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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.
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Introduction

The Audibert-Arnu dilatometer test is used to determine the coking properties of hard coal or hard coal
blends on the laboratory scale.

In principle, the test is not designed, nor can it be used, to indicate the pressures exerted by hard coals
on the walls of industrial carbonization ovens.

© IS0 2020 - All rights reserved v


https://standardsiso.com/api/?name=2938371f18fcecb08279204df9eb5394



https://standardsiso.com/api/?name=2938371f18fcecb08279204df9eb5394

INTERNATIONAL STANDARD ISO 349:2020(E)

Hard coal — Audibert-Arnu dilatometer test

1 Scope

This document specifies a method for determining the swelling properties of hard coal when heated
under standard conditions in a dilatometer.

2 Nprmative references

The fdllowing documents are referred to in the text in such a way that some of)all of|their content
constifutes requirements of this document. For dated references, only the edition citel applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1213-2, Solid mineral fuels — Vocabulary — Part 2: Terms relating to sampling, testing qnd analysis

3 Terms and definitions

For the¢ purposes of this document, the terms and definitions given in ISO 1213-2 and the following apply.

3.1
softenjing temperature

tempgrature of initial contraction

tempefature at which the downward movement of¢he dilatometer piston is 0,5 mm

Note 1Jto entry: See temperature T, in Figure 1.

3.2
tempgrature of maximum contraction
tempefature at which the dilatometer‘piston reaches its lowest point

Note 1[to entry: See temperature Tyin Figure 1.

3.3
temp¢rature of maximum dilatation
tempefrature at which the dilatometer piston reaches its highest point

Note 1]to entry: Seg/temperature T3 in Figure 1.

3.4
maximum.contraction
maxi

Note 1 to entry: Maximum contraction is expressed as a percentage of the initial test-piece length.
Note 2 to entry: See a in Figure 1.

3.5
maximum dilatation
maximum upward movement of the dilatometer piston after contraction, measured from the zero point

Note 1 to entry: Maximum dilatation is expressed as a percentage of the initial test-piece length.

Note 2 to entry: See b in Figure 1. The value can be either positive or negative.

© IS0 2020 - All rights reserved 1
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3.6

repeatability

r

maximum acceptable difference between two determinations which are carried out in the same
laboratory, by the same operator with the same apparatus, on test pieces prepared from the same test
sample and tested simultaneously in two different retorts during the same heating cycle or separately
in the same retort during different heating cycles

3.7
reproducibility
R

he last

stage of samplle preparation

4 Principle

A pencil made of powdered (pulverised) coal formed under pressure is inserted into a precisely
calibrated nafrow tube and topped by a calibrated steel rod (piston) which slidesin the bore of the tube.

The whole asgembly including the tube, pencil and piston is heated at a con’stant and definite ratg.

Upon taking fegular readings of the displacement of the piston as.a function of the temperatufe and
expressing the displacements observed as percentages of the original'length of the pencil, a curvg of the
type shown i Figure 1 can be plotted.

%
YA

L
T

T, temperature at which the{iston has moved down 0,5 mm (or one division, if the scale is calibrated in per¢entage
of the stanjdard length,\6f pencil) softening temperature or initial contraction temperature

T, temperature at which the piston reaches its lowest point: temperature of maximum contraction
T3 temperature atwhich the piston reaches its highest point: temperature of maximum dilatation

piston dismplacement (nr dilnmﬁnn) in 9%

a maximum contraction of length of pencil in %.
b  maximum dilatation of length of pencil, %.

Figure 1 — Piston displacement with temperature

Different types of dilatation curves are represented in Annex A.
NOTE The principal factors capable of distorting the results of this empirical test are the following:
a) Deterioration/oxidation of the coal, consequent on bad storage or faulty drying;

b) Deviation from the tolerances of

2 © IS0 2020 - All rights reserved
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1) the internal dimensions of the dilatometer tube,
2) the clearance between tube and piston,
3) the mass of the piston,
4) the dimensions of the mould;
c) Deviation from the specified mean rate and regularity of heating;

d) Deviation from the specification for the preparation of the sample in respect of maximum particle size, or for
the pencil in respect of its length after tamping.

5 Apparatus

5.1 Apparatus for preparing the coal pencil

5.1.1 | Mould, polished internally, with accessories; see Figure B.1.
5.1.2 | Gauge.

5.1.3 | Ram, of which Figure B.2 shows an example.

5.1.4 | Press, of which Figure B.3 shows an example.

5.2 DPilatometer and accessories

5.2.1 | Dilatometer tubes and pistons, see Eigure B.4.

5.3 Pther apparatus

5.3.1 | Electric furnace, example shown in Figure B.5, consisting of a block of metdl resistant to
oxidatjon and of sufficiently High melting point. A suggested material is aluminium bronze. The metal
block |s pierced by at least two holes of 15 mm diameter by 350 mm deep to take thle dilatometer
tubes pnd one hole 320.mm deep to take a temperature-measuring device, which intends to keep the
thermpjunction of the thermocouple in the middle position of the inserted coal pencil with 60 mm. The
block is heated by ametallic winding, suitably insulated. Control gear permits the use of any selected rate
of heating up to 5\%C/min over a temperature range of 300 °C to 550 °C.

The fyrnace'shall be constructed so that the temperature conditions are uniform in the dilatometer
tubes placed in their normal position in each hole.

To verify this, hieat the furnace at a rate of 5 ~C/min. When the temperature reaches about 450 °C,
make an exploration of the lower 180 mm of a dilatometer tube placed in the furnace, by comparing
the readings on the normal temperature-measuring device and a thermometric probe placed in the
tube. The difference between the probe temperatures and the mean temperature shown by the normal
temperature-measuring device shall be less than

— *2°Cinthelower 120 mm,
— +5°C from 120 to 180 mm.

This verification is not to be confused with the later calibration of the temperature-measuring device; it
is intended to measure only the temperature variation along the tube.

The furnace shall be equipped with an adjustable scale for each hole. The scale shall be preferably
engraved on a mirror in front of which the indicator pointer of the piston moves. It shall be at least

© IS0 2020 - All rights reserved 3
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180 mm in length and calibrated in millimetres or in percentages of the standard length of the pencil
(60 mm # 0,25 mm, see 5.1).

The apparatus can also be equipped with an automatic heating regulator and a device for the automatic
registration of the curve.

5.3.2 Temperature-measuring device, consisting of a thermocouple accurate to 0,1 °C.

5.3.3 Cleaning equipment, consisting of the following:

5.3.3.1 Au

er, diameter approximately 7,8 mm;

5.3.3.2 Bra

5.3.3.3 Reamer, consisting of a steel bar of semi-circular section of diameter 7,95 mm

The total leng

5.4 Calibri

Calibrate the
temperature
calibration at
0,6 mm, the
temperatures

5.5 Insped

5.5.1 Dilat

In order to in
outin one tub
in a new tube

Divide the di
dilated penci
length of the

Average the f]
sign, discard
every subseq

5s wire brush, the diameter of which shall slightly exceed 8 mm;

th of each of the cleaning components shall be 400 mm.

ition of apparatus

apparatus by comparing the temperature in a dilatometer tube in each hole w

the desired rate of heating by using a thermocouple Wwith wires of diameter approxi
thermojunction touching the wall of the tube_ 3@ mm above the bottom. Corre
read during the test by the differences found during this calibration.

tion

bmeter

spect the wear of the tube and piSton after a hundred determinations have been ¢

This comparison will thus be made successively on four coals.

fference in percentage)dilatation between the two tubes by the “relative length”
obtained with theZiew tube; the “relative length” is here expressed as the ratio
lilated pencil te.ifs original length.

jgures so obtained from the four coals. If the average is greater than 3,5, irrespec
the old.fube (see Annex B). If the tube is still satisfactory, repeat this comparisol
hent 25f€sts.

5.5.2 Mould

th the

indicated by the temperature-measuring device in its nhormal position. Carry dut the

nately
ct the

arried

e, compare the results of the.next four determinations using that tube with those obftained

of the
of the

tive of
n after

Check the wear of the mould periodically with the gauge, which can also be used to check new moulds.

If, when the gauge is inserted in the larger orifice of the mould,

two lines

a)

can be seen on the gauge, the mould is too small and shall be reamed out;

b) one line can be seen, the mould is satisfactory;

c)

no line can be seen, the mould is worn and shall be replaced.

© IS0 2020 - All rights reserved
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6 Preparation of sample

As certain types of hard coal are very susceptible to oxidation, it is necessary to minimize the contact
with air after reducing the gross sample.

As a special precaution, therefore, store the test sample after reduction in an oxygen-free nitrogen
atmosphere.

Care shall be taken to ensure that the test sample taken is truly representative, meaning that it is
prepared and divided according to ISO 13909-4 or 1SO 18283.

A suitable relationship between the mass of the test sample and the maximum particle size is shown in

Table tDataimthistable s takenr from1SO-182832006, Table3:
Table 1 — Relation between mass of test sample and maximum particle sjze
Maximum particle size Minimum mass of test sample
mm g
5 2250
4 1500
3 800
2 250
1,5 175
Reducp the maximum particle size to 1,5 mm. Mix and take a part sample of 50 g to 100 g.|Crush to pass
a 0,212 mm mesh sieve. Both crushing operations shall'be controlled so as to produce thg minimum of
fines (see NOTE). Mix again and carry out the detérmination on a sample weighing 10,0 g. Moisten this
sample with 1 ml of water and mix carefully to prepare coal-water paste. Too intensive njixing is liable
to caupe difficulty when the pencil is removed-from the mould. For the same reason, it is |essential that
the preparation of the pencil shall be carriedout without interruption.
Too fine grinding of the coal affects, the result of the determination. The sample shall be crushed to
obtain the following size analysis: through 0,2 mm: 100%; through 0,1 mm: 85% to 70%;| through 0,06

mm: 7|

P

0% to 55%.

rocedure

Preparation.of the coal pencil

he mould.on its support with the larger orifice upwards and set the funnel on the m

uld. Place the
h tamping pin.
nger three or

jould is filled.

In order to remove the coal pencil from the mould, remove the support and the funnel. Place the ejector
guide at the end of the mould corresponding to the smaller diameter of the pencil. Place the guide tube
at the other end of the mould and the receptacle in the guide tube. Then insert the ejector piston in the
guide and push the coal pencil onto the receptacle by means of the press (see NOTE).

Then adjust the length of the pencil to 60 mm * 0,25 mm by cutting away as much as necessary of the
thick end with a fine blade.

NOTE Particularly when dealing with coals which are difficult to remove from the mould, it is recommended

that the ejector piston be removed from time to time and cleaned, the inner surface of the mould being cleaned at
the same time.

© IS0 2020 - All rights reserved
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7.2 Determination of dilatation

Heat the coal

at a rate of 3 °C/min.

Carefully insert the pencil, thick end first, into the dilatometer tube and push it very gently into position
with the piston.

Place the tube and contents in one of the holes of the metal block, when the temperature of the furnace
is 330 °C. Place in any hole in the block, which is not being used by an empty tube complete with its
piston. Where, in exceptional cases, T} is less than 350 °C, charging of the furnace shall take place when
the temperature is 20 °C below T;.

After the cha

the piston to
be reached aff

Immediately

begins to drop, and heating shall be regulated so as to regain the temperature of 330 °C at the

7 min to 10 m)

After 340 °Ch

to the rate stafted, with a tolerance of +3 % of the specified temperature rise¢’ina 5 min period (see |}

During each |
in the preced

If the curve is
atintervals o
to determine

Continue heat
remove the pj

Carry out the
NOTE The

the temperatu
directly. In suc

7.3 Cleani]

It is essential
The following

7.3.1 Tube

gcd ditatonretertubehas beemrinserted-imr the furmacewatt for-the-indicator pot
Feach a position of equilibrium before adjusting the zero of the scale. This position
Ler about 5 min.

hfter the dilatometer tube and piston assembly is placed in the furnace,the tempe
in.

as been reached, the rise in temperature shall be very steady, mihute by minute, ang

min period, the operator shall adjust the heating rate to’correct any deviation ob
ng period, in order to avoid the accumulation of errors:

not automatically recorded, note the time, the position of the piston and the tempe
fnot greater than 5 °C. In the region of the critical'points, sufficient points shall be
the exact shape of the curve.

ing for 5 min after the maximum dilatation is attained. Then stop heating and imme
ston, in order to prevent it is getting jammed.

duplicate determination in a separate run.
tolerance stated (3 % of thespecified temperature rise in a 5 min period) cannot be attai

‘e-measuring device in use {s such as to require a change of 1 °C to be estimated rather th:
h cases, a tolerance of #1 ?C per 5 min is recommended.

hg of the tube and’piston

that the test’be’carried out with the piston and the dilatometer tube scrupulously
method of\¢leaning is recommended:

and plug

Remove the [

1ter of
should

rature
end of

equal
NOTE).

served

rature
lotted

liately

hable if
in read

clean.

Iy —erushthe-semi-coke-andremove-assmuch-ofitaspossibleswith-theauser{5

oS, O oot ot CoORCTu O T Crmov Coo o tir O o oo pPOSoToT T thocau st (2

3.3.1).

Complete the cleaning of the retort using the wire brush (5.3.3.2) and a reamer (5.3.3.3), if necessary.
Clean the plug end with very fine emery paper, taking care, as far as is possible, not to abrade the metal.

7.3.2 Piston

Clean the piston, including the base, with very fine emery paper, taking care not to round the edges, and
check that the piston slides freely in the tube.

8 Expression of results

Calculate the

observed changes in length as percentages of the initial length of the pencil.
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9 Precision of determination

9.1

Maxir;Lum acceptable difference between two determinations, which are cartied ouf

labor
sampl
in the

9.2

No val
insuff

10 Té¢
The te
a) ail
b) id
c) ddg

d) thee rate of heating used;

Table 2 — Precision statement for dilatation

Maximum acceptable difference between results

Same laboratory Different laboratories
(repeatability, r) (reproducibility, R)
Dilatation
7| 1+ —
100 (see 9.2)
Where b is the maximum
d;}qtatiuu lJUl LCllt

Repeatability

ory, by the same operator with the same apparatus, on test pieces prepared from
e and tested simultaneously in two different retorts during the same-heating cycle
kame retort during different heating cycles. It should not differ by more than the ab

Reproducibility

cient evidence is available on which to base such a value.

pst report

5t report shall include the following:
reference to this document, i.e. ISO 349:2020;
entification of the sample;

te of the determination;

urve of the percentage changes in length as a function of temperature on a standard

corrected temperatures T;, T3 and T3 rounded off to the nearest 5 °C;
percentage contraction (a) rounded to the nearest whole number;

pércentage dilatation (b) rounded:

in the same
the same test
or separately
ove value.

e for reproducibility can be quoted for determination$.carried out in different labgratories since

relative scale;

e) a
f) t
g t
h) t
1
2)
3)
©1S0 2

to the nearest whole number for negative dilatation;
to the nearest 5 % for positive dilatation up to 100 %;

to the nearest 10 % for positive dilatation over 100 %.
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Annex A
(informative)

Types of dilatation curves

I
7

\/ X
a) Positive dilatation
Yi
\/ - X
b) Negative dilatation
Y 4
\ S X
c) Contraction only
YA
6 =500 °C
w X

d) Contraction noted at 500 °C

Key
X  temperature
Y displacement (%)

Figure A.1 — Examples of dilatation curves
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Annex B
(informative)

Inspection of dilatometer tubes

After 100 determinations have been carried out in one tube, the next four determinations made shall be
duplicated in a new tube. The results shall then be examined as follows:

If bis the dilatation with the old tube, and

b |is the dilatation with the new tube,
b —b
calculate the ratio: x=—24—1"2
1+2
100

Then, [if the average value of x for the four coals, taking into agcount the sign, is grepter than 3,5
irrespective of sign, the old tube shall be rejected.

Example 1
Coal b, b, b,-b, X
A 100 113 -13 -6,1
B 13 17 -4 -3,4
C 61 59 2 1,3
D 45 55 -10 -6,4

Thé average value of x =-3,6

The old tube shall therefore be rejected.

Example 2
Goal b, b, b,-b, X
E 54 56 -2 -1,3
F 81 80 1 0,6
G 109 117 -8 -3,7
H 40 44 -4 -2,8
Thao avaraagasyaliia ~Ffv - 1 O
I'IIC aV\,lCls\, vdluuT Ul A = _L,U

The old tube may therefore be used for a further 25 determinations, after which it shall be re-inspected.

© IS0 2020 - All rights reserved 9
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Dimensions in millimetres

8
i a4
JR 1 A
9 3
. = B 05,9
10
| | LT 59
11459
/é\_/ V0 N 1
11 —12 |
m('/ ) \\\m 2
A\ R % %
?#20+0,1 i
° e \ | |87
@30 1 | gggim

Material:
Mould, ejectof guide, guide tube, receptacle — hard bronze.

Gauge, ejector piston — vanadium/Steel.

Key

1 tamping pjns 8 tamping pin

2 tamping pin guide 9 funnel

3 support for mould 10 mould

4 funnel 11 guide bar

5 type A 12 support for mould
6 typeB a  Sphere.

7 typeC b Rounded off.

Figure B.1 — Mould and accessories

10 © IS0 2020 - All rights reserved
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Dimensions in millimetres

100
3 \o)
Y A
A4 %
I | ‘
00T S/ H
120
2
@15
S
1 = 5
5 b 1L L 50
T
Seadd &
i
ol 8
®l e
o 10
2
Wal] ™ S
6 O] 60
7 =1 |
\ \
o
[ee]
200 100
Key
1 rope #5, length'l 500 6  mould support
2 gulide bars 7  steel base
3  gulide 8 rope
4 pullcy 9 kree
5 Z(and detail of Z) 10 steel plunger

© IS0 2020 - All rights reserved
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