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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 equivalent temperature is used to express the baking level of a single anode or cathode, or the
overall baking level and distribution of a section of any type of baking furnace constructed for baking
carbon anodes or cathodes for the production of aluminium.

The equivalent temperature is also useful for monitoring and comparing the baking level of laboratory
test anodes or cathodes and other samples.
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Carbonaceous materials used in the production of
aluminium — Determination of baking level expressed by
equivalent temperature
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1 Scope

This|document specifies the determination of the equivalent temperature of one anode ok
baking furnace and the calculation of the overall baking level in a section in a baking furna
2 Normative references

The following documents are referred to in the text in such a way that-some or all of t
constitutes requirements of this document. For dated references, only-the edition cited
unddted references, the latest edition of the referenced document (including any amendme
[SO 40203, Carbonaceous materials used in the production of alumifium — Calcined coke — D¢
of crystallite size of calcined petroleum coke by X-ray diffraction

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO dnd IEC maintain terminology databases fot use in standardization at the following add
— IS0 Online browsing platform: availableat https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

equiyvalent temperature

baking level of an anode or_cathode measured by the heat treatment of a reference coke at
placgd with the anode or'cathode and quantified in equivalent degrees, °E, determined frg
crysfallite height, L, ofthe reference coke using a calibration curve

Note [l to entry: Thé€)calibration curve is derived by subjecting a series of separate samples of the gr
coke fo a 2 h heattreatment at different hold temperatures, in degrees Celsius, and measuring the me
height, L.. Thelequivalent temperature, T, is numerically equal to the temperatures, in degrees Cq
on the calibration curve.

3.2

reference green coke

raw unprocessed petroleum coke from a refinery coker unit

Note 1 to entry: For use as a reference coke, the green coke should be a single source, low sulfur, anode grade

coke,

preferably with a sulfur mass fraction of <2,0 % and dried at 110 °C prior to use.

4 Principle

The equivalent temperature of an anode or cathode is determined by placing a graphite container with
a test portion of the reference green coke in a stub-hole or other suitable depression prior to loading the
anode or cathode in the baking furnace.
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Following the baking of the anode or cathode in the baking furnace, the graphite container is collected,
and the now-calcined reference coke is recovered and analyzed with regard to the mean crystallite

height, L, according to ISO 20203.
NOTE ISO 20203 uses the term crystallite size or thickness, which is the same as the crystallite height.

The predetermined calibration curve linking equivalent temperature with the crystallite height is used

to determin

e the equivalent temperature from the measured L_value.

5 Reference coke
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tion and preparation

cient amount of dry, green, single-source petroleum coke to be thereference coke and
ference number. The coke should be -4 mm and should be in grains and not powder for
from the graphite container. If required, mix well, preferablyby splitting and recombif

es an annual routine consumption of 40 kg. A complete mapping of the baking level at each ¢
168-anode section will consume 2,2 kg.

Ation curve

he calibration curve for the reference (©oke by taking separate samples of the refer
ting them to a series of heat treatments with a hold temperature, T}, and analyzing
to mean crystallite height, L, using the X-ray diffractometer (7.2), in accordance

be taken to have a sufficientnumber of heat treatments - at least six, including at leas
range due to the effectofthe curvature.

heat treatment by, rapidly heating the reference coke to the hold temperature, T}, keq
perature for a constant soaking time of 2 h and then immediately quenching (see Figui

b the definition;the equivalent temperature is numerically equal to the hold temperd
s there is-a'series of (L, T;,) data points. A typical series is shown in Figure 1.

indicates that a third-order polynomial, as shown in Formula (1), gives the
Curve fit.
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is the equivalent temperature;
are coefficients of the third-order equation;

is the mean crystallite height.

€y

The calibration curve of a new batch of reference coke from the same coke source or from a new source
can be determined from a calibrated reference green coke by heat-treating a number of test portions of
each coke in parallel. The calibrated coke yields the equivalent temperatures and, by measuring the L
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of the new coke test portions, a series of (L, T,) data points are obtained for the new coke and the new
calibration curve can be determined. It is critical to obtain data for a range of heat treatments; the new
coke calibration curve should cover baking from 1 050 °E to 1 400 °E.

NOTE The green coke calcination is sensitive to time as well as temperature as shown in Figure 2. Figure 2
illustrates how the crystallite height and equivalent temperature increase with time at the same calcination
temperature, underlining the importance of keeping the same 2 h hold time during heat treatments.
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NOTH The curve fit is a third-order polynomial, as shown in Formula (1).

Figure 1 — Calibration curve for. the reference coke from 11 heat treatment (L, T,,) flatapoints
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Figure 2 — Effect of longer soaking times relative to.the equivalent temperature

7 Apparatus

The usual laboratory apparatus and, in particular,the following shall be used.

7.1 Small]

to heat (15 tio 30) g of coke to (1 000 to 1 500)°C in (6 to 8) min and uses inert gas. 1 400 °C is suffi
7.2 X-ray[(diffractometer, for L. measurement according to ISO 20203.

7.3 Cylindirical graphite container with a graphite lid, with a small hole in the lid to enable t
outlet from the green coke, Typically with an outer diameter of 40 mm, an inner diameter of 20 m

alength of 9

NOTE Any suppli€r of quality machined graphite items should be able to supply the crucible as drawr).

crucible disp

For an exan

furnace, to provide heat treatments for a calibration curve for the green coke, that is

0 mm. With goed treatment, graphite holders can last ten rounds or more.

ayed camrbe replaced wit crucibles with similar properties including the coned lid with the ho

able

cent.

gas
and

The
e.

ple,of a graphite crucible with lid and body, see Figure 3. Lid plug measures A1 and A are

adjusted so
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The lower edge of the upper part of the lid shall have a 2 mm to 3 mm space above the crucible when

tightened.
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Figure 3 —<Example of a graphite crucible

Test procedure

Equivalent température measurement

a suitably large“test portion of the reference coke (see Clause 5) in the cylindri
hiner (7.3). Atypical test portion is 15 g. Take care each time the cylindrical graphite
to ensuge-that the small hole in the lid is open before loading the test portion.

the graphite container in a stub-hole, or other suitable depression in the green anodg
te loading it into the baking furnace. Fix the container in place with ceramic fibre

ral graphite
container is

or cathode,
or a similar

suitahle‘material

Be aware that when comparing baking levels in different bake furnaces the position of the reference
coke test portion on the anode relative to the flue wall is important and will influence the result. If the
anodes are stacked with the reference coke samples towards the flue walls, a higher baking level will be
observed than if the reference coke samples are in the middle of the pit.

Reco

ver the graphite container after baking.

Remove the calcined reference coke test portion from the graphite container. Open the lid by giving a
light tap if necessary. Remove the loose test portion, taking care to avoid contamination with graphite.
Do not scrape the test portion from the walls of the graphite container, as this can cause graphite
contamination. This is important due to the much higher L_ value of graphite.
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