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Abstract 

In 2018 the alumina dry scrubber (GTC) of the K3 potline at Hydro Karmøy in Norway were 
upgraded with a new alumina distribution system, a new reactor technology and extended surface 
(star-type) filter bags. The new reactor design had been tested for a year in a pilot filter prior to 
full conversion of the remaining 11 filter compartments. The reactor designed in the early 80s 
was replaced with a new design called TurboBed with a booster section, followed by turbulent 
gas flow zone with injection of fresh and recycled alumina, and followed by a lean phase reactor 
section transporting gas and alumina into the filter section with a nest of extended surface filter 
bags.  

This paper reports the findings and improvements of the system as detected over the years it has 
been in operation. A significant improvement of the HF, fluoride and dust capture and recovery 
is observed by emission monitoring. The rate of repair in form of patching eroded reactor steel 
surfaces has been eliminated thereby lowering the maintenance costs. Rate of scale formation in 
the reactor has decreased substantially and it is now in 1-2 days easily removed from the reactor 
inspection door. The filter bags were replaced from cylindrical bags to extended surface (star-
type) bags. This modification almost doubled the filtration surface resulting in a lower filter 
resistance and pressure drop. This allowed for an increased gas flow through the gas treatment 
plant to increase the exhaust rate from the pots. This nicely compensated for a much-needed 
increase in exhaust rates due to pot amperage increase being implemented over some years with 
no increase in flow rates. Furthermore, the increased gas flow from the pots allowed for improved 
control of the emissions to the potroom and further to the environment at levels well below limits 
of license to operate. 

Keywords: GTC retrofit, Cell emissions reduction, Dry scrubber reactor, Turbo Bed, Extended 
surface filter bags.  

1. Introduction 

The Hydro Karmøy Metal Plant expanded its Soederberg operation (Lines K1 and K2) in 1982 
with a Prebake line (K3) of 110 pots using AP 18 pot technology. The K3 Gas Treatment Centre 
(GTC) of Flakt technology included dry scrubbing with alumina and a seawater scrubber for SO2

control. 

Over the years the Karmøy plant has undergone several expansions with the K4 and K5 potlines 
whilst the Søderberg operation has been terminated. In recent years (2018) Hydro expanded the 
plant further with the introduction of the Karmøy Technology Pilot (KTP) with the goal to 
demonstrate the most climate and energy efficient aluminium production technology in the world. 
The plant total aluminium production is 280 000 t/y. 
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Figure 1. Hydro Karmøy metal plant. 

2. Modernization of the K3 Dry Scrubber 

Hydro’s K3 alumina dry scrubber was originally installed by Fläkt in the late 70´s and after more 
than 30 years of operation was experiencing performance shortcomings with regard to removal 
efficiency and extensive maintenance. The emission compliance was never threatened as the 
downstream wet scrubber always ensured low emissions to the ambient. Along with Hydro´s 
ambitious plans for pot amperage increases and the need for higher pot exhausts, it was decided 
in 2015 to modernize the dry scrubber. 

In 2015 the increased challenges of the dry scrubber showed higher emission from the filters, 
which were well above design values. Also, the wear of the reactors had become an operational 
issue. Hydro and Neatec agreed to test out Neatec´s new reactor technology (TurboBed) by 
retrofitting one of the 12 Fläkt reactor/filter compartments of the K3 dry scrubber.  

2.1 The Fläkt Dry Scrubber Reactor/Filter Design 

Figure 2. The original K3 reactor/filter configuration. 
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The design of the Fläkt dry scrubbers included reactors with longer retention times to allow the 
gaseous fluorides (HF) to adsorb on the alumina surface. Figure 2 shows schematically the design 
of a Fläkt reactor/filter with gas flowing up and down the reactor section before entering the filter 
from the bottom. Alumina was injected in the horizontal duct leading up to the reactor section 
providing for a retention (reaction) time of several seconds. 

In the 1970s the use of CFD tools was rare and reactor design was developed by use of engineering 
calculations, physical models and experiences from earlier GTC designs. 

2.2 The Development of the Neatec TurboBed Reactor  

Using CFD simulations it was revealed that the original reactor operated with skewed gas velocity 
profiles as shown in Figure 3, and that this exposed the reactor to wear and erosion in addition to 
an uneven gas/alumina mixture resulting in the need for longer retention times. 

Figure 3. The CFD simulation showing the velocity profile in the original reactor. 

Development of newer GTC technologies demonstrated that the retention time is not the decisive 
factor to achieve strong HF adsorption rates on alumina. More important is the mixing strength 
of the alumina in the gas stream. Adsorption on alumina is immediate and irreversible when 
alumina gets in intimate contact with HF molecules in the pot gas. 

Neatec studied through extensive CFD modelling the mixing of gas and solids like alumina in 
vertical reactors that led to an innovation where a high turbulent mixing is achieved. A separate 
objective of this innovation is to avoid erosion and reduce scale formation in the reactor. In 2021 
a patent application was filed to claim this novel idea.  

The technology, named TurboBed reactor, consist of a multi-venturi booster followed by an 
alumina distributor and lean phase reactor. In Figure 4a the principle of the reactor configuration 
is shown including the TurboBed with Booster and Distributor. The booster being a short multi-
venturi section arranged with a number of gas passages by the use of slots, venturi throats or tubes 
all with aerodynamic inlets to reduce resistances. The result of CFD simulation demonstrates the 
effect of the booster with gas jets (figure 4b) at the circumference of the reactor being tilted 
inwards and away from steel surfaces. This is created by the static pressure differences of the jets 
and the adjacent gas as per the Bernoulli principle where higher gas velocities create lower static 
pressures. 
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a) b) c) 

Figure 4. The TurboBed reactor incl. a) booster, distributor and lean phase reactor, b) the 
CFD simulation with venturi jets, and c) the lean phase reactor. 

Further downstream is a lean phase reactor (low gas velocities < 10 m/s) designed to achieve an 
even flow across the total flow area. The reactor is coupled directly to the existing hopper inlet 
and gas flows upwards through the filter compartment, through the bags and to the outlet plenum. 

The shortening of the reactor avoids the use of a common wall between the reactor and the outlet 
duct, and when such wall is eroded is transfers gas and dust direct to the outlet leading to high 
emissions. 

A schematic of the pilot reactor/filter arrangement and a 3D model is seen in Figure 5. Here the 
length of the reactor has been shortened by approx. 5 m with a gas flow distribution and velocity 
profiles significantly improved compared to the original design.  

Figure 5. 3D design model and the arrangement of the pilot reactor and filter hopper. 

Using this arrangement, it was agreed to test the technology as a pilot in one reactor of the K3 dry 
scrubber. The pilot arrangement included also other improvements such as:  

I. Adjustments of the reactor the hopper gas inlet grid to improve the gas distribution from 
the hopper towards the bottom of the filter bags. 

II. Enlargement of the filter bottom hopper to create a larger inventory of alumina supporting 
the feeding the recirculation device. 

III. A system for mixing fresh and recycled alumina in the bottom hopper improving the 
consistency of the F-content of alumina going to the pots. 

IV. An alumina recirculation feeder device for control of enriched/secondary alumina that is 
recycled to the reactor.  
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V. Implementation of extended surface bags (star bags) to reduce filter resistance and create 
an increased pot gas flow. With this change the filtration velocities were reduced from 
2.5 cm/s (for cylindrical bags of 5 m) to 1.25 cm/s for 12 pleat star-bags of 4.5 m length. 

In addition, to enable the above modifications the fresh alumina feed to the pilot had to be lifted 
by a mini-airlift system to accommodate for the feed to the vertical section of the reactor. For 
correct gas flow measurements an independent and special duct was designed and installed at the 
pilot filter top.  

2.3 The K3 Dry Scrubber Pilot Tests 

The contract between Hydro and Neatec for the pilot project was signed in May of 2016 and the 
pilot was up and running in early October of 2016. The results of the testing performed in the 
pilot were reported to the team of Hydro in December of 2016.  

The nominal gas flow through the pilot was set at 72 250 m3/h @ 90 oC (54 400 Nm3/h). The 
nominal flow of fresh alumina was set at 1420 kg/h.  

2.3.1 Emission Results 

The emission tests were performed by staff of Hydro’s lab in the Karmøy plant. In parallel, Neatec 
performed tests with a portable HF laser monitor (HF- sniffer). In addition, a permanent HF laser 
monitor was installed at the dry scrubber outlet duct measuring the HF emission from the K3 dry 
scrubber before the gas entered the seawater scrubber. 

Figure 6. HF emissions from the pilot filter. 

The average gaseous fluoride (HF) emission from the pilot is 0.3 mg/Nm3 (Figure 6) with an 
average HF inlet concentration of 226 mg/Nm3, which means an HF scrubbing efficiency of   
99.87 % was achieved.  
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Figure 7. Dust emission from the pilot filter. 

The new reactor design combined with the extended surface filter bags resulted in an average dust 
emission from the pilot filter of 0.6 mg/Nm3 (Figure 7). As there is no independent control of the 
cleaning frequency of the bags in the pilot filter, it was not possible to tune the pilot filter for 
optimized dust emission. 

2.3.2 Filtration Velocities and Filter Pressure Drop 

Independent of the emission testing, performed were several tests to identify the relationship 
between the filter bag pressure drop and gas flow, and Figure 8 shows there is indeed a linear 
correlation between the two. This met our expectation.  

Figure 8. The (linear) relationship between filter bag pressure drop and gas flows. 

The pressure drop (Figure 8) of the bags in the pilot filter at nominal flow (72 250 m3/h) is approx. 
1150 Pa while the remaining 11 filters of the K3 dry scrubber run at approx. 1800 Pa, resulting in 
a pressure gain for the pilot of 40%. The smelter was looking for a 10% increase of pot gas flow 
that is equal to a flow of 80 000 m3/h, which is achieved with a pressure drop at 1400-1500 Pa 
across the filter bags.  
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2.3.3 Scale Formation and/or Erosion  

The pilot was stopped after 4 weeks of operation and taken off-line for internal inspection. The 
booster and the alumina distributor were thoroughly inspected for scaling and nothing was 
observed. There was some scale that had formed on the upstream side of the alumina recycling 
screw housing that penetrates the reactor. This was to be expected and easily removed from the 
inspection door at the booster without having to enter the inner space. The scale that formed is 
believed to stabilize or only slightly grow over months of operation and removed during yearly 
inspection and maintenance, which is considered normal for a GTC. 

As expected, no scaling took place on the filter bags over the short period of operation.  

Erosion has been a significant maintenance cost for the plant running the existing filters as a result 
of holes developed in reactor steel plates. No wear or shiny steel plates were observed in the pilot 
reactor, only a tiny layer of protective scale. 

3. Full Retrofit of the K3 Dry Scrubber with Neatec TurboBed Reactor Technology 

Based on the good pilot results, Hydro Karmøy decided to go ahead by retrofitting the remaining 
11 filter compartments of the K3 dry scrubber with the TurboBed reactor technology. The 
refurbishment also included the replacement of the 5 meter long cylindrical bags with 4.5 m long 
star-type bags. The project work started in early January of 2018 and just 12 months later the first 
performance tests were carried out. Figure 9 shows the 3D model of the reactor/filter arrangement 
next to some photos from the retrofitted K3 GTC with the enlarged hopper bottom and lower part 
of the reactor. 

Figure 9. Model of K3 retrofit filter and photos from th
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fluorides (Fp) of about 30%, which means that the dust emission from the K3 plant should be 
(significantly) lower than 1.0 mg/Nm3.  

Figure 10. Performance test result for K3 plant. 

The scrubbing efficiency on HF is found to be identical to the pilot test result of 99.9 %. This 
consistency means that the filter compartments receive equal flow of fresh alumina and pot gas 
proving improved operational stability from the new fresh alumina feed system. 

3.2 Test of F-Content in Enriched Alumina  

The tests also included sampling of the enriched alumina from each filter compartment. If the F-
content (F = HF + Fp) in each compartment is the same, a perfect balance is achieved. The samples 
were taken from a sampling spigot at the bottom of the recycling screw conveyors. It is recognized 
to be a nearly perfect sampling point to achieve a totally mixed and representative sample. 

The arrangement of the alumina overflow and discharge system in the filter hopper ensures 
mixing of the alumina before discharged and fed to secondary silos. This is an improvement from 
a system where alumina discharges without thorough mixing. During filter bag cleaning a flow 
of high F-content alumina will dislodge from the filter bags and discharge from filter hoppers 
which may finally lead to significant variations in the F-content of alumina entering the pots. The 
samples show great consistency (Figure 11) as the deviation (STDV) of the result is only 5% with 
an average F-content of 1.27 %. 
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Figure 11. F-content of enriched alumina in each filter compartment. 

3.3 Pressure Drop of Filter Bags 

Like in the pilot, the pressure drop across the filter bags was recorded and these show a strong 
consistency as is shown in Figure 12. Two series of data for the pressure drop were recorded with 
an average of 1740 Pa. The target flow of 10 % above nominal flow will increase the bag pressure 
drop to about 1850 Pa. The increased pressure drop compared with the pilot (1400-1500 Pa) is 
due to some faulty bag cleaning valves and a lower cleaning pressure of 2.3 bar. The total pressure 
drop of the K3 GTC is well within the capability of the main fans taking into account that the 
pressure drop of the gas through the ductwork (ΔP~kv2/2) will increase with a factor of 1.2 after 
adjusting this for the density. 

Figure 12. Filter bag (star-bags) pressure drop. 

4. Long Term Assessment of K3 Dry Scrubber Performance 

The K3 dry scrubber has been in operation for more than 4 years since the retrofit was completed. 
The performance of the 4 different dry scrubber technologies of the four plants (K3, K4, K5 and 
KTP) are constantly compared to understand the differences between the technologies.  

4.1 Dry Scrubbing Efficiencies and Emissions 

The longer-term emission from the K3 dry scrubber is consistent with the emission measured of 
the pilot as well as for the performance tests. The HF emission is generally below 0.5 mg/Nm3

and presently operating around the 0.1 mg/Nm3 level consistently.  
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The K4 dry scrubber, which is of similar technology (Fläkt) as K3 before the retrofit, is compared 
with K3’s emission results and the performance difference is obvious. As the K4 reactor retention 
time is about 5 times longer than for the K3 TurboBed reactor, the performance improvement is 
an order of magnitude as seen in Figure 13. The K3 HF emission is 1/10 of that of the K4 dry 
scrubber. 

Figure 13. HF Emission from the K3 and K4 dry scrubber (2021). 

The upgraded K3 dry scrubber performance is also impressive when compared with a completely 
new GTC installed at the KTP potline (Figure 14). 

Figure 14. HF emission for K3 and KTP dry scrubber (2021). 

When comparing dust emissions many parameters affect the actual dust emission such as filtration 
velocity, alumina load,  current life of bags, bag design and bag cleaning cycles. Therefore, a 
direct comparison of the dust emission is not possible, but the emission levels will still be a good 
indication of the performance of a plant. K3 and KTP perform at similar levels, but it is found 
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that the K3 plant GTC operates with more stable dust emission as shown in Figure 15. It must be 
noted that the GTC of KTP uses standard cylindrical bags which perform different from extended 
surface filter bags. 

Figure 15. Dust emission for K3 and KTP dry scrubber (2021). 

Figure 16 present the most recent performance recorded in June of 2023.  This shows that over a 
longer period the K3 emission levels (HF and dust) are equal or often lower than the levels seen 
from the new plant (KTP). 

Figure 16. Smelter continuous emission indicators for their dry scrubber installations. 

4.2 Other Plant Performance Indicators (Scaling, Erosion, Bag-life, Pressure Drop) 

The maintenance effort for removing scale in the K3 GTC is not found to be a severe task for the 
smelter as scale formation in the dry scrubbers is moderate to low due to the low pot gas 
temperatures and humidity.  
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Figure 17. Pictures of K3 alumina injection, filter hopper grid and bottom of the bag nest. 

However, the scale removal from the K3 plant is now solely concentrated at the alumina injection 
point and the scale deposits mainly on the stiffeners and recycling screw conveyor body (Figure 
17). Only a bucket of scale is removed once a year (accessible from the outside), which takes 
about 1-2 days of work for all filters. Before the retrofit, the K3 plant de-scaling work was 
performed each 1.5 year by a dedicated external team over a period of 14 days.   

What is quite clear is that the erosion of the reactor is eliminated in the K3 plant but still present 
in the K4. For this reason and for the potential of reducing HF emission and increase recovery of 
fluorides, the smelter has made plans to retrofit the GTC in the K4 plant as well. 

The bag-life of the various dry scrubbers have not been significantly different with an average of 
4 years. However, the star bag implementation and the bag cleaning parameters have been altered 
to accommodate for the additional filtration area. Longer cleaning frequencies have been adopted 
as there has been more control of flow through compartments with new bags. There is a need to 
carefully bring a compartment with new bags back into operation due to the initial very low 
resistance and potential of extreme gas flows. This may result in a risk of severe dust penetration 
into the filter fabric thereby rapidly increasing the resistance that ultimately results in a shorter 
bag life. Therefore, the bag life for the star bags in K3 plant is expected to significantly extend 4 
years.  

4.3 Further Improvements  

The GTCs have also been upgraded with a new plant management system. “Ignition” is the 
universal industrial platform for SCADA, and more. It is a server software for total system 
integration and has demonstrated an elegant way of collecting operational data across all areas.  

Figure 18. A sample of screen shots that the new upgraded control system facilitates.  
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The plant has installed emission sensors (HF and Dust) across all GTCs and PlantPAx® integrated 
control and information solution ensures easy access and real time visualization of plant 
operational key data as seen in Figure 18. This allows for daily target settings during operators 
and management early morning meetings. 

Through the implementation of the information system and the operators´ dedication to use the 
data for further improvements of emissions and GTC operation lead to the Hydro´s internal award 
for sustainability in 2022.  

There is also on-going testing of bags from a different manufacturer that indicate a further 
extended bag life.

5. Conclusion 

The retrofit and upgrade in 2018 of the dry scrubber for the GTC K3 at the Karmøy Metal Plant 
has been a success. The dry scrubber technology from the early 80´s was modernized with new 
reactor systems (TurboBed), new fresh alumina distribution system, recirculation feeders and 
secondary alumina airslide system, enlarged filter hopper capacity for alumina storage and 
extended surface bags (star bags).  

The dry scrubber HF emission was reduced to 1/10 with emission levels lower than 0.5 mg/Nm3

and regularly between 0.1 and 0.3 mg/Nm3. Dust emissions were consistently below 1.0 mg/Nm3. 
The emissions show levels on par or even lower than the new GTC at KTP. 

Maintenance costs have been significantly reduced and scaling issues are now nearly non-existent. 
Erosion of reactor steel surfaces is eliminated.  

6. References 

1.  Geir Wedde, Raymond Johansen, A system and method for dry sorption, 
NO20210171A1, filled Feb. 10, 2021

TRAVAUX 52, Proceedings of the 41st International ICSOBA Conference, Dubai, 5 - 9 November 2023

1593


	AL37 - Retrofitted GTC Performs Better than New
	Abstract
	1. Introduction
	2. Modernization of the K3 Dry Scrubber
	2.1 The Fläkt Dry Scrubber Reactor/Filter Design
	2.2 The Development of the Neatec TurboBed Reactor�
	2.3 The K3 Dry Scrubber Pilot Tests

	3. Full Retrofit of the K3 Dry Scrubber with Neatec TurboBed Reactor Technology
	3.1 K3 Emission Performance Tests after the Full Conversion
	3.2 Test of F-Content in Enriched Alumina
	3.3 Pressure Drop of Filter Bags

	4. Long Term Assessment of K3 Dry Scrubber Performance
	4.1 Dry Scrubbing Efficiencies and Emissions
	4.2 Other Plant Performance Indicators (Scaling, Erosion, Bag-life, Pressure Drop)
	4.3 Further Improvements

	5. Conclusion
	6. References




