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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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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for determining thermal
expansion coefficient and residual stress of CVD ceramic

coatings

1 $cope

This|document specifies a test method for determining thermal expansion coeffigient upg to 2 300 K
and the residual stress of chemical vapour deposition (CVD) ceramic coatings (thickness|> 0,03 mm)
at rdqom temperature. Procedures for test piece preparation, test modes, heat_rate, datp collection,
property calculations and reporting procedures are given.

This|document applies to CVD ceramic coatings on metal or ceramic substrates. This test|method can
be uged for material research, quality control, characterization and desigh data-generation|purposes.
2 Normative references

The following documents are referred to in the text in,such a way 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.
[SO 3611, Geometrical product specifications (GPS})== Dimensional measuring equipment: Midrometers for
extennal measurements — Design and metrological characteristics

ISO 17139, Fine ceramics (advanced ceramics,” advanced technical ceramics) — Thermophysicql properties
of ceramic composites — Determination.@f thermal expansion

ISO 19603, Fine ceramics (advanced ¢eramics, advanced technical ceramics) — Test method for|determining
elastjc modulus and bending strefigth of thick ceramic coatings

IEC 40584-1, Thermocouples=* Part 1: EMF specifications and tolerances

3 Terms and definitions

For the purposes-of this document, the following terms and definitions apply.

ISO gnd [ECimaintain terminological databases for use in standardization at the following dddresses:
— ISO-Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1

relative method

indir

ect test method to obtain the measured parameter

Note 1 to entry: The expected parameter A is usually difficult to measure directly, but parameters B and C are
known parameters or easy to obtain. If the analytical relationship of A = f (B, C) is established, the parameter A

canb

3.2

e calculated.

linear thermal expansion
positive or negative change in one dimension that occurs when a material is subjected to a change in
temperature
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4 Principle

The deformation of a coated bar during heating or cooling involves two effect factors, i.e. thermal
expansion coefficient and residual stress in the coating and the substrate. The thermal expansion
coefficient is a material characteristic. However, the residual stresses in the coating are not only due to
a material property but depend also on the size of the component and the cross-sectional area ratio of
the coating and substrate.

The thermal expansion coefficient of CVD ceramic coatings is deduced by the relative method, i.e. it is
related with the expansion coefficient of the substrate and the coefficient of the coated bar. Two types
of test piece, a bar w1th CVD ceramic coatmg [comp051te) and a bar w1thout coatlng (substrate) shall

be used to
elastic modj
and the sub{
calculated.

The samplg
frequent in
generated d

Based on thle uniform strain model, geometric compatibility analysis and intérnal stress equiliby

the residua
which is a fu
temperatury

ceramic coatings shall be calculated from elastic modulus, expansion coefficient, cross-sectional

ratio of the

5 Appar

5.1 Gene

Recommend
expansion c
be tested r¢
accordance

NOTE
composite w

Tlhe two test pieces can be of’the same materials or different materials. In this document, one

s
hlus of the substrate and coating, the thermal expan510n Coeff1c1ent of both the comp
trate are obtained. The thermal expansion coefficient of CVD ceramic coating shall’th

length change and environment temperature are measured continuotisly at reg
ervals during the imposed cycle. The residual stress of CVD cerami¢ coatings is us
lle to the mismatch of thermal expansion coefficient between the coating and the subst

stress calculation formula of CVD ceramic coatings is dedueed by the relative me
nction of many factors including elastic modulus, expansion{eoefficient, configuration
. After getting the thermal expansion coefficient of the egating, the residual stress of]

foating to substrate and the temperature during coating preparation.

atus
ral
ed testing equipment is shown jin_Figure 1. This can be used to measure the thg

pefficient of two testing pieces ifi the same environment. If not, the two testing pieces
bspectively in the same envirénment using the normal thermal expansion equipme
with 1SO 171309.

th CVD coating and the.other is the substrate.

ium,
thod,
5 and
CVD

area

rmal
shall
nt in

s the
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Figure 1 — Schematic of testing equipment

5.2 | Heating and €eoling device
Furnjace, capable<of working in a controlled atmosphere when required and of cogltrolling the
temperature oftthe test piece to within 1 % of its mean temperature, expressed in K, in accordance with
[SO 17139,
5.3 | Temperature measurement

Thermocouple, in accordance with [EC 60584-1, subject to the conditions of the testing environment.
For temperatures in excess of 2 000 K, infrared detectors or any suitable device may be used.

5.4 Test piece mounting

The device used shall allow free axial movement of the test piece. The mechanical environment shall
minimize stresses. For measuring apparatus that is horizontal, the sideways movement or twist of the
test piece shall be restricted, without any restriction of axial movement by a suitable arrangement.

© IS0 2020 - All rights reserved 3
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5.5 Datarecording system

A system capable of measuring displacements to an accuracy better than 0,000 1 mm. The system shall
allow recording of the test piece temperature and the displacement simultaneously.

An analogue chart recorder or digital data collection system should be used. The error of the recording
system shall be 1 % or lower. The minimum data collection frequency shall be 15 Hz and a response
frequency of 50 Hz is deemed adequate.

5.6 Dime

nsional measuring devices

The dimens
and with pr
better meas|

Coating thid
1 000 times
with a preci
providing t}
standards.

6 Specin

6.1 Test piece

ons of the test piece shall be measured using a Vernier calliper conforming with 150
ecision of 0,02 mm or better, or other calibrated measuring device providing the satj
urement accuracy.

kness shall be measured by using a calibrated optical microscope with rragnificati
or better. Sample displacement shall be measured using a calibrated electronic microrn
sion of at least 0,001 mm and resolution of 0,000 5 mm or better, or othermeasuring d
ne same or better measurement accuracy. All calibrations shall be_traceable to nat

1€ens

5implify the preparation of test pieces, three different symmetrical structures of co
ns are considered:

on upper and lower surfaces of the test pieces only (two-face coating, Figure 2 a);
on four surfaces of the test pieces (four-face coating, Figure 2 b);

on cylinder surface of the test pieces (around coating, Figure 2 c). Any of the three co
Fations may be used for evaldating the properties of the coating layer.

3611
he or

bn of
heter
bvice
ional

ating

ating

In order to
configuratid
a) coating
b) coating
c) coating

configu
4
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Figure 2 — Schematic of symmetrical structure of test pieces with different copting

configurations for the thermal expansion coefficient tests

Dimensions

beometrical dimensiensof the coated test piece for the thermal expansion coefficignt tests are
ayed in Figure 2. Table’l gives the recommended test piece dimensions. The total datalare the sum
e coating and sulbistrate for the composite. For coating on a rectangular test piece shown in Figure 2
b), the recommended dimensions shall be 30 mm to 50 mm long, 5 mm wide and 5 mm thick. The
ness of the.ceating, h, shall be larger than 0,03 mm. The thickness ratio, h/H, should b¢ lower than

['he parallelism tolerance on the opposite longitudinal face shall be 0,015 mm.

oatingon cylinder test pieces shown in Figure 2 c), the recommended dimensions shdll be 30 mm

m' long and 5 mm in diameter. The thickness of the coating shall be larger than 0,03 mm. The

hick i /N 11l .1 ) 1 /4
thicknessratto; T/ D, STtotra oc Towetr tiralr 17+

It is recommended that a cylinder testing piece is used for testing the thermal expansion coefficient.

Table 1 — Recommended test piece dimensions for the thermal expansion coefficient tests

Dimensions in millimetres

Type Dimension Description Value Tolerance
L Total length 30 to 50 +0,5
Rectangular bar B Total width 5 +0,2
testing piece H Total thickness 5 +0,2
h Thickness of the coating >0,03 —
© IS0 2020 - All rights reserved 5
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Table 1 (continued)

Type Dimension Description Value Tolerance
L Total length 30to 50 +0,5
Cylinder testing piece D Total diameter 5 +0,2
h Thickness of the coating > 0,03 —

6.3 Test piece preparation

6.3.1 General

The test piefe preparation is only for the measurement of the expansion coefficient of the CVDco3
Two samples are required for comparison, one bar with uniform CVD coatings and another wif

coating, con|
be lower th4

Since residul

6.3.2 Tes{

The test pi
preparation|

Test pieces 4

6.3.3 Nurn

A minimum

7 Testp

7.1 Meas

Measure thg
a precision
measureme
with magnif

The variat
[hmax - hmin

test pieces 1

orming with ISO 17139. The non-uniformity of the coating thickness for the test'piece
n 10 %.

al stress is not a material constant, no test piece is required for it.

L piece handling and storage

pces shall be handled with care to avoid the introduction of damage after test

hall be stored separately and not allowed to impactoriscratch each other.

nber of test pieces

of three pairs of test pieces are required forthe test.

rocedure

urement of the test piece.dimensions

dimensions of the testpieces using a Vernier caliper conforming with ISO 3611 and
bf 0,02 mm or betteryor.another calibrated measuring device providing the same or b
t accuracy. Coating-thickness shall be measured by using a calibrated optical microg
ication of 1 000 €imes or better.

on in codting thickness between the thickest and thinnest measured v4g
)/ h i 8hall be less than or equal to 10 %. If the variation is more than this, preparg

heetingthis requirement.

ting.
hout
shall

biece

with
etter
cope

lues,
new

7.2 Meas

1irement of the elastic modulus

At room temperature, the elastic moduli of the substrate (E;) and CVD coating (E_) shall be known or
measured in accordance with ISO 19603.

7.3 Meas

urement of the thermal expansion coefficient of CVD coatings

Measure the thermal expansion coefficient properties of the composite (& ). The substrate (a ) shall be

measured in accordance with ISO 17139. The thermal expansion coefficient of CVD coatings shall be

calculated.

© IS0 2020 - All rights reserved
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Residual stress in coating is not a material constant and varies with the cross-sectional area ratio of
the substrate to coating. For a coated component, the residual stress can be calculated from elastic
modulus, expansion coefficient, cross-sectional area ratio of the coating and substrate, and preparation
temperature. Both the residual stress of the test pieces and the residual stress of any component with

the same coating but different area ratios can be calculated.

For the real structural CVD coatings, the cross-sectional area ratio of the substrate to coating is
obtained by using an optical microscope and then the residual stress in coatings is calculated.

8 Calculation

8.1 | Thermal expansion coefficient of the CVD ceramic coatings, a,

Calcylate the thermal expansion coefficient of the CVD ceramic coatings in accordance with

= S S i
Q. =0— S (o, —ar)
c C
where
E. is the elastic modulus of the substrate, in GPa;

I

is the elastic modulus of the coating, in GPa;

&7

is the cross-sectional area of the substratejin mm?;

§. isthe cross-sectional area of the coating, in mm?;

o, s the thermal expansion coefficient of the substrate, in K1;

0. is the thermal expansion coefficient of the composite, in K-1.

8.2 | Residual stress in CVD.coatings, o

Calcuylate the residual stress in plane of the CVD ceramic coatings in accordance with Form

o

S ES. o E.S
AT CA L P
SC ECSC aS ECSC

wherte

[
T

is the elastic modulus of the substrate, in GPa;

Formula (1).

)

ula (2).

(2)

E_. isthe elastic modulus of the coating, in GPa;

is the cross-sectional area of the substrate, in mm?;

(%)

is the cross-sectional area of the coating, in mm?;
o, isthe expansion coefficient of the substrate, in K1;

o is the thermal expansion coefficient of the coating, in K-1;

AT is the difference between the preparation temperature of the coating and the room

temperature, in K.
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