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major limitation for the development of ccramic costings and their full

an an industrial scale, as well s expunding their range of applica-

lies in thei poor fracwre toughness. The coating is wsually considered 10
homogenseous and monalithic deposit that is constrained and contralled by
engincering properties of the substtate, but in most cascs, taking into
ts real behaviour, it should be considered as planar oriented composite
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The engineering p which have been taken advantage include
an proseetion, control of the wear rate and therml barriers. The main
was an extended life and/or operating limits of the coated component.
Very often the coating is considered as an “add-on”, but the present tech-
of thermal spraying processes does not permit coatings 1o be used in
role where the failure leads to the immediate removal of the com-
snent from service. Therefore the coating should be considered us one part of
overall system and the current trend is 1o design the coating us an integral
1t of the component assembly rather than as n add-on 1o the substrarc.
In effect most coutings are well known 10 be not very reisble. The low
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 microstructural detail would be 4 single splat (amella) which s about 3 pm in
 thickness and up to 80 wn in

T lamellar microstrucrures are complex and they are the rsult of the
 deposition. and cooling of successive molien droplets where numerous parame-
ters are involved such as rempersture of the subsirate, spraying aimosphers,
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plasma gas properties (velocity, enthalpy), pariicle dimensions, The mechanical
properties of the coatings depend on delfcers, such as porosity, cracks, lamellas
size, ctc. These aspects have 4 strong influence on the importunt propertics of
the deposit such as adhesion between coating und the substrare and cohesion
inside the coating, The service failure mode can be described as. intecfacial
cohesive, or mixed interfacial-cohesive.

2. STATE OF THE ART

Many theoties and mechanisms have been proposed, none however cove:
all situations and therefore the best test method is often thar which simulatcs
practical stress conditions. Laboratory tests should induce the observed service
failures with 4 scale down criteria as concerns the working time, otherwise such
tests will be of limited application to engineering design and quality control.

When eritical lhmnom:d:mnl loading conditians are exceeded, rwo dif.
ferent parterns of damage can occur:

a) if the adhesion strength of e coating 1o the base material i exceeded,
the coating pecls from the parent body,

b if the internal coating sicength is exceeded, separation oceurs within the
sprayed coating and the parent body is sill covered with coating matesial in the
damaged area.

Cohesive srength is mainly determined by residual stresscs, friction and
damping inside the compounds. In order to achieve high cohesion, compressive
styuins inside the coatings should be near the yield limit of compression and
panicle size should be low.

The yield limit of compression can be tilored by:

1. volumetrical stiffness of the substrate

Tength*width*heigth* Young modulus

2. geometrical stiffness of the substrate

radii or ring for instance

3. trinxial stress state,

The adhesion of thermally sprayed coatings is not only an interfacial pro-
blem of cach lamella within » coating, but also involves the integrity of the
inierface between the substrate and coating. residual stresses, crack population
and pore size and distribution,

Differcnt tests methods have been propased based on macroscopic or
microscopic approaches. Two properties are generally distinguished: sength and
toughncss. Most of measurcments are earried out with tensile adhesion tésts,
double cantilever beam tests and scrarch tests. These methodalogies must be
take into account the difficuly involved with any mechanical property asses-
sment of coating due to the need of attachment of  loading device 10 the coa-
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j withou influcncing the propertcs that are being measured, On the micro-
investigared

proposed
density function, meduno(rh:numbmof(udu

These methods provide many differcns approaches 10 cvahuste the adhesion

by epoxy
arrach a conted specimen to & support fivture) and probe alignment, the
le cantilever beam test requires claborated and expensive tost cquipment
special specimen preparation, for the scratch test the theory developed
Satings ey o longer’ be applisd for lulk couting:
~ Indeniation technique such 2 micro-Vickers hardness tests have been used
cvalune the fracure wughness of w and to demonserate thit the pro-

Dd:mm.-um ACTJP test requie a pre blasted sprayed specimen

d 1o an angle & with  jet siream of alumina particles of suitable weight

s the crosion material to cvaluate the resulting weight loss and surface

so giving qualitative information on intemal strength of the coaring. Wear

ekis — Ogodhi’s wear test, ring-on-disk wear and. seratch wear — are often

I caliutc: conting, sitince to wéarand o ok, {ndiset- iorktatiof
couting sculing off,

- FRETTING WEAR 11G

~In order 1o evaluate the “in service” behaviour af the coating, frescing-cor-
xests, 4 pastioular class: of ‘Wit tests, Fepresent in interesting fean of
gation. A dedicated frefting wear rig, schematically shown i fig, 1, was.
 designed together with the Department of Merallurgy and Materials Scicnce of
Nomingham University.
~ Tess ar high prescure in superheated steam (400°C, 50 bar) and at high
tempernture (up to 1300°C) in air or corrosive atmosphere (HS, H, NOy, 50,
1) can be carried our. During the test the applied value of nocmal load,
‘quency and amplitude of oscillition can be recorded. Af!sr}ttaurdrﬁihm
 morphology can be examined by opeical microscopy or SEM.
Preliminary tests were carried out in air at room temperature on piston
tings coured with YSZ fyuria-parially sisbilized zirconia) subjected 1o an initial
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Fig. 1 - Schomatic view of the high pressuse test facily.

static load that approximately corresponds to the installed bending stress of the
ring at nominal dismeter and 10 a dynamic load with an oscillation frequency of
30 Hz. The progressive break-out of the coatings observed during the test fn the
previous: cyclic conditions could be correlated with the costing fraccure tough-
ness and with couting porusity and microstrucrure.

A modified device of measurement has been developed in order to evaluae
directly the variation of the friction cocfficien: during the test. The aim is w0
assess the progressive coating scaling off by monitoring the friction coefficient
variation, in order to obtain information on coating cohesion properties. This
can represent a more powerful information than weight loss and. surface
morphelogy after the rest and ean lead to a correlation with coating hardness,
fracture toughness and spraying parametess, because local loads due to friction
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of evating scaling off when eouting cobesion strength is over-
“Tests are now under development,
.U.u‘mmamuhndunmlmmmmunqmwm

wupmm may be strongly influenced by the corrosion resistance
 couting. and the damages duc to these phenomena (¢ g, destabilization of

ieve.a satisiactory coating design, i

The design sbould be based on lifeine modelling because this is the cri
information that should be forthcoming from any test method. Such design
Jum uidesgning o el prared e s o o

B i o i ke s o Wkl VBl e o
properties of <oatings, statistical analysis of resube (ic. Weibull diseri-
s necessary. This requires 4 suitable number of tests.

| The adhesion strength and cohesion strength of thermal spray coutings can
be influcnced by many fuctors, such as spray vaciables, powder characteristics
preparation, post treatments an serviee conditions. It Is very important
paerial designers = temember that these propertics arc strongly relited 1o
conditions and thercfore charucterization tests which can reproduce real
g comditions are vf primary impostance. A fretting wear ng was desic
ed and developed with the aim to reproduce the inservive conditions and 1o
information on the previous. propertics. Prcliminary tests indicate @ cor.
coating hehaviour and micro-hardness hescmoea carried

in sir at room Funher have
the measurcment device to investigate better the poau‘bk conrclation by
ring the friction coefficieat variation during the test and realive tests at

temperature and high pressure.
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