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Solid mineral fuels — Determination of fusibility of
ash — High-temperature tube method

1 Scope temperature at which the‘beight is eq

of the base, and in the case of cubiq
This Interrfational Standard specifies a method of de- test pieces, the temperature at whic
termining [the characteristic fusion temperatures of the test pieces bgcome completely
ash from golid mineral fuels. height remaining unchanged.

2 Normative reference

3.3 hemisphere temperature (abt
The temperature at which the test |
proximately a hemisphere, i.e. when

ual to the width
al or cylindrical
h the edges of
round with the

breviation: HT):
iece forms ap-
the height be-

FT): The tem-

ich is one-third
he hemisphere

The following standard contains provisions which, )

through rdference in this text, constitute provisions comes equal to half the base diametef.

of this Intprnational Standard. At the time of publi- o

cation, thd edition indicated was valid. All standards 3.4 flow temperature (abbreviation

are subjedt to revision, and parties to agreements perature at which the ash is spread o:tt over the sup-
based on this International Standard are encouraged porting tile in a layer, the height of w

to investighte the possibility of applying the most re- of the height of the test piece at 4

cent editidn of the standard indicated below/ Mem- temperature.

bers of IEC and ISO maintain registers\of currently

valid Interrjational Standards. 4 Principle

ISO 1171:1981, Solid mineral fuels'— Determination A test piece made from the ash is
of ash.

3 Definlitions

For the pU
following @

rposes._ofthis International Standard, the
efinitions apply.

3.1

deformation—temperature (abbrevia
The temperature at which the first signs of r

ounding,

standard conditions and continuously
temperatures at which characterist
shape occur are recorded. The cha

heated under
observed. The
¢ changes of
racteristic tem-

peratures are defined in clause 3 (se¢ also figures 1

to 3).

Although the determination is usually

carried out in a

formation can

sometimes be obtained by carrying out a further de-

due to melting, of the tip or edges of the test piece
occur.

NOTE 1  Shrinkage or distortion of the test piece, or
rounding of cracks and fins, are not criteria for deformation,
and should be ignored if the tip and edges remain sharp.
However, for some solid mineral fuels, the temperature at
which the test piece shrinkage begins could be of interest
and should be reported as a feature noted during the de-
termination.

3.2 sphere temperature (abbreviation: ST): In the
case of pyramidal and truncated-cone test pieces, the

termination in an oxidizing atmosphere. In general, the
reducing atmospheres recommended give the lowest
characteristic temperatures.

5 Reagents

5.1 Dextrin, 100 g/l solution.

Dissolve 10 g of dextrin in 100 m! of water.

5.2 Petroleum jelly.
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5.3 Gold wire, of diameter 0,5 mm or larger, or
gold plate, of thickness 0,5 mm to 1,0 mm, with a
purity of 99,99 % and a melting point of 1 064 °C.

5.4 Nickel wire, of diameter 0,5 mm or larger, or
nickel plate, of thickness 0,5 mm to 1,0 mm, with a
purity of 99,9 % and a melting point of 1 455 °C.

5.5 Palladium wire, of diameter 0,56 mm or larger,
or palladium plate, of thickness 0,5 mm to 1,0 mm

© SO

6.4 Support for the test piece, of such a material
that it becomes neither distorted, nor reacts with nor
absorbs the ash during the determination. Supports
of sintered alumina or fine-textured mullite are gener-
ally satisfactory, but difficulties may arise with indi-
vidual ashes, in which case a non-absorbent interface
such as platinum foil may be used between the orig-
inal support and the test piece.

6.5 Flowmeters, two, for measuring the com-
ponents of the reducing gases (see 7.1); it is not

with a purity pf 99,9 % and @ Meftng pomt of —_Tecessary to—mmeasure—the—ftow—rate—wviien using

1 5564 °C.
5.6 Carbon dipxide.
5.7 Hydrogen|or carbon monoxide.

NOTE 2 The hydrogen or carbon monoxide shall be suf-
ficiently free from|oxygen (see clause 8).

6 Apparatu

6.1 Furnace, glectrically heated, which satisfies the
following conditfons:

a) it shall be cgpable of reaching the maximum tem-
perature at Which the properties of the ash are g
be determined (a temperature of 1 500 °C_oér
more may b required);

b) it shall provide an adequate zone of gnjform tem-
perature in Jhich to heat the test/piece(s);

c) it shall provide means of heating the test piece(s)
at a uniform| rate from 81520 upwards;

d) it shall be cqpable of «Maintaining the required test
atmosphere|(see 7=}*around the test piece(s);

e) it shall providé-means of observing the change of

oxidizing gas.

NOTE 4 If the flowmeter contains a-liquid, this shall be
a non-volatile oil.

6.6 Agate mortar and pestle.

6.7 Test sieve, of aperture 0,075 mm and diameter
either 100 mm o200 mm, complete with |id and re-
ceiver.

6.8 Optical instrument, which enables {he profile
of the test piece to be observed througholt the de-
termination; the relative dimensions of the profile can
begonveniently assessed by using a graticyle.

Additional use of a camera or video equipment is op-
tional but recommended.

7 Test conditions

7.1 Test atmosphere

The reducing atmosphere is obtained by ifitroducing
into the furnace one of the following mijxtures of
gases at a minimum linear rate of flow pagt the test
piece of 400 mm/min, calculated at ambient tem-
perature; the rate is not critical, provided|that it is
sufficient to prevent any leakage of air into the fur-
nace.

shape of the Test piece(s) during heating.

NOTE 3 It is recommended to provide a facility for in-
serting, between the end window of the furnace and the
optical viewing instrument, a piece of cobalt-blue glass or
similar to protect the retina of the operator from radiation
emitted at elevated temperatures.

6.2 Pyrometer, comprising a platinum/platinum-
rhodium thermocouple.

6.3 Mould, of brass, stainless steel or other suitable
material, for preparing the test piece.

a) ob % (V/V) to 6b % (V/V) carbon monoxide with
35 % (W/V) to 45 % (V/V) carbon dioxide; or

b) 45 % (V/V) to 55 % (V/V) hydrogen with
45 % (V/V) to 55 % (V/V) carbon dioxide.

An oxidizing atmosphere is obtained with air or carbon
dioxide; the rate of flow is not critical.

WARNING — When using the reducing atmos-
pheres given above, the gases emerging from the
furnace will contain a proportion of carbon mon-
oxide; it is essential, therefore, to ensure that
these gases are vented to the outside atmos-
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phere, preferably by means of a hood or an ef-
ficient fan system. If hydrogen is used in the
reducing atmosphere, great care shall be taken to
prevent an explosion occurring, by purging with
carbon dioxide both prior to the introduction of
the hydrogen and after the hydrogen supply is
shut off.

7.2 Shape of test piece

The test piece shall have sharp edges to facilitate ob-

ISO 540:1995(E)

a) pyramid, the base of which is an equilateral tri-
angle; the height shall not exceed 19 mm and
shall be two to three times the length of the side
of the base (see figure 1);

b) cube of side 3 mm to 7 mm (see figure 2);

c) upright cylinder of height 3 mm to 9 mm and with
diameter equal to the height (see figure 2);

d) truncated cone of height 4 mm and with diam-
eters 3 mm at the base and 1 § mm at the top

servation.

The mass| of the test piece shall be such as to ensure
equalizatipn of the temperature within the test body.
Hence, dimensions that are too large shall be avoided.

The following shapes are acceptable:

(see figure 3).

NOTE 5

If, when using the pyramidal {est piece, the de-

gree of bending becomes seVere enough to preclude the
direct observation of the dypamic state of the test piece at
any time during the test;an6ther shape should be used.

N\l

Original Deformation

r+: radiys of the hemisphere

Sphere

Figure (1 — Characteristic shapes of the pyramidal test piece

2rq 1/3r4

Hemisphere Flow

VX

Original Deformation

rz radius of the hemisphere

Sphere

Lr2

2r; 1/3r;

Hemisphere Flow

Figure 2 — Characteristic shapes of the cylindrical or cubical test piece
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A

Original

ri: radius of the

8 Calibratio

Check the pyrg
conditions by ob{
(5.3) and, if pos
(5.5). Test the r¢g
melting point of

If the observed
differ by more
given in 5.3 and

NOTE 6 An alte
points of gold and
a thermocouple c4

Deformation

hemisphere

h check

meter regularly under routine test
ervations of the melting point of gold
5ible, the melting point of palladium
ducing atmosphere by observing the
hickel (5.4).

melting points for gold or palladium
han 10 °C from the melting points
5.5, readjust or recalibrate.

'native to the observations of the melting
balladium is to check the pyromeéter using
ertified by a recognized reférence labora-

tory or with a calihration which is traceablg back to a stan-

dard reference lab

If the observed
more than 10 °C
can be due to o

bratory.

melting point\for nickel differs by
from the melting point give in 5.4, it
idation of hickel caused by an insuf-

ficiently reducing

atmaosphere. Examine the apparatus

for leakages, Coitrol the flow rate and the quality of

the gases, and r

check the melting point of nickel.

Figure 3 — Characteristic shapes of the truncated-cone test piece

r3 2rs 1/3r3

Hemisphere Flow

Moisten a sufficieat\quantity of the prepared ash with
demineralized water or, if necessary, with anladhesive
dextrin solution(5.1), make into a paste and press into
the mould.(6:3). To facilitate the removal of the test
piece, thesmould may first be coated with a [thin layer
of petroleum jelly (5.2).

Allow the test piece to dry, mount it on it$ support
(6.4), and remove any organic matter by heating it
slowly in air up to a temperature of about 815 °C. If
preferred, this preliminary heating may be carried out
in the furnace (6.1) used for the test.

10 Procedure

Transfer the test piece on its support (6.4) tp the fur-
nace (6.1), and adjust the composition and [flow rate
of the atmosphere, taking into account the Warning in
7.1.

Raise the temperature to a point below the jexpected
deformation temperature, so that the tempgrature in-
terval between the point and the expect¢d defor-

NOTE 7

The correct melting point of nickel is not a

guarantee that the composition of the reducing atmosphere
is correct, as deviations should be considerable before the
fusibility is affected.

9 Preparation of the test piece

Prepare the ash according to the method specified in
ISO 1171. Ensure that the incineration is complete.

Grind the ash in an agate mortar (6.6) until the maxi-
mum particle size is less than 0,075 mm.

mation temperature exceeds 10 "C. Then proceed to
raise the temperature at a uniform rate within the
range of 3 °C/min to 7 °C/ min; for small test pieces,
which are common in heating microscopes with tube
diameters of about 20 mm, a rate up to 10 °C/min will
be satisfactory.

Record the temperatures at which the characteristic
changes of shape occur. With some ashes, difficulties
may be encountered owing to such effects as blis-
tering, distortion, shrinkage, swelling, non-wetting of
the support (caused by high surface tension) and
bursting of internal gas bubbles, and in such cases it
is desirable to record these phenomena and possibly
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