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Abstract 

Aluminum production requires the use of carbon anodes. Anode 
quality influences strongly the cell stability, energy consumption, 
green house gas (GHG) emissions, and production cost. Current 
practice for anode quality evaluation (visual inspection and 
analysis of a core taken f rom the top of a small number of anodes 
produced) gives limited information. 

A simple and non-intrusive technique has been developed to 
measure the electrical resistivity distribution in industrial anodes 
with the objective of using it for on-line quality control in the 
paste plant to eliminate defective green anodes. This helps avoid 
the unnecessary baking of substandard anodes and reduces energy 
consumption and G H G emissions. The technology could 
ultimately be used also for baked anodes. The electrical resistivity 
is a distinctive characteristic of anode quality, and its distribution 
indicates anode homogeneity. In this article, the measurement 
technique will be explained and results will be presented which 
demonstrate its use for the determination of anode quality. 

Introduction 

Carbon anodes are used for the electrolytic production of 
aluminum. The anode quality influences the stability of cell 
operation, the energy and carbon consumptions during electrolysis, 
and consequently the environmental emissions and production 
cost. The quality of anodes is monitored either by surface 
inspection (manual or automatic) or by taking a core sample f rom 
upper part of 1.5-2.0% of the anodes produced. A more rapid and 
reliable inspection system would help improve the anode quality 
significantly. 

Anode manufacturing is done in two main steps: green anode 
production in the paste plant and baking to produce baked anodes. 
The green anodes are made of a paste which is a mixture of dry 
aggregates (petroleum coke, recycled butts and green/baked 
anodes) with coal tar pitch as the binder. The mixing is done in a 
mixer or a kneader. This is followed by the compaction of the 
paste using either a press or a vibro-compactor. The produced 
green anodes are cooled and stored until baking. The green anodes 
are baked in large furnaces. Af te r rodding of the baked anodes, the 
anode assemblies are used in the electrolysis cells. 

The anode quality depends on the r aw material properties and the 
operating parameters of the manufacturing process. Any problem 
in any area of production or in raw material property is usually 
reflected in anode quality. Pitch properties, granulometry of the 
dry aggregate, anode recipe, all process parameters could 
influence the anode quality [1-8] resulting in inhomogeneity of 
anodes, cracking, etc. 

Anode quality is determined by the appropriateness of anode 
properties. Electrical resistivity is an important property which 

shows the state of an anode. High resistivity values indicate a 
potential problem with cracks in a baked anode and the presence 
of cracks or high pitch concentration in green anodes. 
Overpitching could cause problems further along the process such 
as high porosity/cracks in baked anodes due to higher 
devolatilization f rom such anodes. The distribution of electrical 
resistivity in an anode shows the level of homogeneity in an 
anode. Inhomogeneous anodes will have a large electrical 
resistivity distribution. All such problems will have consequences 
later on during baking and electrolysis resulting in high energy and 
carbon consumption. This article presents a measurement 
technique which can give the electrical resistivity distributions in 
an anode (green or baked). Here, the objective is the determination 
of the green anode resistivities since this will help remove a 
defective anode f rom the process at an early stage of production 
and avoid further processing. 

A number of publications are available on the electrical resistivity 
measurement of anodes. Seger [9-10] was first to propose a system 
for such measurements for baked anodes. The current was applied 
in the stub holes and left the anode f rom the bot tom surface. The 
system had multi-probes to measure the current and the voltage 
drop between the stub hole and the measurement point at the 
bottom. The average resistivity was measured for the anode. 

The same idea was later used by Chollier-Brym et al. and Léonard 
et al. [11-12] (the equipment was called MIREA). The objective 
was to try and recreate the current distribution in an anode during 
electrolysis. The current is passed f rom the stab holes to the anode 
bot tom surface where metallic brushes completed the circuit. The 
voltage drop is measured between the reference probes on the top 
surface located between the stab holes and the probes located on 
the side surfaces at different heights. They were able to determine 
the anode resistivity based on a calibration with a model. The 
distribution of voltage drop values where the probes are placed 
gives an indication of the presence defects in the measurement 
area. The detection of defects outside this region would be indirect 
and difficult to pinpoint. The first generation of M I R E A used 
inflatable bags in the stub holes for current contact. The second 
generation of M I R E A uses metallic brushes and makes it easier to 
use on-line. M I R E A is designed for baked anodes. 

A n apparatus was proposed by Haldemann and Fawzi [13] based 
on the eddy current losses induced by a coil and electrical 
resistivity measurements on one of the anode surfaces. The 
combination of the two measurements provided the information on 
anode quality. The use of four points on one surface and the 
limitation of the magnetic field for penetration into a large carbon 
block make this apparatus difficult to use in an industrial setting 
for anode quality determination. Limited testing on small samples 
has been done, but there does not seem to be any application to 
industrial anodes. 
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Audet and Parent [14] proposed a system for measuring the 
average electrical conductivity (the reciprocal of resistivity) of 
anodes within the top layer of about 11-cm thickness. A coil 
creates a magnetic field in the anode, and the change in impedance 
is measured. The signal is compared with that f rom a 
homogeneous defect-free anode. This system was proposed for 
green anodes; however, it has not been tested. The testing was 
done on a baked anode. The information obtained is limited to the 
top of the anode, and this is not usually sufficient to judge the 
quality of an anode. The last two systems are difficult to 
implement in the plant environment and give limited information. 

The electrical resistivity is an important anode property, and its 
distribution in an anode is a good indicator of the anode quality 
and possible defects. However , there is no equipment currently in 
use to measure the electrical resistivity of green anodes 
effectively. This article presents a measurement technique for such 
an application and the results obtained with a preliminary 
prototype. This technique could be applied on-line for anode 
quality control purposes. 

Measurement Technique 

The measurement technique described here could be used to 
measure the distribution of electrical resistivity in an industrial 
anode based on a simple, fast and non-intrusive method. At 
multiple points, a current is passed through the anode block f rom 
one surface to the opposite surface and the corresponding voltage 
drop is measured. The electrical resistivity then can be calculated 
across the anode at all the measurement positions. This technique 
could be used for both green and baked anodes; however, the 
objective is the measurement of green anode electrical resistivity 
distribution. The current level is low (in the order of about 10 A), 
which makes it easy to implement in the plant. L o w current levels 
also ensure that any perturbation in the anode is minimal (such as 
the possibility of local heating due to Joule effect). 

Four plates are used to carry out the measurements: two plates 
between the top and bottom surfaces of the anode and two plates 
between the side surfaces that are perpendicular to the direction of 
slots (because any measurement across slots would not be of any 
use). Each pair of plates contain a certain number of flexible 
contacts at exactly the same positions to feed current f rom one 
anode surface and to receive f rom the opposite anode surface. 
These contacts are connected to a power supply and make a 
complete circuit. Close to the current contacts, the voltage 
contacts are installed on both plates to be able to measure the 
voltage drop at a given position. The current and voltage contacts 
are distributed over the plate covering the entire anode surface. 

The steps of operation for the technology are shown in Figure 1. 
The anode on a conveyor approaches (a) and comes into the 
measurement position (b). The top and bottom plates approach the 
anode providing current and voltage contacts with the top and 
bot tom anode surfaces (c). Then the current is passed, and the 
voltage drops are measured at each position. These two plates 
move back to their positions (d), and the other pair of plates 
approach the anode (e). The same procedure is applied between 
the side surfaces (f,g). Afterwards, the anode moves on leaving 
the measurement station free for the next anode (h). The duration 
of measurement is estimated to be less than one minute per anode. 

Measurements between a pair of plates give the electrical 
resistivity distribution across them as illustrated in Figure 2. 

Figure 2a shows the electrical resistivities measured between top 
and bottom plates, and Figure 2b between side plates. Mapping of 
the resistivities in two directions gives the distribution in the 
entire volume. This also identifies the region of high resistivities 
as illustrated in Figure 3. The measurements between top and 
bot tom plates show the high resistivity regions in the vertical 
direction; and those between side plates give the high resistivity 
regions in the horizontal direction. Mapping of the two directions 
indicates the region of high resistivity in the anode. The average 
electrical resistivity of an anode can also be calculated f rom the 
resistivity distribution. 

The measurements are carried out at multiple positions covering 
the entire anode volume, and this gives a detailed distribution of 
electrical resistivity. The discontinuities in an anode cause 
different problems during electrolysis. The ones that are along the 
current path increase the energy consumption; and those which 
are near the top of the side surfaces increase the air reactivity and 
thus carbon consumption. These can be characterized using 
different methods such as microscopy, tomography, and 
ultrasound [15, 16]. As stated previously, the objective of this 
work is to measure on-line the green anode electrical resistivity. 
This will help identify the defective anodes early in the process 
and avoid further treatment of such anodes. The position and the 
frequency of defects will give an indication of possible problems 
in the paste plant. This will help take the necessary action to 
correct the problem with min imum delay. 

Methodology 

The technique was tested on small anodes produced in the lab. 
The resistivity distribution was determined and the high resistivity 
regions were identified. Then, these regions were examined using 
different diagnostic tests (microscopy, tomography, etc.) as 
mentioned previously [15, 16]. The results of these tests 
confirmed the results of the resistivity measurement technique 
discussed above reasonably well. Figure 4 shows the presence of a 
crack (marked by the red circle) determined by the electrical 
resistivity measurement in a laboratory anode that was later 
confirmed by tomography. 

In order to test the technique on large industrial anodes, a 
preliminary, static, and low cost prototype was built. The 
methodology is illustrated in Figure 5. The electrical resistivity 
measurements were carried out on more than 24 industrial green 
anodes with the prototype. Then, 2 5 % of the anodes were cored at 
multiple positions, and the electrical resistivity of each core was 
measured using the four-point method. The remaining 75%) of the 
anodes were baked and then the same procedure was applied. The 
resistivities of the baked anodes were measured with the 
prototype; then the anodes were cored, and the resistivities of the 
cores were determined using the four-point method. The coring 
was part of a much greater measurement campaign in the plant, 
and the core positions were not necessarily the same as those used 
during the measurements with the prototype. The electrical 
resistivity distribution as well as the average resistivity for each 
anode was determined. Various comparisons were made between 
the core resistivities and those measured by the prototype: average 
anode resistivities, resistivities at the common positions (coring vs 
prototype as illustrated in Figure 6), baked vs. green anode 
resistivities, etc. All the measurements with the prototype were 
done manually, which was quite challenging and cumbersome. 
Some of the results are presented in the next section. 
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Figure 1. The sequence of operations for the electrical resistivity 
measurement of industrial anodes (see the section 'Measurement 
Technique ' for the description of the steps) 
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Figure 2. Distribution of electrical resistivity depending on the 
pair of plates used: (a) top and bottom plates, (b) side plates. 
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Figure 3. The determination of high resistivity region in an anode: 
(a) high resistivity region (vertical block) f rom the measurements 
between the top and bot tom plates; (b) high resistivity region 
(horizontal block) f rom the measurements between the side plates; 
(c) high resistivity region (intersection of 2 blocks) in the anode 
obtained f rom the mapping of the above two cases. 
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Figure 4. Tomograph of a layer inside a laboratory anode 
Figure 5 Methodology used to tests the technique on industrial 
anodes. 
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Figure 6. A schematic representation of the common positions for 
coring and resistivity measurement with the prototype. 

Results and Discussions 

Various comparisons were made based on the measurements on 
anodes with the prototype as well as those on the cores. Figure 7 
presents the normalized average resistivities calculated for a 
number of anodes (the anodes are numbered as A - G ) using: all 
points of measurement for the prototype and all resistivity values 
for the cores for each anode. The results show a good correlation 
(R2 value of 0.9095) between the two sets of values for the green 
anodes. In general, the prototype measurements predict 
reasonably well the resistivities of green anodes. 

Figure 8 compares the normalized resistivities measured by the 
prototype at the same positions for an anode before and after 
baking. Positions 2 and 6 are close to the sides. Positions 1, 3-5 
are located in the central region of the anode. The magnitudes of 
the actual resistivities are quite different. The regression 
coefficient (assuming linear fit) of the plot of the normalized 
electrical resistivities for the baked and green anode is 0.9532, 
which suggests that there exists a good correlation between the 
two sets of data. Many changes occur during baking in the anode. 
Also, since the objective of this work is to test the green anodes 
and to determine the defective anodes f rom the results of these 
tests, this correlation is important. This shows that the prediction 
of anode quality with the green anodes holds true for the baked 
anodes. It was also found previously that high resistivity green 
anodes result in high resistivity baked anodes [15]. 

The technique presented in this article would help identify the 
high-resistivity (defective) green anodes. Then, if such anodes are 
removed f rom the process, the average anode resistivity used in 
the electrolysis would decrease. This is illustrated in Figure 8 
qualitatively. Assuming the given distribution of specific 
electrical resistivity as a funct ion of anodes produced, the anodes 
in the box would be eliminated leading to the use of anodes with a 
lower overall average resistivity in the cell and consequent lower 
energy consumption. The number of anodes that can be eliminated 
would depend on the plant, the process, and the facilities available 
on site. 

Currently in the literature, there is no industrial equipment in the 
market which can determine the on-line the electrical resistivity of 
green anodes. The elimination of defective green anodes will help 
avoid the unnecessary baking of such anodes and reduce the 
energy and carbon consumption in the electrolysis. Consequently, 
G H G emissions and the smelter operating cost will decrease. 
Also, the electrical resistivity of the green anodes will help 
diagnose problems in the paste plant and facilitate their rapid 
solution. 

C D Ε 
Anode number 

Figure 7. Comparison of the prototype results with those of the 
cores for the average normalized resistivities of green anodes: 
(averages calculated using all points of measurement for the 
prototype and all resistivity values of the cores). (NARP: 
normalized average resistivity measured by prototype, NARC: 
normalized average resistivity for corresponding core) 

• Green anode (prototype) 

q g • Baked anode (prototype) ^0.5 -

1 . 
Measurement position 

Figure 8. Comparison of the normalized resistivities measured by 
the prototype at a number of positions for an anode before and 
after baking. (NGR: normalized green anode resistivity, NBR: 
normalized baked anode resistivity) 

Conclusions 

A measurement technique for a simple, rapid, and non-intrusive 
measurement of green anode electrical resistivity has been 
developed. A first preliminary prototype was built to demonstrate 
the concept. The tests done in the lab and on industrial anodes are 
quite promising. Effor ts are underway to build a second and more 
robust prototype to continue further testing. A provisional patent 
application has been submitted [17]. The on-line use of this 
technique for anode quality control will al low the identification of 
defective anodes early in the process (avoiding further processing) 
and will indicate potential problems in the paste plant. Also, the 
elimination of such anodes will decrease the average anode 
resistivity reducing the energy consumption in the cell. Since the 
baking of defective anodes is circumvented, the fuel in the baking 
furnace will be used more effectively. Use of better quality anodes 
during electrolysis is likely to reduce the carbon consumption as 
well. There will be also reduction in environmental emissions 
(including GHG) through decreased energy and carbon 
consumption. 
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Figure 9. The distribution of anode electrical resistivity and the 
elimination of high resistivity anodes (indicated by the box on the 
right). 

The current quality control methods are either subjective (based 
on external inspection) or give a feedback long after the anode is 
produced (with the analysis of a core obtained f rom the upper part 
of 1.5-2% of the anodes produced). The technique presented in 
this article would increase the dependability of anode quality 
inspection in the smelters. 
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