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Size Distribution of Particulates Emitted from a
Horizontal Spike Soderberg Aluminum Reduction Cell

Thomas R. Hanna and Michael J. Pilat
Water and A?ir Resources Division, Department of Civil Engineering, University of Washington

Aerosol size distributions were measured in the air exhausted from a horizontal
spike Soderberg aluminum reduction cell ot the Kaiser Aluminum and Chemical
Corporatipn plant in Tacoma, Wash. The particle size distributions were mea-
sured with the University of Washington cascade impactor, developed specifi-
cally for ;ource testing. The particle mass concentrations and size distributions
‘were foud;d to vary significantly with changes in the cell process operations. For
] fypicalg perosol size distribution at the exit of the cell hood the mass mean

particle d

deviation iwus 25.
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to characterize the prop-
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the distance down the air
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ameter was 5.5 microns and the particle size standard geometric

The condensible portion (condensing
between temperatures of 290 and
50°F) of the particulate mass con-
centration.

The fluoride percentage by mass of
the particulates as a function of
particle size.

Sampling Site and Conditions

Most of the aerosol samples were

obtained from a single horizontal spike
aluminum reduction cell located on
{ potline 4 at the Kaiser Tacoma plant.
recduction '}qdl as installed and operated A

Fig

cross section of the cell is shown in

gure 1. Some features of thiz hor-

izontal spike Soderberg aluminum re-
duction cell are:

The physical dimensions of the
reduction cell are approximately
20.5 ft long by 13 ft wide by 8.5 1t
high (outside dimensions).

The carbon anode paste (in a highly
viscous form) is periodically fed into
the anode casing (open at the top and

bottom) where it is slowly baked and
solidified as the anode is lawered
within the cell and consumed in the
reduction process.

. The gases and particulates appear to

be emitted mainly from the solidified
crust area with two mechanisms of
airborne particle formation present:

a. Particles of the raw materials
(mostly aluminum and cryolite)
are entrained in the air when the
solidified crust is worked (such as
crust-breaking and aluminum si-
phoning operations) and during
“flex-raising” (or when the flex-
ible current carriers are manually
raised to the next higher row of
anode studs) operations.

b. Volatilized materials from the

molten electrolytic bath material
escape when gas vents are present
in the ecrust-forming particles in
the colder air temperatures.
These gas vents also entrain
particles from the crust area.
At least one such gas vent ap-
peared to be present in the elec-
trolytic crust nearly all the time
although there were conditions
when the complete crust was
solidified.
Some aerosols are also emitted
from the sides of the anode be-
cause tars and hvdrocarbons from
the anode paste are forced from
the anode during baking
process often catching on fire
upon emerging from the anode.
Carbonaceous particles are
thereby formed during this com-
bustion process.
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Figure 1. Cross-section of horizontal spike Soderberg aluminum

reduction cell.

4. The entire pot is hooded and evac-
uated by two air collection ducts
which transport the collected gases to
a gas treatment process.

5. The cell maintenance doors are only
open during periods of inspections,
anode work, metal siphoning, and
crust breaking. The doors remain
closed during the rest of the time
(which accounts for 95%, of the total
operating time of the cell and in-
cluces the ore-feed operations which
are automatically accomplished ap-
proximately every 30 min).

The approximate amounts of raw
materials required for the production of
one ton of aluminum (and which are
added into the reduction cell) are
shown in TableI.

Aerosol Particle Sampling and Analysis

The size distribution of the particu-
lates emitted by the aluminum reduction
cell was measured with a Mark II
University of Washington source test
cascade impactor. The U of W cascade
impactor was developed in 1968 specif-
ically for source testing. The theory,
design, and performance of this device
has been reported by Pilat, Ensor, and
Bosch.? This cascade impactor is also
being used in several other research
projects concerning the emissions of
particulate air pollutants from pulp
mills, aluminum reduction plants, ply-
wood veneer driers, fluidized bed sewage
sludge incinerators, and hog fuel boilers.
A Mark III model of the U of W im-
pactor (patent pending) is commercially
available under a licensing agreement
with the University of Washington.*

The Mark II U of W cascade im-
pactor consists of a series of 7 air jet
stages. Directly below each jet stage is
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a particle collection plate on which the
particle may impact and thus be col-
lected. Those particles too small to
impact upon the plates are collected on s
filter located within the impactor
downstream of the last collection plate.

Microscopic analysis (both optical
and electron) of the particles collected
on the plates was performed to verify
the theoretical predictions of the Uni-

versity of Washington cascade impactor. i
The microscopic results conformed suf-

ficiently with the calculated predictions
to justifv using the theoretical ecali-
bration equations.

The Mark II U of W source test
cascade impactor is shown in Figure 2
together with the jet stages and the
collection plates. A set of collection
plates with a typical deposit of particles
from an aluminum reduction cell is
shown in Figure 3.

The procedure for using the source
test cascade impactor for measuring
the aluminum reduction cell effluent
consists of three phases:

1. Pretest preparation, which includes
cleaning the impactor, placing a thin
layer of grease (Dow Corning high
vacuum silicone grease) on the
impactor plates (only necessary if
solid particulates are to be sampled),
and weighing the plates and filter
(usually to the nearest 0.0001 gram).

2. Source testing, which involves de-
termining the gas velocity profile in
the duct, caleulating the nozzle size
for isokinetic sampling, and setting
up the sampling train shown in Figure
4. Water condensation problems
{which for the aluminum reduction
cell emissions were minimal) were
prevented by preheating the source
test cascade impactor for approxi-

mately 2-5 min, prior to sampling.
The particulate sample was then ob-
tained, with typical test times of 4-10
min, and typical gas sampling rates
of 0.6-1.4 scfm.

3. Analysis of source test results, which
consists of disassembling the im-
pactor and weighing the plates, com-
puting the delta weight for each
plate and the filter, and then in-
serting the results into a computer
program to determine the size dis-
tribution for the source test.

The above source test procedure was
used for determining the characteristics
of the particles at duct conditions, and
therefore no analysis was done on the
contents of the Greenburg-Smith im-
pingers. To determine the amount of
hydrocarbons and condensibles present
in the aluminum reduction cell emis-
sions, four source tests were conducted
with & sampling train including two
Greenburg-Smith impingers filled with
approximately 175 ml of carbon tetra-
chloride followed by a dry G-8 im-
pinger and two wash bottles containing
ethyl alcohol (to- collect the CCl,
vapors). Additionally, the impactor

““‘plates were not coated with the silicone

grease because the grease would inter-
fere with later analysis. The par-
ticulates collected within the impactor
were washed with benzene to determine
the benzene-soluble portion of the
particulates above 290°F, and the
contents in the two impingers were
analyzed by infrared spectroscopy for
hydrocarbon content (as C-H) and for
total condensibles (particles formed
between 290° and 50°F) by evaporating
the carbon tetrachloride and weighing
the residual material (final drying took
placeat 400°F for approximately 5 min).

Table I. Raw materials for the production
of one ton of aluminum in a Soderberg
aluminum reduction cell.t

Material Amount (tons)
Sulfur (impurity) 0.02
Alumina 1.9
Cryolite 0.04
Aluminum Fluoride 0.04
Fluorspar 0.003
Anode

Petroleum Coke 0.47
Pitch Binder 0.14

Total: About2.6tons raw material
per ton aluminum
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Results

A total of 140 particle size distribution
tests were conducted. A composite
size distribution of the particles emitted
from the aluminum reduction cell (at
temperatures above 290°F), presented
in Figure 5 provides an indication of a
typical size distribution (measured at
the exit of the cell hood, the location
shown in Figure 1). This size dis-
tribution is the result of combining all
the size distribution data and taking
into account the percentage of time each
cell operation takes during a day. The
significant features of this composite
distribution (measured at a cell "air
collection flow rate of 1800 scfm) are:

1. The particle size distribution was
quite polydisperse (the geometric
standard deviation is 25);

2. The mass mean particle diameter
was 5.5yu;

3. 30% by mass of the particles was
less than 14 in diameter;

4. 16% by mass of the particles was

less than 0.2 in diameter.

The particle mass concentration and
size distribution were found to vary

significantly with changes in the cell

process operations. These variations
are shown in Figure 6 for a typical
process day (processes included are side
crust breaking, end erust breaking, ore
feeding, cell inspection, and aluminum
siphoning). Some interesting features
of these results (measured at an air
collection flow rate from the cell of
1800 scfm) are:

Figyro 2. Mark 1l U of W source test impactor, showing
(1) isokinetic nozzle, (2) cylindrical body, (3) filter holder

and end of impactor, (4) collection piates, and (5) jet
stages.
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1. The crust-breaking, aluminum si-
phoning, and ore-dump operations
produce emissions of high particulate
concentrations (average concen-
trations between 0.5 and 0.6 grains,
scf), but the operations only last for
short time periods of about 2-4 min.
However, during these periods large
amounts of visible airborne particu-
lates appear to escape into the cell
building (those aerosols escaping
from the cell hood were not measured
in this study).

2. Changes in the condition of the crust

over the molten aluminum resulted
in large variations in the .particle
emission characteristics.  Between
ore feeds and when the crust had no
gas vents the particle mass concen-
tration was low (about 0.05 gr/scf),
the mass mean particle diameter was
high (about 10x), and the size
distribution was very polydisperse
(size geometric deviation greater
than 1000). The samples with the
large size geometric deviations typ-
ically had 509%, of the sample mass on
the first particle collection plate
(particles of diameter greater than
124), about 309, on the filter (par-
ticles of diameter less than 0.2u),
and the remaining 209, on the other
collection plates. When the ecrust
was unstable and several gas vents
were present the particle mass concen-
tration was higher (about 0.12
gr/scf), the mass mean particle
diameter was lower (in the 1-4u
range), and the particle size was less

polydisperse (size geometric standard
deviation of about 70).

When the air collection flow rate from
the cell was increased from 1800 to
3900 scfm per cell, the average particle
mass concentration remained about the
same but the mass mean particle diam-
eter increased from 5.5u to approximately
124.

Source tests showed that the fraction
of 0.5u diameter particles 860 ft down
the air collection duct from the re-
duction test cell was 509, less than at
the cell exit. These data suggest that
the small particles were coagulating in
the duct. However, diffusion of the
particles to the duct wall and settling of
particles on the bottom of the duct may
have been also occurring, thereby ac-
counting for part of the reduction
(qualitative measures of both these
occurrences were made). It should
be emphasized that the particulate size
distribution 860 ft away from the test
cell was made up of inputs from half of
the reduction cells in potline 4. There-
fore this size distribution is only in-
dicative of what a particle size dis-
tribution 860 ft away from the test cell
would look like (because it was made up
of reduction cell inputs ranging from
approximately 200 to 1500 ft away from
the test point). Therefore no attempts
were made to caleulate particle coag-
ulation coefficients.

Three sets of impactor collection
plates with their deposited particles
were analyzed for total fluoride content

Figure 3. Set of impactor collection plates with a typical
aluminum reduction cell particulate deposition (Number
on plates indicate their order in the impactor).
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by Food and Chemical Research Lab-
oratories in Seattle, Wash., with the
specific ion electrode method. Ap-
proximately 509, of the particulate
fluorides by weight was associated with
particles greater than 13u in diameter
(the particulate fluoride measured as F).
Additionally, less than 109, of the total
particulate sample by weight (and above
290°F) was Auoride (as F).

The results of the benzene-soluble,
hydrocarbon, and condensible tests
were:

1. The benzene-soluble portion found
on the impactor plates for all four
tests amounted to approximately
8-15% of the total weight of par-
ticulates on the impactor plates and
filter. These particulates are prob-
ably made up mainly of hydro-
carbons. The actual size distri-
bution of these particulates was
determined only approximately (be-
cause no silicone grease was applied to

Impactor|

it
Gas tiow
direction®

Figure 4. Schematic of sampling train used
to test for particuiates in the aluminum reduc-
tion cell etfluent.
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Figure 5. Composite particle size distribution
by weight for aluminum reduction cell air
emissions (Kaiser Aluminum & Chemical
Corporation Plant at Tacoma, WA, potline
4), at the exit of the reduction cell.
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Figure 6. Particle airborne emissions as functions of daily process operations, at the exit of the
aluminum reduction cell (air collection flow rate = 1800 scfm, air collection temperature == 290°F).

the impactor plates), with the results
that the particles appeared to have a
standard geometric deviation of 25
and a mass mean particle diameter
of approximately 10x.

2. The "amount of condensible and/or
particulates passed through the
filter amounted to approximately
15% of the total particulat weight.
When the CCl, had been evaporated
off, the residual material was yellow-
ish in color and was viscous in nature.

3. The amount of hydrocarbons (as
C-H) detected in the CCl, of the
impingers ranges between 3 and 69,
of the weight collected in the im-
pactor.
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