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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Di

[SO draws
patent(s).

rights in r¢
patent(s) ¢
this may n
WWW.iS0.0

fFectives, Part 2 (see www.iso.org/directives).

attention to the possibility that the implementation of this document may invoelve'th
SO takes no position concerning the evidence, validity or applicability of @any”clair
pspect thereof. As of the date of publication of this document, ISO had not veceived nj|
fhich may be required to implement this document. However, implemefiters are cau
bt represent the latest information, which may be obtained from the patent database {
g /patents. ISO shall not be held responsible for identifying any or,all. such patent righ

Any trade
constitute

For an exp
related to
Organizati

This docuy
aluminium.

This secon
revised.

The main d
the m4

Any feedb
complete li

name used in this document is information given for the convenience of users an
an endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms and e
conformity assessment, as well as information about ISO's adherence to the W
bn (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/fore

e use of (a)
ned patent
otice of (a)
fioned that
wvailable at
.

d does not

Xpressions
prld Trade
word.html.

nent was prepared by Technical Committee ISO/TC 226, Materials for the production

d edition cancels and replaces the firstyedition (ISO 17544:2004), which has been

hanges are as follows:
ss of the falling weight and«the ramming rate have been corrected.

ick or questions on this_document should be directed to the user’s national standar
sting of these bodies(can be found at www.iso.org/members.html.

of primary

technically

ds body. A

© IS0 2024 - All rights reserved
iv


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=cbafcb5925bd1f5b896edfb0c27f61f9

ISO 17544:2024(en)

Introduction

The bottom of aluminium electrolysis cells is lined with cathode blocks that are sealed with a ramming
paste to avoid any leakage. When lining a cell, the green paste is directly rammed between the cathode
blocks and baked in situ during the start-up of the pot by the process heat. The quality of the paste is of
primary importance as to ensure long operation without disturbance.

© IS0 2024 - All rights reserved
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Carbonaceous materials used in the production of
aluminium — Cold and tepid ramming pastes —
Determination of rammability of unbaked pastes

1 Scope

This docu
carbonace

Determina

2 Norm

The follow
requireme
the latest ¢

ISO 5725-2
the determ

1SO 14422,
sampling

3 Term

us ramming pastes used to line cathodes utilized in the production of aluminiums:

tion of the rammability enables a ramming paste with the optimum density t@be seleq

ative references

ng documents are referred to in the text in such a way that some orall of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendmefts) applies.

, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic
nation of repeatability and reproducibility of a standardymeasurement method

Carbonaceous materials used in the production ofaluminium — Cold-ramming pastes —

s and definitions

No terms ajnd definitions are listed in this document.

ISO and IE

[ maintain terminology databases for use in standardization at the following addresse

ment describes a method of producing a compaction curve indicating the ramtlnability of

ted.

ronstitutes

references,

method for

Methods of

2]

— IS0 Online browsing platform;available at https://www.iso.org/obp

— IEC Elgctropedia: available@bhttps://www.electropedia.org/

4 Symbols

h mheasurediheight of test specimen, in cm

m mhass.of paste placed in cylinder, in g

N number of impacts

N, minimum value of second derivative of p(N)

r inner radius of rammer cylinder, in cm

a scaling or normalization parameter describing the steepness of the compaction curve (which de-
creases as « increases)

Y location parameter which shifts the origin of the distribution

Pmax maximum value of density, in g-cm=3

© IS0 2024 - All rights reserved
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density after N impacts, in g-cm3

5 Principle

initial value of density, representative of loose compaction of the paste under its own weight in g-cm=3,

Ramming paste is compacted in a laboratory rammer. The paste is subjected to a total of 350 impacts.
The density of the paste is measured as a function of the number of impacts. The data is fitted to a three-

parameter

p(N)=

cumulative Weibull distribution function given by Formula 1:

log{gN—7y 6
P~ g 80N ||

)

%

C < % 7]

A ramming parameter N2, corresponding to the number of impacts for which the second derivative of the
Weibull fupction has a minimum value, is then calculated.
An alternative method of evaluation is to determine the ratio of the density after 50{impacts to the density
after 100 impacts, as shown by Formula 2.
p(50) 2
p(100
6 Apparatus
6.1 Gengral. An example of a rammer mould is shown in Figure 1.
6.2 Rammer cylinder. The rammer cylinder is made df'steel, with an inner diameter of 50 mm|.
6.3 Ram base. The ram base is made of steel. The ram base shall fit into the rammer cylinder| and act as
the botton] of the cylinder.
6.4 Rammer. The rammer consisting of aSteel piston, a falling weight mounted so that it can e dropped
onto the top of the piston, and a height-measuring device accurate to 0,1 mm. The mass of the falling weight
shall be 6,7 kg and the weight shall travel a constant distance to impact of (50 * 0,1) mm.
6.5 Box [with lid). The boxis-eapable of containing the amount of ramming paste needed to pfoduce one

test specinjen. The free space‘over the paste shall not be more than 50 % of the volume of the pag

6.6 Heat
temperatu

6.7 Insu

ing/cooling cabinet. The Heating/cooling cabinet is capable of being maintained at
Fe 0,5 2€ in the range 5 °C to 100 °C.

rammer Cy

6.8 Bala

Jation layer. The insulation layer (for example, 1-cm-thick polystyrene), for insula

te.

a constant

rion of the

linder, or thermaostatically controlled surround (see Figure 1)

nce. The balance shall have an accuracy of 0,1 g.

7 Sampling

Sample the paste in accordance with ISO 14422.

NOTE

© IS0 2024 - All rights reserved
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8 Procedure

Ensure the cylinder, the ram base and the piston are clean.

Weigh the necessary amount of ramming paste (to the nearest 0,1 g) into a suitable box (6.4). If the amount
of ramming paste to be used is not known, determine the required mass by preliminary tests [the height
of the test specimen after compaction shall be (50 + 5) mm (see below)]. Seal the box. Heat or cool the box
together with the rammer cylinder (6.1), the ram base (6.2) and the insulation/surround (6.6) to the test
temperature (agreed between the interested parties) in the heating/cooling cabinet (6.5) for 2 h to 3 h.

Transfer the paste to the cylinder. Protect the cylinder with the insulation or surround (6.6). Place the
cylinder in the rammer (6.3) and lower the piston until it is resting on the paste. Compact the ramming
paste with a total of 350 impacts, reading the height h of the test specimen (to the nearest 0,1 mm) from the

scale on thle ramming apparatus, with the piston head resting on the specimen, after 1, Z, 3, 4, b, 7, 10, 15,
20, 25, 30, B5, 40, 50, 60, 80, 100, 120, 150, 180, 230, 280 and 350 impacts. Where several impacts are made
between height measurements, compact the test specimen at a rate of about 1 impact per second
[f the final height of the compacted test specimen is not equal to (50 = 5) mm, discard the resultsjand repeat
the test with another sample mass.
Remove the test specimen. Clean the cylinder, the ram base, and the piston caréfully after each test.
9 Expreéssion of results
9.1 Calculation of the density
Calculate the density of the paste p(N) corresponding to each specimen height measured (i.e. to edch number
of impacts|N at which a height measurement was made) frem*Formula 3:
m
p(N)7— (3)
nr-h

where

m is|the mass, in g, of the ramming paste placed in the cylinder, accurate to 0,1 g;

r  is|the inner radius of the ramming cylinder, in cm, accurate to 0,01 cm;

h  isfthe height of the unbaked test specimen as read from the rammer scale, in cm, accuratefto 0,01 cm.
Round the [results to the neatest 0,001 g-cm3.
Plot p(N) ajgainst N togive a compaction curve.
9.2 Interpretation of the curve
A paste shqwing a slow asymptotic approach towards its maximum density is said to be a dry paste, whereas

a paste showing a rapid asymptotic approach towards its maximum density is said to be a wet paste.

9.3 Determination of N,

9.3.1 Fit

ting the data to a Weibull function

The data fit is based on the similarities between compaction curves presented with a logarithmic abscissa
and statistical cumulative distribution functions. A general three-parameter cumulative Weibull distribution

function is

chosen.

© IS0 2024 - All rights reserved
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Determine the parameters p, .., Ap, @ and y by fitting the values of p(N) calculated in 9.1 to the Weibull

function gi

p(N)=

ven in Formula 4:

logigN-7 Y
a

Pmax — AP X exp[—[

(4)

The fitting can be done by the least-squares method, for which various commercial computer programmes
are available. Normally, a set of starting values for the four parameters is needed. The starting values in
Table 1 can be used.

Table 1 — Starting values for Formula (5)

9.3.2 Ca

Putting thq
distributio
evaluation

The numbd

log;(N), when the third derivative is equal to zero, is given by:

p(N)"

It is possib
N, =1
Calculate t

derivative
Round the

NOTE ]
compared W

9.4 Dete

Alternativg
using the v

Prns 1566
Ap 0,500
3
y -2

Jculation of N,

e third derivative of p(N) equal to zero [i.e. p(N)"” = 0] enables the’turning point of {
n curve to be determined. The minimum value of the second-derivative p(N)” is u
criterion for the rammability.

r of impacts (N,) which gives the minimum value of the Second derivative of p(N) (with
loglON ' 9 3
* ) +10( ] ]:

=ﬂ><e[
o

logg)N—-v
o

logigN -7
o

log1gN -7y
a

e

e to solve Formula (5) exactly:

D(1,145a+}/)

he number of impacts N, which gives the minimum value of the second derivative of
= 0) using Formula (6) and/the parameters from the curve-fitting operation carried
value calculated for [V, te'the nearest whole number.

'ypically, values lie‘in-the range 65 < N, < 130. Such values were found to give good ramm3
rith practical workat one smelter. The range can, however, depend on the ramming technology

rminatien of p(50)/p(100)

ly, cdleulate the density after 50 impacts divided by the density after 100 impacts, p(
alues of p(50) and p(100) determined in 9.1.

D

he density
sed as the

respectto

(5)

(6)

p(N) (third
ut in 9.3.1.

bility when
used.

p0)/p(100),

NOTE

Typically, values lie in the range 0,960 < p(50)/p(100) < 0,975. Such values were found to give good

rammability when compared with practical work at one smelter. The range can, however, depend on the ramming
technology used.

10 Precision

10.1 Precision shall be determined in accordance with ISO 5725-2

10.2 N,

Repeatability (r) = 0,18 x material average - 3,71

© IS0 2024 - All rights reserved
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Reproducibility (R) = 0,34 x material average + 2,65

The number of degrees of freedom, . is the number of laboratories (5) x number of samples (4) x analysed in
duplicate (2) was 40.

10.3 p(50)/p(100)

Repeatability (r) = 0,004 9

Reproducibility (R) = 0,496 x material average - 0,473 1

The number of degrees of freedom is the number of laboratories (6) x number of samples (4) x analysed in
duplicate (2), which is 48.

11 Test1
The testre
a) thedo
b) alldet
c) the ter
d) the res
1) th

2) th

fu

3) th

e) theda
f) details
g) details

eport

port shall include the following information:

Cument version used, i.e. ISO 17544:2024;

hils necessary for identification of the sample tested;
hperature used for the test;

ults of the test:

e curve of density versus number of impacts,

e values of the parameters p, .., Ap, @ and y detérmined by fitting the curve to t
hction,

e value obtained for N, or p(50)/p(100);
e of the test;
of any unusual features noted during the determination;

of any operation not included.in this document or regarded as optional.

he Weibull
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