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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.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 8894-2 was prepared by Technical Committee ISO/TC 33, Refractories.

This second edition cancels ahd replaces [the first| edition? (ISO/8894-2:1990), 'which has been technically
revised to be technically identical to EN 993-15. The main changes are the following. (Note that the clause
and subclause references given below reférito they1990 editiony)

The Scope has been revised. It contains all the essential elements of ISO 8894-2:1990 except that the
1 250°C temperature limit has been omitted. In Note 2, reference to fibres has been taken out as current
practice allows measurements'on these ‘materials.

Clause 2 Normative references has been deleted because

— sampling for this test is not usually carried out in accordance with ISO 5022, and

— IS0 8894-1 is only referred to in the Scope and not in the method itself.

The definitions given in Clause 3 have been improved and clarified.

The accuracy of temperature measurement of the furnace, given in 5.1, has been reduced to + 10 K.
Modifications to 5.2 to 5.4 reflect equipment currently in use.

A paragraph has been added to 5.7 to ensure that the container is inert under the test conditions.

Subclause 6.4 and Figure 4 have been modified to allow grooves in one test piece only, for simplicity of
machining. Bedding material has been removed from Figure 4 as it has been found to affect the results due to
heat-transfer modification. A tolerance has been given for surface flatness of the test pieces, so that bedding
material is not required.

Subclause 7.2 has been modified to ensure stability of the hot wire and measurement thermocouple.

Table 1 has been modified to reflect modern equipment and 7.5 has been changed accordingly.

A new Clause 7 has been added between 7.11 and Clause 8 to ensure test accuracy.
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In the equation In Clause 8, V.I has been replaced by P, the rate of energy transfer, as stated in the definitions
in Clause 3.

Annex A has been updated for current practice.

ISO 8894 consists of the following parts, under the general title Refractory materials — Determination of
thermal conductivity:

— Part 1: Hot-wire method (cross-array)

— Part 2: Hot-wire method (parallel)

© 1SO 2007 — All rights reserved
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INTERNATIONAL STANDARD ISO 8894-2:2007(E)

Refractory materials — Determination of thermal
conductivity —

Part 2:
Hot-wire method (parallel)

1 Scope

This part of ISO 8894 describes a hot-wire (parallel) method for the determination of the thermal conductivity
of refractory products and materials. It is applicable to dense and insulating shaped products and to powdered
or granular materials (see 6.2), for thermal conductivities of less than 25 W/m-K. The limits are imposed by the
thermal diffusivity of the test material and therefore by the dimensions of the test pieces; higher thermal
conductivities can be measured if larger pieces are used. Electrically conducting materials cannot be
measured.

NOTE 1 The thermal conductivity of products with a hydraulic or chemical bond can be affected by the appreciable
amount of water that is retained afterchardening or-setting-and, isyreleased-on firings These materials can therefore require
pretreatment. The nature”and-extent’ of -such “pretreatment; and the period for"which the test piece is held at the
measurement temperature as a preliminary to carrying out the test, are.details that are outside the scope of this part of
ISO 8894 and are agreed between the parties concerned.

NOTE 2 In general, it is difficult to make measurements on anisotropic materials and the use of this method for such
materials is also agreed between the parties concerned:

2 Terms and definitions

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

t2r-|1ermal conductivity
(/}ensity of heat flow rate divided by the temperature gradient
NOTE Thermal conductivity is expressed in watts per metre kelvin (W/m-K).
2.2
thermal diffusivity
?hermal conductivity divided by the bulk density times the specific heat capacity
NOTE 1 a= 4
pcp
where

A is the thermal conductivity;
p is the bulk density;
cp s the specific heat capacity at constant pressure per weight.

NOTE 2  Thermal diffusivity is expressed in square metres per second (m2s-1).
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23

power

P

rate of energy transfer

NOTE Power is expressed in watts (W).

3 Principle

The hot-wire method (parallel) is a dynamic measuring procedure based on the determination of the
temperature increase against time at a certain location and at a specified distance from a linear heat source
embedded between two test pieces.

The test pieces are heated in a furnace to a specified temperature and maintained at that temperature.
Further local heating is provided by a linear electrical conductor (the hot wire) that is embedded in the test
piece and carries an electrical current of known power that is constant in time and along the length of the test
piece.

A thermocouple is fitted at a specified distance from the hot wire, the thermocouple leads running parallel to
the wire (see Figure 1). The increase in temperature as a function of time, measured from the moment the
heating current is switched on, is a measure of the thermal conductivity of the material from which the test
pieces are made.

4 Apparatus

4.1 Furnace, electrically heated, ‘capable ‘of/taking ane'or ' more ‘test'assemblies (see 5.1) up to a maximum
temperature of 1 250 °C. The temperature at any twa points in the regionoccupied by the test pieces shall not
differ by more than 10 K. The temperature’measured" on-the ‘outside ‘of the test assembly during a test (of
duration about 15 min) shall not vary by more than + 0,5 K, and shall be known with an accuracy of + 10 K.

4.2 Hot wire, preferably of platinum or platinum-rhodium, with.a.minimum.length. equivalent to that of the
test piece. The voltage taps should be located in the test piece with, a length between the taps of about
200 mm known to the nearest + 0,5 mm.

Both ends of the hot wire are attached to the power source and the voltage taps to the digital multimeter (4.5).
The wires to the power source may also be a continuation of the hot wire itself and shall have the same
diameter as the wire within the assembly. The wires to the digital multimeter shall be of a diameter not greater
than that of the hot wire when within the assembly. Leads outside the assembly shall consist of two or more
tightly twisted wires of 0,5 mm diameter. The current lead connections external to the furnace shall be made
with heavy-gauge cable.

4.3 Power supply, to the hot wire (4.2), which shall be stabilized a.c. or d.c., but preferably a.c., and shall
not vary in power by more than 2 % during the period of measurement.

A power supply to the hot wire of at least 250 W/m is required. This is equivalent to 50 W between the voltage
taps for a distance of 200 mm.

4.4 Differential platinum/platinum-rhodium thermocouple, (Type R: platinum 13 % rhodium/platinum
thermocouple, or Type S: platinum 10 % rhodium/platinum thermocouple, see Table 1) formed from a
measurement thermocouple and a reference thermocouple connected in opposition (see Figure 1). The leads
of the measurement thermocouple shall run parallel to the hot wire at a distance of 15 mm + 1 mm (see
Figure 2). The output of the reference thermocouple shall be kept stable by placing it between the top outer
face of the upper test piece and a cover of the same material as the test piece (see Figure 1). The diameter of
the measurement thermocouple wires shall be the same as that of the hot wire and the wires of both
thermocouples shall be long enough to extend outside the furnace where connections to the measuring
apparatus shall be made by wire of a different type. The external connections of the thermocouple shall be
isothermal.

An insulating layer may be inserted between the cover and the upper test piece.

NOTE Base-metal thermocouples can be used at temperatures below 1 000 °C.
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Figure 1 — Location of heating circuit‘and/measurement circuit (differential thermocouple circuit)
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Figure 2 — Measurement arrangement
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4.5 Digital multimeter, used for measuring the current in the hot wire and the voltage drop across it, and
capable of measuring both to an accuracy of at least + 0,5 %.

4.6 Data acquisition system, consisting of a temperature-time registration device with a sensitivity of at
least 2 yV/cm or 0,05 pV/digit, or a temperature measurement of 0,01 K or better and with a time resolution
better than 0,5 s.

4.7 Containers, (for use if the test is performed on powdered or granular material), having internal
dimensions equal to those of the solid test assembly specified in Clause 5, so that the test assembly shall
consist of two sections as specified in 5.1. The bottom container shall have four sides and a base, and the top
container shall have four sides only, plus a detachable cover (see Figure 3).

Containers should be of a material that will not react with the test piece at the test temperature and should not
be electrically conducting.

Key —=% e N T
1 Cover -ayCat, Jardy/SISUSCY 78 /ac-Beab-Ach7-Clad
2 Reference thermocouple

3 Containers

4  Measurement thermocouple /

5 Hot wire 5 4

Figure 3 — Container with hot wire and thermocouple laid on it

5 Test pieces

5.1 Dimensions
Each test assembly shall consist of two identical test pieces, not less than 200 mm x 100 mm x 50 mm in size.

It is recommended that the size of each test piece be 230 mmx 114 mmx64 mm or
230 mm x 114 mm x 76 mm. Standard-size bricks can then be used as the pieces forming the test assembily,
subject to the requirements of 5.2.

The limits of this method are imposed by the dimensions of the test pieces. With larger test pieces, higher
values of thermal conductivity can be measured. The distance between the hot wire and the thermocouple
should be extended to the same ratio as the test pieces. For example, with a test piece of
230 mm x 180 mm x 95 mm, a thermal conductivity of about 40 W/m-K can be measured.

5.2 Surface flatness

The surfaces of the two test pieces forming the test assembly which are in contact with each other shall, if
necessary, be ground so that the deviation from flatness between two points, not less than 100 mm apart, is
not more than 0,2 mm.
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5.3 Grooves in dense materials

In dense materials, grooves to accommodate the hot wire and the measurement thermocouple shall be
machined in the lower face of the test assembly (see Figure 4). The width and depth of the grooves shall
permit the arrangement shown in Figure 4 to be achieved.

The faces of the test piece shall be parallel to the nearest + 1 mm.

Dimensions in millimetres

A
Y

NN

Key
1 Test piece
2  Grooves with hot wire and thermocouple

Figure 4 — Symmetrical embedding of hot wire and thermocouple in test pieces (where required)

6 Procedure

6.1 Arrange the test assembly ready for testing. Place the hot wire (4.2) and the measurement
thermocouple (4.4) between the two test pieces, with the hot wire along the centre-line of the brick faces in
contact with each other. Cement them into the grooves where appropriate, using a cement made from finely
ground test material mixed with a small amount of a suitable binder (e.g. 2 % dextrin and water). Ensure that
the wires are cemented evenly, to allow equal heat transfer to the two test pieces, as shown in Figure 4.

6.2 If the test is being performed on powdered or granular material, fill the bottom container (4.7) with the
test material up to its top, and place on it the hot wire and differential thermocouple as shown in Figure 1.
Place the top container (4.7) on the bottom one and fill with the test material. Cover the test assembly with a
slab of the same material as the containers. Determine the apparent bulk density of the test material in the
poured, untamped state. Make sure that the distance between the hot wire and measurement thermocouple is
stable during a measurement.

NOTE The container can be filled by vibration or by pressing to give a specific bulk density, where a figure has been
agreed upon.

6.3 Place the test assembly in the furnace (4.1), ensuring uniform heating by resting each assembly on
three supports of a material similar to that being tested and having dimensions of 125 mm x 10 mm x 20 mm.
The supports shall rest on a 125 mm x 10 mm face, and shall be placed parallel to the 114 mm x 76 mm (or
100 mm x 50 mm) faces of the test assembly, about 20 mm from these faces.
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