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Dense

shaped refractory products — Determination of bulk

density, apparent porosity and true porosity
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ratio of the
in kilogram

fense shaped refractory products.

ng standards contain provisions which, through reference in this text, constitute proy
nd parties to agreements based on this International Standard are encouraged to in
f applying the most recent editions of the standards indicated below. Members of IEC and
currently valid International Standards.

76, Liquid chemical products for industrial use — Determination of density at 20 degrees C|

983, Refractory materials — Determination of true density.

ions

poses of this International Standard, the following definitions apply.

mass.of the dry material of a porous body to its bulk volume, expressed in grams per cubic
5 pet_cubic metre

htional Standard specifies a method for the determination of the bulk density, apparent porosity and true

isions of this
hre subject to
vestigate the
ISO maintain

centimetre or

3.2

bulk volume

(Vb)

sum of the volumes of the solid material, the open pores and the closed pores in a porous body

NOTE — The roughness of the surface limits the accuracy of definition of the bulk volume and consequently, that of the bulk
density. Also, the concept of bulk density becomes less precise when the volume of the sample diminishes below certain limits
or when its texture (size of pores and grains) is too coarse.

3.3

true density

Py

ratio of the mass of the dry material of a porous body to its true volume, expressed in grams per cubic centimetre or
in kilograms per cubic metre, determined in accordance with ISO 5018
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3.4
true volume
volume of the

35
open pores

solid material in a porous body

those pores that are penetrated by the immersion liquid in the test described

©1SO

NOTE — These pores are, in principle, all those that are connected with the atmosphere, either directly or via one another.
Here also the roughness of the surface imposes a limit to the accuracy of the definition of the volume of the open pores.

3.6
closed pores

those pores tf

3.7
apparent pord

(72)
ratio of the to
bulk volume

3.8
closed porosi

()
ratio of the to
bulk volume

3.9
true porosity

()
the ratio of th
percentage

NOTE — Con

3.10
dense shapeg
product havin

4 Principleg

4.1 The follg

the mass

its apparg

at are not penetrated by the immersion liquid in the test described

sity

fal volume of the open pores in a porous body to its bulk volume, expressed as a percen

y

al volume of the closed pores in a porous body to its bulk.velume, expressed as a percerj

e total volume of the open and closed pores to the bulk volume of the material, expr

sequently, the true porosity is the sum of the' apparent porosity and the closed porosity.

refractory product
h a true porosity of less thah 45 % (V/V)

wing are detérmined by weighing:
of a dry test piece;

bntmass when immersed in a liquid with which it has been impregnated under vacuum;

tage of the

tage of the

pssed as a

its mass in air while still soaked with the liquid.

From these values and from the true density of the material, determined by the method specified in ISO 5018:1983,
its bulk density, apparent porosity and true porosity are determined by calculation.

4.2 The precision of the results does not require any correction to be made for the fact that weighings are carried

out in air, not

in a vacuum.
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5 Apparatus and materials

5.1 Drying oven, capable of being controlled at 110 °C £5 °C.

NOTE — A fan-assisted oven with ventilation would assist in attaining an even temperature distribution and efficient drying
of the test pieces.

5.2 Balance, with an accuracy of + 0,01 g that can be arranged so that test pieces can be suspended in the

immersion

liquid (see figure 1)

5.3 Beakers, of a suitable size for containing the samples during soaking (see 7.2) and when determining the
apparent immersed mass (see 7.3).

5.4 Evacuy

(0,025 bar)

5.5 Thern

5.6 Imme

For materig
shall not frd

NOTE — O

5.7 Desic

6 Numb

6.1 The n
between th

6.2 Then
test report.

and a means of measuring the pressure used (see figure 1).
ometer, accurate to+1 °C.

sion liquid:  For materials that do not react with water, the immersion liquid +nhay be cold
s that are sensitive to contact with water, a suitable organic liquid shall\be used. The im
Ictionate at a pressure above the absolute pressure attained in the test:

istilled paraffin may be used for hydratable materials.

ator

er and shape of test pieces

umber of items (for example, bricks, shapes;nozzles) to be tested shall be determined
e interested parties.

imber of test pieces to be tested per.item shall be agreed between the parties; it shall be
If the test pieces are cut out of bricks or blocks, the same number shall be cut from each o

facilitate statistical analysis.

ating equipment, capable of reducing the absolute pressure to a value no greatek, Iiwan 2 500 Pa

listilled water.
mersion liquid

by agreement

b stated in the
ne, in order to

6.3 Test pieces shall be cut in the form of prisms or cylinders. The bulk volume of a test piece shall be not less
than 50 cmB, and shall be not more than 200 cm3. The ratio of the longest to the shortest dimension ¢f a test piece
shall not ejceed 2:1.

NOTES

1 Where it}s not possibleto obtain the given size and volume from the item, test pieces of other dimensions ahd volume may
be used by agreementbetween parties, and are to be reported.

2 If test pidces“are to be cut from an item in which variations in density could occur, the position of the test pipces should be

agreed between)parties and stated in the report.

6.4 Any test piece showing cracks shall be eliminated, since these might falsify the determination of the bulk

volume.

7 Proce

7.1 Dete

See figure

dure

rmination of mass of dry test piece ()

1.

Dry the test piece at 110°C = 5 °C to constant mass, i.e. until two successive weighings made before and after at

least 2 hin

the oven (5.1) do not differ by more than 0,1 %.
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Before each weighing, place the test piece in a desiccator (5.7) until it has cooled to room temperature. Weigh each
test piece to the nearest 0,01 g. The mass determined is the mass of the dry test piece (m,).

7.2 Soaking of test piece
See figure 1.

Carry out a check test to ensure that the apparatus will hold a vacuum. Place the cooled and dried test piece in an
air-tight vessel. After sealing the vessel, evacuate it until a pressure of not more than 2 500 Pa is attained; maintain
this vacuum for at least 15 min. In order to ensure that all the air has been removed from the open pores, isolate
or disconnect the vessel from the vacuum pump (5.4) and check that pressure does not rise through any
de-gassing of the test piece. Re-connect the vessel to the vacuum pump and progressively introduce the immersion

liquid (5.6) so
for 30 min, th
into all the op
impregnation

NOTE — Cer
periods of evad

7.3 Determ
See figure 2.
Suspend the
completely in

if used. In this
the nearest 0,

7.4 Determ

Remove the
to remove drd

that, after 3 min, the test piece is covered by about 20 mm of liquid. Maintain this reducq

pn switch off the pump and open the vessel. Wait a further 30 min to ensure that the liguid
en pores. The test piece or test pieces shall remain covered by the immersion liquid’thrg
and until removed for subsequent weighing (see 7.3 and 7.4).

ain fine porosity materials such as refractories containing carbon and some clay products may re
uation and soaking. If a different soaking time is used this time should be stated in-the test report.

ination of apparent mass of immersed test piece (mp)

fest piece by a thin thread from the load-pan suspension\point of a balance (5.2) and we
mersed in a quantity of the immersion liquid, contained in a beaker (5.3) standing on

way, the apparent mass of the immersed test piecénis obtained (my).The weighing shall
01 g. Determine the temperature of the immersionuliquid to an accuracy of £ 1 °C.

ination of mass of soaked test piece (mg)

plets and the surface film of liquid.(Be sure not to draw liquid out of any of the pores.

d pressure
penetrates
ughout the

quire longer

igh it while
the bridge,
be made to

bst piece from the liquid and immediately sponge it quickly and carefully with a damp sponge or cloth

NOTE — Conpistent results have been obtained by keeping-for this purpose alone-a linen cloth which, having been washed
two or three tinfes when new to remove the_dressing, is immersed in the immersion liquid and lightly wrung out by|hand before
each use.
Immediately weigh the test piece.nair to the nearest 0,01 g. Take care to ensure that evaporation of thg immersion
liquid does n¢t lead to any appreciable loss in mass during the weighing operation. In this way, the mass of the
soaked test plece is obtained (ms).
7.5 Determjination of density of immersion liquid
Determine the density pjiq of the immersion liquid used in the operation at the temperature of the test i grams per
cubic centimgtre”or in kilograms per cubic metre. If water is used, the accuracy of the test is such thaf its density
between 15 °Cand 30 "C can be assumed to be 1,0 g/cm3. Refer also to SO 758.
8 Expression of results
8.1 The bulk density pp, expressed in grams per cubic centimetre, is given by the equation
_ m
Pp = - m X Piig (1)

The bulk density shall be expressed in grams per cubic centimetre or in kilograms per cubic metre [by multiplying
the result from equation (1) by 103]. The value shall be given to three significant digits.
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8.2 The apparent porosity 5, expressed as a percentage by volume, is given by the equation

= - M 100
m = m

Tta

8.3 The true porosity 7, expressed as a percentage by volume, is given by the equation

ﬁt:uxloo

The closed porosity 7; expressed as a percentage by volume may be calculated by the equation

(2)

..(3)

Ty = [t — 7

The values|of porosity shall be given to the nearest 0,1 % (V/V).

9 Testreport

The test report shall include the following information:

a) the name of the testing establishment;

b) the date of the test;

c) reference to this International Standard, i.e. determined in imaccordance with ISO 5017:1998;
d) the description of the test material (manufacturer, typeypatch number);

e) the number of items tested;

f)  the number of test pieces per item and if relevant their position;

g) the prgssure to which the vacuum chamber was reduced;

h) the immersion liquid used;

i) the individual values and thie-mean value of the bulk density, apparent porosity and true porosity f

(4)

br each item.
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Immagrsion liquid
Beakr
Tap funnel
Pump isolation valve
Presgure measuring-device (e.g. manometer)
Desigcator

Air oTtIet (tolvacuum pump)

Figure 1 — Example of a vacuum system for soaking test pieces
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