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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 and 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 refer to the 1990 edition.)

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.

iv © 1SO 2007 — All rights reserved
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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






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 after hardening or setting and is released on firing. 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).

© 1SO 2007 — All rights reserved 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 one or more test assemblies (see 5.1) up to a maximum
temperature of 1 250 °C. The temperature at any two points in the region occupied 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.

2 © 1SO 2007 — All rights reserved
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Figure 1 — Location of heating circuit and measurement circuit (differential thermocouple circuit)
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Figure 2 — Measurement arrangement

© 1SO 2007 — All rights reserved 3



ISO 8894-2:2007(E)

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

1 Cover o N Y B N o
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.

4 © 1SO 2007 — All rights reserved
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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

LULMMLMEON

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.

© 1SO 2007 — All rights reserved 5
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6.4 Connect the test assembly to the digital multimeter (4.5). With the hot-wire circuit open, raise the
temperature of the furnace, at not more than 10 K/min, to the first test temperature required.

Heating rates should be low enough to ensure that there is no risk of thermal shock damage.

6.5 Set the power input to a value that, from preliminary tests, is known to produce, for a chosen recorder
sensitivity, an instrument deflection of at least 60 %, and preferably about 80 %, of full-scale deflection.

A guide to the choice of power input for a range of thermal conductivities and for a range of recorder
sensitivities is given in Table 1. The power levels are based on a recorder deflection of 0,8 x full-scale
deflection for a given maximum duration of the test (z,,,5)-

NOTE The appropriate level of power input to the hot wire will differ between apparatus and needs to be evaluated in
preliminary tests, but can eventually be based on experience.

Table 1 — Recommended choice of scales and power level (based on a deflection of 0,8 x full-scale)

Thermal Maximum duration Recommended
conductivity, 1 of test, 7., power level
Wim-K ] Wim
0 to 50 pV scale
0,1 1200 3
0,4 1200 6
1,0 900 15
2,0 450 30
4,0 350 60
8,0 190 120
16 100 240
25 65 375

The figures in this Table1 are based on the use of type 'S'
thermocouples (4.4), and should be adjusted if a type 'R’ thermocouple is
used.

6.6 When the furnace reaches the test temperature, verify that the temperature in the region occupied by
the test assembly is uniform and constant. The differential thermocouple (4.4) shall not show a variation of
more than 0,05 K over a period of 10 min immediately prior to the test.

6.7 When the conditions of 6.6 are met, close the heating circuit and make a record of the output of the
differential thermocouple with time. Mark the exact moment when the power input to the hot wire was made.
Measure and record the voltage drop across the hot wire between the voltage taps and the current in it,
immediately after switching on the heating circuit and again at intervals during the test period.

6.8 After the appropriate test duration (see Table 1), disconnect the heating circuit and discontinue
recording the output of the differential thermocouple.

6.9 Allow time for the test assembly to reach temperature equilibrium. Repeat the procedures of 6.7 and 6.8,
thus obtaining a further measurement under the same conditions.

6.10 Raise the temperature of the furnace to the next higher test temperature at not more than 10 K/min.
Again carry out the procedure described in 6.5 to 6.9.

6.11 Repeat the procedure of 6.10 until at least two measurements have been obtained at each of the
required test temperatures.

6 © 1SO 2007 — All rights reserved
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7 Assessment of results

If the current input to the hot wire has varied by more than 2 % during the test, the results shall be disregarded
and the test shall be carried out again.

8 Calculation and expression of results

Calculate the thermal conductivity, A, of the material, in watts per metre kelvin, at each test temperature using
the equation:

2
—Ei[th
P a
am T 20(0) ()

where

P is the rate of energy transfer, in watts, within the length of the hot wire between the voltage taps, and

P=V-1
where
vV is the potential difference, in volts;
1 is the current, in amperes;
/ is the length, in metres, of the hot wire between the voltage taps P and Q in Figure 2;

AQ(r) is the temperature difference, in kelvins, between the measurement and reference thermocouples

at time ¢,
t is the time, in seconds, from the moment the heating circuit is switched on;
r is the separation, in metres, of the hot wire and the measurement thermocouple;
a is the thermal diffusivity, in square metres per second.
—r? T e "du
NOTE —Ei| —— | is an exponential integral of the form | .
4at x u
. AO(20) . . (-2 . .
After determining A00) to 2 decimal places, the expression —Ei A is taken from Table 2, reading the
a
first decimal place from column 1 and the second decimal place from the remaining columns.
The values of A that can be considered accurate are those that correspond to values of % between 1,5

and 2,4.

Report the result as the mean value of two tests at any one temperature. The individual value of 1 as
determined in each test should not deviate by more than 5 % from the mean value.

Annex A gives examples of the determination of thermal conductivity.

© 1SO 2007 — All rights reserved 7
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2
Table 2 — —Ei| —_— | as a function of M
at AQ(t)
AAHH((Ztt)) 0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09

1,1 6,9287 | 6,2966 | 57689 | 53213 | 49366 | 46021 | 43085 | 4,0483 | 3,8162 | 3,607 7
1,2 34192 | 3,2480 | 3,0918 | 29485 | 2,8166 | 26949 | 2,5820 | 24772 | 2,3795 | 2,2883
1,3 22028 | 21227 | 2,0473 | 1,9764 | 1,9094 | 1,8461 | 1,7863 | 1,7295 | 1,6757 | 1,6245
1,4 1,5758 | 1,6205 | 1,4852 | 1,4431 | 1,4028 | 1,3642 | 1,3274 | 1,2920 | 1,2582 | 1,2257
1,5 1,1945 | 1,1646 | 1,1358 | 1,1081 | 1,0814 | 1,0557 | 1,0310 | 1,0071 | 0,9641 | 0,9619
1,6 0,9405 | 09197 | 0,8897 | 0,8803 | 0,8616 | 0,8434 | 0,8259 | 0,8089 | 0,7924 | 0,776 4
1,7 0,7609 | 0,7459 | 0,7313 | 0,7171 | 0,7034 | 0,6900 | 0,6770 | 0,6644 | 0,6521 | 0,640 2
1,8 0,6286 | 06173 | 0,6063 | 0,5956 | 0,5852 | 0,5750 | 0,565,2 | 0,5555 | 0,5461 | 0,537 0
1,9 0,5280 | 0,519,3 [ 0,5108 | 0,5025 | 0,4944 | 0,4865 [ 0,4788 | 04712 | 0,4639 | 04567

2,0 0,4496 | 0,4428 | 04360 | 0,4295 | 0,4230 | 0,4168 | 0,4106 | 0,4046 | 0,3987 | 0,3929
2,1 0,3873 | 0,3818 | 0,3764 | 0,3711 | 0,3659 | 0,3608 | 0,3558 | 0,3510 | 0,3462 | 0,3415
2,2 0,3369 | 0,3324 | 0,3280 | 0,3237 | 0,3194 | 0,3162 | 0,3112 | 0,3072 | 0,3032 | 0,299 4
23 0,2956 | 0,29019 | 0,2882 | 0,2846 | 0,2811 | 0,2776 | 0,2742 | 0,2709 | 0,2676 | 0,264 4
24 02613 | 0,2582 | 0,2651 | 0,2521 | 0,2491 | 0,2462 | 0,2434 | 0,2406 | 0,2378 | 0,235 1
25 0,2325 | 0,2298 | 0,2273 | 0,2247 | 0,2222 | 0,2198 | 0,2174 | 0,2150 | 0,2126 | 0,2103
2,6 0,2081 | 0,2058 | 0,2036 | 0,2015 | 0,1993 | 0,1972 | 0,952 | 0,1931 | 0,191 1 | 0,189 2
2,7 0,1872 | 0,1853 | 0,1834 | 0,1816 | 0,1797 | 0,1779 | 0,176 1 | 0,1744 | 0,1727 | 0,171 0
2,8 0,1693 | 0,1676 | 0,660 | 0,1644 | 0,1628 | 0,1612 | 0,597 | 0,1582 | 0,1567 | 0,155 2
2,9 0,1537 | 0,1523 | 0,1509 | 0,1495 | 0,1481 | 0,1467 [ 0,1454 | 0,1441 | 0,1427 | 0,141 4

3,0 0,1402 | 0,1389 | 0,1377 | 0,1364 | 0,1352 | 0,1340 | 0,1329 | 0,1317 | 0,1305 | 0,1294
3,1 0,1283 | 0,1272 | 0,1261 | 0,1250 | 0,1239 | 0,1229 | 0,1218 | 0,1208 | 0,1198 | 0,118 8
3,2 0,1178 | 0,1168 | 0,1158 | 0,1149 | 0,1139 | 0,1130 | 0,1121 | 0,1112 | 0,1103 | 0,109 4
3,3 0,1085 | 0,1076 | 0,068 | 0,1059 | 0,106 1 | 0,1043 | 0,1034 | 0,1025 | 0,1018 | 0,101 0
3.4 0,1002 | 0,0095 | 0,0987 | 0,0979 | 0,0972 | 0,0964 [ 0,0957 | 0,0950 | 0,0943 | 0,093 6
3,5 0,0928 | 0,0022 | 0,0915 | 0,0908 | 0,0901 | 0,0895 | 0,0888 | 0,0881 | 0,0875 | 0,086 9
3,6 0,0862 | 0,0856 | 0,0850 | 0,0844 | 0,0838 | 0,0832 | 0,0825 | 0,0820 | 0,0814 | 0,0808
3,7 0,0803 | 0,0797 | 0,0791 | 0,0786 | 0,0780 | 0,0775 | 0,0770 | 0,0764 | 0,0759 | 0,075 4
3,8 0,0749 | 0,0744 | 0,0739 | 0,0734 | 0,0729 | 0,0724 | 0,0719 | 0,0714 | 0,0709 | 0,0705
3,9 0,0700 | 0,0695 | 0,0691 | 0,0686 | 0,0682 | 0,0677 | 0,0673 | 0,0669 | 0,0664 | 0,066 0

4,0 0,0656 | 0,0652 | 0,0647 | 0,0643 | 0,0639 | 0,0635 | 0,0631 | 0,0627 | 0,0623 | 0,0619
4,1 0,0615 | 0,0612 | 0,0608 | 0,0604 | 0,0600 [ 0,05697 | 0,0593 | 0,0589 | 0,0586 | 0,058 2
4,2 0,0579 | 0,0575 | 0,0572 | 0,0568 | 0,0565 | 0,0561 | 0,0558 | 0,0555 | 0,0551 | 0,054 8
4,3 0,0544 | 0,0542 | 0,0538 | 0,0635 | 0,0532 | 0,05629 | 0,0526 | 0,0523 | 0,0520 | 0,0517
4,4 0,0514 | 0,0511 | 0,0508 | 0,0505 | 0,0502 | 0,0499 | 0,0496 | 0,0494 | 0,0491 | 0,048 8
4,5 0,0485 | 0,0482 | 0,0480 | 0,0477 | 0,0475 | 0,0472 | 0,0469 | 0,0467 | 0,0464 | 0,046 2
4,6 0,0459 | 0,0456 | 0,0454 | 0,0452 | 0,0449 | 0,0447 | 0,0444 | 0,0442 | 0,0439 | 0,0437
4,7 0,0435 | 0,0432 | 0,0430 | 0,0428 | 0,0425 | 0,0423 | 0,0421 | 0,0419 | 0,0417 | 0,0414
4,8 0,0412 | 0,0410 | 0,0408 | 0,0406 | 0,0404 | 0,0402 | 0,0400 | 0,0398 | 0,0396 | 0,0393
4,9 0,0391 | 0,0389 | 0,0387 | 0,0386 | 0,0384 | 0,0382 [ 0,0380 | 0,0378 | 0,0376 | 0,037 4

2? 882; i 0,0370 | 0,0368 | 0,036 7 | 0,0365 | 0,036 3 | 0,036 1 0,0359 | 0,0358 | 0,0356
5'2 0’033 7 0,0352 | 0,0351 | 0,0349 | 0,0347 | 0,0346 | 0,0344 | 0,0342 | 0,0341 0,033 9
5:3 0:032 2 0,0336 | 0,0334 | 0,0333 | 0,0331 0,0329 | 0,0328 | 0,0326 | 0,0325 | 0,0323
5.4 0.030 7 0,0320 | 0,0319 | 0,0317 | 0,0316 | 0,0314 | 0,0313 | 0,0311 | 0,0310 | 0,0309
55 0.029 3 0,0306 | 0,0304 | 0,0303 | 0,0302 | 0,0300 | 0,0299 | 0,0297 | 0,0296 | 0,029 5
5.6 0.028 1 0,0292 | 0,0291 | 0,0290 | 0,0288 | 0,0287 | 0,0286 | 0,0284 | 0,028 3 | 0,028 2
5.7 0.026 9 0,0279 | 0,0278 | 0,0277 | 0,0276 | 0,0275 | 0,0273 | 0,0272 | 0,027 1 | 0,027 0
5.8 0.025 7 0,0268 | 0,0266 | 0,0265 | 0,0264 | 0,0263 | 0,0262 | 0,0261 | 0,026 0 | 0,0258
59 0024 7 0,0256 | 0,0255 | 0,0254 | 0,0253 | 0,0252 | 0,0251 | 0,0250 | 0,0249 | 0,024 8
’ ’ 0,0246 | 0,0245 | 0,0244 | 0,0243 | 0,0242 | 0,024 1 0,0240 | 0,0239 | 0,023 8
6,0 0,023 7
NOTE 1 This table has been made up from statements in the literature (see [1], [2] and [3] in the Bibliography).

7Ei(fx/2)

- and —Ei(-x), respectively.
a

2
NOTE 2 The expressions AAHH((Ztt)) and Ei[ 4r ] are quoted in the literature as
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9 Precision
No precision data are currently available. While it is possible to evaluate the error caused by the apparatus,

the most serious error is caused by the sample preparation. This is not a statistical error which can be
quantified.

10 Test report
The test report shall include the following information:

a) all information necessary for identification of the material tested (including manufacturer, product, type,
batch number);

b) areference to this international standard, i.e. ISO 8894-2:2007;
c) details of the procedure, including:
— any pretreatment given to the test material (see Note 1 to Clause 1);

— in the case of powders or granular materials, the apparent bulk density in the poured, untamped state
(see 6.2);

— the furnace atmosphere;

— the test temperature or temperatures and, for each of them, the individual and mean values of
thermal conductivity;

d) the results of the test, calculated in accordance with Clause 8;
e) the name of the test laboratory;

f) any deviations from the procedure specified;

g) any unusual features (anomalies) observed during the test;

h) the date of the test.

© 1SO 2007 — All rights reserved 9
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Annex A
(informative)

Example of the determination of thermal conductivity

Test material: high-alumina brick.

Bulk density: 3,13 g/cm3.

Test temperature: 500 °C.

Hot wire power: 128 W/m (P/[); Thermocouple: Type “S”.

Thermocouple electromotive force (emf) at 500 °C: 9.9 uV/K.

In columns 2 and 3 of Table A.1, the temperature increase at the various times ¢ is given in kelvins (K).

It is essential that the correct thermo-electromotive force is used in the conversion of the measured microvolts
to temperature.

NOTE Thermo-electromotive force values for a range of thermocouple types are available (see [4] in the
Bibliography).

In column 5 of Table A.1, the expression is given.

AB(2t)
AG(¢)

This expression is calculated by dividing the temperature difference after a period 2¢ by the temperature

difference after a period .

This expression can be calculated from the data measured (see columns 3 and 4 of Table A.1).

EXAMPLES

AQ(2¢) _ AB(120) _ 1,683 K
AO(r)  AG(B0) 0,874K

=1,926

AO(2t)  AO(240) 2,665K

- = 1,583
AO(1)  AO(120) 1,683K

_7-2

The —Ei[ J values associated with the individual values are taken from Table 2, interpolated

A6(2r)
at A6(t)

where necessary, and entered in column 6 of Table A.1.

_r2

By substituting the expressions —E{ 2 t]’ AG(t), power input and length of the hot wire in the equation in
a

Clause 8, 1 is calculated and entered in column 7 of Table A.1.

The time from which 1 becomes almost constant depends on the material.

The actual value for A for the test is the mean value of the accurate values in column 8 of Table A.1.

10 © ISO 2007 — All rights reserved



Table A.1 — Example of an evaluation of the measurements for the determination of the thermal
conductivity by the parallel hot-wire method

ISO 8894-2:2007(E)

2@  Values of

AO(t)

not between 1,5 and 2,4.

Time, ¢ Time, 2¢ A6(z) AO(2r) %(2;)) —Ei (%‘;] conzhuegg:laitly’ , mian
s s K K (Ratio) Wim-K W/m-K
4 8 0,000 0,010 0,000 0,000 0,0002
8 16 0,010 0,081 8,100 0,111 43 11,9122
12 24 0,034 0,214 6,294 0,210 25 6,4102
16 32 0,081 0,365 4,506 0,048 36 6,0512
20 40 0,147 0,519 3,631 0,090 72 6,3362
24 48 0,214 0,666 3,112 0,126 95 6,0522
28 56 0,291 0,805 2,766 0,175 09 6,1212
32 64 0,365 0,936 2,564 0,216 39 6,0512
36 72 0,442 1,065 2,410 0,258 15 5,956 @
40 80 0,519 1,176 2,266 0,308 74 6,058
44 88 0,593 1,289 2,174 0,349 03 6,010
48 96 0,666 1,394 2,093 0,391 23 5,989
52 104 0,734 1,495 2,037 0,424 95 5,917
56 112 0,805 1,590 1,975 0,467 52 5,928
60 120 0,874 1,683 1,926 0,505 79 5,908
64 128 0,936 1,767 1,888 0,538 76 5,875
68 136 1,003 1,852 1,846 0,579 07 5,883
72 144 1,065 1,927 1,809 0,618 42 5,928
76 152 1,124 2,001 1,780 0,652 14 5,912
80 160 1,176 2,072 1,762 0,674 47 5,857
84 168 1,237 2,141 1,731 0,71572 5,909
88 176 1,289 2,201 1,708 0,748 84 5,936
92 184 1,342 2,266 1,689 0,777 98 5,922
96 192 1,394 2,328 1,670 0,808 87 5,921 5,92
100 200 1,447 2,391 1,652 0,839 89 5,917
104 208 1,495 2,449 1,638 0,865 28 5,903
108 216 1,546 2,506 1,621 0,897 73 5,924
112 224 1,590 2,560 1,610 0,91973 5,899
116 232 1,638 2,615 1,596 0,948 95 5,911
120 240 1,683 2,665 1,583 0,977 38 5,916
124 248 1,723 2,714 1,575 0,995 53 5,898
128 256 1,767 2,762 1,563 1,023 75 5,915
132 264 1,808 2,813 1,556 1,040 78 5,879
136 272 1,852 2,859 1,544 1,071 03 5,908
140 280 1,889 2,901 1,536 1,091 96 5,897
144 288 1,927 2,942 1,527 1,116 27 5,918
148 296 1,963 2,980 1,518 1,141 44 5,935
150 300 1,979 3,002 1,517 1,144 30 5,904

AO(2t)

© 1SO 2007 — All rights reserved
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The data given in columns 3, 5 and 7 of Table A.1 are plotted in Figure A.1.

12

X114
4

3,5
3
2,5
2

1,5

A X2

Temperature increase Ad(¢), K

W

Thermal conductivity, —— and ratio
m.K

Measuring time, s

AG()
Thermal conductivity
Ratio

Figure A.1 — Example for a thermal conductivity measurement using the hot-wire (parallel)

method at 500 °C (test material: high-alumina brick)
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