INTERNATIONAL ISO
STANDARD 18754

Third edition
2020-04

Fine ceramics (advanced ¢eramics,
advanced technical ceramics) —
Determination of density and
apparent porosity

Céramiques techniques — Détermination de la masse volumique et de
la porosité apparente

Reference number
1SO 18754:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=9e42d660a7c9aec4741dfed14ddff40a

ISO 18754:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=9e42d660a7c9aec4741dfed14ddff40a

ISO 18754:2020(E)

Contents Page
FOT@WONM ... oottt iv
1 S0P ... 1
2 INOTTNATIVE FEECT@IICES .......oooooooeoeoeeeeeeee oottt 1
3 R @ KT Y0 Lo 00 = 0 0 (o) o OO 1
4 Method by liquid displacement (Method A) ...

4.1 Principle. ...

%42 Apparatus

4.3 Test pieces

4.3.1 General requirements
4.3.2  Specific requirements for ceramic matrix composites

4.4 PLOCEAUIE ...
4.4.1 Determination of the mass of the dried test piece......Q
4.4.2 Impregnation of the test piece with the immersion liquid
4.4.3  Determination of the apparent mass of the test piece.......
444  Determination of the mass of the soaked test piece”..........
4.4.5 Determination of the density of the immersiomliquid

4.5 Accuracy of Mmass MEASUIEMENT ...y,

4.6 EXPression of T@SUILS.........cses o N
4.6.1  Apparent solid density . ...t
4.6.2 Bulkdensity
4.6.3  Apparent POroSitY ...,

5 Method by measurement of dimensions and'mass (Method B)
5.1 Principle...............

531
5.3.2

5.2 Apparatus
53 Test pieces

5.4 Procedure

General requirements
Specific requirements for ceramic matrix composites.........

54.1 Determination of the mass of the dried test pieces
5.4.2  Determination of the dimensions of the dried test pieces.............ccccuuuue
55 EXPreSSion Of FESULLS. ...
6 TESET@POTL........ et | e
BIDIHOZTAPIY . ... s e

© IS0 2020 - All rights reserved

iii


https://standardsiso.com/api/?name=9e42d660a7c9aec4741dfed14ddff40a

ISO 18754

:2020(E)

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 18754:2020(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Determination of density and apparent
porosity

1 Scope

This|document specifies methods for the determination of the apparent solid density,"qulk density,
apparent porosity and geometric bulk density of fine ceramics, including all ceramic matrix|composites.

Two methods are described and are designated as Methods A and B, as follows:

— Method A: Determination of bulk density, apparent solid density and apparent porosjty by liquid
displacement (Archimedes' method).

NOTE 1 This method is not appropriate for the determination of an apparent porosity greater than 10 %. For
matefials with higher porosity, the accuracy of the measurement might net be satisfactory. This ethod might
also ot give a satisfactory open porosity result if it is less than 0,5 %.

NOTH 2  This method is also not suitable for materials which are®known to have an average pore gize of greater
than p00 pum.

— Method B: Determination of bulk density only, by miéasurement of geometric dimensions and mass.

2 Normative references

The following documents are referred to, in“the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of 'the referenced document (including any amendments) applies.

ISO 386, Liquid-in-glass laboratory\thermometers — Principles of design, construction and use
ISO 458, Liquid chemical products for industrial use — Determination of density at 20 ° C

ISO 13385-1, Geometridalyproduct specifications (GPS) — Dimensional measuring equipment — Part 1:
Design and metrologi€al'characteristics of callipers

ISO/|EC 17025, Getieral requirements for the competence of testing and calibration laboratoriges

3 Terms-and definitions

For the-purpaoses of this document the fn]]m/ving terms and definitions ;\pp]v

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

31

open pore

pore that is penetrated by an immersion liquid, or that is connected to the atmosphere, either directly
or via one another

© IS0 2020 - All rights reserved 1
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closed pore
pore that is not penetrated by the immersion liquid, or that is not connected to the atmosphere

3.3
bulk volum
Vy,

e

sum of the respective volumes of the solid material, the open pores (3.1) and the closed pores (3.2) in a
porous body

3.4

apparent selid-vehime

Va
sum of the r

3.5

bulk density

b
ratio of the |

3.6

apparent s¢lid density

a
ratio of the ¥

3.7
apparent p
T[a

ratio of the t

3.8
theoretical
density of p

39

geometric bulk density

bulk densit)
dimensions

4 Method by liquid displacement (Method A)

4.1 Pring

The mass of]
impregnate

espective volumes of the solid material and the closed pores (3.2) in a porous body

mass of the dry material of a porous body to its bulk volume (3.3)

mass of the dry material of a porous body to its apparentisolid volume (3.4)

prosity

otal volume of the open pores (3.1) in a porogs-body to its bulk volume (3.3)

density

bre-free material

(3.5) of a porous bogdy,-the bulk volume (3.3) of which being calculated from I

iple

thedry test piece, then its apparent mass when immersed in a liquid with which it has

near

been

1,(and finally its mass in air while still soaked with the impregnation liquid are detern|

lined

by weighing—Fromrthe Tmasses—above, the butk dernsity, theapparent sotid density amd the apparent
porosity are determined by calculation.

Impregnation of the test piece can be achieved either by maintaining it in a liquid under boiling

conditions (

4.2 Appa

Method A1) or under vacuum (Method A2).

ratus

4.2.1 Drying oven, capable of being controlled at (110 + 5) °C.

4.2.2 Balance, accurate to 0,1 mg for a test piece under 10 g and 0,001 % of the mass of a test specimen

for a specim

en over 10 g.
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4.2.3 Thermometer, in accordance with ISO 386, with an accuracy of +1 °C.

4.2.4 Immersion liquid, distilled water or de-ionized water may be used for materials that do not
react with water. For materials that are sensitive to contact with water or that cannot be fully wetted by
water, a suitable organic liquid shall be used.

4.2.5 Basket, capable of supporting the test piece(s) in liquid in order to take suspended mass
measurements (optional).

4.2.6 Suspending wire, of diameter not more than 0,25 mm. The wire should be cleaned and de-
greasged.

Whehever test pieces of small mass are used, a suspending wire of smaller diameter{(eg. 0,15 mm)
or the addition to the immersion liquid of a dilute solution (e.g. not more than 0,01 %) ¢f a suitable
surfdctant is recommended, because the error caused by the surface tension of‘the liquidfon the wire
cannjpt be neglected.

4.2.7 Evacuating equipment (Method A2), capable of reducing the¢ptessure to a value not greater
than|2,5 kPa, and with a means of measuring the pressure used.

4.2.4 Heatingapparatus (Method A1), enabling the heating of the immersion liquid to its Qoiling point.
4.2.9 Glass beaker, of a size which allows adequate clearance of its wall by the test piece.
4.2.10 Absorbent cloth, such as a gauze, industrial wiping cloth or chamois leather.

4.3 | Test pieces

4.3.1 General requirements

Matdrials for testing should be sampled in accordance with the guidance given in EN 1006.|The volume
of each specimen shall be not less-than 0,1 cm3.

Wheh the volume of each individual test specimen is less than this value, a sufficient number of test
specjmens shall be taken'so that the total volume of the specimens reaches the minimum qf volume. In
this ¢ase, the volume ofiedch individual test specimen shall be not less than 0,04 cm3.

In cgses where the'wolume of test specimen is less than 0,04 cm3, a geometric measureinent for the
machined speciinén may be used only for the determination of bulk density. For the determination of the
bulk|density~and apparent porosity, mercury porosimetry may be applied. However, a combination of a
sterdological measurement on a polished surface of the test specimen by microscopy is recommended
for reliability.

Any dust and chips liable to become detached during further handling shall be removed from the
surface of each test piece.

Test specimens shall have smooth surfaces to sponge out droplets of the immersion liquid from the
surface, since roughness limits the accuracy of the mass of the soaked test specimen.

4.3.2 Specific requirements for ceramic matrix composites

In addition to the requirements of 4.3.1, the length (/) and width (d) of a test piece should be at least
equivalent to those containing more than two unit cells. The thickness (h) of a test piece should be at
least equivalent to that containing more than three plies for 2D woven and more than two unit cells for
3D woven.

NOTE The specific terms used above and related to ceramic matrix composites are defined in ISO 20507.

© IS0 2020 - All rights reserved 3
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4.4 Procedure

4.4.1 Determination of the mass of the dried test piece

Dry the test piece in the oven (see 4.2.1) at (110 + 5) °C to constant mass, i.e. until two successive weight
measurements, taken before and after atleast 2 h in the drying oven, do not differ by more than 0,03 %.
Transfer to a desiccator and allow to cool to room temperature.

NOTE

For test pieces assumed to have no open porosity (i.e. assumed to have a density higher than 95 %

of the theoretical density), the abovementioned drying procedure could be skipped and the specimens could be

dried e.g. wit

h a towel.

Record the 1
drying. The

For a test p
test piece af]

been determpined.

4.4.2 Imp

Impregnatid
a) Boiling

Immerse th
at all times.
more. Allow
piece to roo

The boiling
b) Vacuum

Place the te
kPa and ma
Introduce t
release the
liquid for an

During the i
shall be stoj

For materia
shall be use
and non-tox

mass thus determined is the mass of the dry test specimen, m;.

ece which could possibly break during boiling (see 4.4.2), determine the mass of th
ter the apparent mass of the immersed test piece and the mass of the soaked test piece

regnation of the test piece with the immersion liquid

n of the test piece can be carried out in two ways.
method (Method A1)

e test piece in the glass beaker (4.2.9), taking care that'the test piece is covered with yj
Using the heating apparatus (4.2.8), bring the wdter to ebullition and let it boil for 3
to cool to room temperature. Water at ambient\temperature may be used to cool the
n temperature.

nethod shall not apply to materials thatrseact with water.
method (Method A2)

st specimen in an airtight container (see 4.2.7), evacuate to a pressure of less tha
intain for 15 min in order to\remove all the air from the open pores of the test speci
he immersion liquid (4.2.4) so that the test specimen is covered completely. Gra
racuum to atmospheric\pressure and allow the test specimen to remain in the imme
additional 30 min,

ped upon completion of the introduction.

s that react'with water, a suitable organic liquid (e.g. distilled paraffin or dibutyl phthe
d as the.immersion liquid. In this case, the organic immersion liquid should be low vo
ic./The vapour pressure of the organic immersion liquid shall be less than 2,5 kPa 3

temperatury

nass of the test piece in ambient air, as soon as possible after removal from the desiccatlor or

e dry
have

vater
h or
test

h 2,5
men.

ally
rsion

htroduction of theimmersion liquid, the vacuum pump shall be in continuous operation and

late)
latile
t the

b ofthe test.

NOTE

For test pieces assumed to have no open porosity, this impregnation step could be skipped.

4.4.3 Determination of the apparent mass of the test piece

Place the impregnated test piece in the basket (4.2.5) and suspend the basket in the immersion liquid
using the thin wire (4.2.6). Using the balance, measure the suspended mass while completely immersed
in the immersion liquid. Remove the test piece from the basket and reweigh the basket when immersed
in the immersion liquid to the same depth as when the test specimen was in place. Subtract the apparent
mass of the immersed basket from the mass when it contained the test piece. The mass thus obtained is
the apparent mass of the immersed test piece, m,.

Determine the temperature of the immersion liquid using the thermometer (4.2.3).

© IS0 2020 - All rights reserved
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4.4.4 Determination of the mass of the soaked test piece

Remove the test piece from the liquid, sponge it rapidly and carefully with a wet absorbent cloth - such
as a gauze, chamois leather or industrial wiping cloth that would not leave lint or fibres on the test piece
- to remove droplets of the immersion liquid from the surface of the test piece and weigh it. The mass

thus

obtained is the mass of the soaked test piece, mj.

The absorbent cloth or the chamois leather shall previously have been completely saturated with the
immersion liquid and lightly wrung out in order to avoid drawing out the liquid from the pores of the
test piece.

NOT

theor]

4.4.5

Dete

Eortestpieces assumedtohave noopnenporositv(ie assumedtohave adensitvhigherth
r r r CARS J (=]

etical density), this step could be skipped and the mass, m;, taken equal to the mass of the drie

Determination of the density of the immersion liquid

Fmine, to the nearest 1 kg/m3, the density, p;, of the liquid used as the/inimersion

n 95% of the
test piece.

iquid at the

temperature of the test.

For water, the density is given in Table 1 as a function of temperature bétween 10 °C and 30 °C.

For an organic liquid, use the method given in ISO 758.
Table 1 — Density of water as a function of température between 10 °C and 3 °C

Temperature P1 Temperature P41 Temperature P1

°C kg/m3 °C kg/m3 °C kg/m3
10 999,7 17 998,8 24 9973
11 999,6 18 998,6 25 997,0
12 999,5 19 998,4 26 996,8
13 999,4 20 998,2 27 996,5
14 999,2 21 998,0 28 996,2
15 999,1 22 9978 29 995,9
16 998,9 23 997,5 30 995,6

4.5 | Accuracy of masSs,measurement

The mass measurement shall be made to the nearest 0,1 mg for a test specimen under 10 g

of th

4.6

e mass of atest' specimen for a specimen over 10 g.

Expression of results

4.6.

Annarent solid densitv
Pre € = €y

Calculate the apparent solid density to the second decimal place according to Formula (1).

Pa=

m
——1><P1
mp —my

where
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2020 - All rights reserved
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p, isthe apparent solid density, expressed in kilograms per cubic metre (kg/m3);

my is the mass of the dry test specimen, expressed in kilograms (kg);

m, is the apparent mass of the immersed test specimen, expressed in kilograms (kg);

p1 s the density of the immersion liquid at the temperature of the test, expressed in kilograms
per cubic metre (kg/m3).

4.6.2 Bulk density

Calculate the bulk density to the second decimal place according to Formula (2).

Pb ="
my—mj

where

pp ist

my is the mass of the dry test specimen, expressed in kilograms (kg);
m, is the apparent mass of the immersed test specimen, expressed.in kilograms (kg);

m5 is the mass of the soaked test specimen, expressed in kilegrams (kg);

pp ist

per|cubic metre (kg/m3).

4.6.3 Apparent porosity

Calculate the apparent porosity to the first decimal place according to Formula (3).

Ma|l—M
m, =—1—1x100
mz—m,
where
m, isthe apparent porosity, expressed as a percentage by volume;

my is the mass of the'dry test specimen, expressed in kilograms (kg);
m, is the appatent mass of the immersed test specimen, expressed in kilograms (kg);

m5 is thenass of the soaked test specimen, expressed in kilograms (kg).

Wit

XP1

e bulk density, expressed in kilograms per cubic metre (kg/m3);

e density of the immersion liquid at the temperature of the test, expressed in kilograr

(2)

(3)

5 Method by measurement of dimensions and mass (Method B)

5.1 Principle

A test piece of uniform geometry within specified tolerances is dried and weighed. Its volume is
determined by measurement of the appropriate dimensions. The geometric bulk density (see 3.9) is
calculated as mass per unit volume.

5.2 Apparatus

5.2.1 Balance, with an accuracy in accordance with Table 2 (with accuracy of 0,1 mg for a test specimen
under 10 g and 0,001 % of the mass for a test specimen over 10 g).

6
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5.2.2 Calibrated measuring device, capable of repeatable and accurate measurement in accordance
with Table 2 (with accuracy of 0,01 mm or 0,05 % of smallest dimension), for example callipers or a
micrometer in accordance with ISO 13385-1.

For flat test piece surfaces, spherical measuring anvils with radii of curvature between 2 mm and
10 mm should be used. For cylindrical test piece surfaces, flat measuring anvils should be used. These
anvils should be constructed of material with hardness of at least 500 HV30.

5.2.3 Drying oven, capable of maintaining a temperature of (110 £ 5) °C.

5.2. Desiccator for storage of test pieces

Table 2 — Accuracy and errors of density and porosity measurement

Parameter Method B:
Geometric bulk'density
Minimum test piece dimension in mm 350
Accyracy of measurement of dimension? 0,01 mm or 0,05:% of smallest dimgnsion
Minimum test piece massin g 2,0
Accuracy of weighing in g 0,001
Accuracy of density measurement (%) 1,0

a2  The maximum non-uniformity of any dimension should not exceed.1,% of its average value.

5.3 | Test pieces

5.3.1 General requirements

Materials for testing should be sampled in accordance with the guidance given in EN 1006. The shape of
test pieces shall be such that the volumecan be calculated from the external dimensions.

NOTHE 1 Ideal shapes are rectangular parallelepipeds and right cylinders, discs or rods; specifically for ceramic
matrix composites, the preferred shape is a machined rectangular parallelepiped.

Test pieces which do not have uniform dimensions and principal axes orthogonal to within [1° should be
groupd to achieve such conditions.

The inass of the test piece shall be greater than 2 g and each dimension shall be greater than 3 mm (see
Tabl¢ 2). Where “as-fired” test pieces are used, press flashing shall be removed.

The total volume of edge chips and surface pits or protrusions should not exceed approximately 0,1 %
of thg nominal*total volume.

NOTE 2-° \Some types of material possess surface skins which are rough or soft in the “as-fired’| state. These
materials are unsuited to this method of measurement of bulk density unless the skin is flattened or removed
by machining or another suitable method. Reaction-bonded silicon nitride is an example where such a surface
deposit might be present.

5.3.2 Specific requirements for ceramic matrix composites

In addition to the requirements of 5.3.1, the length (/) and width (d) of a test piece should be at least
equivalent to those containing more than two unit cells. The thickness (h) of a test piece should be at
least equivalent to that containing more than three plies for 2D woven and more than two unit cells for
3D woven.

NOTE The specific terms used above and related to ceramic matrix composites are defined in ISO 20507.

© IS0 2020 - All rights reserved 7
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5.4 Procedure

5.4.1 Determination of the mass of the dried test pieces

Dry the test pieces in the oven (see 5.2.3) at (110 + 5) °C to constant mass, i.e. until two successive
weight measurements, taken before and after atleast 2 h in the drying oven, do not differ by more than
0,03 %. Transfer them to a desiccator and allow to cool to room temperature.

NOTE

For test pieces assumed to have no open porosity (i.e. assumed to have a density higher than 95 %

of the theoretical density), the abovementioned drying procedure could be skipped and the specimens could be

dried e.g. wit

h a towel.

Record the Ilnass of each test piece in ambient air, as soon as possible after removal from the desic

or drying.

The mass m
of the mass

5.4.2 Det

Using the sq
three positi
smallest dir]
length, widt

If the dimen|
for example
simplified p

easurement shall be made to the nearest 0,1 mg for a test specimen under 10.gand 0,0
pf a test specimen over 10 g.

ermination of the dimensions of the dried test pieces

lected measuring device (see 5.2.2), measure the dimensions gf.each test piece in at
pns for each direction, to an accuracy equal to or better than 0,01 mm or 0,05 % d
hension. Measure the directions parallel to the principal‘geometric axes, for exampl
h and depth of a parallelepiped, the length and diameter for a disc or a rod.

sions of the test piece are too small to make three separate measurements in any direq
of the length of a rod of small diameter, a singlemeasurement may be used, and ther
Focedure reported [see Clause 6 j)].

Calculate thie differences between the lowest and highest figures measured for each direction. R

the test pied

5.5 Expr¢

Calculate th

es if any difference exceeds 1 % of the;méan dimensions measured.

pssion of results
e geometric volume of each.tést piece from its mean dimensions.

nsity, py, expressed in Kilograms per cubic metre, kg/m3, shall be calculated to the s¢

e according to Formdla {4).

hedry mass of the test piece;

cator

01 %

least
f the
e the

tion,
this

eject

cond

(4)

The bulk de
decimal pla
p _m
A
where
my ist
Vy

is the bulk volume of the test piece taken as its geometric volume.

6 Testreport

The test report shall be in accordance with the reporting provisions of ISO/IEC 17025 and shall contain
the following information:

a)
b)
<)
d)

the test

8

a reference to this document, i.e. ISO 18754;

laboratory and operator;

the date of measurement;

the type and configuration of the test specimen (material name);
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