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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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Introduction

Adhesion of coatings specified here is required for three reasons:

— for selection of coating material and spray method;

— for quality assurance of thermal spraying;

— for product design and performance assessment of coatings.

7:2016(E)

This International Standard provides the classification method of adhesive strength for thermal spray

coatings by using VICKers hardness testing machine generally and widely used. In the
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od, a pyramidal Vickers diamond indenter is indented with test force at the interface
h the test force exceeds the threshold value corresponding to the adhesive strength, a
£ is generated. Accordingly, it is possible to evaluate the adhesive strength of  coating
applied as discrete values when using conventional Vickers testing machine. This I
lard classifies the adhesive strength, called adhesion index, evaludted from th
itation force without visible cracking and can be also applied to evaluate coatings
sive, such as cermet coatings. The present test method can be applied to sprayed co
L initiated by the indentation can be observed by using optical microscope.
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INTERNATIONAL STANDARD

ISO 19207:2016(E)

Thermal spraying — Classification method of adhesive
strength by indentation

1

Scope

This International Standard specifies the classification method of adhesive strength for thermal spray
coati . . . TP .

classfifies the adhesive strength, called adhesion index, evaluated from the maximum indey
withput visible cracking, and it is applicable for relative dense metal coatings, ceramic ¢
cermlet coatings. This International Standard can be used within comparison withimeach coa

The

ndentation method is not recommended for very thin and very porous¢oatings and

coating system with lower cohesion strength than adhesion strength. It is recommended ]
metHod can be applied for a coating of which porosity is less than approxinately 15 %.

2
The

Normative references

following documents, in whole or in part, are normatively referenced in this docunj

indigpensable for its application. For dated references, only the edition cited applies. |
referfences, the latest edition of the referenced document{including any amendments) appl

ISO 4507-1, Metallic materials — Vickers hardness test=— Part 1: Test method

ISO $507-2, Metallic materials — Vickers hardness test — Part 2: Verification and calibrati
machines

ISO 14917, Thermal spraying — Terminology, classification

ISO 14923, Thermal spraying — Chardcterization and testing of thermally sprayed coatings
3 Terms and definitions

For fhe purposes of this-document, the terms and definitions given in ISO 14917, ISO 14
following apply.

31

critical indentation force
maxijmum indéntation force without visible cracking between substrate and coating

3.2

1al Standard
itation force
oatings and
ting system.

also for the
hat this test

ent and are
For undated
es.

bn of testing

D23 and the

D .
adhesionindex

Al

index of adhesive strength of coatings defined by the critical indentation force

4

Symbols and units

For the purposes of this document, the following symbols and units apply (see Figures 1 and 2).

© ISO 2016 - All rights reserved
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Table 1 — Symbols and designations

Symbol Designation Unit
a Impression-diagonal half-length parallel to interface mm
e Visible crack length mean value mm
e1, e2 Individual crack lengths at corner of an impression (lengths from crack tip mm
to edge of impression diagonal, parallel with the macroscopic interface)
F Test force (indentation force) N
Feq Equivalent indentation force when using the special conical indenter N
H Mean value in impression position mm
Hi| Hp |Individual impression position mm
[ Sample length mm
I Mean value in crack tip position min
T1) T |Individual crack tip position mm
t Coating thickness mm
S Substrate thickness mm
| 4 Sample width mm
(qF Visible cracking frequency %
Ne Number of indentations with visible cracking —
Ne Total number of indentations —
1 2a
\
€1 )
Ty —] T,
— 1 i .3
Hy
22— |
/ \ \
5 4 5
Key
1 coating
2 substrate (or bond coat)
3 interface
4  impression
5 visible crack

Figure 1 — Schematic diagram of indentation characteristics
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Figure 2 — Sample geometry

5 Principle

Wheh a pyramidal Vickers diamond indenter is indented with the ‘indentation force at t
(see Figure 3), an interfacial crack opening force that acts perpendicularly to the interface i

This

adhesive strength of the test piece, an interfacial crack is genérated. Accordingly, it is possib

Key

the adhesive strength of the test piece by the indentation ferce applied using the Vickers in
F
4
3
2
.\
1

oating

ubstrate (with.bond coat)

isible crack

\

BowWw N R

crack opening force is proportional to the test force. Whén,the crack opening force

fickers diamond indenter

Figure 3 — Interfacial indentation test

he interface
s generated.
bxceeds, the
|e to classify
Henter.

6 Test pieces and sample preparation

The surface of the substrate to be coated by spraying shall be flat. After thermal spraying, samples are
cut from the coated plate. Samples shall be coated of resin so as to obtain the specimen to be polished
before proceeding to the test (see Figure 4).

In the samples, the thermal spray coating shall be adhered to the base material (or bond coating) and
any cracking is not acceptable in the evaluation section before the test.
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Key
1 coating damples
2 resin
Figure 4 — Test piece for indentation test
6.1 Thicknesses of coating and substrate

The substra
results. Itis

The minimy
length of th
recommend
case of low 3

ke shall have sufficient thickness in order to eliminate the’effect of that in the experim
recommended that the thickness of substrate, ts, (see Figure 2) is at least 5 mm.

m thickness of the thermal spray coating, ¢, (see.Figure 2) shall be at least twice the
e impression in the case of high stiffness coatihgs, such as WC-12Co cermet coating
ed that the thickness of coating is at least five-times the half-length of the impression i
tiffness coatings, such as thermal barrier_codting which has very low elastic modulus,

ental

half-
It is
n the

to be
mm.

6.2 Sample size

The width ¢f the cut samples, w, (see Figure 2) shall be sufficiently greater than the depth of the
indentation] It is recommended that the Width of the cut sample is at least 5 mm.

The length of the cut samples, I, (seeFigure 2) shall be of a sufficient length to enable the indenter
applied at adequate intervals. It isrecommended that the length of the cut samples, ], is longer than 20

6.3 Sample cutting

The appropriate cutting-method and condition shall be selected in order to prevent the cuttil

damage the
cutting.

6.4 Mour

g to

sample.Wheel cutting or electro spark discharge machines are convenient to use for the

tina
(=]

The samples shall be embedded in resin without the gap between the resin and the samples. It is
recommended that the sample is embedded in resin after it has been bonded to a rigid supporting jig
when higher testing force is applied.

6.5 Surface preparation

The test surfaces shall be polished. The polished sample surface finish should be adequate enough to
enable determination of the lengths of the impression diagonal and the crack. It is recommended that
the test surface is buffed with the alumina or diamond powder to mirror surface as the final polishing.

The test shall be carried out on a surface which is free from the damaged layer induced by cutting and
other specimen preparations.

© ISO 2016 - All rights reserved
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7 Apparatus

7.1 Indentation testing machines

The indentation testing machine shall have the capability of applying predetermined indentation forces
within the required scope and 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

ad et o oo baocacuacifiod 10 ICN CNT D
pyra TIrovv e o stoatr Coa St Sptt et o903 97 ==

When no interfacial visible crack is generated using a standard Vickers indenter~due |to the high
adhegive strength of coatings, a special conical diamond indenter with a point anglejof 709 and a point
radiys of 0,05 mm can be used (see Figure 5).

Wheh the special conical indenter is used, the dimensions are defined as show in Figure 6

9
S
<

Figure 5 — Shape of special conical indenter
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Figure ¢ — Schematic diagram of indentation characteristics for special conical indenteyr

7.3 Impression and crack measurements

The diagongl and crack dimensions can be medsured using an optical microscope attached or separated
with the indentation testing machine, but.itshall have been calibrated against a standard.

Itis recommended that the lengths of impression diagonal and crack can be measured at a magnificption

satisfying the resolution of at least, 10 um. (The recommended magnification is 200.)

8 Procedure and conditions of testing

8.1 Indentation

Indentation|shall be carried out on a Vickers hardness testing machine in accordance with the mgthod
in ISO 650741¢er the Vickers hardness test.

The test shall be carried out at ambient temperatures in a normal laboratory-air environment, not in
corrosive environments, such as strong acids or seawater.

The test piece shall be placed on a rigid support and the testing surface should be perpendicular to
the indentation axis of the testing machine. The support surfaces shall be clean and free from foreign
matter (scale, oil, dirt and etc.). It is important that the test piece lies firmly on the support so that
displacement cannot occur during the test.

The impression shall be applied at the interface by the indentation and the diagonal shall be parallel to
the interface. If the centre of impression is misaligned with the interface due to the rigidity difference
of coating and substrate (or bond coat), the deviation shall be estimated beforehand and taken into
account as offset of the indentation position.

The distance between the centre of any impression and the edge of the sample shall be at least 3 mm.

6 © IS0 2016 - All rights reserved
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The duration of the test force shall be 10 sto 15 s.

8.2

Impression and crack length measurement

8.2.1 General

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

ack length is

e defined by

the distance

following validation:
a) if the distance from the centre of the impression to the tip of the interfacial crack is shorter than
he half-length of the impression (for example, crack of right side in Figure he
defined as zero;
b) if there are multiple cracks at an individual side of impression, the crack lengthshall b
the maximum length among those cracks;
c) if the interfacial crack stops in a pore, the length of the interfacial crack(@s, defined as

from the impression corner to the far edge of the pore (see Figure 8).

Therg are two methods for measuring the crack length. The results are independent of the
Reference [1]). Either of the following methods can be used.

8.2.2 Method A

Meagure the distance from a crack tip to another crack tip.in the direction parallel to the in

cracl

Figure 1).

NOTH If the magnification is too high, this methéd is impractical because the crack tip to crac
is usyally too large to include in one image.

8.2.3 Method B

Meagure individual crack lengths, e1 and ey, from the impression corner to the crack tip o
of the impression even if the cragk'root does not coincide with the tip of the impression d
crack length, e, is the average-value of those.

method (see

terface. The

L length, e, is the half of the value which is this valug,minus the impression diagonal lepgth, 2a (see

k tip distance

n both sides
agonal. The
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Figure 7 — Example of crack lengthimeasurement
5 5
/
) (S -
> >
1 ~__ oS o 6
;//
3
€1 €2
2 |
\
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coating
substrate (or bond coat)
interface
impression
visible crack
pore

Figure 8 — Definition of crack length in the case that the crack stops in a pore
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9 Evaluation of adhesion index

9.1

Criterions of interfacial crack initiation and critical indentation force

If the mean crack length, e, exceeds 50 um, it should be defined as an interfacial crack initiation.

At each indentation force, valid measurements shall be conducted at no fewer than 10 points.

The maximum value of indentation forces which induces the interfacial crack initiation with the
visible cracking frequency, CF less than 50 % in the valid measurement points is defined as the critical
indentation force.

The ¥

(

whet

]
]

At eg
intern

9.2

The ;
The f
EXA]
Al 3

whet

If usi

Fisible cracking frequency, CF, is obtained by Formula (1):
[F=N_/N,
e

Nc is the number of indentations with visible cracking;
Nt is the total number of indentations.

ch indentation force, the number of all measurements and‘the number of measureme
facial cracks are generated shall be reported.

Classification of adhesive strength and netation of adhesion index
hdhesive strength is classified by the criticalindentation force defined in 9.1.
ollowing is an example of the designation of adhesion index.

MPLE

0

e

Al is the symbol of-adhesion index;

30 is the appreximate kilogram-force equivalent value of the critical indentation force

(30 kgf 294,2 N).

ngAth€ special conical indenter in 7.2, the indentation force, F, shall be converted to th

)

hts at which

b, where

e equivalent

valug

 tised for the Vickers indenter, Feq, by following Formula (2):

Foy=3,2F

where

Feq is the equivalent indentation force;

N; isthe indentation force.

Figure 9 is provided for typical examples of classification.
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| AN
| %
e ey €1 €2
CF 3100 9% at test force F=29,42 N CF = 28,6 % at test force F= 19,61 N
— Classified as “AI02”
a) Typical case of metal coating
D D [ D, e (_—
) = = (- — > - -
(- (-
\ — (- N (-
N
€1 €2 €1 €2
CF 71,4 % at test force F=49,03 N CF = 14,3% at test force F= 29,42 N
— Classified as “AI03”
b) Typical case of porous ceramic coating
bea a2
CF =57,1% at test force F=196,1 N CF =0 % at test force F=490,3 N

[Equivalent test force Feq = 627,6 N]
— Classified as “AI50”

c) Typical case of dense cermet coating

Figure 9 — Examples of adhesion index classification
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