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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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anation on the voluntary nature of standards, the :meaning of ISO specific termqd and
related to conformity assessment, as well as information about ISO’s adherence tp the
Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
so.org/iso/foreword.html.

This docum

ent was prepared by Technical Committee 1SO/TC 107, Metallic and other inorganic coatings.
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Introduction

The interfacial toughness of thermal spray ceramic coatings is required for two reasons:

a) tounderstand quantitatively degradation of adhesion in service;

b) for life assessment of the coated components.

Adhesion strength of thermal spray coatings is usually measured in accordance with the tensile
method specified by ISO 14916. However, there is a technical limitation in the application of ISO 14916.
It requires preparation of a tensile adhesion test specimen using glue and, as such, coatings with

high
prac

br adhesion strength than glue cannot be quantitatively evaluated. By virtue of its,sipplicity and

icality, an indentation method is a promising method to evaluate the adhesion of-such|

this method, a Vickers hardness tester is used. An interfacial toughness value is evaldated b

alen
metH

oth of the crack formed after pushing the indenter on the coating interface,-The appli
od specified in this document can reduce uncertainty over the adhesion)strength e

coatings and makes it possible to evaluate the adhesion strength in a simpler,way.
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Fesults can be expressed either as a stress intensity factor, in MN-mn=3/2, or as a frac
Py, in J-m-2.

rfacial toughness” can have several meanings.

nterfacial fracture toughness, Kjc, in MN'm-3/2, is a matérial constant that shows ho
oating may be peeled away from a substrate.

nergy release rate (or work done to fracture), G,is\an alternative expression for interfa
oughness, often obtained by converting K to G [i.€. G = K2(1 - v2) /E, where E is Young’s 1
is Poisson’s ratio]. G has units of ]-m-2.

he purposes of developing the test method, the term indentation interfacial toughi
ed separately from interfacial fractiire toughness, Kic.. The indentation interfacial t

a value obtained by using Vickers hardness tester, and is calculated from the total leng

indu
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ced along the interface by the indentation. Shorter crack lengths indicate that the
b1 interfacial toughness or aghesion strength than other samples with longer cracks.
lard method to determineéysuch interfacial toughness for thermal spray ceramic c
Fent organizations or grioups currently use their own evaluation procedures.

h measurements are¢ carefully performed following the methods defined in thig
valuation of crdek‘length, and thus interfacial toughness, will not require much ef
ibe the adhesion characteristics of the system (substrate chemistry, pre-preparatio
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Thermal spraying — Determination of interfacial
toughness of ceramic coatings by indentation

1 Scope
This document specifies a method for measuring the interfacial toughness of thermal spray ceramic
coati i i . i i s calculated
from| the mean length of cracks emanating from the corners of the impression induced by a Vickers
hardness tester, and it is intended for use with ceramic coatings with a single layer @rx mulfilayers. The
test procedures proposed in this document are intended for use in an ambient environiment.
This|document is recommended for thermal spray ceramic coatings such ascthermal barrfer coatings,
weal| resistant coatings and electrical insulating coatings.
2 Normative references
The following documents are referred to in the text in such away that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.
ISO §507-1, Metallic materials — Vickers hardness test =<Part 1: Test method
ISO 6507-2, Metallic materials — Vickers hardnessstest — Part 2: Verification and calibratipn of testing
machines
3 Terms and definitions
No tgrms and definitions are listed in'this document.
ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:
— ISO Online browsing ptatform: available at http://www.iso.org/obp
— IEC Electropediazavailable at http://www.electropedia.org/
4 S$ymbols.and units
For the purposes of this document, the symbols and units given in Table 1 apply (see also Figures 1 and 2).
Taoall 14 C laal pn s | 3 3
IdUIT 1 JyIIDUIS alld UTSIgIIdlivIls
Symbol Designation Unit
a diagonal half-length of impression parallel to interface m
c mean value of half crack length: (c1+ c2)/2 m
c1, €2 individual crack lengths at corner of impression (lengths from crack tip to centre of|m
impression, parallel with the macroscopic interface)

E1 Young’s modulus of ceramic coating GN-m—2

E; Young’s modulus of substrate (or bond coat) GN-m—2

F test force (indentation load) N

H mean value of distance from centre of impression to the interface: (Hy + Hz)/2 mm

Hq, H individual distance from centre of impression to interface mm

© IS0 2017 - All rights reserved 1
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Table 1 (continued)

Symbol Designation Unit
Kirc indentation interfacial toughness MN-m-3/2
1 sample length mm
T mean value of distance between crack tip and interface: (T1 + T2)/2 mm
T1, T individual distance between crack tip and interface mm
t ceramic coating thickness mm
ts substrate (including bond coat) thickness mm
w sample-width 33553
£ bimaterial constant -
n constant value: 0,081 -
V1 Poisson’s ratio of ceramic coating 3
\Z) Poisson’s ratio of substrate (or bond coat) -
1 .
Key
1 ceramic foating 5 visible crack
2 substrat¢ (or bond coat) 6 crackroot
3  interfacq 7  cracktip
4 impressipn
Figure 1 — Schematic diagram of indentation characteristics
2 © IS0 2017 - All rights reserved
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Figure 2 — Sample geometry

Principle

Wheh a pyramidal Vickers diamond indenter is indented at the\interface of the thermal sp

(see

Figure 3), an interfacial crack is generated from a:corner of the impression. Th

toughness is proportional to the indentation load divided:by the square root of half the cra

Key

BwWw N R

6

d¢eramic coating,
dubstrate fwith bond coat)

Visibleterack

L

Vickers diamond indenter

ray coatings
b interfacial
'k length.

Figure 3 — Interfacial indentation test

Test pieces and sample preparation

The substrate surface should be flat. After thermal spraying, samples are cut from sprayed plate. The
samples shall be embedded in resin (see Figure 4).

© IS0 2017 - All rights reserved
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Figure 4 — Test piece for indentation test

(nesses of coating and substrate

ite shall have sufficient thickness. It is recommended/that the thickness of subs
ond coat), ts, (see Figure 2) is at least 5 mm.

m thickness of the ceramic coating, ¢t, (see Figure.2);shall be at least 3 times the half-lg
ssion, and a thickness of at least 5 times the half*length is recommended.

le size

f the cut samples, w, (see Figure 2) shall be sufficiently larger compared to the depth ¢
It is recommended that the widthof'the cut sample is at least 5 mm.

f the cut samples, I, (see Figuxe 2) shall be of a sufficient length to enable the indenter
equate intervals. It is recommended that the length of the cut samples, , is larger than 20

has also been suggestedls]that the sample width, w, be atleast larger than 10 times the crack 4
hple might not give representative results because the stress state will be dependent on the an

le cutting

Wheel cutting or electrospark discharge machines are convenient.

trate

ngth

f the

to be
mm.

ngth.
hount

ate cutting method and condition shall be selected in order to minimize cutting damalge to

6.4 Mounting

The samples shall be embedded in resin with no gap between the resin and the samples.

6.5 Surfa

ce polishing

The test surface shall be ground back so that it removes any damaged layer induced by cutting and
other specimen preparations. The surface shall then be polished to a mirror surface.

It is recommended that the surface is ground back by at least 0,25 mm depth.

© ISO 2017 - All rights reserved
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7 Apparatus

7.1

Indentation testing machines, capable of applying predetermined indentation forces within the
required scope.

It shall fulfil the requirements of ISO 6507-2.

7.2

Indenter.

The indenter for use with testing machines shall be a standard Vickers indenter in the shape of a right

pyra idwith a sguare hase cpprifipd in ISQ A507-2

7.3 | Optical microscope, attached to or separated from the indentation testing machine| to measure
the diagonal and crack dimensions.

It is| recommended that the lengths of the impression’s diagonal and etdck be measured at a
magnification satisfying the needs for a resolution of at least 10 um. (The ré¢ommended mfagnification
is 200 or more.)

8 Procedure and conditions of testing

8.1 | Indentation

Indeftation shall be carried out on a Vickers hardness testing machine in accordance with|the method
in ISP 6507-1 for the Vickers hardness test.

The test piece shall be placed on a rigid supportto prevent the deformation of the mount due to the
indentation loading, and the testing surface should be perpendicular to the indentatior] axis of the
testipg machine. Support surfaces shall be e¢lean and free from foreign matter (scale, oil, dift, etc.).

The |ndentation shall be made at thesinterface between the ceramic coating and substrate (or bond
coat) to measure the interfacial toughness, and the diagonal of the impression shall be pgrallel to the
intenface.

The dlistance between the cefitrés of any indentation shall be at least 5 times as large as thfe interfacial
crack in order to prevent the influence of the adjacent interfacial crack. If two adjacent interfacial cracks
differ in size, the spacing)shall be based on the length of the larger crack. It is recommenfed that the
distdnce between théeentres of any indentation is at least 5 mm.

The distance between the centre of indentation and the edge of the test piece shall be at lgast 5 mm to
prevent the edge effect of the test piece.

The ¢luration of the test force shall be 10 sto 15 s.

8.2

Indentation and crack lengti measurement

Measure the lengths of the diagonal parallel to the interface. The readings shall be taken for the
validation.

There are two methods for measuring the crack length. The results are independent of the method (see
Reference [6]). Either of the following methods can be used.

NOTE If the interfacial crack stops in a pore, the length of the interfacial crack, c, is defined as the distance
from the indentation centre to the edge of the pore (see Figure 5).

© IS0 2017 - All rights reserved
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bure 5 — Definition of crack length in the case that the crack stops in a pore

A:

b the distance from crack tip to crackitip in the direction parallel to the interface. The
fthe crack, c, is the half of this value(see Figure 1).

B:
the two cracks even-if.-the crack root does not coincide with the tip of the indent
1.

are multiple cfacks at an individual side of impression, the maximum length of crack
1 as the measured value.

half-

e individual crack half-lengths, ¢1 and ¢, from the impression centre line to crack tip for

htion

shall
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9 Evaluation of indentation interfacial toughness

9.1

Analysis

The indentation interfacial toughness, Kirc, shall be calculated from the diagonal half-length of an
impression and the mean value of half crack length for an interfacial crack. The indentation interfacial

toughness, Kirc, is given by Formula (1)[7]

n F
Ky =—— cosh (e D
IFC
\2m a\/z ( )

whete

) S (3-vq)Ey+(1+4vy)Ey @

2T (3—V2)E1 +(1+V1)E2

The mean value of the Kjgc shall be obtained from more than 5 measuréements and r¢unded to 2
significant figures.
It is recommended that the Young’s modulus and Poisson’s ratio for oth the coating and spbstrate are
meagured according to ISO 17561, ISO 14577-4 or ISO 19477. If the Poisson’s ratio is difficult to evaluate,
a value of 0,3 may be used as the value of Poisson’s ratio in this calculation. In this case, |it should be
repofted that an assumed value of 0,3 was used for Poisson’s ratio.
9.2 | Test validity
No spalling and no vertical cracking shall occur at. measurement points. When this document is applied
to thle multilayer coatings, no interfacial cracking’shall occur at another interface; for instance, in the
case [of thermal barrier coatings, no interfacjal cracking shall occur at the interface betwe¢n the metal
bond coat and the substrate (see Figure 6).
The mean value of half crack lengths foran interfacial crack, ¢, shall be at least 3 times the djagonal half-

length of an impression. If the mean value of half crack lengths for an interfacial crack dd
this yfequirement, the test should-be repeated with a larger test force in order to generate a
crack with enough length forthe evaluation.

The dlistance from the centré of the impression to the interface, H, shall be less than the d
length for an impressio.

The following conditions are recommended:

a)

b)

he distafice between the centre of the impression and the interface, H, is less than
iagonalhalf-length for an impression, H < 0,15aq;

es not meet
In interfacial

agonal half-

15 % of the

he-difference between the rlght and left half- lengths of an interfacial crack is less thaln half of the

I

)

INcdIl leuc Ul Ildll CI dLK lUllnglb lUl dll lllLCl ldlel CI dLK, |L1 L2| < L/ L,

the impression, T1 <a/2 and T < a/2.
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b) Unacceptable impressions
Key

1 spalling
2 vertical qracking

3 cracking|atanother interface in multilayer coating system

Figure 6 — Guidelines for the acceptability of impressions

10 Test report

10.1 Items to be reported

The report shall contain the following items.

8 © IS0 2017 - All rights reserved
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