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In today’s highly competitive environment, everyone is striving to get more production
out of existing operations. A constant issue that concerns tankhouse operations is the
impact of permanent cathodes condition on tankhouse performance. Edge strip life and
performance are critical to ensure efficient removal of copper from cathodes. Edge strip
failures have traditionally been a key indicator for cathode maintenance. In a baseline
study, it was shown that the development of the edge strip technologies has pushed the
cathode edge strip maintenance interval beyond four years. As a result, drivers for
cathode maintenance are no longer primarily driven by edge strip failures but rather by
other maintenance needs. This has resulted in the development of additional
maintenance solutions to address these needs. The application of advanced robotics is
becoming industry standard and is now also being used in the mass-servicing of the
permanent cathodes. This paper follows on previous work and discusses the latest results
and presents additional findings.

INTRODUCTION

In today’s highly competitive environment, everyone is striving to get more production out of their
existing operations. A constant issue that concerns tankhouse operations is the impact of the
permanent cathode condition on the tankhouse performance.

In a baseline study (Nordlund & Virtanen, 2013), it was discussed that the development of the edge
strip technology has reached the point where cathode edge strip failure is no longer the primary
reason that determines when the cathode should be sent for maintenance. Subsequently, the focus is
now shifting from maintenance of the edge strips only to a more complete cathode maintenance
service, which incorporates the appropriate means, methods and equipment. This complete cathode
maintenance service is increasingly becoming more sought after by tankhouse production personnel.

Owing to the servicing of cathodes being physically demanding work, the development and ever-
reducing costs of applied advanced robotics (Larinkari et al., 2016) are becoming industry standard.
This has led to robotics being used more often in the mass-servicing of permanent cathodes,
essentially replacing the human effort and increasing the service capabilities and throughput of the
maintenance workshop. The paper presents a follow-up on the edge strip performance and discusses
the latest results and additional findings.
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CATHODE CONDITION AND COMMON ISSUES

In both electrorefining (ER) and electrowinning (EW) operations, the condition of the permanent
cathode is essential to ensure high performance and quality of cathode copper production. Permanent
cathodes experience constant wear and tear over their operational life, requiring steady maintenance
to avoid processing problems or problems at the cathode stripping stage. Even with the best possible
care, some problems are still expected, but the frequency of recurring issues can be an indicator of
extra work or lost time, possibly leading to the worst-case bottleneck scenario where there are not
enough ready-to-use cathodes available for production.

In a baseline study (Nordlund & Virtanen, 2013), it was shown that the development of the cathode
edge strip technology provides relief to the most commonly discussed problem, which has been the
edge strip failure. Implementation of this improved technology has led to the situation where the
plants utilising the technology have started to focus on the next important aspects of cathode
maintenance, in their continuing efforts to improve plant efficiency and boost production.

Some of the most common failures and their effects are listed in Table L.

Table I: Common cathode related issues.

Effects Decription Typical reasons
Increased downtime in cathode Wear and tear due to cathode
stripping; quality issues due to short | Broken edge strip stripping, mechanical damage
circuiting during harvesting

Increased electrical impedance

causing uneven current distribution Wear and tear, electrolyte

Bad electrical contact

in the cell; decreased cathode precipitation, corrosion
weight.

Short circuit vulnerability due to Wear and tear due to cathode
decreased spacing between Bent cathode stripping, mechanical damage
electrodes during harvesting

Excessive force during cathode

Short circuit vulnerability Bent hanger bar stripping, mechanical damage

Acid mist corroding away copper,

Uneven current distribution within . . . . .
Corrosion (hanger bar) | electrical resistance increasing due

cell to diminishing cross-section

Pit corrosion destroying the blank Corrosion (plate) High chloride level

Ca.tho.de stripping issues (pre- Degraded plate surface Wear and tear

stripping) uality

Deposit quality issues Organic burn (EW) Electrolyte impurities

Failure of hanger bar and plate Torn hanger bar welding | Wear and tear, welding corrosion

Copper separation more difficult,
unable to split sheet deposits.

V-groove damaged Wear and tear
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MAINTENANCE OPERATION AND PHILOSOPHY

It is safe to say that one solution does not fit all. Rather, the constraints for each plant are different to
the next. Essentially, the first question is whether cathode maintenance is really considered as a core
part of the business in the metal refining plant. The answer to this question is mostly no. Cathode
maintenance is usually seen as a secondary operation that can be either managed by a sub-contractor
at the plant or that it is outsourced altogether off-site.

In contrast, there are instances where plants do consider maintenance as part of the core operational
functions. This can be due to a worker’s union requesting contracts to keep people employed, or
alternatively, when the plant is running at very high efficiency, with management wanting to keep
tight control over variables, this could be extended to their biggest maintainable asset, the permanent
cathodes.

Deciding on a suitable maintenance location is mostly dependent on whether maintenance is
considered a core function or not, followed by the second question of whether it is important enough

to dedicate the plant’s own personnel, or if it should be subcontracted. See Table II.

Table 11: Maintenance operation.

Non-core Core
Off-site On-site
Outsourced Own personnel

Operational decisions come into question next, such as whether the cathodes are driven all the way to
breaking point before sending them to maintenance, or rather utilising systematic, pre-emptive
measuring, with a plan in place consisting of continuous condition monitoring of the plates, allowing
detection of early warning signs of deterioration. This allows cathodes to be taken out of the process
prior to failing and being sent to maintenance. This proactive selection is referred to as condition-
based cathode maintenance (Larinkari et al., 2016) and the difference between traditional reactive
maintenance and modern, more advanced methods are shown in Table III.

Table 11I: Maintenance philosophy.

Traditional approach Advanced methods
Reactive repairs Proactive selection
Basic repairs only Advanced repair capability
Manual labour Automation driven
Quality control
"Just repair it" Material tracking
Life cycle monitoring
Key Performance Indicators (KPIs)

When cathodes undergo maintenance, the work that can be done is limited by the available
maintenance equipment and operator skills. Basic maintenance equipment that enables changing of
removable edge strips and minor straightening of the plates comes at low cost. On the other end of the
scope, there are now advanced tasks, such as automated blank flattening, re-machining, v-grooving,
plate surface renewal, and hanger bar replacements.

As in all manual operations, maintenance quality is highly dependent on operator skill, applying
various means to maintain the cathode, which implies that the difference between a trainee operator
and journeyman-level operator’s quality of work will inevitably be very noticeable. To minimize this
difference, automating some parts of the maintenance, for example edge strip replacement and plate
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flattening, yield much more repeatable results. This does, however, require a much higher investment
in the maintenance equipment, as well as skill level of the operators.

Once the maintenance workshop is running smoothly and maintenance of cathodes is at an acceptable
level, the following questions start to arise: How often are we maintaining the cathodes; what is the
average maintenance interval; what kind of deposit weights is this blank producing; how can it be
prevented that operators drop the quality when we turn our backs? Overall, it can be said that the
management focus starts to shift to measuring cathode performance at different locations and tracking
this information down to individual cathode level over the whole operational life cycle, as well as
establishing key performance indicators for cathode performance and their maintenance.

These steps can be arranged in a maturity hierarchy, where the lower level needs should be developed
to an acceptable level, prior to gaining the full benefits of implementing the higher-level means.

} PERFORMING

Life cycle
monitoring

/ Material tracking \ - MEASURING
Electrical quality
control
/ Cathode straightness \
— BASIC
/ Edge Strips \ OPERATION

Figqure 1: Cathode maturity hierarchy.

SELECTING THE INDIVIDUAL SOLUTION

The previous sections established that there are different approaches to maintenance, with daily
challenges in keeping the plates in top performing condition. It therefore comes as no surprise that
cost and capabilities go together. The very basic manual operations require very minimal investment,
measured in some tens of thousands of Euros, whereas high-end solutions require multi-million Euro
investments.

Except for a complete turnkey, stripping-integrated maintenance solution, it is not advisable to
attempt reaching the complete maintenance workshop solution in a one-time investment, but rather
complementing the capabilities over time by spreading the big investments into smaller, gradual
improvements, while keeping the upgrade path with all the possibilities in mind. This way it is easier
to identify bottlenecks and determine where the maintenance means are sufficient and where any
upgrades would be justified.

In the case where a denser cluster of refining plants is in the same region, it is likely that someone can
offer cathode maintenance as a service to various plants. In this case, it might be an economically wise
choice to select the outsourcing of the whole cathode maintenance, keeping in mind the extra work
and cost related to the logistics as well as possible challenges with road conditions.

In the case that the plant decision is to proceed with own, in-house workshop, Table IV presents
alternatives to consider.
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Table IV: Minimum vs. Advanced solutions.

Function

Manual methods

Advanced methods

Decision to send to maintenance
Edge strip removal

Residual metal removal

Plate straightness control

Plate straightening

Lifting

Plate cleaning

Edge strip installations

Plate surface conditioning
V-groove renewal

Hanger bar / plate replacement
Transportation

Material tracking

Quality control

Reporting
Advisory
Key Performance Indicators

Operator visual

Knife, hammer, power-saw
Angle grinder, wire brush
Ruler, plumb

Bending roller

By hand / auxiliary gear
By hand

By hand

Manual grinding
None

Manual tools, skills
Standard racks

None

Visual check

None
None
Manual

Measurement rejection
Automated detachment unit
Particle (sand)blasting
Multipoint or 3D measurement
Tip bending or flattener unit
Robot or manipulator

Power tools

Direct moulded edge strips or
manipulator assembled
Controlled renewal
Re-machining

Automated robot welding
Transportation hardened solution
Individual 2D pin stamp or laser
burn matrix

Digital measurement, databases,
user authentication

Full traceability

Based on digital history analysis
Automated reports

STRIPPING MACHINE INTEGRATED CATHODE MAINTENANCE

A fully automated stripping machine integrated solution for maintenance of the permanent cathodes,
was first delivered to the Boliden Ronnskir Copper Refinery in Sweden. Development and integration
was performed on an existing stripping machine, making it a more challenging upgrade project when
compared with a greenfield installation. Operational readiness was achieved during 2015. Key
features of this robotic handling can be seen in Figure 2 and Table V. The system is capable of

processing up to 400 cathodes daily, with additional buffering capacity.

Edge strip
replacement area

Outfeed

Cathode inspection LR
and ID laser marking

Fiqure 2: Full deposit stripping machine with integral cathode maintenance line.
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Table V: Stripping machine integrated maintenance line functions.

Function Description Note
Automated classification of Not necessarily needed if
cathode condition providing a cathode ID and inspection can

Inspection recipe for required maintenance be tracked from the cathode

Laser marking

Plate flattening

Edge strip removal
Edge cleaning
Edge strip replacement

operation and/or B-cathode
handling.
Cathode identification marking

Straightening and measurement

Mechanical detachment of the old
edge strip
Removal of the residual metal

Installation of new edge strips

stripping machine

Optional unit
Excessively bent cathodes are
rejected for manual handling

Direct-moulded or conventional
removable plastic edge strips

The existing stripping machine was also equipped with advanced classification capabilities, making
the operator-based, error-prone visual inspection obsolete.

In this case, automation did not result in operators being made obsolete, but rather a de-bottlenecking
of the cathode maintenance and cost efficiency was achieved.

STRIPPING MACHINE INTEGRATED TITANIUM BLANK MANAGEMENT

Another notable advancement is the titanium cathode quality control system seen in Figures 3 and 4,
installed at the Anglo Rustenburg Base Metals Refiners in South Africa. This upgrade was part of the
plant expansion project to increase nickel electrowinning capacity from 22 500 to 32400 tons per
annum (tpa) (Hagemann et al., 2016). The key tasks of this system included removal of residual nickel
foil pieces and removing the cathodes needing maintenance from circulation.

Figure 3: The titanium blank buffering and quality control system.
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This solution is also based on robot material handling and it is worth mentioning that robots, in
general, are replacing the old customary material handling solutions, being more cost- efficient and
flexible than traditional linear systems with manipulators. Also, the safety improvement aspects of
replacing the old, slow and laborious manual overhead cranes with slings, which can potentially cause
personal injuries, cannot be underestimated. With regards to concerns on the maintainability of these
units at remote locations, manufacturers offer global care services, including on-site annual
maintenance programs for keeping the robots operational without unplanned downtime.
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Figure 4: Stripping machine and the titanium blank surge and quality control system.

In this case, the maintenance solution is a hybrid solution, with buffering, classification and foil
removal visible in Figure 4 being an integral part of the stripping machine, while the other
maintenance operations are performed in a separate workshop area. The methods and equipment
required for edge strip replacement and plate straightening are mostly the same for titanium and
stainless-steel blanks, although the higher tensile strength titanium blanks are more demanding to
maintain.

AUTOMATED MAINTENANCE WITH HIGH PRECISION FLATTENER

A further area of advancement worth mentioning is cathode flattening. At the core of these solutions
are automated, high precision flattening units, specifically customized for processing complete
permanent cathodes. The maintenance can be constructed with integration to the stripping machine or
alternatively as a stand-alone unit in a separate workshop.

With regards to the deviation from the plumb hanging straightness of the cathode plates as presented
in Figure 6, the flattener can offer significant improvement compared to manual efforts utilising a
simple plate-bending roller and hand tools. For example, if the rejection limit of used old cathodes
would have been * 8 mm utilising manual maintenance, the automated high precision flattener can be
expected to lower this value to + 3 mm or better. Final straightness is somewhat dependent on the
initial condition of the blank, so, for an initially straighter blank, better results can be expected
compared with badly deformed plates. Previous work (Hagemann et al., 2016) also confirms the
excellent blank straightness results achievable with automatic flatteners for titanium plates.
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The monitoring of the cathode blank straightness through the operational life of the cathode is
presented in previous work (Larinkari et al., 2016). This work presents the condition based
maintenance selection methods and equipment in more detail.

Fiqure 5: Automated cathode maintenance cell with flattening unit.
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Figure 6: Permanent cathode straightness, maximum deviation measurement from plumb.

The flattening unit can be operated manually by an operator, but it is recommended that the lifting of
the heavy, sharp-edged blanks should ideally be done by robots. Proper alignment of the blanks for
the flattener by robots also increases the effective capacity of the machine, compared with manual
operations.

Removal of the old edge strips and reconditioning of the plate can be done by manual means or by
automated edge strip removal/maintenance loop, where automated edge stripping can be tailored to
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handle the direct moulded edge strips, as well as the more traditional cross-slotted edge strips in
separate areas, as shown in Figure 7.

Investing in fully automated maintenance solutions can easily be considered as too big an investment
cost when considered as a one-time cost. To lower the entry barrier, building up of capabilities can be
done gradually over longer periods of time, by separately acquiring equipment for different areas of
maintenance. The individual units can be independently operated in manual fashion and only at the
final stage, re-arranging of the different areas in conjunction with robotic material transfer units can be
the final step.

Control desk

C=

Cathode conditioning area Edge strip installation area

I |
|T\||l| 1 [

= G

Flattening
» machine

v

Receiving conveyor Discharge conveyor

Figure 7: Cathode maintenance, flattening and edge strip installation.

It should be noted that automation and robotics is not yet the obvious final step, as there are still
arguments for and against automation and robotics; however, with proper pre-planning during the
early stages of the workshop, this can easily be left as an option that is not too costly, regardless of the
decision.

EDGE STRIP PERFORMANCE

Outotec has operated off-site cathode maintenance for the Boliden Pori plant since early 2009. In June
2010 Boliden transitioned to the second-generation white polypropylene edge strip material.

In the baseline study (Nordlund & Virtanen, 2013), it was concluded that the older high-density
polyethylene (HDPE) material in conjunction with the new second-generation manufacturing process
could extend edge strip life to 2.5 to 3 years” maintenance interval, but with the newer polypropylene
material used, the forecast showed initial life expectancy exceeding four years.

Continuing this work by now adding the data from years 2013 to 2017 (Latostenmaa, 2018; Boliden
internal report), we now have a view of the last seven years of maintenance statistics that are
presented in Table VI and Figure 8. It is important to notice that the statistics are from permanent
cathodes returned for all reasons and no distinction has been made, for example, between cathodes
with edge strips failed and mechanically bent plates. The annual quantity of maintained cathodes is
presented on the left in Figure 8, while the maintenance interval is on the right.
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Table VI: Boliden Pori copper electrorefining production and cathode maintenance statistics.

Description Unit |2010| 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Average
Cathode maintenance pes/year | - | 10447 | 5922 | 4370 | 4485 | 8542 | 8676 | 7011 7065
Proportional share of
maintained /all cathodes in % - 38 21 16 16 31 31 25 25
operation
Average maintenance oars
interval y - 27 | 47 | 64 | 62 | 33 | 32 | 40 3.9
Production (Cu) ktpa | 113 | 116 | 125 | 119 | 130 | 126 | 129 | 133 124
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Figure 8: Cathode maintenance amount and maintenance interval.

Boliden has approximately 26 600 cathodes committed into cells, while additional 1200 are
undergoing maintenance rotation. Excluding the 2010 year when the conversion was still ongoing, the
annual maintenance amounts have varied within +25% from an average 7000 plates maintained per
year, averaging 3.9 years maintenance interval.

Comparison with actual copper production numbers confirms that the plant has been fully
operational all the time with actual production increasing towards 135 000 tons of copper per annum.
This also translates into steady to slightly increasing wear on the cathodes.

It can therefore be concluded that the maintenance has stabilized to an interval of around one
maintenance per cathode in four years, supporting the initial findings of the previous work. This has
resulted in edge strip life being extended to the point where other maintenance factors are also
becoming dominant.

Even after reaching a respectable four years maintenance interval at the Boliden Pori plant, there is
still room for additional edge strip material improvement, as mentioned in previous work (Hagemann
et al., 2016), especially for the more demanding environmental conditions such as nickel
electrowinning. For these purposes, the work of finding ever more durable materials is continuing.
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CONCLUSION

The second-generation direct moulded edge strip technology is now reaching maturity after ten years.
The performance of the Boliden Pori plant was revisited and edge strips were found to still reach an
average of four years maintenance interval level.

The focus is now shifting to the next critical aspects of cathode maintenance: blank straightness,
operations measurement and performance indicators. To minimize quality issues and to ease the
physically demanding work, automated solutions are continuing to make an entry into cathode
maintenance solutions.

Instead of procuring all the maintenance equipment in-house, it is worth considering maintenance-as-
service to be a more suitable alternative. If investing into own equipment is selected, the importance of
quality control and measurement through an integrated chain of operations should not be
underestimated.
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