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Foreword 

ISO (the international Organization for Standardization) is a worldwide federation of 
national Standards bodies ilS0 member bedies). The work of developing international 
Standards is carried out through ISO technical committees. Every member body 
interested in a subject for which a technicai committee has been authorized has the 
right to be represented on that committee. International organizations, governmental 
and non-governmentai, in liaison with ISO, also take part in the work. 

Draft international Standards adopted by the technical committees are circuiated to 
the member bodies for approvai before their acceptance as international Standards by 
the ISO Council. 

international Standard ISO 528 was developed by Technical Committee iSO/TC 33, 
Refractories, and was circulated to the member bodies in Januar-y 1982. 

It has been approved by the member bodies of the foilowing countries : 

Austraiia india 
Austria Itaiy 
Brazii Korea, Rep. of 

China Mexico 
Czechosiovakia Netheriands 
Egypt, Arab Rep. of Norway 
France Poland 
Germany, F. R. Portugal 
Hungary Romania 

South Africa, Rep. 
Spain 
Sweden 
Thailand 
United Kingdom 
USA 
USSR 

of 

The member body 
technicai grounds 

of the foiiowing country expressed disapproval of the document on 

This international Standard cancels and replaces ISO Recommendation R 528-1966, of 
which it constitutes a technical revision. 

0 International Organkation for Standardkation, 1983 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 528-1983 (E) 

Refractory products - Determination of pyrometric cone 
equivalent (refractoriness) 

1 Scope and field of application 

1.1 This International Standard specifies a method for deter- 
mining the pyrometric cone equivalent (refractoriness) of 
siliceous, low alumina fireclay and fireclay refractory materials 
and products. 

1.2 Its useful range of application depends on the availability 
of suitable pyrometric reference cones. In the temperature 
range from 1 500 to 1 800 OC, the pyrometric reference cones 
specified in ISO/R 1146 are suitable. 

1.3 Although pyrometric reference cones are primarily 
manufactured for estimating the effect of temperature on 
siliceous, low alumina fireclay and fireclay products with regard 
to their composition, the method may also be used for deter- 
mining the refractoriness of other refractory materials and pro- 
ducts, but the results may then be not so precise. 

2 References 

ISO 565, Test sieves - Woven metal wire cloth and perforated 
plate - Nominal sizes of apertures. 

ISO/R 836, Vocabulary for the refractories industry. 

I S 0 / R 1146, Pyrome tric reference cones. 

ISO 5022, Shaped refractory products - Sampling and 
accep tance tes ting. 

3 Def initions 

3.1 refractoriness : The characteristic property of a material 
of withstanding high temperature.1) 

3.2 pyrometric reference cone : A blunt-tipped skew 
triangular pyramid with sharp edges, of spetiified shape and 

dimensions and of such composition that, when mounted and 
heated under specified conditions, it bends in a known manner 
with reference to the temperature. 

3.3 reference temperature; temperature of collapse : 
The temperature at which the tip of a pyrometric reference 
cone reaches the level on which the base of the cone is 
mounted when the cone is heated at a specified rate under 
specified conditions. 

4 Principle 

Test pieces of refractory materials or products are raised in 
temperature, ‘under specified conditions, alongside pyrometric 
reference cones of known refractoriness and their behaviour is 
compared with that of the reference cones. 

5 Apparatus 

5.1 Furnace. 

5.1.1 The furnace used for the determination may be cylin- 
drical or rectangular and vertical or horizontal. 

5.1.2 Under the test conditions, the differente in temperature 
between the coldest spot and the hottest spot of the space 
occupied by the stand, the test pieces and the pyrometric 
reference cones shall not exceed 10 OC (equivalent to approxi- 
mately one-half of an ISO reference cone number.2) The unifor- 
mity of temperature shall be verified from time to time.3) 

5.1.3 The furnace shall be capable of reaching the required 
temperature at the rates of increase specified in 9.2 and 9.3. 

5.1.4 The atmosphere in the furnace shall contain free Oxygen 
at all times.4) 

1) This definition is taken from ISOIH 836. 

2) In Order that this requirement should be met when pyrometric reference cones of height 30 mm are used (the conventional height), a cylindrical 
furnace should have a chamber of at least 80 mm useful diameter and a rectangular furnace should have a chamber at least 60 mm in height and 
100 mm in width. 

3) The uniformity tan be measured by means of thermocouples or by the use of pyrometric reference cones. 

4) Certain furnaces (for example, certain types of furnaces fired with hydrocarbon gas and Oxygen) are not suitable for this method of determination 
because of the high content of reducing gases or water vapour in their atmospheres. 
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5.1.5 In the case of a flame-heated furnace, the pyrometric 
reference cones and the test pieces shall be protected from any 
direct action of the flame and from any turbulente of the hot 
gases. 

5.2 Pyrometric reference cones. 

5.2.1 The pyrometric reference cones used should preferably 
conform to the requirements of ISO/R 1146. 

5.2.2 Alternatively, the method sf determination specified in 
this International Standard may be deemed to be satisfied if 
other pyrometric cones are used, provided that : 

a) the manufacturer of the cones has stated their respect- 
ive reference temperatures; 

b) the cones conforml) to those reference temperatures 
within the tolerante permitted in ISO/R 1146; 

c) the manufacturer of the cones has specified the angle at 
which the leading edge or leading face is to be mounted 
(sec 8.2) and the rate or rates at which the cones are to be 
heated (sec 9.3); 

d) if the authority carrying out the determination is distinct 
from that for whom it is carried out, they have agreed on the 
type of reference cones to be used. 

5.3 Stand for the pyrometric reference cones and the 
test pieces. 

5.3.1 The refractory stand for the pyrometric reference cones 
and the test pieces consists, depending upon the type of fur- 
nace used, of a rectangular plate or a disc of refractory material 
having adequately plane and parallel faces. 

5.3.2 The stand and the refractory cement used for securing 
the pyrometric reference cones and the test pieces to the stand 
shall be such that up to the test temperature there is no reac- 
tion between these items and the pyrometric reference cones or 
the test pieces. 

5.3.3 In Order to minimize the effects of any irregular 
temperature distribution in the furnace, it may be convenient to 
arrange for the stand to be kept in motion relative to the fur- 
nace during the determination, e.g. by rotating the stand about 
a vertical axis. 

6 Test pieces 

6.1 Sampling 

The number of items (e.g. bricks) or the quantity of material to 
be tested shall be determined in accordance with a Standard 
sampling procedure agreed between the Parties concerned in 
the test.2) 

.2 Size and shape 

Esch test piece shall have a shape geometrically similar to that 
of the pyrometric reference cones being used. Esch test piece 
shall have a height not less than 100 % and not more than 
120 % of the height of the reference cones being used. 

6.3 Preparation of test pieces 

6.3.1 General 

Where possible, test pieces from shaped and pre-fired un- 
shaped products shall be tut in accordance with 6.3.2. If test 
pieces cannot be tut, they shall be moulded from ground 
material in accordance with 6.33. Test pieces from powder and 
granular materials shall always be moulded in accordance with 
6.3.3. 

6.3.2 Cut test pieces 

6.3.2.4 Test pieces from bricks and shapes shall be tut with a 
saw and dressed with a grinding wheel. Any skin of fired 
materials shall be removed. 

6.3.2.2 Samples sf unshaped materials such as plastic 
refractories, ramming materials, refractory cements and refrac- 
tory concretes shall be shaped and fired in a manner ap- 
propriate to the material and its condition of use; the firing 
temperature shall be stated in the test report. Test pieces shall 
then be tut from the fired material with a saw and dressed with 
a grinding wheel. Any skin of fired material shall be removed. 

6.3.2.3 In preparing a tut test piece (sec 6.3.2.1 and 6.3.2.21, 
it is advisable, as a first Step, to tut a rectangular prism of a 
suitable size (15 mm x 15 mm x 40 mm for a test piece of 
30 mm height) and, if the refractory material has a coarse or 
friable texture, to impregnate it with a suitable resin giving less 
than 0,5 % ash (e.g. Kanada balsam). This rectangular prism is 
then tut and dressed. 

6.3.3 Moulded test pieces 

6.3.3.1 Test pieces for raw materials and prepared unshaped 
refractory materials, and for those shaped refractory products 
from which test pieces cannot be tut in accordance with 6.3.2, 
shall be prepared in accordance with 6.3.3.2 to 6.3.3.6. 

6.3.3.2 Crush the Sample or samples selected in accordance 
with 6.1 so that all of the material Passes through a test sieve 
with nominal aperture 2 mm and conforming to the re- 
quirements of ISO 565. Using a Standard procedure agreed be- 
tween the Parties to the test, reduce the quantity of test 
material to that appropriate for the preparation sf the number 
of test pieces required. Grind the reduced quantity sf Sample in 
an agate mortar until it entirely Passes through a test sieve of 

1) This condition may be deemed to be satisfied if the manufacturer of the cones has declared that they conform to this tolerante; otherwise, they 
should be tested in accordance with clause 6 of ISO/R 1146. 

2) See, for example, ISO 5022. 
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ISO 5284983 (El 

nominal aperture 180 Pm conforming to the requirements of 
ISO 565. During this grinding, sieve the material frequently in 
Order not to produce an excess of very fine powder.1) 

6.3.3.3 At all Stages, crushing and grinding should be carried 
out so as to avoid the introduction of extraneous material. At all 
stages, mixing should be carefully carried out so that the con- 
tents of the test pieces are truly representative of the samples. 

6.3.3.4 Knead the powdered Sample with water to which has 
been added, if the test material is lean, an organic binder hav- 
ing a maximum of 0,5 % ash content. If the test material reacts 
with water, use another suitable liquid instead of water. 

6.3.3.5 Mould the test pieces in suitable moulds.2) 

6.3.3.6 Test pieces prepared from raw materials that are sub- 
ject to considerable modification during reheating shall then be 
stabilized by heating before their refractoriness is determined. 
In particular, clays should be calcined at approximately 
1 000 OC; after calcination, the test pieces shall comply with 
the requirements of 6.2. 

7 Selection of pyrometric reference cones 

Select pyrometric reference cones in the following numbers : 

a) Corresponding to the 
estimated or anticipated 
refractoriness number of 
the material under test . . . 

b) With a refractoriness 
number one lower than 
ina) . . . . . . . . . . . . . . . . . . 

c) With a refractoriness 
number one higher than 
ins) . . . . . . . . . . . . . . . . . . 

For a 
circuilar 

test stand 

2 

1 

1 

For a 
rectangular 
test stand 

2 

8 Preparation of test stand 

8.1 Place two test pieces and the pyrometric reference cones 
selected in accordance with 7 on the test stand, arranging them 
in accordance with one of the diagrams in figure 1, depending 
upon whether the test stand is circular or rectangular. Allow 
sufficient room for the cones to be unobstructed when they 
bend. Fix the base of each cone to the stand with refractory 
cement. 
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I Symbols I 

C -----Tl Cone (test cone) 
N - 1 Reference pyrometric cones 

N expected to span the setting 
N+l temperature of the test cone 

N+l N C N-l . 

Figure 1 - Examples of the arrangement of cones on 
the test stand 

1) Less than 50 % of the ground Sample should pass through a test sieve with nominal aperture size 90 Pm, except in the case of raw materials ton- 
taining, as received, a percentage of fines larger than 50 %. 

2) A suitable mould is illustrated in the annex. 
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8.2 The test pieces and the pyrometric reference cones shall 
be positioned so that an edge or a facel) leans outwards at the 
angle to the vertical specified by the manufacturer of the 
reference cones (see figure 2). 

9.5 Remove the stand from the furnace and note the number 
of the pyrometric reference cone that has bent over to the same 
degree as each of the test pieces or, if appropriate, the 
numbers of the two pyrometric reference cones that have bent 
over, one a little more and one a little less than each of the test 
pieces. 

9.6 The test shall be repeated if any one or more of the test 
pieces or pyrometric reference cones have not bent in the nor- 
mal manner or if the differente in the bending of the two test 
pieces is greater than one-half of a pyrometric reference cone 
number. 

10 Reporting of results 
Figure 2 - Pyrometric reference cone showing typical 

angle of leaning outside edge or face 10.1 The pyrometric cone equivalent of the test material is 
expressed by the number or numbers of the pyrometric 

9 Procedure 
reference cone or cones as described in 9.5. 

9.1 Place the test stand with the test pieces and the 
pyrometric reference cones attached to it in the uniform 
temperature zone of the furnace. 

10.2 The report of the determination shall include : 

a the name of the testing establishment; 

9.2 Over a period of 1 l/2 h to 2 h, raise the temperature of 
the furnace to 200 OC below the estimated refractoriness 
temperature of the test material. 

b) the date of the test; 

c) a reference to this International Standard, i.e. “Deter- 
mination of refractoriness in accordance with ISO 528”; 

9.3 Then raise the temperature at a constant mean rate of 
2,5 OC/min2) or, if 5.2.2 applies, at the rate specified by the 
manufacturer of the cones. Maintain the rate of heating so that 
at any moment the deviation from the specified temperature 
rise curve is less than 10 OC 

9.4 Stop the heating as soon as the tip of one of the test 
pieces touches the stand or, if the test pieces cannot be ob- 
served during the test, at a temperature corresponding to the 
pyrometric resistance of the pyrometric reference cone most 
nearly corresponding to the estimated or expected refrac- 
toriness number of test material, as determined by means of an 
Optical pyrometer or a thermocouple in a preliminary test on a 
pyrometric reference cone with that refractoriness number, 

d) the produ ct or 
batch number, etc.) 

material tested (manufacturer, tYPer 

e) whether the test piece was tut or moulded; 

6) if appropriate, the temperature of any preliminary firing 
of the test piece (sec 6.3.3.1 and 6.3.3.6); 

g) the pyrometric cone equivalent of the test piece and the 
type of pyrometric reference cones used, for example 
ISO 170 of ISO/R 1146. 

IO.3 In the case of repeated tests, all the results obtained 
shall be reported and not only the mean result. 

1) Which of these alternatives is to be adopted will be apparent from the shape of the reference cones. 

2) The rate of heating of 2,5 OC/min corresponds to a time interval of about 8 min between the collapse of two ISO pyrometric reference cones with 
consecutive numbers. 
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Annex 

Typical mould for moulded test pieces 

Figure 31) illustrates a typical mould which may be found suitable for the preparation of moulded test pieces (see 6.3.3.6). 

Dimensions in millimetres 

Left-hand half 
of Split mould 

NOTE - Make of topper or steel, preferabiy hardened, and grind important surfaces. 

Index marks 

Mould assembly 

NOTE - Index marks show the height of the cone. 

Figure 3 - Typical mould for moulded test pieces 

1) Based, with acknowledgements, on a figure in ASTM C 24. 
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