootswith Plasma Spraying

Keywords artificial toothroots, clinical case, dental, implant, plasma
spraying

K. Sano, K. Hara, K. Tsutsumi, and M. Magome*
Japan I ngtitutefor Advanced Dentistry
*QOsakaSangyo University

Today, peopleover 40 or 50 yearsof agein Japan |oseabout
eight teeth. The bony defects have been substituted with den-
tures, but recently, artificial implantshavebeen chosen and used
in daily clinical practice. This paper examinesthe useof artifi-
cial implantsin placeof denturesand the technology of plasma
spraying titanium for this end. Some clinical work with these
implantswill beshown.
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#19 Characteristics of a Radio-Frequency Thermal
Plasma SprayingM ethod for the Coating of
Hydroxyapatite

Keywords ceramicsubstrates. hydroxyapatitecoatings, impurities,
orientationfactor. radio-frequency plasmaspraying

thicknessof thediffusionlayer and theimmersion periodisdis-
cussed.

#22 Application of Thermal Spray Coating to Boiler
Tubes in Refusel ncinerationPlants

7. Kameyama, M. Ueda, K. Onuma, A. Motoe, K. Ohsaki*,
H. Tanizaki*, and K. |wasaki*

National |nstitute of Materials and Chemical Research
*Nisshin Steel Co., Ltd.

Radio-frequency plasma spraying has been developed for
coating hydroxyapatite on ceramic substrates of zirconia and
dumina for use in artificial joints and dental roots. Charac-
teristics of coatings manufactured with the new spraying proc-
ess were examined in terms of impurities, orientation factors,
phases, and structuresin coated filmsand of bond strengthtothe
substrates.

#20 Joining of Ceramicsand Metals by Thermal Spray
CoatingsUsng Mixed Powders

Keywords joining,mixed powder, reaction layer, thermal stress

T. Kuwashima, |. Takahashi, M. Kawahara, S. Tachibana,
and A. Ohmori*

Iwate Industrial Research I nstitute

*The Advanced Materials Processing I nstitute

Relaxationof thermal stresscaused by the expansi on coeffi-
cient difference betweenceramicsand metalsand thereaction at
the interface are necessary for ceramic joining to metals. Thus,
soft metalsareinserted for relaxationof thermal stress,and braz-
ing alloyscontainingactive meta sare used for reaction between
ceramics and metals. In this study, therma spray coatings
formed by LPPS are used to join ceramics and metals. Mixed
powdersof Ag-Cu-Ti dloy and Al,O3 are sprayed on acarbon
substrate, peeled from the substrate, and used as an insert layer.
Ceramicsubstratesof Al,O3, ZrO,, SizNg, and SiC are used and
S45C isused asthemetal substrate. Test pieceswerejoinedat re-
duced pressureof 1073 to 10~ Pa and analyzed by SEM/EPMA
and DSC.

#21 Development of HVOF Sprayed WC-Co Coating for
Sink Rollsin GalvanizingBath

Keywords Al concentration, continuoushot-dip galvanizing,
durability, HMCF, tungstencarbide

Y. Kobayashi, K. Tani, Y. Harada, A. Nakahira, 1: Tomita*,
and Y. Takatani*

Tocalo Co., Ltd.

*Hyogo Prefectural Institute of Industrial Research

Sprayed WC-Co cermet coatings wereformed on mild steel
by HV OFto protect sink rollsusedin continuoushot-dipgalva-
nizing. Thedurability in amolten zinc bath (mainly 753 K) con-
taining 0-3wi%Al was investigated on the basis of the
constitutional change measured by SEM and EDS. A diffusion
layer isgrown under the surfaceof the sprayedcoatingsthat de-
pendson theinterdiffusion of Coand Zn atoms. Thisdiffusionis
suppressed with Alin the bath, and therel ationshipbetween the
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Keywords boileg tubes, corrosion resistant detonation spray, Ni-Cr

K. Yamada, M. Koyama, 1: Ohtsuka, M. Ohsawa,
K. Tohyama, and K. Kakeda
Hitachizosen Ltd.

We are developing a spray coating method to obtain
higher corrosion resistance for boiler tubes used in refusein-
cineration plants. A detonation spray method has been devel-
oped to achieve high corrosion resistance and to save the
production cost for spray coating of boiler tubes. The main
results are asfollows:

1. The plasmasprayed coating method with self-fluxing al -
loy material has sufficient corrosion resistance in the plant.
However, thiscoat needs a post-processing fusing treatment.

2. A two-layer coat with 50Ni-50Cr materia for the base
coat and Cr materia for the surfacecoat, applied by thedetona-
tion spray method, is more corrosion resistantin our laboratory
test. Thiscoat can be used withoutafusing treatment.

3. The two-layer coating system described above has been
tested under plant conditions. This plant has operated for -2
years without any problems, and the coated tubes are expected
to havealonger useful life.

#23 Three-Dimensional Device Fabrication Using the
Laser Spray ProcessTechnique

Keywords CO02lasr, laser spray, microfeeder. maskless,
three-dimensional body

F Uchiyama, K. Tsukamoto, and P. Fons
Electrotechnical Laboratory

This paper introduces the laser spray process as a means
for creating a three-dimensional object on a substrate by di-
recting raw material from a microfeeder toward asubstratein
such a way to pass through the focus of a CW-CO, laser.
Upon intersecting the laser beam path, the source material is
instantaneously melted and isdeposited on the substrate. Us-
ing this process, a three-dimensional object may be con-
structed directly on a substrate without masking. Initial
three-dimensional prototypes in the form of arod and a pipe
have been fabricated.

#24 AMicroLaser Spray Techniquefor Depositing
Extremely Fine Patterns

Keywords CO2laser,fineline, laser spray, microfeeder, spiral

. Tyl ) i d , T i Y
aga?}aﬁﬂ‘gt‘bﬂ Ychiyama, P. Fons, T. Yanagisawa,

Electrotechnical Laboratory

In the current experiments, the laser spray method was used
todraw finelines. Athinfilmof Y SZ wasdrawnin aspiral shape
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on thesurfaceof aporousa uminacylindrical tube. Thewidth of
thespiral linewasabout 0.3 mm.

#25 Laser Assisted Plasma Spray Coating Method for
SurfaceM odification of Tribo-Materials

Keywords  friction,laser, surfacemodification, wear

S Sasaki, H. Shimura, Y. Kawakami,and A. Shahzad
Mechanical Engineering Laboratory

This paper describes a new surface modification technique
that couples high-power CO, laser processing with the LPPS
prOcess In order to clarify the |aser beam irradiation effect on
the tribological properties, metd aloy films were synthesized
using alaser and plasmahybrid spraying system. Thetribologi-
cal characterization of the sprayed films was evaluated by a slid-
ing tester under oil lubrication. Results show that it is possible to
produce a high performance tribo-material possessing better ad-
hesiveness and a low percentage of microporosity. Andytical
results by XRD suggest that ametastablephaseisformed by la-
ser irradiation during the spraying process, and this phaseis
closely related to the antiwear and low frictionmechanisms.

#26 Plasma Spraying under Controlled Atmosphereup
to300kPa

Keywords CAPS. high pressureplasmaspraying, L PPS, powder
velocity, zirconia

S. Sodeoka, M. Suzuki, T. Inoue, Y. Ono, and K. Ueno
Osaka National Research | nstitute

In order to understand the pressure effect on the arc of a
plasma jet and to revea the effectiveness of high pressure
plasma spraying (HPPS) as a coating tool, plasma spraying of
yttria-stabilized zirconiawascarried out by changingthecham-
ber pressurefrom low (30kPa) tohigh (300kPa) inspecially de-
signed equipment. The plasmaflame length and the velocity of
the particles were measured in situ, and the coating charac-
teristicsincludingitsmicrostructure, density, and hardnesswere
studied. The temperature rise accompanied with the plasma
flame shrinkage under high pressurecaused heating of the zir-
coniaparticles, resultingin high depositionefficiency and aden-
sified coating with improved hardness, in spite of reduced
particle velocity. HPPS was found to be suitable for thermal
spraying of materials, such as zirconia, which haveahigh melt-

ing point.

#27 Machining-Assisted Plasma Spraying (MAPS) and
ItsPerformance

Keywor ds  ceramiccoating, coatingproperties combinedtechnology,
machining

K. Maegkawa, H. Shiina*,and |. Ohshima
I baraki University
*Hitachi Chemical Co., Ltd.

The present paper describesthe principle, apparatus, and per-
formance of machining-assisted plasma spraying (MAPS).
MAPS has been proposed not only to raise the adhesion
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strength of ceramic coatings over meta substrates but also to
combine thermal spraying with pretreatments and posttreat-
ments. Making use of a clean and active substrate surface that
hasjust been machinedisakey point. An aluminacoating made
by MAPSover asteel bar isevaluated by scratch, thermal shock,
and therma cycling tests. The effect of various bond coats on
thermal resistanceis also investigated. The coating formed by
the combined method gives higher adhesionstrengthand larger
resistance to heat than that made by conventional spraying. A
suitablebond coat, such as Ni-Cr alloy, contributesto the riseof
adhesion strength at high temperatures. This tendency is more

apparent in coatings formed by MAPS. Finally, mechanisms for
improvements of the interfacial characteristics in the MAPS
process are discussed, and the role of a clean and chemically aC-

tivesurface is stressed.

#28 Development of a Magneto-Plasma-Dynamic ArcJet
Generator for Ceramic Coatings

Keywords  ceramiccoating, electr omagneticacceler ation, har dness,
magneto-plasma-dynamicarcjet. x-ray photoelectron
spectr oscopy

H.Tahara, Y. Kagaya, and T. Yoshikawa
Osaka University

A quasi-steady magneto-plasma-dynamic(MPD)arcjet with
a cathode covered with a ceramic material was developed for
spray coatingceramicmaterias. Thevelocitiesof ablated Al at-
oms measured with astreak camerawere much higher than the
velocities of 200-500 m/s reported for conventiona plasma
torches. Thisiseffectivefor depositionof strongadherentfilms.
The MPD spraying showed that a dense uniform ceramic film
with above 1200 Vickershardnesscould be deposited. Further-
more, from the X PS spectra, the peak area ratio of Si/Al of the
coatingamost equaled that of theraw ceramicmaterial,and the
valencenumbersof Al and Si did not change.

#29 Factors of Blocking Phenomenon on the Internal
Surface of Jet Kote Gun Nozzles

Keywor ds  blockingphenomenonof gun nozzle, depositsof spray
powder, HVOF thermal spray, Jet Kotesystem. spray
materials

K. Sakaki, Y. Shimizu, and N. Saito
Shinshu University

An unsolved problem for the Jet Kotesystem is that some
spray powder depositson theinternal surface of thegun noz-
Zle. The goa of the present study isto solvethis problem. As
thefirst step, the effect of variationsin the key spraying con-
ditions, such as the melting point of spray powders, particle
size, internal surface roughness of the gun nozzle, nozzle
length, and fuel/oxygen flow rate, upon the deposition of
spray powder was examined. The spray powders used were
Sn-7.5%Sb-3.5%Cu, Al, Cu-10%Al, Ni-17%Cr-5%Al-
0.5%Y, WC-12%Co, A1,03 and Mo. Thestate of thedeposits
isinfluenced by the melting point of the spray powder, parti-
cle size, internal surface roughness of gun nozzle, and fuel
flow rate. Spraying with ashorter (76.2 mm) nozzleis prone
toform moredeposits than with alonger (152.4 or 304.8 mm)
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nozzle. The deposition tends to occur on the internal surface
near thetip regionat thenozzleexit. Theblockingin the Jet Kote
spraying of NiCrAlY can be controlled by finefinishingthein-
ternal surfaceof the nozzleand by sel ectingcoarser sizepowder
(particlesizeof 38t045 um).

#30 Sudy of HVAF WC-Cermet Coatings

Keywords air-fue, HVAF, HVCF, oxy-fuel, WC-cermet

K. Akimoto, XK. Akimoto,and ¥, Horie*
Yosha Giken Co., Ltd.
*Shimane | nternational | ndustrial Science & Technology

The hypersonic velocity air fuel system (HVAF) wasdevel-
oped as high velocity flame spraying equipment requiring no
oxygen and possessing quite different features than the HV OF
system. WC-cermet coatings produced by the HVAF process
were investigated in view of physical and mechanical proper-
ties. Asaresult of the study, WC-cermet coatings produced by
HVAFwerefound to be unchanged by thespraying process, and
negligibledecarburization or dilutionoccurred.

#31 Hdlow Cathode PlasmaSpray Stabilized by an
Applied MagneticFidd

Keywords depositionefficiency, hollow cathode, magnetic field,
Ysz

A. Notomi and |; Takeda
Mitsubishi Heavy I ndustries, L td.

It is necessary to homogenizethe energiesof sprayed parti-
cles to improve the quality and performance of coatings. The
conventional DC plasmatorch with radial injectionof powders
tends to cause heterogeneousdistribution of velocity, tempera
ture, and particlesize because of theirregularity of the particle
trgiectory. On the other hand, the hollow cathode DC plasma
torch haspotential to homogeni zethedistributionof particleen-
ergies, where the particle trgjectory has the tendency to be the
sameastheplasmajet axis. Thisarticledeal swith thestability of
ahollow cathode DC plasmajet with an applied magnetic field.
Althoughthereare someproblems,such astheinstability of hol-
low cathode DC plasmajets and the shortnessof electrodelife,
it has beenfound that rotation of the plasmaarc around theelec-
trodeiseffectivein solving such problems. The plasmaarc can
be rotated around the electrode by aLorenz force generated by
aninteraction of the plasmaarc currentand theapplied magnetic
flux. Stabilizationof such plasmajetshasled totheformationof
coatings with axial injection of powders. Yttria stabilized zir-
conia powder has been sprayed onto a steel substrate under at-
mospheric and low pressure conditions. A high vaue of
depositionefficiency has been obtainedin the case of the L PPS
process. The qualities of both coatings are the same as those
formed by conventional processes. The hollow cathode DC
plasmaspray stabilized by an applied magneticfieldisavailable
for the practical use of high efficient and high quality plasma
Spray coatings.
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#32 Production of Compostionally Gradient Coatings
by Laser SprayingMethod

Keywords compositionally gradient coatings, 35T spraying, thermal
W shodkressan ,gutanlum,tlta'tn mnitrice e

A. Utsumi,J. Matsuda, M. Yoneda, M. Katsumura,and T.
Araki*

Shikoku National | ndustrial Research | nstitute

*Ehime University

A laser spraying method has been developed, which pro-
duces compositionally gradient coatings. A pure titanium wire
was melted using a high energy CO, laser beam, and the gas
stream produced a fine spray of melted titanium particles that
coated themild steel substrate. Thechemical compositionof the
sprayed layer depended on the environmental gas used. Differ-
ent gases (argon, nitrogen, and their mixtures) produced coat-
ings that comprised titanium, titanium nitride, and mixturesof
thesecongtituents. Theratio of titanium nitridetotitaniumin the
sprayed layer was directly related to theratio of nitrogento ar-
gonin theenvironmental gas. Since thethermal expansioncoef-
ficients and melting points of titanium, titanium nitride, and
their mixtures are different, the laser spraying method can pro-
duce coatingsthat havea gradation of thermal expansion prop-
erties. Asaresult, laser sprayed coatingshave excellent thermal
shock resistance.

#33 Deformation and Solidification of a Molten Droplet
by Impact on a Planar Substrate

Keywords deformationratio, Madejski model , solidification,splat,
temperatureand velocity of molten droplet

H. Maruo, |: Hirata,and || Matsumoto
Osaka University

Time-dependent deformation and solidificationof a molten
droplet by impact on a substrate are theoretically and experi-
mentally investigated.Ratiosof asplatdiameter™ Dtodiameter
""d' of amelteddropl et prior toimpact werecal cul atedon the ba-
sisof theMadejski model, which wasimproved in theformula-
tion of viscous dissipation. Calculated results were compared
with the experimental resultsusing melted tin asa model drop-
let. The deformation ratio D/d of the splat increases with in-
creaseof temperature and velocity of the molten droplet. It was
also found that splat deformation becomes larger on the sub-
stratewith low thermal conductivity or at higher temperature.

#34 Splat Behavior of Plasma Sprayed Particleson Flat
SubstrateSurface

Keywords plasmasprayed particle rapid solidification,splashing.
splat, surfacetenson

M. Fukumoto, S. Katoh,and |. Okane
Toyohashi University of Technology

Size-restricted powder particles were plasmasprayed on the
flat substratesurfacein an air atmosphere, and theeffectsof both
substratetemperatureand particlemateria on thesplat behavior
of the particleswereinvestigated. In the splattingof some mate-
rials, such as Ni, intense splashing was recognized in the lower
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substrate temperature range. On the other hand, splashing did
not occur in the higher substratetemperaturerange. Theterm Tt
isdefined asthetransition temperature at which the splat pattern
changed from the splashing to the non-splashing morphol ogy;
and thisparameter wasdetermined in thisstudy. Fromtheresults
of al the material sobserved, splashing was caused by rapid so-
lidification in the particlesand tended to occur when thesurface
tensionof the particlewaslarge.

#35 Effect of Preheatingon Coating Processin Low
PressurePlasmaSpraying

Keywords diffusion, erosionrate, preheating,sintering

K. Honda, I. Chida. M. Saito, Y. Ifoh, and K.F Kobayashi *
Toshiba Corporation
*Osaka University

L PPS hasrecently been applied to production in variousin-
dustriesowing to thedense coatingswith few impurities, which
can be formed. Althoughit is known that L PPS coatings have
high bonding strength, the coating mechanism has not been un-
derstood well. In thisstudy, theeffect of preheatingon the coat-
ing processin LPPS hashbeeninvestigated. Preheating to 1073K
coupled with plasma spraying causes diffusion adjacent to the
coatinginterfacethat isequival entto vacuumfurnaceheating at
1373 K. Moreover, L PPScoatings preheated at 873 K or above
consist of the surface layersthat exhibit a higher blast erosion
rateand subsurfacelayerswith lower blast erosionrates. Thein
situ sintering phenomenoncaused by preheatingof thesubstrate
and the subsequent spraying improvesthe cohes on strength be-
tween sprayed particles.

#36 Measurement of Spraying Particle Behaviors py
High Speed Video CameraSystem

Keywords diagnosis, particletemperature, particlevelocity

S. Oki, S. Gohda, and K. Furukubo*
Kinki University
*Kumano Technical College

Simultaneousmeasurements of temperature and vel ocity of
sprayed particlesare studied by the use of a high speed video
camerasystem to understand theformati onmechanismof spray
coatings. The possibility for simultaneousmeasurementsof in-
dividual sprayed particles i sexamined.

#37 High Temperature Oxidation Behavior of Plasma

Sprayed MCrAlY Coatings

Keywords high-temperatureoxidation,M CrAlY coatings,micro-
gructures. thermal cycling, thermal expansioncoefficient

H. Taumi, Y. Harada*, M. Nakamori**, and T. Narita
Graduate School of Hokkaido University

*Tocalo Ltd.

**Mitsubishi Heavy | ndustries, Ltd.

Three MCrAlY M =Co, Ni, and CoNi ) coatingswere pre-
pared by air and vacuum plasmaspray methods(APSand VPS)
to measure properties, such as density, microstructure, thermal
expansion coefficient, and high-temperature oxidation proper-
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ties. The as-sprayed APS sampl es exhibited an abnormal tem-
perature dependenceon thermal expansion coefficients due to
changes in microstructuresaccompanied by change in density.
Under repeated measurements, they tended to obey a norma
temperature dependence. Oxidation rates of the VPS-NiCrAlY
coatingsweremuch higher than thoseof the VPS-CoCrAlY and
CoNICrAlY coatings. The former exhibited an a-Al,05 scale
and an Al-depleted subsurface layer thicker than those formed
on thelatter two. Further, in thecase of the VPS-NiCrAlY coat-
ing, an yttrium-rich phase appeared within the reaction zone.

#38 Microstructural Characterizationsof Low Pressure
Plasma Sprayed CoNiCrAlY Coating

Keywords a-Co precipitates, B-phase, y-phase, ¥-phase. micro-
gructure, TEM

K. Noguchi, M. Nishjda, A. Chiba, J. Takeuchi*,and Y.
Harada*

Kumamoto University

*Tocalo Co., Ltd.

Transmission electron microscopy (TEM) studiesof LPPS-
CoNiCrAlY coatings have been carried out. A spherica ¥'-
phasewith an L 12 structurewassurrounded by B-phase with the
B2 structurein an as-sprayed coating. In other words, y'-phase
wasaprimary phaseduringsolidification. Afterahomogenizing
treatment at 1273 K for 4 hours, y'-phase disappeared and y-
phase with a fce structure coexisted with B-phase. The Vickers
microhardnessof as-sprayed coatingswas decreased by the ho-
mogenizing treatment. They'-phase was reformed by aging at
873 and 973 K after the homogenizing treatment. The micro-
hardness of as-sprayed coatings was higher than that of the as-
sprayed coating. These hardness changeswere attributed to the
ordering from y toy’-phase and the a-Co precipitates in -
phase.

#39 Effects of Spray Conditions on the Pore Structure
and QuenchingStressin Plasma Sprayed Coatings

Keywords mercury porosimetry, Ni-Cr alloy, oxidation, spray
distance, sybstrate temperature

S. Kuroda and S. Kitahara
National Research Institutefor Metals

Effects of spray distance and substrate temperature on the
microstructure of Ni-20Cr aloy deposits plasmasprayedin air
were studied. The spray distance was changed from 60 to 300
mm, and the substratetemperatureranged from 200 to 600 °C.
Oxygenin thedepositsincreased almost linearly with the spray
distance whereas it did not change significantly with the sub-
stratetemperature. Pore sizedistributionsmeasured by mercury
intrusion porosimetry changed with the spray distance and sub-
stratetemperature. Open porosity wasalmost completely dimin-
ished at a substratetemperatureover 600 °C. SEM observation
of samplestreated by high pressureinfiltrationof aBi-aloyinto
theopen porosity reveal ed that theinterlamellar contact wassig-
nificantly enhanced on a hot substrate. A significantincreasein
the quenchingstressin the temperaturerange suggests that the
initial liquid/solid contact between asprayed particleand theun-
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derlying coating surfaceislargely responsiblefor theobserved
structural change.

#40 Preparation of Titanium Overlay Alloy with
Dispersed Hard Particles by Plasma Transferred
ArcWeding

Keywords carbide,compositepowder, overlay alloy, plasma
trandferredarc welding, titanium

T. Tomita, Y. Takatanj, Y. Hayashi, and K. Okita
Hyogo Prefectural Ingtitute of I ndustrial Research

In order to develop a wear-resistant Ti dloy, hard particle-
dispersed overlays were formed on Ti plate by plasma trans-
ferred arc welding. A new composite powder made from fine
TiC particles and pure Ti particles was used. The effect of
plasmaarc current on the dispersionof the TiC particlesand the
hardnessof theoverlay alloyswasexamined by meansof metal-
lographic and x-ray diffraction measurements. TiC particlesin
the composite powder were completely dissolved in the molten
Ti aloy. During the solidification process, TiCx (x = 0.42 to
0.46) particlesof 10 um to 50 um diameter, werein situ formed
and uniformly dispersed. As the plasma arc current increased
from 10010 200 A, the hardnessof thisoverlay aloy decreased
from 1000 to 600 HV; however, the hardnessis much higher
than that of the conventional overlay aloys made from Ti-TiC
mixed powder.

41 Sealingand Strengtheningof Plasma-Sprayed ZrO;
Coatingby Liguid Mn Alloy Penetration Treatment

Keywords liquid manganesealloy, penetration,sintering, zirconia

A. Ohmori*Z. Zhou, K. |noue*, K. Murakami*, and
T. Sasaki*

Advanced Materials Processing | ngtitute

*QOsaka University

**Taiyo Engineering Co., Ltd.

The penetration phenomenon of liquid Mn aloy into porous
ZrO, (8wWt%Y,03) coatings, plasma sprayed on SS400 steel
substrate was studied by heating in a vacuum atmosphere. The
improvement in the mechanical properties of the coating by
heat-treatment with liquid Mn alloys was examined. It was
found that liquid Mn alloys, such asMn-Cu, Mn-Sn,and Mn-In,
rapidly penetrated the coating and formed a chemical bonding
interface between the coating and the substrate. The densifica-
tion of theZrO, coating occurred when ZrO, particlesweresin-
tered with liquid Mn alloy that penetrated the porous coating.
The dense coating was porosity free and exhibited a greater
hardnessafter heat-treatment with Mn all oys, compared with as-
sprayed ZrO, coating. Moreover, the fracturetoughnessof the
coating reachedthesamelevel sasthosedf sintered PSZ (Y203).

#42 Propertiesof Iron-Based AmorphousCoatings

Keywords amorphous, corrosion resistance, crystallization,iron alloy

F. Otsubo, H. Era, and K. Kishitake
Kyushu I ngtituteof Technology
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Fe-Cr-Mo dloys containing carbon and/or boron were
plasma sprayed under reduced pressure. All the sprayed coat-
ings are amorphous and show a high hardness of 800 to 1000
DPN. The amorphous coatings crystallizeabove 773 K. Vay
fine carbides, borocarbides, or boridesprecipitatein the matrix
of x phase and/or femte after crystallization of the amorphous
phase bringing about a hardnessof 1300 to 1450 DPN. Thean-
odic polarization behavior of the as-sprayed amorphous coat-
ingsexhibitsthe activation-passivationtrangitionin 1N HySO4
solution. Theactiveand passivecurrentdensitiesof thecoatings
increase with increasing boron content of the alloy. The corro-
sion resistanceof the coating containing no boronis superior to
SUS316L stainlesssteel coating.

#43 Differencesin Material Propertiesof Sprayed
Ni-Base Alloy Coatingsby HVOF and PlasmaSpray
Processes

Keywords corrosion behavior, har dness, HVGF, Ni-based alloy

M. Sasaki, Y. Wakashima,and T. Hattori
Daiichi Metco Co., Ltd.

The material propertiesof HV OF and plasma sprayed coat-
ingsof Ni-base alloy powder are compared. The differencesin
chemical composition, microstructure, hardness, corrosion be-
havior, and residual strainsof two sprayed coatingsare investi-
gated.

#44 Hot Corrosion Resistanceof a Chromium-Based
Alloy Coating

Keywords chromium-basedalloy, incinerator

K. Hidaka, K. Tanaka, S Nishimura, and K. Kawarada
Fukuda Metal Foil & Powder Co., Ltd.

The hot corrosion resistance of a chromium-based aloy
((ONX: 2) sprayed coating wasinvestigated by carryingout tests
inmoltenash and inawasteincinerator. The sprayed coatingsof
80Ni-20Cr, 50Ni-50Cr, and nickel-based self-fluxing alloy
were also tested as comparison materials. The resultsindicate
that thesprayedcoatingof CNX-2exhibitedbetter hot corrosion
resistancethan thecomparisonalloys.

#45 Corrosion Behavior of Nickel-Chromium Alloy
HVOF Spray Coatings

Keywords corrosionbehavior,corrosionresistancecurrent density,
nickel chromium HVOF spray coating, scanningvibrating
electrodetechnique

J. Oka, M. Magome, K. Hidaka* K. Tanaka*, and T. Tajiri**
Osaka Sangyo University

*Fukuda Metal & Powder Co., Ltd.

**Kurasiki Boring Co., Ltd.

The different chemical and mechanical propertiesof spray
coatingsdepend on the material . Corrosionresistanceissignifi-
cantly changed by the spraying method since the solidification
velocity of particlesand plastic deformation behavior of the
coating change. The scanning vibrating electrode technique
(SVET) can be used to determinethe potential gradient caused

Journa of Therma Spray Technology



by corrosion currentsoccurring near the surface of spray coat-
ings and the separation of the anodicand cathodi ¢ reactions by
using the scanning vibrating electrode. Test specimens were
HV OF-prepared from mixed powder of nickel andchromiumin
ratiosof 80:20 and 50:50. Thecorrosion testing wasdetermined
using a5% agueoussol ution of sulfuricacid. Thecurrent density
in the 50Ni:50Cr sprayed coatingshowed alower valuethan the
80Ni:20Cr coating. Variationof thelocal surfacecurrentdensity
was determined with the SVET. The same phenomenon can be
alsofoundin thecaseof crevicecorrosion.

#46 Degradation Characteristicsof Plasma-Spray
Ceramic Coatingsunder Cyclic Heating Conditions

Keywords APS, cyclic heating, L PPS. micr opor esand microcracks,
oxidation

H.Yajima,Y. Kimura,and T Yoshioka*
Kogakuin University
*Nippon Coating Industry Co., Ltd.

L PPS coatings exhibit higher adhesive strength and a more
refined microstructure. Thus, L PPScoatingsareexpected to ex-
hibit better high temperature oxidation resistance compared
with APS coatings. Therefore, in this paper, cyclicand continu-
ous heating tests of APS and LPPS coatings were conducted,
and the degradation characteristicsof these coatings under cy-
clic heating conditions were investigated. As a result, a few
cracks were generated in the top coated ZrO,-8wt%Y,04 layer
of the APS coating after several heating cycles to 1000 °C.
Therefore, oxidation of the APS coating has been suppressed.
Onthecontrary, in thecaseof L PPS coatingsmany microcracks
were generated after several cycles to 1000 °C. Oxidation of
L PPS coatings preferentially occurred due to oxygen coming
into coated layersthrough thesecracks. Thegoverning factor of
microcrack generation in the cyclic heating process was under-
stood from the viewpoint of larger thermal stressgenerationin
the top coated ZrO,-8wt%Y,03 layer in the case of L PPS coat-
ingduetoalarger Young's modulus. Thethermal cyclelifewas
related to a change in mechanical properties due to porosity
changes.

#47 Durability and Tribological Propertiesof Thermally
Sprayed WC Cermet Coating in Rolling/Sliding
Contact

Keywords HVOF, surfacedur ability, tribology. two-rolier test. WC
cermet

M. Yoshida, K. Tani, A. Nakahira, A. Nakajima*, and
T. Mawatari*

TocaloCo., Ltd.

*Saga University

Two-roller testsunder [ubricated linecontactor point contact
conditions were conducted to examine the durability and tri-
bol ogical propertiesof HVOF-sprayed WC-Cr-Ni cermet coat-
ing in rolling/sliding contact. The coatingsof —25 pum, 40 pm,
and 90 um thickness, weresprayed ontocarburizedsted! rollers,
and thecontactsurfaceswerefinishedtoamirror-likecondition.
The WC cermet coated roller and the carburized stedl roller
without a coating (Ryax —0.1 m) were placed in contact, and a
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maximum Hertzian stressintherangeof Py=12t0-14 GPain
line contact or Py = 2.4 to 3.0 GPa in point contact was ap-
plied. In the case of pure rolling conditions, neither flaking
nor surface distress occurred except for athin coating. In the
case of rolling/sliding conditions, flaking was apt to occur
when the coated roller was placed on the slower side (dip ra-
tio s =—14.8%), whilethe occurrenceof flaking was restrained
when the coated roller was placed on the faster side (s =
+12.9%). Generdly, theresistanceto flaking tended to increase
as the thickness of coating increases, though significantdiffer-
encesin thefrictionand wear behavior werenot distinguished.

#48 Devdopment of Dry Processfor Heavy Thickness
Coating Layer

Keywords coating,deposit 1 mm thickness, friction, personal
computer

T. Shinoda, S Takemoto, Y. Kato*, 7. Shimizu*, and
T. Yashiro*

Nagoya University

*Daido Sted Co., Ltd.

Thereisastrongindustrial need to obtain hard coatingsof 1
mm thickness. This paper deals with the approach to establish
friction surfacing techniques. We established the process pa-
rametersof friction surfacing and devel oped a large surfacing
machinewitha50ton |oadingcapacity. Weclarified theeffect of
operating parameters on surface quality using a conventional
frictionwelding machineequipped with aslidingstage. Marten-
siticstainlesssteel with 1C-17Cr wassel ected asthecoating ma-
terial, and a low carbon structural steel was the substrate. A
stablehardened coated | ayer can beobtained with dimensionsof
20 mm width and 1 mm thicknesswith finedispersed chromium
carbides. No dilution was observed in this process. Hardness
valuesreached around 700to 800HYV intheas-coated condition.
Coated dimensionsdepend on the friction speed of the coated
material with thelower friction speed formingthicker and wider
deposits. Deposition speed is nearly the same or greater than
conventional arc welding processes.

#49 Devedopmentsof PPW Processfor Water Gate Valve
Keywords castiron, coating, copper alloy, powder

Y. Kato, T. Shimizu, T. Yashiro,H. Xiaoou*, and W. Taixing **
Daido Stedl Co., Ltd.

*Chinese Academy of Agricultural Mechanization Sciences,
China

**Tielin Valve Works, China

Newly developed surface modification technology, the
plasma powder welding (PPW) process, was adopted to copper
deposition on cast iron to improve corrosion resistance. In ex-
perimentswith small gagetest pieces, no crackingwasobserved
in thesurfacelayer and substratewhilealittledilution was de-
tected in the substrate. These results showed that this surface
modification technology was able to form a stable and sound
surfacelayerefficiently. Thistechnol ogy wasadoptedto alarge-
sized cast iron gate valve for a water supply systemin China.
Thecopper aloy surfacelayer consisted of aand § phaseswhile
alittleSn and Zn were observed at the weld bond. Tension test
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specimenscut from acast iron gate valvesurfaced with acopper
alloy by thePPWprocessdid not fail at theweld bond but in the
copper aloy surface layers and indicated good mechanica
properties.

#50 Heat Absorption and Radiation Layer by Plasma
Spraying Process

Keywords absorptivity,alumina-titania.emissivity, magnetite

T. Hattori, M. Sasaki, K. Tunoda, and N. Shimabara
Daiichi Metco Co., Ltd.

Microstructures of plasma sprayed coatings of Fe;04 and
Al,05-TiO; powders are investigated. Changes in the micro-
structuresof Fe304 due to plasma spraying and heat treatment
are invedtigated. Absorbance and reflectance of Fe;0,4 and
Aly05-TiO, coatings are investigated at visual to far-infrared
wave engths. The solar heat absorptivity of the two oxide coat-
ingsand far-infrared ray emissivity of theFe;04coating aredis-
cussed.

#51 Aluminum Diffusion in a Plasma Sprayed NizAl/Ni
SubstrateCoating System

Keywords activationener gy, Boltzman-Matano method, diffusion
coefficient, error function,joined couple

K. Wada, S. Arai, S. Suenaga, K. Yasuda, M. Nakahashi,and
H. Takeda
Toshiba Corporation

The main purpose of this paper is to clarify the diffusion
mechanismin a plasmasprayed metalliccoatingsystem. The Al
interdiffusioncoefficientand theactivationenergy for theNi3Al
coating layer are compared with those for the Ni3Al platein a
joined couple. Anew analytical methodisproposedto obtain the
interdiffusion coefficient in thelayer. It issuggestedthat defects
in thelayer, such asgrain boundariesand voids, provideahigh-
velocity diffusion path.

#52 Synthesisof Chromium Nitridein situ Composites
by Reactive Plasma Spraying with Transferred
Arc

Keywords Cr-nitride, Cr powder, in situ composites. reactive low
pressureplasmaspraying, transferredarc

Y. Tsunekawa, M. Okumiya, and T. Kobayashi
Toyota Technological I nstitute

Nitrides of transition metals have good wear and corrosion
resistance becauseof their high hardnessand chemical stability.
Chromium-nitridecoatings can be deposited by ion plating;
however, the low thicknessdue to the slow depositionrate must
beimprovedfor severewear resi stant applications. I n this paper,
theobjectiveisto achievea high depositionrateand good struc-
ture control in Cr-nitridecomposite coatings. These were syn-
thesized by reactive LPPS using Cr powder as the spray
material. The transferredarc between the el ectrodeof the spray
gun and thelow carbon steel substratewas used to accel eratethe
nitride reaction. The sprayed coatings consist of Cr, CrN, and
C1N, which havea compositional gradientfrom theinterfaceto
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the surface. The volume fraction of Cr,N increases with the
transferred arc current. Nonreacted Cr significantly decreases,

except close to theinterface, by applying atransferred arc cur-
rentof 25 A. TheCrN phaseis, however, limited to appearonly

at asurfacedepth of 20to 30um sinceitisdecomposedto CroN

above1400 K. Thehardnessof the sprayed coatingsdependson

the volumefractionof Cr,N andincreasesto HV 1300 ataCr,N

volumefractionof 0.98. Theseizurestressinthepresenceof lu-
bricantal sodependson thecoating hardness. Themaximumsei -
zurestressof 24.9 MPa is obtained at a hardnessof HV 1300.
The sprayed coatings also show a superior wear resistance.
Hence, theCr,N in situcompositecoatingssynthesi zedby reac-
tive plasma spraying with transferred arc are expected to be
good candidatesfor wear resi stant applications.

#53 Adhesion between Thermal Sprayed Coatings and
Aluminum Alloy Substrates

Keywords adhesion; aluminumalloys, shearingtest

K. Nakanishi, H. Tachikawa, H. Harada* ,and K. Mori*
Toyota Central R&D Labs., Inc.
*Toyota Motor Corporation

Thermal spray has attracted much attention as an effective
methodto coat aluminumalloy substrates. This paper reportson
aseriesof experimentsto investigatetheadhesi onbetweenther-
mally sprayed coatingsand aluminum alloy substrates. Thein-
fluenceof spray angleand substratetemperatureontheadhesion
of sprayed coatingsis discussed. The relationshipbetween the
adhesivestrengthof thecoatingand variousconditionsareana-
lyzed through investigation of shearing fracture surfaces. The
differencein adhesion at each substratetemperatureisalsodis-
cussed through examination of the particles deposited on the
substrate.

#54 Fatigue Strengthand FractureM echanismsof
Ceramic-Sprayed Steel in Air and aCorrosive
Environment

Keywords  ceramic-sprayedstes, crack growth, environment,
fatigue, rotatingbending

J.U. Hwang, L Ogawa, and K. Tokaji
Gifu University

Rotating bending fatigue tests have been conducted at room
temperature, inair, andin 3%NaCl solutiontoinvestigatethefa-
tigue strength and fracture mechanisms of ceramic-sprayed
steel. A medium carbon steel (S45C) substrate, a sprayed layer
of Ni-5%Al (bond coating), and chromia (top coating) were
used as test specimens. Observation of fatigue data on speci-
mens subjected to individual treatment during the ceramic
spraying process showed that at an early stage of fatiguelife,
crackswereinitiated at the interface between the bond and top
coating layers, which then grew rapidly into the ceramic layer.
However, these cracksdid not propagatecontinuoudly into the
substrate, andfinal failurewasled by growth of acrack initiated
at thesubstratesurface. Thus, thefatiguestrengthof theceramic
sprayed steel in air wasestablishedasa property of thesubstrate.
Corrosion fatiguestrength of the ceramicsprayed steel wasim-
proved when compared to that of the substratesteel. However,
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the coating contai ned many pores, through which NaCl solution
penetrated to thesubstrate. Corrosion pits wereformed at thein-
terface between the bond coating and the substrate. Sub-
sequently, cracks initiated from the pits and grew into the
substrate. Tests wereal so conducted on specimenswhere pores
wereseal ed. |n thiscase, NaCl solution wassupplied to the sub-
strate by cracks initiated in the top coating layer. The sealing
treatment was effective at low stress levels wherefatiguelife
was morethan 107 cycles, whileit had littleeffect onimproving
corrosion fatigue strength at higher stress levels because of
many cracksinitiatedin the top coating layer.

#55 High TemperatureOxidationand Hot Corrosion
Behavior of Two Kindsof Thermal Barrier Coating
Systemsfor Advanced Gas Turbines

Keywords ceramiccoating, failureanalysis, high temperature
oxidation.hot corrosion. TBC

M. Yoshiba, K. Abe, T. Aranami, and Y. Harada*
Tokyo MetropolitanUniversity
*Tocalo Co., Ltd.

High temperatureoxidation and hot corrosion testswerecon-
ducted at 800 to 1100 °C under isothermal and thermal cycle
conditionsfor two TBC systemswith different compositionsof
ceramictop coat; thatis, Y,03-stabilized ZrO, (Y SZ) and CaO-
Si0,2-Zr0, (C,S-CZ). Qualitativeand quantitativefailureanal y-
seswerecarriedout toclarify thefailuremechanismsof theTBC
systems. In high temperatureoxidationup to 1100 °C, theY SZ-
TBC system was more readily subjectedto delamination of the
top coat, whichisattributed to | ocalized oxidationaong the ce-
ramictopcoat / metalic(NiCrAlY) bond coat i nterlace,ascom-
pared with the case of the C;S-CZ-TBC system. Thus, the most
significant oxidationdamage resulted in the Y SZ system under
thermal cycling conditions. On theother hand, in theNa;SO4-NaCl
molten salt up to 1000 °C, the C,S-CZ system was more reactive
with the molten salt and formed a new phase layer composed of
bath the metallic bond coat constituentsand corrosivespeciesat an
inner region of theceramictopcoat. Theinfluenceof thehesat treat-
ment, in particular on the nature of the atmosphere, after plasma
Sporaying wasaso investigated in relation to the change of coating
sructureand theinterfaceadhesion.

#56 Corrosion Behavior of Carbide Cermet Sprayed
Coatingin Alkaline AqueousSolution

Keywords cermet, galvaniccorrosion, polarization behavior.
sacrificial anode

M. Inaba, K. Tani, ¥. Harada, A. Nakahira, T. Tomita*, and
Y. Takatani*

TocaloCo., Ltd.

*Hyogo Prefectural Ingtitute of Industrial Research

Thecorrosion behaviorof carbidecermet sprayedcoatingsinal-
kaline solutionsis examined by eectrochemica processes. The
two-layer thermal sprayedcoating(CrCo/NiCr: topcoat, Ni-P: un-
der coat, mild sted: subgtrate) was investigated by the following
tests: corrosion potential, polarizationbehavior,and coupling cur-
rent,in 1M NaOH at 323 K. Theresultsareasfollows:

1. Cr3C,/NiCr coating exhibitsactivedissolution.
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2. Themild steel tendsto be anodicon the Cr3C,/NiCr coat-
ing/mild steel couple.

3. The Ni-P coating tends to be anodic on the Cr3C,/NiCr
coating, Ni-Pcoating, and mild steel system.

4. OnthecouplewithCr3Cy/NiCr coatingand Ni-Pcoating, Ni-
P coating may be expected to be passivated, act asasacrificid an-
ode, and protect theCr3C»/NiCr coating from corrosion.

#57 CorrosionBehavior of Aluminum Overlay Weld
Alloys with Dispersed NbC Particles in Sodium
ChlorideSolution

Keywords aluminumalloy, electrochemical measurement, niobium
carbide, overlay weld alloy, plasma transferred arc
welding process, sodium chloride

Y. Takatani, T. Tomita, K. Tani*,and ¥. Harada*
Hyogo Prefectural Ingtitute of Industrial Research
*Tocalo Corporation

Aluminum overlay weld alloys with dispersed niobiumcar-
bide particles (NbCp/Al) were prepared by aplasmatransferred
arcwelding'process.Thecorrosion behavior of theNbCp/Al -
loyswas studied in sodium chloride solution by meansof elec-
trochemical techniques and scanning electron microscopy. The
auminum aloys under investigationwere pure Al, Al-Mg, Al-
Mg-Si,and Al-CU Theadditionof NbC particlesshifted thecor-
rosion potentialsin the positivedirection. However, the pitting
potentials were similar to that of overlay weld aloys without
NbC particles. At the immersion test in quiescent 0.5M NaCl
open to the air, preferential localized corrosion of al NbCp/Al
aloyswas observed at the matrix-NbC particlesand crystalline
materid interfaces.

#58 Effectof Undercoatingon Propertiesof Y03 Coating

Keywords dectrical insulator, under coating, vacuum plasmaspray,
Y>03 coating

M. Nakamichi,H. Kawamura, R. Oyamada, K. Mjyajima*,
and Y. Harada

Japan Atomic Energy Research I nstitute

*Tocalo Co., Ltd.

Ceramiccoatingson thesurface of ructural materias, suchas
316SS, are being considered as an electrical insulator and tritium
permeationbarrier for fusionreactor applications. Y203 isaprom-
ising coating material from a point of high electrical resistivity
and good compatibility with liquid lithium. However, cracking
and peeling occursfrom differential thermal expansi onbetween
the 316SS substrateand Y403 coating. Therefore, undercoating
between the 316SS substrateand Y,03 coatingisindispensable
to prevent delamination of the Y203 coating.

#59 Characteristicsof MicrocrystallineDiamond Films
Synthesized by PlasmaJet CVD

Keywords cemented WC substrate, coefficient of friction, diamond
film, plasmajet CVD, Raman spectra

F. Matsumoto, S. Kato, and Y. Tomii*
Nippon AluminiumCo., Ltd.
*Kyoto University
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Chemica vapor deposited diamond films are grown by a
plasmaarc jet method with amixtureof Ar and H, as the plasma
gasesand amixtureof CH4 and H, asthereaction gases. SiC ce-
ramic and WC-based cemented carbide are used as substrates.
Characteristicsof thedepositedfilmsareinvestigatedby SEM,
TEM, Raman spectroscopy, Vickers microhardness,and tribol-
ogy tests. Raman spectrashowed that thefilm compositionvar-
ies from graphite to diamond and hydrogenated carbon. SEM
showed that theamorphouscarbonformsamorphoushydrogen-
ated carbon (a-C:H), including nanocrystal sized diamond parti-
cles and prevents the growth of diamond. As a result, a
microcrystalline diamond film zone is produced between the
graphiteand polycrystallinediamond zones. TEM studiesshow
the microcrystallinediamond film to beaa-C:H matrix materia
surrounding the single crystallinediamonds of 10 to 20 nm di-
ameter. The Vickers hardnessof the microcrystallinediamond
filmis82 GPa with aload of 9.8 N. Coefficientsof frictionof a
SUJ2 ball/microcrystalline diamond coated WC-Co substrate
arelower than that of aSUJ2/noncoated WC-Cosubstrate.

#60 Wear Propertiesof TiC-Ni composite
Coatings

Keywords HVCF. intermetallic compounds,LPPS, TiC-Ni
compositecoatings, wear resistance

S. Fujii, T. Tajiri*, and A. Ohmori* *

Industrial Technology Center of Okayama Prefecture
*Kurashiki Boring Kiko Co., Ltd.

**The Advanced Materials Processing I nstitute

LPPSand HV OF spray processeswere used to prepareTiC-
Ni compositecoatingsfor steel substratesand wereinvestigated
with respect to their structureand wear properties. Ni plated TiC
particleswere used asthe powder. The structureof the coatings
was studied using optical microscopy, and the phaseswere de-
termined by x-ray diffraction. The microhardness was also
measured. The wear resistance of the coatingswas studied with
ablasterosion test (ACT-JP) and areciprocatingplanewear test
(JIS H8615). In genera, the hardness of the coatings sprayed
with the LPPS process was greater than those of coatings
sprayed using the HV OF process. Although the wear behavior
of both coatingsshow almost the sametendency, the wear prop-
erties of the coatings with the LPPS process were superior to
those of thecoatingswith the HV OF process. These resultsde-
pend on thedispersion of intermetal liccompoundsin the Ni ma-
trix of the TiC-Ni compositecoatings.

#61 Effect of Thermal Sprayed Ceramic Coatingson
FatigueBehavior of Metals

Keywords ceramiccoating, fatiguecr ack, fatiguestrength, plane
bendingfatigue

T. Shiraishi, H. Ogiyama, and H. Tsukuda
Ehime University

Plane bending fatigue testswere performed on annealed and
prestrained copper substratescoatingswith -150 um thick alu-
mina. Plasma sprayed coatings were produced after sand blast-
ing without any bond coats. The fatigue strength and the
behavior of fatiguecrack initiationand propagation wereexam-
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ined. Thefatiguestrength of the alumina-coated specimenwas
similarto that of uncoated substrates. The measurementsof the
bending moment and the strain on the specimen surface indi-
cated that the bending elastic modulus of the alumina coating
was much lower than that of the substrate. Fatigue cracks were
initiated at both the alumina layer and the copper substrate.
Thesetwo factors, that is, the low elastic modulusof the layers
and the crack behavior in the coated specimens, accounted for
theresult that thefatiguestrength of copper wasnot appreciably
affected by the plasmaspraying of aumina

#62 Characteristicsof Pack Aluminized VPS Sprayed
MCrAlY Coatings

Keywords LPPS MCrAlY,metallography,oxidation, pack
cementation,post treatment

R. Yamasaki, J. Takeuchi, A. Nakahira, M. Saitoh*, and Y.
Itoh*

Tocalo Co., Ltd.
*Toshiba Corp.

Characteristicsof pack aluminized MCrAlY (whereM indi-
catesCo, Ni, or their combinations) coatingswereinvestigated.
Fivetypesof MCrAlY alloyswere sprayedonto Inconel 738LC
(IN738LC) substrates using LPPS. After spraying, each test
specimen was heat treated in a vacuum at 1120 °C for 2 hours
and then at 845 °C for 24 hours. A subsequent pack aluminizing
treatmentwasapplied to specimensat 900, 950, and 1000 °Cfor
5, 10, and 20 hours, respectively. The microstructure of thealu-
minized layer that formed in the surface region of each coating
wasinvestigated using SEM and EPMA. Theformation rate of
the duminized layer was calculated from the measured thick-
nessof thelayer, and theactivationenergy for formationwases-
timated for each MCrAlY coating and IN738LC specimen.
Oxidation behavior was evaluated on the basisof the specific
weight gain and the SEMcross-sectiona structureafter oxida-
tion at 1050 °C for 1000 hoursin an atmosphericenvironment,
and compared with the conventional MCrAlY coatings and
IN738LC.

#63 Application of Ultrasonic Testing Robot with Five
Axesfor Evaluating Adhesion of Thermal Sprayed
Coating

Keywords adhesionof coating, delamination, robot for testing,
ultrasonic testing

D. Lian, Y. Suga, and S. Kurihara
Keio University

A nondestructivemethod to detect delaminationof thermal
sprayed coating by ultrasonic testing has been proposed. How-
eve, it isrelatively difficult to apply the automatic ultrasonic
testing method to thermal sprayed products because of their
complex shape, If thesurfaceof the plate hasacomplex shape,
thenitisdifficultto detect the ultrasonic echo returned from the
specimen because the ultrasound need not be reflected back to
the probe. A robot with five axeswasconstructedthat allows(i)
ultrasonic testing along Cartesiancoordinatesof X-Y-Z and (ii)
changingtheangleof aand 8. Therefore, evenif the surfaceof
the specimen is inclined to the probe, then accurate echo data
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can beobtai ned sincetherobot can alter the holdingangleof the
probe automatically. In this paper, theeffectivenessof the ultra-
sonic testing robot system for nondestructive testing of thermal
sprayed coatingsisdiscussed.

#64 Introductionof Fractal Dimension to Evaluation of
Adhesive Strength

Keywords blagting, blastingangle, fractal dimension,surface
roughness, thermal pray

S. Amada, T. Hirose, and K. Tomoyasu
Gunma University

Thefractal dimension hasbeenusedtorelatethegrit blastan-
gle and surface characteristicsof metal substrates. It has been
shown that the usua averagesurfaceroughnessdoesnot change
with blastingangle. However, thefractal dimension of substrate
surfacesis influenced considerably by the blasting angle. It is
concluded that there is an optimum angle that influencesthe
fractal dimension of roughened surfaces.

#65 Measurement of Residual Stressand Thermal Stress
in Sprayed Coating Layers

Keywords finiteelement method, in situ thermal stressmeasur ement.
laser spraying, x-ray stressmeasur ement

M. Nishidaand 7. Hanabusa*
Kagawa Polytechnic College
*Tokushima University

The present paper describesthermal stress changes during
thermal cycling. The specimens were prepared by the laser
spraying method, and x-ray diffractionwas used to measurere-
sidual stressesin the surface layer. An in situ thermal stress
measurement was performed by using a vacuum furnace
mounted on the diffractometer. The results of FEM analysis
were compared with the x-ray results. A hysteresisloop, arising
from thethermal cycleprocess, appearedin thealuminumlayer
on the mild steel substrate. In the FEManalysis, the behavior of
the hysteresis |oop coincided qualitatively with the experimen-
tal results.

#66 Microstructure Measurement of Plasma-Sprayed
AluminaCoatings

Keywords alumina,imageprocessing,mercury intrusion
porosmetry,porosity

C. Takahashiand 7. Senda
Ship Research Ingtitute, Ministry of Transport

The porosity of plasma sprayed aluminacoatings prepared
under variousconditionswas analyzed by image processingof
micrographsand mercury intrusion techniques. |n order to pre-
vent possible pull-out of particlesduring polishingand to im-
provethe SEMimagecontrast between thecoatinganditspores,
poreswereimpregnated by achromicacid process. Threetypes
of porosity wereconfirmed fromtheback-scattered el ectronim-
agesof thecrosssections; namely, (i) coarse poresof around 10
pum diameter |ocated between lamellae, (ii) narrow gaps result-
ing from incompl etelamellae-to-lamellae contact, and (iii) ver-
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tical microcracks perpendicul arto thelamellar planeof individ-
ual lamellae. The volume fraction of each type of porosity
changed with changing spraying conditions, such as spraying
distance. Overall, thetota porosity did not dependsignificantly
on spraying conditions. Thisissupported by the mercury intru-
sion porosimetry results.

#67 Study on Non-Degtructive Evaluation Method for
Thermal Sprayed WC-Co Coatings Using Ultrasonic
Wave

Keywords non-destructiveevaluation, por osity, ultrasonicwave,
WC-Cocoating

R. Kawaseand R. Yasutake™*
Ariake National College of Technology
*Koeiseiko Co., Ltd.

This study established a nondestructiveeval uation method
for thermal spray coatingsthat used ultrasonic waves. Theultra-
sonic velocity and ultrasonic strength transmitted in WC-Co
coatings have been measured, and these valueswere related to
thecoating properties.

#68 Detection of Delamination of Sprayed Ceramic
CoaﬂgginThermal Shock Test by UltrasonicTesting
Met

Keywords delamination, thermal shock. ultrasonictesting

Y. Suga, D. Lian,and S. Kurihara
Keio University

Coatingsmay delaminatefrom the substratesince the adhe-
sion strengthof thecoatingisrelatively low. In particular, TBCs
such asZrO, delaminatedueto thermal shock; however,itisdif-
ficult to detect and evaluate such failure. A nondestructivein-
spection method using ultrasound to detect the delamination of
sprayed coatings has been proposed. In this study, a sprayed
coating model was made from acrylic plates, and an ultrasonic
test wasapplied toinvestigatethedetection precisionof delami-
nation by the ultrasonic testing method. Delaminationsof more
than 1 mm diameter can be detected under thermal shock condi-
tions.

#69 L aser Fusingof Sprayed WC-CoCoatings

Keywords CO;gaslaser WC-Co, hardness, HVOF thermal spraying,
microstructure

N. Takasaki, M. Kumagawa, K. Yairo,and A. Ohmori*
Dai-ichi High FrequencyCo., Ltd.
*QOsaka University

In this research, the fusing process for laser irradiation of
WC-Co coatings is studied, and the properties and micro-
structuresof fusedfilmsareinvestigated. The propertiesareal so
compared with the as-sprayed coatings. The film will not be-
comedensewithoutan alloyingstage. Alloyingisinducedtothe
full thickness of the fused film, and the hardnessof the fused
filmisamaximum of 1400HV.
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#70 Applicationof Sdf-Fused Alloy Coating by HF
Induction Heating

Keywords boiler tubes induction,sdlf-fusing, thick coatings. wear
ressance

Y. Matsubara, M. Kumagawa. Y. Sochi, and A. Notomi*
Dai-ichi High Frequency Co., Ltd.
*Mitsubishi Heavy | ndudtries, Ltd.

Applicationof induction heating to thefusing processof Ni-
based, self-fusingalloy coatingsfor boilertubesenablesthe pro-
duction of harder and denser coatings. This induction heating
process brings about additional benefitsto improve the qudity,
reliability, and productivity. The results obtained in this study
aresummarized asfollows:

1. High frequency induction heating of Ni-based, self-fus-
ing alloy enablesproduction of acoating more than 1 mm thick.

2. The heat affected zonein the tube materia by thisprocess
is smaller than that of the conventional process, which mini-
mizesthesensitizingeffect on thestainlesssted tube.

3. Thisprocesscan be controlled by choosing the optimum
power input and the coil travelingspeed.

4, This process can also be used to coat rollsand for other
wear resistant applications.

#71 High Corrosion Resstance of a Ni-Alloy Sprayed
and Pd-PPlated Coating

Keywords compound coating, corrosionresistance. HVOF,
microdefects. sulfur dew point corrosion

M. Ishida, M. Sasaki, T. Hattori, and Y. Nakagishi*
Daiichi Metco Co., Ltd.
*Qkuno Chemical IndustriesCo., Ltd.

Expensive Ni-based alloys, such as Hastelloy-C, are used in
power plantsor diesel engines, which use petroleumfuel gases.
From the cost viewpoint, corrosion resistant alloy coated steel
parts are preferable to expensive aloys. In a previous study, a
Ni-based aloy sprayed with a HV OF system (Metco DJ gun)
showed high corrosion resistance. However, corrosive acid
penetrated through microdefectsof the coating and resulted in
coating separation from the substrate. Sealing of thecoatingis
one method to prevent this; but the dense HV OF coating pre-
cludes use of a practical seder. In this study, we introduce a
unique compound coating that prevented sulfur dew point cor-
rosion. The coating consistsof Ni-Pplating, Pd-Pplating,and a
thermal sprayed Ni-based alloy coating.

#72 |Improvement of Plasma-Sprayed Ceramic Coatings
Treated by Sol-Gel Process

Keywords adhesivestrength, interface, SiO; depositions, sol-gel
process. ZrO7 coatings

K. Moriya, W. Zhao*,and A. Ohmori**

Kagawa Prefectural Industrial Technology Center
*Xj’an Jiaotong University, China

**The Advanced Materials Processing | ngtitute

Plasmasprayed ceramic coatingsare used in variousfields,
such as hard coatings on soft materials. However, plasma
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sprayed ceramic coatings contain pores and cracks (including
connectedporosity) and, therefore,exhibit poor corrosion, abra-
sion, and adhesion properties. This research focuseson theim-
provement of the adhesive strength of plasma sprayed ZrO,
(8wt%Y,03) coatingstreated by the sol-gel process. The adhe-
sivestrengthismeasured accordingto ASTM C633-69. Thead-
hesive strength of plasma sprayed ZrO, coatings on SS400
substrates, which are pretreated by the sol-gel deposition of
$i0,, increases compared with the as-sprayed material. The
depositionof Si0,isobtained by the penetrationof sol solution
through the connected porosity and the evaporation of solvent.
Theconnectedporosity of plasmasprayedZrO;coatings, which
arepretreatedwith sol gel SiO,, decreasesgrestly. Itisfound by
XRD analysisthat theimprovementof the adhesivestrength of
Zr0, coatingstreated by the sol gel processisdueto thedeposi-
tion of SiO,_both at the interface between the coating and the
substrateand in the porosity and gapsof theZrO, particles.

#73 Trial Fabrication of Y203 Coatingon 316SS

Keywords densficationtreatment,electrical insulator, under coating.
Y03 coating

M. Nakamichi, H. Kawamura, R. Oyamada, K. Miyajima*,
and Y. Harada*

Japan Atomic Energy Research I ngtitute

*Tocalo Co., Ltd.

Ceramiccoatingson the surfaceof structural materialssuch
as316SSarebeing consideredfor anelectrical insulatorandtrit-
ium permeation barrier in fusion reactors. Y,03 is one of the
most promising coating materialsduetoitshighelectrical resis-
tivity and good compatibility with liquid lithium. In thisstudy,
trial fabricationand preliminary characterizationof Y,03 coat-
ingsaselectrical insul atorswere performed to obtainameterial
databaseof the coating.

#74 Corroson Characteristics of Thermal Sprayed
StainlessSted Alloy Coatingsin Chloride Solution

Keywords anodic, cathodic, chloride. corrosion, stainlesssteel

T. Suzuki, K. |shikawa*, and Y. Kitamura**
Ajinomoto Co., Inc.,

*Tokyo Metallikon Co., Ltd.

**Kitamura Technical Consultant Office

The corrosion behavior of a thermal spray coating of SUS
304,316, and Hastelloy C wasstudiedin 3.5%NaCl sol ution by
anodic and cathodic polarization measurements, SEM, and
EPMA. It was found that anodic dissolution occurs along the
crevicesbetween the deposited particles. The anodic processis
essentially the same as that of crevicecorrosion. A marked de-
crease of corrosion resistancein the sprayed alloys compared
withthat of theoriginal solid wire wasattributednot only tothe
accelerated anodi ¢ process but also to theincreased activity of
the cathodic reaction. Thelatter was suggested by the presence
of adiffusion controlledcathodic current observed after theon-
set of cathodic polarization measurements. Such behavior does
not usually appear on stainlesssteel in neutral solutions. Sealing
of the microcrevicein the spray depositedaloy layersisessen-
tia toimprovethecorrosionresistancein chloridesolution. The
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thermal sprayed Hastelloy C, withal ower crevicecorrosionsus-
ceptibility,coated with epoxy resin, exhibited the highest corro-
sion resistance.

#75 Characteristicsof WireExplosion Sprayed Mo,
WC-6.5%Co Coatingsand Their Composite
Coatings

Keywords abrasivewear, composite coatings, molybdenum.
WC-Co, wireexplosion spraying

K. Tokumoto, R. Nakamura®, and H. Ito**
Nippon Tungsten Co., Ltd.,

*Kurume College o Technology

**Koei Seiko Co., Ltd.

Molybdenumand WC-6.5%Co compositecoatingswerede-
posited by means of wire explosion spraying to improve the
wear resistance of a WC-6.5%Co coating. Additionally, WC-
6.5%Co coatingsand Ni-P(P: phosphorus)alloy coatingswere
codeposited by means of wire explosion spraying and elec-
trolessnickel plating, respectively. Theabrasivewear resistance
of thesecompositecoatings wasalso examined. Theresultsare
summarizedas follows:

1. The most appropriate spray distances d/r, where d is
spraying distanceand r isradiusof wire, for both molybdenum
and WC-6.5%Co cemented carbidewerein therangeof 30to40
accordingtotheevaluationof hardnessand adhesi onstrength.

2. WC-6.5%Co-Mo compositecoatinghaving25vol% mo-
lybdenum exhibited better abrasive wear resistance than aWC-
6.5%Co coating.

3. The abrasive wear resistance of WC-6.5%Co-Ni-P
composite coating having 50 vol% Ni-Palloy was nearly the
same as that of WC-6.5%Co-Mo composite coating having
25 vol% Mo.

#76 Formation of Amorphous Alloy Coatings by Wire
Explosion SprayingProcess

#77 ManufacturingM ethodsof Porosity Controlled
M etallic PorousCoatings

Keywords FQGV| implant, open porosity, por ouscoating, titanium

J. Takeuchi, A. Nakahira,and H. Kawatani*
Tocalo Co., Ltd.
*Kobe Sted Ltd.

Thisarticledescribesa manufacturingmethodfor ametallic
coating with controlled porosity and high bonding strength be-
tween particles. First, stainlesssteel and tungsten powderswere
used toformaporouscoatingwiththeaim of making afunction-
aly gradient material (FGM). The influence of spraying pa-
rametersand powder particle size on the open porosity of the
coating wasinvestigated. The degree of porosity wasevaluated
by means of the mercury intrusion method, and the cohesion
strength was studied using comparativeblast erosiontests. Itis
difficult to control the open porosity of stainlesssteel coatings
by changingthespray conditions. | nstead, open porosity wasaf-
fected by powder particlesize. Also, theseporouscoatingswere
asstrong asastainlesssteel platebased on theresultsof theblast
erosion test. For tungsten powder, it wasdifficult to changethe
porosity of thecoatingsignificantly by controllingpowder size;
however, the coating porosity was altered by varying theargon
chamber pressure under L PPS conditions. Titanium powder was
used to make a porous coating with the aim of using it for im-
plant applications.Usualy it is necessary to have an open pore
sizeof approximately 250 um and over 40% open porosity toal -
low bone ingrowth into the coating. In this case, 350 um tita-
nium powder is necessary; however the test resultsindicate a
low coatingstrength. Therefore, aspray mix of 300 um andfine
(30 to 70 wm) powder at mix ratiosfrom 10 to 50% was tested.
The most suitable mixing ratio was 30%. High strength for im-
plant applicationscan be obtained by post spray heat treatment
of thespecimens.

#78 PhaseTransformation of PlasmaSprayed
Zirconia-YttriaCoatingsduring Hydrother mal
Aging

Keywords amorphousalloys, coolingrate, wireexplosion process

M. Nakayama, H. Ito, R. Nakamura,and M. Tch
Kurume National College of Technology

Amorphous aloys have excellent resistance to corrosion.
These structurescan be obtained by rapid coolingduring solidi-
fication. In the wire explosion spray process, melted particles
are supercooled at very high velocity and form thin amorphous
coatings. Amorphous coatings were formed when Ni-P plated
SUS304 stainlesssteel and Inconel alloy wireswerewireexplo-
sion sprayed on aluminumand SS41 carbon steel substrates.
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Keywords concentration, EPMA, phasetransfor mation, yttria, Y203,
zirconia  »

K. Yasuda, S. Suenaga, K.Wada, S. Arai, M. Itoh, and H. Takedu
Toshiba Corporation

Tetragona to monoclinic phase transformation during hy-
drothermal aging has been studied for plasma sprayed 8wt%
Y,0; stabilized zirconiacoatings. The transformationoccurred
in the area of the coatings where Y,03 concentration was less
than the critical concentration, that is, 6.5 wt%. Controlling
Y,0;3 digtribution is, therefore, critical for fabrication of coat-
ingswith superiorchemical durability.

Volume5(3) September 1996—367








