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Abstract

Aluminum smelters worldwide are challenged by increasing eco-
logical and economical pressure. Higher line amperages gain pro-
duction output but increase the HF load on dry scrubbers. Another
important factor today is the tight alumina market, hence it is
necessary to accommodate dry scrubber and potline operations to
different alumina sources and qualities regarding their HF genera-
tion and scrubbing efficiency as well as its impact on bath chemis-
try. The TRIMET smelter optimized dry scrubber operations by
the use of a laser based HF measuring system in each of the 20
filter modules. Based on the HF level in the outlet of each filter
the alumina flow to each filter is pulse-duration modulated, thus
tightly control the HF emission level in the outlet gas. This paper
describes the application of the new measuring and control princi-
ple and its impact on HF scrubbing efficiency and bath chemistry.

Company Information

TRIMET ALUMINIUM operates the only non-integrated and,
therefore, independent primary aluminum reduction in Europe. In
3 potrooms with 120 Hall-Héroult cells each, and with a 3-shift
operation the smelter produces approximately 155,000 tons of
primary aluminum per year. Although the smelter mainly serves
the own casthouse, some liquid metal is also supplied to local
customers. The TRIMET Smelter in Essen was commissioned
between 1971 and 1973. The potlines are Alusuisse technology
end-to-end with prebaked anodes, originally built for 140 kA
(EPT 14). After a major modernization in 1986 the cells were
equipped with point feeders and individual pot controllers. Cur-
rently, the line amperages are 158 kA in line 1 and 2 and 165 kA
in line 3 (EPT 17 since 1998). Line 3 was modernized in 1998
with a new busbar system and modified pot shell structure. Cur-
rent efficiencies above 94 % and energy consumptions below 14.0
kWh per kg aluminum over the last 2 years mark new record lev-
els in the history of the plant [8]. Today the annual casthouse
production amounts up to 230,000 mt. This figure will increase in
future time by upgrading the casthouse facilities, which is cur-
rently an ongoing process. The melting furnaces will increase the
melting capacity from 3 mt/h to 8 mt/h. Thus giving the opportu-
nity to serve the market even better while increasing the rate of
remelted scrap. The products are high quality slabs and billets for
extrusion, forging and rolling purposes, as well as slabs for steel
coating. This spectrum demand approximately 100 different di-
mensions and 450 different alloys including bright shining quali-
ties and special qualities per customer request. Initial products for
the fabrication of safety parts for the automotive industry are an
important objective. They are inspected on the world’s most so-
phisticated ultrasonic testing unit with zero-fault guarantee before
being delivered to customers.

Figure 1: Superheat Measurement in Reduction Cells
Introduction

Today all modern smelters operate state-of-the-art dry scrubbers.
Over the last two decades this process has been proven to be ecol-
ogically and economically successful. The need for higher acid
bath and increased current intensity give higher fluoride load to
the dry scrubber [6]. The efficiency of this process is related to the
HF level in the raw gas, contact time between gas and alumina,
specific surface area (SSA) of alumina and kinetic behavior of this
alumina. In this respect there are two counteracting proper-ties in
the alumina that influence the generation and adsorption of HF.
Higher SSA is achieved by lowering the calcination temperature,
this can improve the adsorption capacity and hence lead to lower
emissions from the stack. On the other hand the lower calcination
temperature leads to increased levels of crystal water, which can
be seen in the LOI. The crystal water again is the main source for
HF generation [1].

TRIMET developed a complex system to measure, control and
visualize the dry scrubbing process in detail. The key element in
this control system is a 20-channel laser based HF measurement
device. This enables us to manage the higher HF raw gas levels
even with quite different types of alumina. Furthermore it was
possible to extend the number of high purity pots due to less alu-
mina consumption in the gas treatment center.

TRIMET’s Dry Scrubber

TRIMET operates one central dry scrubber to treat the fumes from
all of the 360 pots. The aluminum duct system has a total length
of about 8 km and connects all pots in the 3 potrooms with the dry
scrubber. The duct system has a pressure drop of approximately
15 — 20 mbar while the off-gas temperature drops about 20 —40 °C
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on the way from the pot to the gas treatment center. The dry
scrubber was built and designed in 1985 by Procedair (today
Solios) and consists of 20 filter modules, two fresh (primary) and
two enriched (secondary) alumina silos, alumina air slides as well
as alumina distribution systems. Each filter module contains the
venturi styled reactor, the bag-house, the main fan as well as the
counterblow cleaning system. The total volume flow is 1,800,000
m3/h with a design HF raw gas concentration of 120 mg/m3.

In 2002 and 2003 it became more and more difficult to control the
HF levels in the exhaust gas due to higher raw gas HF concentra-
tions and the need to use different alumina qualities in short inter-
vals. The alumina types differentiated in their HF generation and
adsorption abilities. The alumina influenced HF generation is
mainly controlled by the crystal water content (LOIL, Loss On
Ignition tested in the temperature range 300 °C — 1100 °C) in the
alumina. Hyland et al describes this behavior in detail [1]. The
adsorption capacity on the other hand is strongly related to the
SSA of the alumina (typical 70 m?/g), but also influenced by ki-
netic effects, which control the transport of the gas into the micro-
structure of the alumina grain.

Dry scrubber performance is characterized by HF scrubbing effi-
ciency, volume flow and pressure drop of the dry scrubber. In the
Essen installation all 20-filter modules are connected in parallel.
Hence the total efficiency is a consequence of the individual effi-
ciencies. Volume flow and pressure drop are linked like voltage
and current in an electrical network. Therefore it is possible to
apply the same equivalent networks and rules to describe the op-
eration. Filter bags, damper and ducts act like resistances while
chimney and main fans are the “voltage” sources. The target for
this kind of operation is achieving an equal flow rate in each of
the filter modules. Assuming that the fans create an equal and
consistent suction performance, the flow rate will be determined
by the filter resistance and the damper position. Herein filter resis-
tance is controlled through the counter flow cleaning cycle fre-
quency and duration, thus influencing the filter cake thickness.
Beside the negative effect of increasing the filter resistance, the
filter cake thickness is very important for the HF cleaning effi-
ciency as well as working as the last dust collection barrier.
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Figure 2: Filter Cake Principal
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HF scrubbing efficiency in this kind of injection system has two
zones where the fluoride is transferred onto the surface of the
alumina grains. The first zone is the injection zone where fresh

and enriched aluminas are injected into the gas stream. The sec-
ond zone is the filter cake.

Very important factors in achieving a good scrubbing efficiency
are the gas-alumina contact time and the gas-alumina mixing
quality. Therefore it is important to get a good, equal mixing in
the injection zone where the relative velocity between gas and
alumina particles is high. As soon as particles and gas are moving
with the same velocity, the HF scrubbing efficiency drops down
because of an HF concentration gradient around the alumina
grains. Nevertheless 95 % of the HF is cleaned out of the gas
stream on the way from the reactor zone to the filter area (6-9m).

The remaining 5 % are scrubbed at the filter cake. The efficiency
of the filter cake is increasing with growing thickness of the filter
cake and shrinking gas flow velocity through the filter fabric. The
growing filter cake will increase the filter resistance and hence the
filter pressure drop, as a consequence the flow rate through the
filter will drop. To keep the flow rate close to constant, the filter
cake is regularly blown off by using the counter flow cleaning
system. During years of operation the filter bags experience a kind
of ageing effect due to fine particles entering into the microstruc-
ture of the filter fabric and scaling coating the surface of the filter
bag. Therefore the lifetime of filter bags is limited to 4 — 6 years.
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Figure 3: Parallel connected Network of Filter Units

Balancing the network of 20 parallel-connected filter units is a
difficult challenge, but necessary to achieve equal flow rates in all
filter modules. Besides the cleaning cycle and cleaning pulse time,
which has an influence on the filter resistance, there is a manual
adjustable damper. The damper can be used to compensate the
raising filter resistances with increasing filter age. Nevertheless it
is a difficult challenge to adjust the flow network, because a
change in one leg of the parallel-connected flow network influ-
ences all other flow rates. Therefore it is very helpful to have
online measurements of all 20-flow rates. This helps to adjust the
damper positions and the cleaning cycle set points.

While adjusting the flow rates it is important to do this according
to the off gas temperature. The scrubber has a special temperature
vs. nominal flow characteristic. Figure 4 shows this relation for
the current operating window. It can be seen, that the nominal
flow rate in 2004 was between 1.4 Mil Nm? - 1.7 Mil Nm?, while
the temperature swung in the range 90 °C — 57 °C.
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Figure 4: Relation btw. Nominal Flow Rate vs. Temperature
Development Of Scrubber Performance
This work, improving dry scrubber operations, was started in

2002 and involved basically 4 steps as described below:
1. Evaluate actual situation (Autumn 2002)

2. Improve maintenance status of the dry scrubber
3. Develop and install new control concept
4. Review success

After 10 years of low maintenance the performance of the dry
scrubber was at a low limit. Reason for this was the shut down of
the smelter in 1992 and 1993, with a start-up of only 65% of the
production in 1994 under new ownership. In the following years
the dry scrubber operation was not critical because it was only
running at 65 % of the design capacity. Hence it was not in the
main focus of engineering and maintenance. During this time only
defect filter bags were exchanged, thus leading to big differences
in filter bag resistances inside the filter units. As a result the gas
velocity at new filter fabrics was too high leading to a faster age-
ing of the filter bags and consequently an increased filter pressure
drop. Due to the absence of online measurements in the filter units
this process could not be monitored and was not realized until
2002. The only online measurements (HF, volume flow rate and
dust) were taken at the central chimney of the dry scrubber and
hence represented an average of all 20-filter units. A special prob-
lem regarding the volume flow measurement originates from the
turbulent gas flow in the chimney. This led to wrong measure-
ments showing too high flow rates for several years.

After the third potline was taken into operation in 1998 and sub-
sequently the production in all three potlines was increased, the
dry scrubber operation became critical. This situation was deter-
mined during several measurement campaigns in 2002. In these
campaigns it was identified, that the volume flow rate was ap-
proximately 15 % below design capacity. Further measurements
showed excessive high filter pressure drops and imbalances be-
tween individual filter units. Therefore a decision was taken to
improve the status of the dry scrubber and to develop a new con-
trol concept. The first step in 2003 was a complete change of filter
bags. While doing so the filter pressure drops could be reduced
from 50 mbar to 30 mbar and subsequently the volume flow rate
could be increased. But this was only a first step in improving the
gas treatment center to meet the increasing challenges arising
from higher production and varying alumina qualities.

HF Measurement campaigns at the outlet of each filter unit using
a portable HF laser detector showed big variations in HF concen-

trations at the outlet of each filter. Diagrams 5 and 6 show the
results of these campaigns.
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Figure 5: HF Concentrations in Outlet of each Filter

Diagram 5 shows the distribution of HF concentrations throughout
the dry scrubber while diagram 6 presents the cumulative HF
concentrations and volume flow rates. Here it can be seen that
volume flow rates are relatively equal spread (difference of +/-
15%), but there are big differences in the HF mass flow caused by
individual filter modules. The worst four filters causes 65 % of the
HF emissions while contributing only 22 % to the overall flow
rate. This shows that there is an attractive performance gain when
reducing the spread in HF emissions from individual filter units.
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Figure 6: HF & Flow Rate cumulative per Filter Unit

Pre Studies on HF Influencing Operating Conditions

The influence of different operating parameters on the resulting
HF emission level was studied by manipulating fresh and enriched
alumina flow, raw gas HF concentration and filter cake thickness.
The results of these variations can be seen in figures 7 to 10. This
demonstrates that there are several factors having a dramatic in-
fluence on the HF scrubbing efficiency. But only a change in pri-
mary alumina supply is technically feasible for our operation.
Figure 7 shows this experiment. In figure 7 the alumina supply
was decreased by 25 % at 5:30 pm. It can be seen that the HF
concentration subsequently increased by 50 % from 0.4 mg/m? to
0.6 mg/m?®. This demonstrates the ultimate and direct response of
the HF concentration in relation to the fresh alumina supply.
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Figure 7: HF vs. Reducing Primary Alumina Supply

The next chart shows the influence of an increased recycled alu-
mina supply. While doing so the alumina will be operated in more
cycles through the dry scrubber, producing more fines. The HF
concentration in our example (figure 8) decreased from 0.7 to 0.4
mg/m? after the supply of enriched alumina was doubled.
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Figure 8: HF vs. Increasing Secondary Alumina Supply

Another manipulation method is related to the filter cake thick-
ness. The average filter cake thickness can be decreased through
increased bag cleaning. The smaller filter cake will result in
higher HF emissions. This can be seen in the next chart where the
cleaning pressure was increased.
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Figure 9: HF vs. Increasing Cleaning Pressure

Figure 9 shows an increase in HF emissions from 0.4 to 0.7
mg/m?® after the cleaning pressure was increased. This is equiva-
lent to a 0.1 % decrease in cleaning efficiency (99.9% down to
99.8%, with the limit being 99.7%) and demonstrates the impor-
tance of the filter cake in mastering the high cleaning targets.
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Figure 10: HF vs. Reducing Raw Gas Concentration

The effect of raw gas concentration and saturation levels can be
seen in the next chart. The HF level at the output of filter unit 11

went synchronous down after line 2 was shut down. Even after the
restart of potline 2, 30 minutes later, the HF level remained on a
significant lower level compared to the level prior to the shut
down. During the shutdown period the HF raw gas concentration
decreased from 350 to 280 mg/m?®. The response of the filter sys-
tem to the reduction in HF raw gas concentration can be seen in
diagram 10. HF emission levels decreased from 0.8 to 0.2 mg/m?
as potline 2 was shut down. After the restart the HF level in-
creased gradually back to 0.5 mg/m?® and stabilized on this level.
Reason for this being the increased scrubbing efficiency of the
recycled alumina as the fluoride loading decreased from 2.25 wt%
to 1.94 wt% (Figure 10).

HF Measurement Technology

Continuous measurement of HF concentrations using tunable
diode laser technology has proven to be efficient and accurate.
This measurement technology as described in the literature [9, 10]
was also testified by the German TUV and hence became the
standard HF measuring technique in the German aluminum smelt-
ing industry. All the relevant official HF gas concentrations,
which are also reported to the government, are measured with this
technology. TRIMET had its first installation of this kind of
measurement in 2002 in the central chimney of the dry scrubber.

Technical Instrument Descriptions

Measurement Devices

During the last 20 years technology has evolved and new meas-
urement technologies went into the market. Especially for this
kind of application the laser based HF measurement technique
could help monitoring HF emissions continuously and accurate.
As outlined in this paper it was possible to booster the dry scrub-
ber performance with the help of this technology by more than 10
%. This could be achieved with only a tenth of the cost for addi-
tional scrubbing capacity. Furthermore this control system im-
proved our understanding and monitoring of the process. Addi-
tional measurements observe the filter pressure drop and the vol-
ume flow rate in each filter module. Since the start-up of the dry
scrubber the alumina qualities have fundamentally changed. To-
gether with the increased amperage and the more acid bath higher
fluoride load is applied to the dry scrubber today. In the TRIMET
case, HF raw gas concentrations doubled over the last 20 years
from 150 to 300 mg/m>. 20 % of the increase can be attributed to
the production increase while 80 % are provoked by the change in
raw materials and bath chemistry. This implies also that the link
between higher surface areas and more crystal water caused a
significant increase in HF generation. Nevertheless the minimum
adsorbing efficiency is 99.7% while the average is 99.8 - 99.9%.
This demonstrates the necessity for a high level of sophistication
in this process.

Pressure Drop. The filter pressure drop is a consequence of vol-
ume flow rate, filter cake thickness, density of the fabric and fab-
ric condition (ageing). To measure the filter pressure drop (DP),
plastic tubes are connected to the raw and clean gas side of the
filter on one side and to a pressure gage on the other side. The
pressure gage delivers a 4-20 mA signal as output, for the range of
0-60 mbar.

Volume Flow. The volume flow should be close to target and
equally spread over the filter units, which are connected in paral-
lel. A change in one filter unit will influence all other filter units.
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This is important information, especially when keeping in mind diaphragms. This methodology can’t be used to react to HF varia-
the relation between HF scrubbing efficiency and filter velocity. tions online. Nevertheless both dosing systems can be activated
The measurement is carried out using a Prandtl tube, which is and deactivated using existing electrical slides. This functionality
connected to a pressure gage. This creates a 4-20 mA signal. From is now used to pulse-duration modulate the alumina flow into the
the differential pressure drop the gas velocity can be calculated. designated filter unit in response to the HF concentration.
To transform the results into normal gas flow, the gas temperature
is measured as well. PLC Integration of Measuring, Controlling and Monitoring
HF Concentration. Establishing the HF measuring system was the The integration of all measuring and controlling actions was done
key issue and the critical path throughout this project. The tech- using a Siemens S7 PLC. All measurement signals were trans-
nology was already well known in Essen from the HF measure- formed into 4-20 mA signals, which were connected to the analog
ment in the chimney. Nevertheless it was economically not feasi- inputs cards of the S7 system. The control actions are calculated
ble to install the same device in all 20-filter units. Therefore to- and adequate signals are sent to the different valves. A number of
gether with the Canadian supplier, a new 20 channel multiplexed different parameters can be adjusted from the operator via the
HF laser measurement device was developed and integrated. The graphical user interface. The visualization is done using the com-
optics were changed to a low budget version as well. mercial WIZCON system.
75 : 16 Factors Influencing HF Generation
Volume Flow
ig ~ TN N The generation of HF is an unavoidable process accompanying
E £ 2 ?:n the Hall-Heroult aluminum production. Any hydrogen source
ig r\\ [\ ]/\ rlﬂ-‘ J v\ r/\ H entering the electrolyte will potentially create hydrogen fluoride.
Se s / HE Concentration o ¥ The main sources of HF generation are structural water (alumina)
z 8 L\—\[ \\f V \\ﬁ/_/ l.\\ /J \\/j g surface water (alumina), hydrogen in carbon and hydrolysis from
E % a5 s § moisture in the air coming in touch with the bath surface mainly
SE Pressure Drop DP T in the area of open holes in the crust. These are described by the
- A WA reactions given by Equations 1 and 2. Different tests were carried
35 ; 0 out to distinguish between these HF generating effects.
<& & & <& & <& &
W & N 2 ® & o . .
> > > > > A A 2A1F;(g or diss) + 3H,0(g) > 6HF(g) + Al Os(s or diss) (1)
Figure 11: HF, Flow and DP during Cleaning Cycles 3NaAlF,(g) + 3H,0(g) > 6HF(g) + ALOs(s) + NazAlF(s)  (2)
From the central measurement device the laser beam is sent out 450 210
through a rotating prism, which alternately transfers the laser
beam to one of the 20 measurement locations via fiber optic ca- 400 DAY 180
bles. The lens sends the laser beam through the gas stream onto a Current 4 V\j A A g
reflecting tape, from there the beam is reflected to the sender- _ 350 VIW\/\'\/-\/V\] b Wy 150 E
receiver unit. The identified intensity will be reported back to the £ HE Concentration \_‘ﬁ\ /’Mj 3
main unit via coax cables. The main unit translates the signal into £ 300 205
a 4-20 mA output signal. All 20 channels are scanned through £ \ /J.»/ M ﬁ
every two minutes. This means, that each channel is measured 6 220 i Y 0 -
seconds before moving on to the next filter unit. For our applica- a Feed Rate \//l w
tion this HF measurement frequency is high enough. The other 200 g
parameters are scanned with a much higher frequency (1 Hz). A 4
sample printout of the volume flow-rate, HF concentration and 1% h
pressure drop is given in Figure 11. . .
15:00 17:00 19:00 21:00

Control Devices Figure 12: Raw Gas HF vs. Feed Rate and Current Experiment 1
Measuring and monitoring is one part of the process, but even
more important are the control devices. These are the counter flow
pulsing system and the alumina supply, which can be manipulated
online. The filter pressure drop is influenced by the cleaning fre-
quency and duration. During the cleaning time the remaining filter
area is reduced and therefore the typical filter availability is re-
duced by 1 — 3 %. The most important control task is attributed to
HF sensing and alumina supply manipulation. Due to the new
control concept, HF concentration is not only monitored but also
used as a trigger for the additional alumina supply. Herein the
injection fresh alumina into the reactor of each filter unit is ma-
nipulated. Each reactor has a main alumina supply and a back-up
alumina supply. The amount of alumina flowing through the main
and the back-up system can be adjusted manually by changing the

Figures 12 and 13 show two experiments with manipulation of
alumina feeding and current. These tests were carried out on half a
potline consisting of 60 cells. The offgas HF concentration and
hence the observed response to the manipulations was measured
in the main duct which carries the gases of exactly those 60 pots.
The manipulations on all 60 pots were done simultaneously and
consisted of a) normal-feed b) over-feed c) zero-feed d) underfeed
e) nominal-current and f) zero-current. As the tests were carried
out on a big number of pots simultaneously, the responses are
very stable and hence very representative for this pot technology.
The results are not influenced from individual crust conditions or
special causes on single pots. In experiment 1 only the alumina
feed was manipulated, the current stayed constant on the nominal
level of 158 kA. The feeding to the 60 pots started at normal level
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of about 90 % before all pots were switched to over-feeding mode
(140 %) at 16:50. The HF concentration increased immediately
from 330 to 400 mg/m?>. This new level stayed constant according
to the constant high feed level. At 18:00 the alumina feeding was
set to zero and subsequently the HF concentration decreased down
to a level of 210 mg/m?®. At 18:30 the pots were switched back to
normal operation, which is the demand and feed control. The HF
concentration increased accordingly.

450 210
HF Concentration

400 180
Current r:-,.f ﬁ/ﬂ\’w i
350 P 150 z
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B 2
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Figure 13: Raw Gas HF vs. Feed Rate and Current Experiment 2

Experiment 2 was carried out on the same pots but one day later
than experiment 1. This time the current was manipulated as well.
The line load was switched off between 11:25 and 11:40. The
overfeeding and underfeeding modes were comparable to experi-
ment one. At 11:25 the line load was taken off and the alumina
feed was set to zero. Immediately the HF concentration decreased
from 390 to 125 mg/m?>. This low level represents the base level of
the HF emissions (approximately 37 % of the nominal HF emis-
sions) in the absence of alumina feeding and without any current
passing through the cell. After the current and alumina feeding
were re-established the HF concentration increased again.
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y=14x+2121
R*=1.0

@ Experiment 1
B Experiment 2 y =1.4x +196.1

R*=1.0

HF Concentration [mg/m?]

100 - HF Base-Level (Zero Feed + Zero KA}

60 80 100 120 140
Average Feed Rate [%]

Figure 14: Raw Gas HF vs. Feed Rate (Correlation)

0 20 40

A summary in from of a regression analysis of these two experi-
ments is shown in figure 14. It can be seen that both experiments
show nearly the same relation between alumina feeding and HF
concentrations. This demonstrates the robustness of this test
method and the reliability of the test results. Certainly it has to be
seen that the pot status has not changed much in the 24 hours
between the experiments and that the alumina quality was un-

changed during this period. It can be seen that the regression func-
tions for both tests are very similar:
HF =200 + 1.4 x Feed Rate (1)
The interception of this graph at zero feed is around 200 mg/m?
for both experiments. This represents the HF emissions from the
pots without alumina feeding, but during routine electrolysis with
the current on. The mechanism of HF generation through elec-
trolysis is described by Hyland et. al. [1]. With the results of ex-
periments 1 and 2 it is possible to distinguish between the HF
generating effects. The amount of HF production by thermal hy-
drolysis and electrolysis can be extracted from Figures 12 and 13.
The base level of 125 mg/m? (37 % of nominal emissions) repre-
sents the zero mode without current and alumina feeding (ex-
tracted from experiment 2). In this situation HF is only generated
by hydrolysis between bath and air humidity. The HF emission
contribution from electrolysis is the gap between the zero mode
emissions and the interception of the graph at zero feed (200
mg/m?® minus 125 mg/m?). This gap is about 75 mg/m* or equiva-
lent to 22 % of the nominal emissions. The hydrogen source for
this part of the HF emissions originates from the hydrogen in
anodes and some of the structural water carried by the alumina.
The remaining HF generation can be purely attributed to the alu-
mina feeding. This means that the surface and crystal water car-
ried by the alumina creates 140 mg/m?® or 41 % of the nominal HF
emissions during alumina feeding [4, 5].

Results of the New Control Concept

The main purpose of this project was to stay well below the HF
concentration limits under different operating conditions and with
a wide range of raw materials. Another aspect was the necessity to
increase the number of high purity pots. The increased amount of
high purity metal was also the justification for the fast ROI of 2
months for this project. The system was taken into operation in
2004 and optimized in the following months.

HF Concentration [mg/m?

Figure 15: Development of HF Emissions from Stack

Figure 15 demonstrates the development of HF levels in the
offgas of the dry scrubber. The bars show the share of time when
the offgas was above 0.7, 0.8 and 0.9 mg/m® The limit in Ger-
many is 1 mg/m?. It can be seen that from 2003 until 2005 the
share of concentrations above 0.7 mg/ could be halved and the
concentrations above 0.9 mg/m? could be reduced even more dras-
tically.
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Figure 16: Alumina Consumption in DS and High Purity Al

Besides the reduction in HF concentration in the off gas, the
amount of alumina used in the dry scrubber could be reduced by
15 % from 95 % in 2003 to 80 % in 2005. The share of high pu-
rity aluminum reached a level of 16 % in 2005 up from 4 % in
2003. This development can be seen from figure 16.

Impact of Improved Scrubbing Efficiency on Bath Chemistry

Operating high purity cells means that those amounts of fluoride
and bath are shifted from the high purity pots to conventional pots
via the dry scrubber. Therefore a decrease in the amount of alu-
mina fed to the dry scrubber leads automatically to an increase in
fluoride loading of the secondary alumina.

1.0 ‘ ‘
IS '
Secondary Alumina
E s y —
. e
s —7 A—a g
§ 0.6
]
k=
§ 04— L= B
Q
<
3
© |
0.2 t t t
Oct. 03 Jan. 04 Apr. 04 Jul. 04 Oct. 04 Jan. 05  Apr. 05 Jul. 05

Figure 17: Development of Sodium Concentration

Diagrams 17 and 18 show the development of sodium and fluo-
ride levels in the dry scrubber. Figure 17 displays the sodium level
expressed as Na20 in the primary and secondary alumina over the
last 2 years. Before the end of 2004 the average increase in so-
dium levels (expressed as Na,O) was 0.36 wt %. After the number
of high purity pots was increased the enrichment in sodium levels
raised to 0.48 wt %, which is equivalent to an increase of 33 %.
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Figure 18: Development of Fluoride Concentration

The development in fluoride levels can be explained from figure
18. An increase in fluorination levels can be clearly observed

since the beginning of 2005. The average fluoride levels went up
15 % from 1.93 wt % to 2.21 wt %. The complete fluoride is a
combination of bath vapors and gaseous HF emissions. Assuming
the bath vapors being cryolite, the adsorbed HF can be back calcu-
lated as displayed in figure 18. The higher fluoride concentration
in the alumina influences the bath chemistry quite remarkably. In
a stable situation the fluorination and bath carried by the secon-
dary alumina to the pots should balance (approximately 98%) the
losses of the pots [2]. In a situation with pots running on primary
alumina this balance will shift towards less fluoride consumption
in the secondary alumina pots. This means extra bath production
and less AIF3 additions needed in the secondary alumina pots. If
this is not taken into account it will cause a significant swing in
bath chemistry and also energy balance will be affected [3].

Conclusion

This paper discusses the influence of raw materials and operations
on dry scrubbing efficiency and describes a low cost method to
upgrade an existing dry scrubber. Therefore it is an alternative
method to respond to the increased HF load delivered to the dry
scrubber after increasing amperage, bath acidity and alumina hy-
droxyl contents in the alumina. All aspects leads to higher HF raw
gas concentrations and hence need to be addressed in dry scrubber
operations. Laser based HF measurements in the outlet of individ-
ual filter units makes it possible to reduce variations and overall
HF emissions from dry scrubbers. It helps understanding the gas
treatment process and helps optimizing the cleaning efficiency.
Consequently it is possible to reduce the alumina usage in the dry
scrubbing process and hence improve the metal quality spectrum
through operation of primary alumina pots.
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