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ABSTRACT

In the aluminum industry, both the anode coke plant and smelter division present
several processes with particulate emission. This is a global problem and many studies
and design procedures were published on this theme. Also, it is found good professional
class associate standards and technical handbooks dealing with components design of
these systems, as dust collectors, chutes, filter bags, etc.

However, there is a lack of information on the reference data on the emission source in
correspondence with the specific equipments and processes that are found in the
aluminum industry. Also the pressure drop calculated along the system is normally
presented as dust free, were only air is considered. Some times a correction factor is
pointed out in order to consider the pressure drop due to particulate friction, but the gas-
solid flow is not calculated.

This works, based on academic studies and professional experience in aluminum
industry process, discusses and proposes a reference base data for employment in dust
exhaustion systems design at such industries.

At the same time, reviews of the existing components exhaustion systems design
methodology, and at light of several performed design and executed projects, leads a
critical discussion on these procedures. The work proposes a design methodology that
takes into account the pneumatic conveying of the particulates and presents some case
studies.
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1. INTRODUCTION

Dust generation is a great problem in the aluminum industry and is potentially
hazardous to human health, the environment and working conditions. This is a global
problem and many studies and design procedures were published on this theme. Also, it
is found good professional class associate standards, technical handbooks and
excellent journal papers (Ullmann and Dayan, 1998; Wypych et al, 2005) dealing with
components design of these systems, as dust collectors, chutes, filter bags, etc.
However, there is a lack of information on the reference data on the emission source in
correspondence with the specific equipments and processes that are found in the
aluminum industry. For mining industry a great work was conducted by Petavratzi et al.
(2005) were the potential sources, legislation and standards, occupational health limits,
monitoring, prevention and control techniques are analyzed in details. However the
reference data for design purpose is not considered in this excellent work.

The present work intends to review briefly the source of dust generation in the
main phases of the primary aluminum industry and to collaborate with dust exhaust
systems designers, based on academic studies and professional experience in
aluminum industry process.

2. DUST GENERATION SOURCES IN A ALUMINUN INDUSTRY

Here are considered only the main phases of the primary aluminum industry. All
process of power handling as port operation, material transport and auxiliary and
ancillary equipment are included in this analysis, even this process are potential dust
generation sources.

2.1. Green Carbon Process

This phase comprises the paste fabrication of the sacrificial anode made of coal
tar pitch and calcined petroleum coke. Pitch and coke are combined and milled to form a
paste, which is then molded into blocks for use as anodes in the potlines. The facility
where the anodes are manufactured is also referred to as the paste plant. The main
environmental problems from this process are emissions from the coke and pitch, and
storage, mixing and forming of green carbon. Figure 1 presents schematically a typical
paste plant where the mains sources of dust generation are the belt and screw conveyor
transfers points, bucket elevators, mill and grinding operation. Some aspect of the
exhaust system design for this process will be discussed in the section 5 of this work.



Figure 1 — Typical paste plant process (Source: Outokumpu).

2.2. Baked Carbon

Anodes formed from the green carbon are baked prior to insertion in the potlines.
In the bake furnaces the green anodes are surrounded by packing coke for increase the
thermal efficiency. This process that consists of a free-fall drop of coke from a hopper of
the material handling crane is the main emissions source in the furnace area. This is a
global problem and it will be discussed in section 5 of this present work

The combustion exhaust products emission from the furnaces is the big problem
of this phase in the aluminum plant. The exhaust gas contains also particulate matter
from the packing coke surrounding the baking anodes. Normally this process is
efficiently treated by baghouse filters system. As fluoride is present in spent anodes
(anodes removed from the pot cells are crushed and returned to the anode mix), this
process is obliged to be treated by a fluoride removal system. In the aluminum plants
this systems is performed by alumina based dry scrubber. The alumina used in the
scrubber is recycled as feedstock in the potrooms. The bake oven gases are mixed with
a combination of fresh and reacted alumina. The alumina reacts chemically with



hydrogen fluoride and physically with POM to remove them from the air stream with very
high efficiency. The alumina/gas mixture then flows to a baghouse where it is filtered to
remove the particulate and the treated gas is released. The captured particulate
containing the fluoride is transferred back to potlines as feed material. More recently a
new process for this scrubber system based on fluidized bed was presented by
Vasconcelos et Amarante Mesquita (2001).

2.3. Anode Rodding

The baked carbon blocks are “rodded” by attaching a stem of aluminum that

forms the anode during the electrolytic aluminum production process. In the mating of
rods to baked carbon block, cast iron melted in induction furnaces is poured into the
rodding holes in the block and allowed to cool.
The anode is partially consumed in the electrolytic process, is removed from the pot and
a new anode is inserted. The remaining portion of the spent anode is transported to the
rod shop. The spent anode rods are processed to recover adhering crust and bath and
to remove the spent carbon. Recovered bath and crust are processed in the autogenous
mill and returned to the potlines. Spent carbon is sent to the paste plant for recycling into
new anodes. These operation are large sources of dust generation. Figure 2 shows
schematically a typical anode rodding plant process. Some aspect of the exhaust
system design for this process will be discussed in the section 5 of this work
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Figure 2 — Typical anode rodding plant process (Source: Outokumpu).



2.4. Potlines

Considering the Hall-Heroult process, the alumina is separated into aluminum
and oxygen by applying an electric current. The alumina feeding process in the
electrolytic cell is, dependent of the each particular method of the aluminum plants, a
great problem. The misalignment between the crane alumina feeding systems and the
alumina inlet electrolytic cell section can generates a big emission problem. Also the
stoppage system of the feeding valves can increase this problem. This case will be
discussed in the section 5 of this present work.

In the electrolytic cells are also generated particulate emissions. Then this cells
are hooded and the emission are drawn through the primary control system, which
consists of an alumina dry injection system for the control of fluorides. A small fraction
of the pot emissions escape capture by the hoods and are released into the potrooms.
These emissions are drawn through a secondary control system in the roof. The
secondary control system consists of wet roof scrubbers that control PM and total
fluoride emissions. The treatment system consists of alumina dry scrubbers which use
alumina to react with and remove hydrogen fluoride in the gas stream. The resulting
aluminum fluoride is removed, along with other particulate matter by a system of fabric
filter containing baghouses prior to venting the treated gasses to the atmosphere. The
aluminum fluoride particulate is recycled in the potroom process.

3. DUST REFERENCE DATA

Reference data is a big problem for exhaust systems designs more exceptionally
for the task of pressure drop calculation along the pipeline system. Because the pipeline
pressure drop is large dependents of the particulate mass flow. Quantitative value for
dust mass flow generation is not commonly found in the literature. However on can
found some information on the mass distribution from the different material handling
process, as shown in Table 1, issued from an Australia Department of Environment
work’s,

Table 1. Dust generation capability from different material handling process. (Source:
Australia Department of Environment).

Process Dust
Generation
(%)
Crushing 1-15
Screening 5-10
Stockpiling 10-30
Reclaming 0-10
Belt conveyor systems 30-60




Emission factors are generally developed through the testing of a particular
source population (e.g. various boilers burning a particular fuel type). This information is
used to relate the quantity of a pollutant emitted, to some general measure of the
activity. For example, boiler emission factors are typically expressed as emissions per
quantity of fuel consumed. However, as emissions estimated using emission factors are
not derived through testing the actual source, they are subject to uncertainty. In the
specific context of aluminum smelting operations, no EETs are currently available for
emissions of particulate matter. However, emission estimation techniques for similar
operations are presented in the Emission Estimation Technique Manual for Mining
published by the Australia Department of Environment.

Numerous dusts of mixed composition have been reported in smelters, but
reports of the composition of these dust mixtures are usually lacking. Mixtures can be
dependent upon many factors often unique to their smelter of origin. Early total dust
reports in potrooms ranged from 0.2 to 135 mg/m® (Benke et al., 1998).

Finally, by experience in many exhaust designed systems a good starting point is
to estimate the particulate emission in the aluminum industry in the range of 25 to 135
mg/m?, were the more common value varies between 50 to 75 mg/m>. However, it is
depends on a detailed analysis of the particular process and is always recommended to
measure the emission, or estimates from a similar existent system.

4. DESIGN METHODOLOGY

Two main problems are posed on the design procedure for dust exhaust systems:
the determination of the exhaust air flow rate at the collection points and the pressure
drop along the exhaust pipelines.

Is very common the use the classical works for the determination of the exhaust
air flow rate to control dust spread dust at belt transfer points, as the pioneering work of
Hemeon (1963) and the work of Morrison (1971), and the widely used 'Industrial
Ventilation' recommendations (1996). The latter work is referenced in most of the current
industrial and technical literature. Ullmann and Dayan (1998), using simplified
momentum balance equations, compared and analyzed in detail this design
methodology and concluded that the Hemeon's model yields exhaust volumes that are
excessive compared with all other methods of calculation, including the 'Industrial
Ventilation' recommendations. Their results are compared to the Morrison's results and
are usually confined between the limit range pointed out by the 'Industrial Ventilation'
recommendations. However, for all methods the recommended particle diameter is too
larger for aluminum industry dust exhaustion system. Also in all cases is verified that the
design flow rate is very conservative.

More recently Wypych et al (2005) describe and examine dust generation and air
entrainment mechanisms for the problem of the bulk material drop under free-fall
conditions to impact on a stockpile or other surface, and describe some techniques to
minimize/eliminate dust generation and emissions (e.g. velocity control). These authors
conducted a experimental works in order to measure entrained air and dust generation.
They conclude that the volume of entrained air was found to be proportional to the drop
height raised to the power of approximately 5/3. This is in contrast to the classical
Hemeon’s model where the expected index is 2/3, as presented in Eq. (1),
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where Qjq is given the induced (entrained) air flow, and, in Sl units, g is the gravitational

acceleration, m the mass flow rate of solids, h the drop height, A the cross-sectional

area of material stream, d, the particle diameter and p, the particle density.

This is an important result and suggests that a better approach to modeling of
the air entrainment process. In this same work, they also conclude that the specific air
entrainment (i.e. air entrainment per unit mass of bulk material) was found to decrease
with increasing mass flow rate of solids, proportional to mass flow at the power of -0.67.
In the section 5 a case with comparison between these methods will be presented.

A good design of an exhaust system is based on the assurance of an equilibrated
and well calculate pressure drop along the pipeline mesh. Normally this pressure drop is
calculated as dust free, were only air is considered and a correction factor is pointed out
in order to consider the pressure drop due to particulate friction, but the gas-solid flow is
not calculated.

The dust exhaust problem is a gas-solid flow and it must be calculated by
adequate models. A well verified method for gas-solid flow, developed initially by
Benitez and Amarante Mesquita (1997a, 1997b) and improved by Silva et al. (2004) e
Figueira et al. (2006), is largely employed in the design of exhaustion systems in the
process existents in the aluminum industry (Vasconcelos et al., 1997; Vasconcelos e
Amarante Mesquita, 2000). This methodology is permanent verified and improved
through experimental academic works (Gomes et al., 2006) as well from exhaust and
pneumatic conveying systems designs developed by Solve Engenharia company.

5. CASES ANALYSIS

5.4 Load and unload of packing coke in the baked ovens

A dedusting system was developed to minimize the dust emission during the load
and unload coke in the bake chambers. The system consisted of a outer fixed and
telescopic pipe trough which the lighter particles were trapped and conveyed to the
baghouse installed on the crane.



Figure 3 — Load and unload system of packing coke.

5.4 Feeding of aluminainto the potline

The system that feeds alumina into the pots presented leakage and exhausting
deficiencies during the feeding operation. A system including a butterfly valve (to stop
the alumina leakage) and an upgrade of existing exhausting capacity was suggested

and implemented. This reduced the alumina loss and minimize the environmental impact
inside the potroom.



Figure 4 — Alumina feeding system of the potlines.

5.4 Comparison of some volume results

Table 2. Volume comparison using three different sources.

Volume
(m®/s)
Equipment Industrial .
N Hemeon Morrison
Ventilation

Feed side 0,10 1,07 0,38

Bucket elevator 55ton/h Discharge side 0.10 0.77 0.27
Silo — 10 ton 0,05 0,74 0,26
Silo — 50ton 0,10 2,08 0,73
Screener — 52ton/h 1,05 2,28 0,80
Screw conveyor — 55ton/h 0,10 1,12 0,39
Screw conveyor — 15ton/h 0,10 0,41 0,15

A complete new duct design was performed in order to satisfy the future
increased of aggregate production at the green anode plant — Albras.

Three references were chosen to compare their results: Industrial Ventilation,
Hemeon model and Morrison model. The models takes into account the granulometry,
density and mass flow of material, as well as the fall length and apertures of the
equipments. The results obtained from the Morrison model laid between the Industrial



Ventilation and Hemeon values. For this purposes, the values from the Morrinson model
were adopted and used in the design calculations.

6. CONCLUSION

The dust exhaust problem in the aluminum industry was presented and discussed
for the different phases of the industrial process.

The main difficulties for design implementation, i.e., the determination of the
exhaust air flow rate at the collection points and the pressure drop along the exhaust
pipelines are analyzed and recommendations are presented.

Finally, some studies cases extracted from real projects are shown and some
aspects for its implementation and performance are discussed.
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