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Abstract

Quality of carbon anodes used in aluminum industry affects significantly the electrolytic cell
performance including the energy consumption. One of the important factors that influence
the anode quality is the cracking of anodes. Quantitative evaluation of this problem helps
identify the causes and consequently allows the necessary corrective actions to be taken.

The characterization of the baked anode cracking was done by determining the sizes (width,
length) of the cracks and their distribution on the anode surface. This work was carried out
using the image analysis technique. Two types of cracking, horizontal and vertical, were
investigated for industrial baked anodes. The results show the types of cracks encountered in
industrial anodes and indicate the regions susceptible to the formation of cracks. In this
article, the characterization method will be described, and the results on the anode crack
formation will be presented.
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Introduction

In aluminum industry, the challenge is the continuous improvement of product quality which
has utmost importance for the global market. The quality of aluminum produced depends on
several parameters including the quality of anodes. The stability of electrolysis cells is one of
the important factors for this industry, and anode as a consumable electrode is one of the key
elements for a reliable operation of the cell [1]. During the production of aluminum from
alumina through the reduction reaction in the electrolytic cell, the energy requirement is
directly related to the state of the anode used [2]. The quality of carbon anodes is defined by
its properties (high density, low electrical resistivity, and low reactivities to air and CO2) [3].
The manufacture of dense carbon anodes involves several stages [4-6]. Coke and pitch along
with the recycled anodes/butts are the main raw materials [7, 8]. Their mixture gives a paste
which is transformed into a green anode using a vibro-compactor or a press. The properties of
green anodes are improved during baking [9].

The conditions that the anodes are subjected to during their formation, baking or use in
electrolysis may result in the appearance of cracks on their surfaces [10]. The existence of
cracks in an anode increases its electrical resistivity, which, in turn, increases the energy
consumption during electrolysis. The presence of cracks also increases the anode reactivity
and results in subsequent release of greenhouse gas emissions [9].



The shapes of cracks observed in industrial anodes can be grouped in to several categories as
cited in the literature by different researchers [11-13]. Characterization of cracking can be
carried out using different investigative techniques at microscopic and macroscopic scales
[14-16]. The objective of the current work is to evaluate qualitatively and quantitatively two
types of cracks (horizontal and vertical) seen frequently in industrial anodes. The distribution
of crack width along the crack length is determined for these two types of cracks, and the
results are discussed.

Methodology

Analysis of the surface area and the width for vertical and horizontal cracks was carried out
using an image analysis technique.

Evaluation of the width and the surface area of a horizontal crack

Figure 1a shows an image of a horizontal crack observed in a baked carbon anode. The image
was taken by an ordinary camera. This study was conducted on a sample with dimensions of
150mm x 50mm.

a) Original image (horizontal crack) b) Processed image (horizontal crack)

Figure 1: Image of one horizontal continuous crack (in green) as well as discontinuous cracks
or pores (in yellow) in a baked anode sample.

On the image processed using the image analysis software, green shows the continuous crack
(Figure 1b) while the yellow color indicates the discontinuous cracks or pores. The crack area
is determined by the measurement of the areas of the colored sections. The width of the crack
is calculated only on the continuous crack by tracing the vertical segments along the crack
(see Figure 1-b).

Evaluation of the width and the surface area of a vertical crack

A vertical crack present in an anode is shown in Figure 2a. The image analysis allows the
quantification of the crack (green region) as shown in Figure 2b. The sample dimensions are
55mmx50mm.



a) Original image b) Processed image

Figure 2: Image of a continuous vertical crack in a baked anode.
Results and Discussion

Image analysis was used to determine and quantify the surface areas and the variation of the
width along the crack length for two types of cracks (horizontal and vertical). The green color
on the images shown in Figures 1b and 2b indicates continuous surface cracks, and yellow
color indicates the discontinuous cracks. The crack area smaller than 0.76 mm? was defined as
discontinuous cracks.

Evaluation of horizontal crack surface area
The distribution of the surface area of both continuous horizontal and discontinuous cracks
present on the surface of the baked anode sample is shown in Figure 3.

Continuous cracks Discontinuous cracks
4,814 % 0,514 %
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Figure 3: Distribution of continuous and discontinuous cracks on the surface of a baked anode
sample.

Figure 3 shows the distribution of two types of cracks: 4.8% of the surface was covered by
continuous cracks and 0.5% was covered by discontinuous cracks. This indicates that 5.3% of
a total surface area of the sample (150x50mm) was cracked.



Evaluation of the width of a horizontal crack

Visual inspection of baked industrial anodes with a horizontal crack showed that this type of
crack has an irregular shape (change of direction) and the crack width varies along the crack
length. It was observed that the crack width changes when the crack direction changes (see
Figure 4).
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Figure 4: Distribution of crack width along its length (red lines represent larger widths and
blue ones represent narrower widths).

The distribution of crack width along the crack length shows the position where the crack
width is greater. It can be seen from the results that the widths are larger in the middle of the
crack (Figure 4). This illustrates that the crack formation starts in the middle and then
propagates in both directions (from center towards both ends).

Influence of the distance of crack from the bottom of the anode on crack length
The distance between the anode bottom and the cracks were measured for 13 cracked
industrial baked anodes (see Figure 5 for a schematic illustration).
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Figure 5: Illustration of the length of the crack as a function of the distance from the bottom
of the anode



Figure 6 summarized the results of these measurements.
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Figure 6: Variation of the length of cracks as a function of the distance between the crack and
the bottom of the anode.

It was noted that the length of the crack was usually less than 40 cm when the crack is located
at a distance less than 30 cm from the bottom of the anode. This can possibly be explained by
the existence of slots in this region that help relieve the stress which, otherwise, could cause
cracking during devolatilization at the baking stage. This figure also shows that if the distance
between the crack and the bottom of the anode exceeds 30cm, the crack length is greater than
40 cm. In these regions, the slots do not exist, thus it is quite likely that the stress exerted on
the anode during devolatilization is higher, resulting in longer cracks.

Evaluation of vertical crack surface area
Figure 7 shows the percent distribution of vertical cracks with respect to the total surface area
considered (50mmx55mm).

Surf ith cracks

Figure 7: Percentage of continuous vertical cracks on the surface of a baked anode sample

For vertical cracks (see Figure 2), the cracked surface area represents only 0.6% of the total
surface area of the 55mm x 50mm sample (see Figure 7). This means that the percentage of
surface covered by vertical cracks is less than that of horizontal cracks (5.328%). This seems



to indicate that the horizontal cracks are relatively more common; and this is in general
attributed to factors during the forming stage (compaction parameters).

Evaluation of the width of a vertical crack
The distribution of the variation of the width of a typical vertical crack along its length is
shown for an industrial baked anode in Figure 8.
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Figure 8: Distribution of crack width along its length (vertical crack; red lines represent larger
widths and blue ones represent narrower widths).

It was observed that vertical cracks have larger widths at only one of the extremities (see
Figure 8). Therefore, it can be stated that, after the creation of the crack, it propagates in a
single direction.

The width of the horizontal cracks varied between 0.3 mm and 4.9 mm while that of the
vertical crack ranged from 0.095 mm to 0.859 mm. The horizontal crack is much larger,
which seems to indicate that probably the effect of forming during green anode production
had a greater impact on the formation of cracks.

Conclusions

The qualitative and quantitative characterization of cracks (vertical and horizontal) of carbon
anodes for the aluminum industry has been carried out. The results show that the width of the
vertical crack is larger at one end and the crack propagates in a single direction. On the other
hand, for the horizontal crack, the maximum width lies in the middle of the crack, which
indicates its propagation in both directions. Vertical cracks are usually created at the baking
stage whereas the horizontal cracks indicate issues during the forming stage (compaction). For
the samples studied, the relatively higher presence of larger horizontal cracks probably shows
that the compaction parameters are not optimized for the given anode paste.
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