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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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INTERNATIONAL STANDARD ISO 17139:2014(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Thermophysical properties of ceramic
composites — Determination of thermal expansion

1 Scope

This|International Standard describes methods for the determination of linear thermal expansion
characteristics of ceramic matrix composite materials up to 2 300 K, and is applicableto*10}, 2D, and nD
materials.

The method describes general principles of construction, calibration, and operation of the ¢quipment.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced document (including any amendments) applies.

ISO/]EC 17025, General requirements for the competence of-.testing and calibration laboratories

IEC §0584-1, Thermocouples — Part 1: Reference tables

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

31
linear thermal expansion
positfive or negative change in.gne dimension that occurs when a material is subjected to[a change in
temperature

3.2
linegr thermal expansion coefficient at temperature T
derivyative of the length L with respect to temperature at the temperature 7, divided by the length at
temperature T

d. = 1[ab
T pbrdr
3.3

mean linear thermal expansion coefficient between temperatures T1 and T3
linear thermal expansion between temperatures T1 and T divided by the temperature increment T1 to
T and the length at temperature T

_L(Ty)-L(Ty) 1
AT T2)= L(Ty) X(Tz—Tl)

3.4

representative volume element

RVE

minimum volume which is representative of the material considered

© ISO 2014 - All rights reserved 1
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4 Principle

4.1 General

A test piece is heated and subsequently cooled, either at a specified uniform rate or using defined
temperature increments. Its change of length and its temperature are measured continuously, or at
regular frequent intervals during the imposed temperature cycle.

One of two methods can be used to determine the linear thermal expansion coefficient, either by direct
measurement or by a differential method.

4.2 Diredt measurement

In this methiod, the variation in length of the test piece is measured directly. It is necessary.to-knoy the
change in dimensions of the test piece support system by previous calibration.

The test piege is placed in a specimen holder and is made to contact a displacement transducer by yising
a push rod, made of the same material as the holder. This assembly is put in a furnace. The differgntial
expansion Hetween the test piece and the test piece holder is measured during-the increase and the
decrease in femperature.

The apparatjus is shown in Figure 1.

4.3 Differential method

This method consists of measuring the changes in length betweéen a reference piece (6.2) and theg test
piece. It is npt therefore necessary to know the change in dimeénsions of the test piece support systiem.

The apparatjus is shown in Figure 2.

5 Apparatus

5.1 Construction materials

The test piefe holder and the push rod-shall be made from thermomechanically stable materials qf the
same type, Wwhich shall be chemically inert and thermally compatible with the test piece material under
the environmental conditions 6fthe test.

NOTE Fqr temperaturesiabove 1 400 °C, it is necessary to employ a vacuum or inert gas atmosphere, with a
non-oxide mgterial appropriate for the test environment, such as a grade of dense graphite.

5.2 Heating and cooling device

Furnace, ca|pable of working in a controlled atmosphere when required, and of controlling the
temperature of the test piece to within I % of Its mean temperature, expressed in K.

5.3 Temperature measurement

Thermocouples, in accordance with IEC 60584-1, subject to the upper temperature requirements
and environmental consideration, except for tungsten-rhenium couples which may be used at higher
temperatures but are not covered by IEC 60584-1, should be individually calibrated. For temperature 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 and of the reference piece in case
of differential measurement. The mechanical environment shall minimize stresses. For vertical

2 © ISO 2014 - All rights reserved
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measurement apparatus, the test pieces shall be free standing and mechanically stable on the end-plate.
For measuring apparatus which is horizontal or inclined to the horizontal, the sideways movement
or twist of the test piece shall be restricted, without any restriction of axial movement, by a suitable
arrangement.

5.5

System for measuring and recording the thermal expansion

System, capable of measuring displacements to an accuracy better than 0,1 pm. The system shall allow
recording of the test piece temperature and the displacement simultaneously. The system for measuring
of displacements shall be periodically calibrated in accordance with Annex A for direct measurement or

Ann

x B for differential measurement.

5.6

Devi
in ac

6

6.1

The dimensions of the test pieces depend on the type of appardtus used. For differential me

thet

The 1
fibre

The
thel

6.2
Refel

the material to be tested. The reference piece shall have a volume of the same order and, if p

have

For measurement at high temperature (over 2 000 K) under inert atmosphere, referen

gene
from

6.3

See'l

Test piece measurement
Ce for measuring the test piece dimensions, with an accuracy better than 0,05:mm (e.g.

rordance with ISO 3611 or callipers in accordance with ISO 6906).

bpecimens

Test pieces

pst piece and the reference piece (6.2) shall have thesahie length Lo (see Table 1).

est piece shall be cut in such a way that the axis-ofidesired measurement is related to t
orientations in accordance with agreement between parties to the measurement.

end-faces of the length of the test piece shall be plane, parallel to each other, and perp
ng axis.

Reference pieces

‘ence materials shall be chosen So that their properties are as close as possible to the g

the same dimensions as the test piece (see Table 1).

rally used are either tungsten or highly purified graphite. Reference materials shall
a certified laberatory.

Dimensions

able.1.

micrometer

asurements,

he principal

endicular to

roperties of
bssible, shall

e materials
be procured
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Table 1 — Recommended test piece dimensions

Dimensions in millimetres

Material with small RVE | Material with large RVE Tolerances
(3.4) such as 1D or 2D (3.4) suchasnD (n = 3)
Lo, total length 30 70 +0,2
B, width 7 Depending on material —

and equipment

h, thickness

Depending on material
and equipment

Depending on material
and equipment

Depending on material
and equipment

¢, diameter

30

Parallelism

0,01

+0,01

The shape an

A test piece vglume of a minimum of 5 RVE (3.4) is recommended.

dimensions of the test piece depend on the structure of reinforcement. In the case ofhaterial such as|3D, a
large test piede is often necessary when the representative volume element is important.

For nD (n 2 3)[composites with large RVE, thick beam specimens or cylinders with diameter g are recommended.

If dimensions|different from the recommended ones are used, specimen volume shall be,larger than 5 RVE. Tolergnces:
dimensions: #0,2 - Parallelism: +0,05.

7 Procedure

In order to sjmplify calibration procedures, test pieces and reference pieces of the same length should be
used. If reference and test pieces have different lengths, then\it is necessary to take into account ajbase
line shift. In|this case, refer to EN 821-1.

The accpracy shall be better than

0,02 mm for length lower than-10 mm.

Measureg the original length of the test piece at room temperature with devices (5.6).

0,0% mm for length of 10 mm and above, and

Make syre that the equipmenthas’been calibrated for the type of material prior to the test, accofding

to the procedure describediin-Annex A for direct measurement [determination of S and &(A) ] and
in Annek B for differentialjmeasurement (S and §).

Introdufe the test piecCe in test system and provide a good contact between the push rod and th¢ test

piece. The force todpply on the specimen depends on the test system and material, but values lpwer
than 1 N are generally sufficient.

fairly

— Proceed writh heating or cooling at a rate of between 1 K/min and 5 K/min, ensuring a
constanttemperature gradientalongthe testpieceHthe temperatureisehanged-bystepsthe hold

temperature shall be maintained until the length of the test piece shows no change for atleast 5 min

before the measure.

Record temperature T and displacement Ax.

In case of large test pieces, a stepwise temperature rise is recommended.

The mean linear thermal expansion coefficient shall be calculated as the average from the results of

tests on three test pieces.

Push rod for test should not have any reaction with the test piece and the reference.

© ISO 2014 - All rights reserved
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8 Calculations

8.1 Direct measurement

Calculate the change in length, Al, of a length of the sample holder material equal to the original test
piece length Lo, from Formula (1):

Al:LO C_ZA(TZ_TI) (1)

using the calculated value of A], the change in length of AL of the specimen is obtained from the measured
displacement SAX:

AL=SAx+Al (2)

Calcuyilate the mean linear thermal expansion coefficient of the test piece materialfrom Formula (3):

do AL ®
Lo(T2=Ty)
whefe
o is the mean linear thermal expansion coefficient.of'the test piece material, in K-1;
@y is the mean linear thermal expansion coefficient correction for the apparatus gqver the
temperature range used. It is determinedArém calibration (see Annex A);
Lo is the initial length of the test piece at room temperature, in mm;
Ax is the recorded displacement (innmm, volt, etc.) over the temperature range;
h) is the measurement sensitivity of the displacement recording system;
Al is the change in length of the sample holder material, in mm;
AL is the change in length of the test piece, in mm;

T2-T1 is the temperature interval in K for which the change in length is measured.

AL
A cugve of N versus T may be constructed.
0

8.2 | Differential method

Calchate the mean linear thermal expansion coefficient of the test piece material from Formula (4):

SAX=3 L(R)

&:—+&(R)><— 4)
Ly(T,~Ty) Ly
where
o) is the baseline correction over the temperature range, which is introduced because of the

possibility of unequal response from the two pushrods;

L(R) is the initial reference piece length at room temperature, in mm;

&(R) is the mean linear thermal expansion coefficient of the reference piece, in K-1.

Other terms are as in 8.1.

© IS0 2014 - All rights reserved 5
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9 Testreport

The results shall be reported in accordance with ISO/IEC 17025 and the test report shall include the
following information:

a)
b)

0)
d)
€)
f)
g)

h)
i)
j)
k)
D)
m)

n)

the name of the testing establishment;

the date of the test; a unique identification of the report and on each page, the name and address of
the customer, and a signatory of the report;

arefere
general
method
descrip

therma
holds;

maximym temperature testing;

testing
hystere
indicati
table of
any feat

all othe
the test

nce to this International Standard, i.e. “Determined in accordance with ISO 17139”;

description of the method used, i.e. Direct or Differential (see Clause 4);
of calibration;
fion of the test piece: dimensions, preparation method, orientation, mass, velume;

cycle(s), number of hold periods, time at hold periods, and temperatute interval bet}

htmosphere;
5is between the heating and cooling cycle for materialsswhich show a repeatable behay
bn of the thermal cycles carried out on the test piege prior to the measurement;
the mean linear thermal expansion coefficient:atthe temperature required;

ures identifiable as phase changes or softening under load of the measuring device;

or test results.

ween

iour;

I relevant information and all incidents that can affect the results, including comments on
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¢xpansion ranging 9 furnace

y-axis 10 sample

X-Y recorder 11 pushrod

F-axis 12 linear variable differential transformer

emperature ranging 13 sample holder

dorrection factor 14 programmer

°C reference 15 furnace power control
g¢xpansiemamplifier
Figure 1 — Schematic of a direct measurement system

(LVDT)
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Figure 2 — Schematic of a differential measurement system
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Annex A
(normative)

Direct measurement apparatus

A.1 Determination of measurement sensitivity

The
dial

by u
refen

Calib
sens
as th
calib

NOTH

Whe
using

for the two materials:

1 SAxq _
[0 1= OCA
LoAT
) SAx,  _
2= +0y
LoAT
and by subtracting:
q- (01 — 00 ) IpAT
Ax=14X,
wherte

densitivity of the measurement device, S, requires to be calibrated ifitis not based on/a di
bauge or micrometer. This can be done either by using direct mechanical meveme
5ing a certified micrometer of sufficient accuracy, or by use of two certified\thermg

ence materials as test pieces.

ration tests shall be made for mechanical movement in both directions, and then the m
tivity taken. Calibration should take place in the same environment.and at the same
e measurements on the test piece. Any nonlinearity shall be reported, and the apparg
rated over the same range of displacement as that to be used forany series of tests.

This procedure applies to linear displacement transducer‘measuring devices in particul

h two certified thermal expansion reference materials:are available, the sensitivity is
r Formula (A.1):

| SAx
LoAT

(o7}

9:2014(E)

rect-reading
ht produced
| expansion

ean value of
heating rate
itus shall be

I,

determined

(A1)

(A.2)

(A.3)

(A4)

s over the

v ~And ., are the mean thermal expansion coefficients of the two reference material
B “ temperature range AT:

Lo is the initial length, in mm, of the two reference pieces at room temperature;
Ax1, Axp are the recorded displacements (in mm, volts...) over the temperature range AT;
AT is the temperature interval for which the changes in length are measured;

S is the measured sensitivity of the displacement recording system;

0y is the mean thermal expansion coefficient correction for the apparatus.

A.2 Determination of @,

© IS0 2014 - All rights reserved
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_ SAx
a,=0a(R)- (A.5)
LoAT

where

o is the mean linear thermal expansion coefficient correction for the apparatus over the

temperature range used;

@(R) isthe mean linear thermal expansion coefficient of the reference piece material;

Ax is the recorded r‘]icp]ar‘pmpnf (in mm volts pfr‘) averthe temperature range AT

S |s the measurement sensitivity of the displacement recording system;

Lo s the initial length of the test piece, in mm;

AT is the temperature range, in K, over which the change is length is measured.
The mean lipear thermal expansion coefficient &4 is obtained by using a certifiedreference materfial of
similar therpmal expansion to that of the material of the test piece holder andithe push rod, and carfying
out measur¢ment in accordance with the procedure given in Clause 7. The-value of @, is obtaingd by
inserting calibrated and experimental data for the reference material in)Formula (A.5).
The calibrated reference piece is certified by approved organizatiohs. The dimensions of the test piece
to be measured and of the reference piece are identical within machining tolerances.
The physicall properties of the material to be measured and‘the reference material (thermal expapsion
coefficient, thermal conductivity, emissivity) should be-as close as possible. Measurements on the
reference miaterial and on the specimen should be perfermed under identical experimental condition:
type of environment, measuring kinetics, material for the specimen holder, temperature measurement

device.

10
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