World Academy of Science, Engineering and Technology 61 2012

Adhesion Strength Evaluation Methods In
Thermally Sprayed Coatings

M.Jalali Azizpour, H.Mohammadi majd, Milad Jalafi,Fasihi

Abstract—The techniques for estimating the adhesive and It is commonly known that the level of residuaksses can

cohesive strength in high velocity oxy fuel (HVOffermal spray
coatings have been discussed and compared. Thiopment trend
and the last investigation have been studied. Wé fatus on

benefits and limitations of these methods in déferprocess and

materials.
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|. INTRODUCTION

significantly change at the coating substrate fater creating
delaminations, which in worst cases can cause atjuaill
Compressive residual stresses at the interfacekrmoen to
inhibit the formation of through thickness crackadato
improve adhesion bonding and fatigue strength[f],
Adhesion of thermal sprayed coating to a substrasebeen
a primary concern to engineers ever since therrpahys
processes were introduced to various industriess T
because the process cannot be effectively empldged
engineering applications if the coating does notdowell to a
substrate. Therefore, investigation on the bondieghanisms

HERMAL spraying with high velocity oxygen fuel (Fig.1) of coating-substrate, which is an important elemehitthe

has been very successful in spraying wear resistéw

Co coatings with higher density, superior bondrgjtks and
less decarburization than many other thermal spragesses.
This is attributed mainly to its high particle ingbavelocities
and relatively low peak particle temperatures f&.a class of
hard composite materials of great technologicalartgnce,
WC-Co powder cemented carbides are widely usedligus
thermal spray processes to deposit protective mgstin a
large variety of applications such as power plaaitsdrilling,
turning, cutting and milling, where abrasion, eomsand other
forms of wear exist [4]. Less attention has beevemito
develop thick coatings for repair applications, ethiis
significant interest for the aerospace industrye ©hallenge is
to control the residual stresses through the deploiskness
when a coating to be sprayed is several millimetieick, and
to understand the relationship between these eBeasd
coating adhesion. The adhesion strength of a rapat
depends on the bonding between the coating andratéss
well as on the coating microstructure. Both the diog and
the microstructure are strongly influenced by realdstress
distribution.
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theory of thermal spray technology, has attractepleat deal
of attention in the past decades [7]-[11].

In this study the methods for evaluation the banengjth of
thermal spray coatings in high speed shafts has beglied.
We will focus on benefits and limitation of theseetirods in
different process and materials.
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Fig. 1 High velocity oxy fuel Thermal spray process

Il. BOND STRENGTH

The bonding between particles and substrates tisairio
ensure the quality of coating. Cracking and debapdif the
coating from the substrate are two main types ddting
failure. Consequently, the structure integrity eedibn of the
coatings is important, which can ensure the safatyl
reliability of coating materials. For this purposejuch
research has been focused on the measurement wethod
coating bonding strength, and many methods haven bee
attempted [12-17].
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A. Scratching test
The scratch test, originally studied by Benjamid &veaver
[18], is often used to characterize thin hard cwj such as

measured by Vickers indentation test, where iteisessary to
measure the indent diagonals and the crack lemgthduced
during the test [28]. In recent years, the intadbimdentation

TiN and TiC[19], [20]. In this test, a loaded Rockwell Ctest is proposed to characterize the adhesion piepeof

diamond stylus is drawn across the coating surfacéer
either constant or gradually increasing load. Ttmtsh test
has been applied in the evaluation of thermallyappd
coatings. The major problem for utilization is thait the
theories were developed based on thin coatingsnaand no
longer be appropriate for bulk coatings. Das et[2l], in

studying plasma sprayed yttria-stabilized zircor(éSZz)

coatings, proposed a method for the determinatibrihe

critical load and discussed the effect of the Ingdiate dL/dt
and the scratch table speed dx/dt. Beltzung ef2al, [23]

performed scratch tests on the cross-section ahialu based
coatings. A half-cone-shaped fracture was formedtles
indenter approached the free surface. The heigthisfcone
can be related to the cohesive strength or intrifisicture
toughness of the coating. Interfacial cracking raéso occur
and can be utilized as a measure of the adhesiEmgsh.

B. Tension test

The most commonly used method is the tension t&@std
on ASTM C633 [24]. This
determination of the degree of adhesion (bondirength) of
a coating to a substrate or the cohesion strerfgtieccoating
in a tension normal to the surface (Fig.2). The tessists of
coating one face of a substrate fixture, bondirg ¢bating to
the face of a loading fixture, and subjecting thésembly of
coating and fixtures to a tensile load normal ® plane of the
coating. It is adapted particularly for testing togs applied
by thermal spray, which is defined to include tlenbustion
flame, plasma arc, two-wire arc, high-velocity ospgfuel,
and detonation processes for spraying feedstodkhwhay be
in the form of, wire, rod, or powder. This test hwd is
limited to testing thermal spray coatings that barapplied in
thickness greater than 0.015 in. (0.38 mm). Thetditon is
imposed because an adhesive bonding agent is mskee fest.
Those bonding agents established so far for thihadetend
to penetrate thermal spray coatings and may instdidesults
unless the coatings are thick enough to prevenetpation
through the coating. However, this evaluation métassumed
that the interface stress was uniform, in otherdspit was
based on the concept of average interface stresmrmimal
stress. As a result, it cannot reflect the truerfate strength
characteristic because of the stress singularitgr nine
interface. The other limitation of this method he tstrength of
epoxy binder. The glue strength is much less tlresive and
cohesive strength of high hardness cermet coatnugh as
WC-Co.

C. Micro indentation test

test method covers the

plasmas prayed coatings [29]. This methodology irequ
Vickers indentation test to be performed on thetinga
substrate interface at different applied loadsntsnterfacial
indentation test and defining a critical load neagg to initiate
a crack, the apparent fracture toughness couldessfudly
describes the adhesion of coatings to their suestrarhe
major advantage of this methodology is that it dogtsrequire
using any adhesive glue such as in tensile te$t [30

Fracture toughness of coatingscjKwas determined by
Vickers indentation method [28] and following edoatwas
used to compute KC [28]. The so-called interfactetation
test developed by Lesage and Chicot [8] was useétermine
the apparent interface fracture toughnesg.)(KThis test
consists of loading Vickers indenter with differempplied
loads at the coating—substrate interface, measthimgalue of
the half-diagonal of the indent (Fig. 3).

ASTM C633 adhesion testing principle
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Fig. 2 Tension test of coated sample
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Fig. 3 Schematic of the Vickers indentation impi@ss at the
interface and the cross-sectional surface of tladirg

Substrate

D.Three point bend test
This method is based on the force moment of coatimgh
plays an important role in the cracking of coatifge fracture

The indentation techniques are used to determiree tRehavior of a ceramic reinforced metal-base cogirgpared

mechanical properties of thermal spray coatingq, [PZ6].
Young's modulus of the coatings is usually deteedirby
Knoop indentation test [27]. The coating toughnleas been

by high velocity arc spraying (HVAS) technology fihree-
point bending test was studied by MA Chong et al][ In
their study, the three-point bending test undesidstdoad was
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