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Abstract

Ceramic foam filtration is widely used to enable removal of non
metallic inclusions from liquid aluminium. Its performances have
been largely studied in the literature and some discrepancies
remain amongst the published results. Consequently, a research
program was deployed to evaluate the performances of a range of
ceramic foam filters used under various conditions and to
understand the inclusions capture mechanisms.

On the first hand, laboratory trials were run on a filtration pilot
under carefully controlled thermal and hydrodynamic conditions.
The filtration efficiency of the Ceramic Foam Filter (CFF) was
assessed by LIMCA measurements. Microscopic observations of
the filter still impregnated with solidified metal were also carried
out to know the repartition of the inclusions within the filter as
well as their capture sites.

On the other hand, the initial filtration efficiency as well as the
inclusion capture sites were calculated by a two-dimension lattice-
Boltzmann filtration model [1] on several types of ceramic foam
filters, for various types of inclusion. Results of this work are
presented and discussed.

Introduction

The performance requirements for aluminium alloys are
continually increasing, in particular with regard to inclusion
removal. Indeed, the presence of non-metallic inclusions in alloys
affects the quality and properties of the products in many different
ways. Therefore, filtration of the melt has been introduced into the
process in order to remove inclusions and thus meet high quality
standards. Liquid aluminium is usually filtered through ceramic
foam filters, granular beds or rigid media filters.

Ceramic foam filters have been largely studied in the literature;
their performances are reviewed here. The techniques used to
evaluate them are varied: metallographic observations of a filter
section after use, PoDFA, LAIS and LiIMCA measurements.
Particular emphasis is laid on the use of LiMCA and
metallographic observations since they are the two techniques
used for this study. The filtration efficiency is used as an
evaluation criterion of the CFF, it is defined by equation (1)
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Where N20i is the average N20 LiMCA index at the filter inlet
and N20o is the average N20 LiIMCA index at the filter outlet.
The figure 1 gives a summary of the filtration efficiency evaluated
by LIMCA measurements before and after the filter in function of
the filter grade and the filtration parameters (filtration speed and

alloy) reported by previous papers [2-9]. The filtration speed is
defined by equation (2)
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Where Q is the mass flow rate, p is the molten aluminium density
and S the filter surface.

The figure 1 shows the wide range of CFF efficiencies from 30-
60% efficiency to 80-90% efficiency. It is believed the different
parameters under which the CFF are used can explain these
discrepancies.

Indeed, the influence of various parameters on the CFF efficiency
was also studied, they can be classified between the filter
parameters (pore size and chemistry), the inclusions parameters
(nature, size and number) and the process parameters (alloy, use
of grain refining rod, filtration speed, upstream treatment).

It was shown that the filtration efficiency increases when the pore
size decreases [3] or when the grade in ppi increases [10,2].

The filtration efficiency is supposed to be larger for larger
inclusions [2,10]. However a decrease in efficiency for inclusion
size decreasing from 20 to 50pm was shown in some cases [9,5].
It is attributed to inclusions agglomeration in the CFF. Dupuis et
al. [9] showed an increase of efficiency with the increase of the
incoming inclusion concentration. The filtration efficiency is
shown to be a decreasing exponential function of the filter depth
[9,11], typical of depth filtration.

A decrease of the filtration speed increases the filtration efficiency
[9,12,13] and some brutal variations of speed can cause inclusions
release [9]. The use of grain refining rod at the filter inlet was
shown to decrease the filtration efficiency of a 5O0ppi filter, the
effect being significative in the case of high inclusions loading
(N15 around 10k/kg) [14].

Most studies giving efficiency values based on LiMCA
measurements report metallographic observations of spent filters.
Several papers [5,6] showed that the inclusion content was
decreasing in quantity from the top to the bottom. The formation
of bridges across the ceramic foam window in the uppermost part
of the filter was also evidenced [2,5,14]. High filtration efficiency
could be related to a cake filtration occurring thanks to these
bridges. The bridges are more numerous when the filter is fine and
when there is no grain refining added. The main filtration mode of
the CFF is supposed to be depth filtration [9,15].

The results present in the literature show some disagreements on
the filtration mechanisms and the influence of various parameters
on filtration efficiency.

The present study gives an input on how the different parameters
impact filtration efficiency and what are the filtration
mechanisms. Filtration modeling is also used to evaluate the
influence of these parameters. As a discussion, experimental and
numerical results are compared.
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Figure 1. Filtration efficiencies in function of the filter grade (reference 3 and 4, efficiency measured on N15, rest: N20)

Experimental Details

A filtration pilot was designed in order to study the filtration
efficiency of different filters used under various conditions. It is
represented on figure 2.

Metal fiow direction
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Titting furnace

Figure 2. Filtration pilot principle scheme

The filtration pilot is made of a resistance tilting furnace, a
launder system, a resistance furnace and a metal recuperation
ladle.

The ceramic foam filter is cut into cylinders to fit into a
refractory mould. The filtration module is held into the
resistance furnace. The casting line is instrumented with three
thermocouples, one before the filter, one after the filter and the
last one on the tile.

Two scale experiments were done. The main parameters are
summarized in table I.

Table I. Characteristics of the two scale experiments

configuration 1 configuration 2
tilting furnace
capacity (kg) 70 700
filter diameter (mm) 50 100
casting time (min) 10 to 20 40 to 70

The standard experimental procedure was the following. The
alloy is elaborated in the tilting furnace, the charges are made of
aluminium ingots and raw materials. The filter is impregnated
and the cast starts. The metal is poured regularly into the
launder, through the filter and to the recuperation ladle. The
metal flow rate is measured continuously thanks to a balance
placed under the recuperation ladle. Thermal conditions were
reproducible. For the molten metal characterization, LIMCA are
used before and after the filter. Once the cast is over, the filter
solidifies in the AET furnace.

The first advantage of this experimental setup is the fact that the
metal can calmly solidify in the filter without being touched. For
most industrial ceramic foam filters, the tile is drained of metal
after the cast, which makes direct observation difficult.
Furthermore, the tile undergoes shocks to be removed of its seat,
which is thought to create inclusions releases. Thanks to this
setup, the inclusions present in the tile stay at the location where
they were trapped. Consequently, the tile could be cut
longitudinally and transversally for metallographic observations
of the inclusions at various heights.

The second advantage is that proper LIMCA measurements can
be done before and after the filter. In most plants, this type of
measurements does not give the right inclusion concentration in
molten metal because of the degassing treatment occurring just
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before the CFF. The micro bubbles present in molten metal are
seen by the LIMCA as inclusions. The use of an extension probe
or measuring during the pressure cycle is supposed to reduce the
amount of gas bubbles seen by the LIMCA. However, it was
shown that these two techniques underestimate the inclusion
concentration and the problem of interpreting LIMCA particles
count in the presence of micro bubbles is still unresolved [16].
Consequently, this experimental set up enables the evaluation of
the filtration efficiency of the CFF only. For these trials, the
LiMCA measurements were exploited to calculate the average
filtration efficiency for the inclusions larger than 20, 40 and 60
microns.

Various trials were done to study the influence of the following
parameters on filtration efficiency: the alloy (including 1080 or
5182), the tile grade (including 30ppi or 50ppi), the grain
refining presence, the particles size, the filtration speed.

Numerical tools
A depth filtration model using the lattice-Boltzmann method was

developed [1] and a standard procedure was defined. A flow
chart summarizes it in figure 3.

CFF tile image

|

Image binarisation

I

Fluid flow calculation

Inclusions trajectory calculation

Figure 3. Flow chart of the depth filtration model

The filter image can be obtained by impregnating a tile piece in
black resin, by polishing it and by digitalizing it.

The binary image is obtained thanks to image analysis software.
The model first module calculates the fluid flow within the filter
according to the process parameters (filtration speed or head
loss). The post-treated data are: the streamlines, the velocity
vectors and the pressure at every point of the fluid, the head loss.
An example is given on figure 4.

The model second module calculates the inclusion trajectory.
The parameters are the inclusion size, density and number, the
adhesion force. The post-treated data are the map of the initial
capture probability density and the initial filtration efficiency.
The initial filtration efficiency is defined by the filtration
efficiency at the beginning of the cast, when the filter is clean.
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Figure 4. Velocity vectors and streamlines on a 30ppi filter, the
filtration speed is 0.3 cm/s
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A preliminary study was done to define a representative
elementary surface of a ceramic foam filter. Starting from digital
images of whole ceramic foam filters, calculations were done on
various computational domains. The size varied from 1500 nods
width and 1000 to 4707 nods height, the resolution being 10pum.
The inclusions were 50 pm large and their densities varied from
2200 to 3900 kg/m3.
It was verified that the filtration efficiency follows the
exponential law of equation 3 as reported in [9,11].
Eg =1-exp(=4yL) 3)
Eo is the initial filtration efficiency, Ao is the initial filtration

coefficient and L is the filter thickness.
The results are shown in figure 5.

0.0 1.0 2.0 3.0 4.0 5.0
.1 I
\\ \m Inclusion density
ko)

NN X
N O

&

)

In (1-efficiency)
A

ceroerOmMXX
WWLWNINNIN
ooy NORRWND

Filtration depth (cm)

Figure 5. Representation of In (1-Efficiency) in function of the
filter depth for a range of inclusions densities

The initial filtration coefficient can be deduced of the figure 5
and calculations can be done on a domain of 1000*1500 nods,
the resolution being 10um.
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Results

Typical LIMCA curves obtained on the filtration pilot are
represented on figure 6.
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Figure 6. Example of LIMCA measurements done at the 30ppi
filter inlet and outlet, 1080 alloy, 0.73 cm/s

The figure 6 shows that the filtration pilot is relevant since the
phenomena occurring in plants at the furnace outlet and at the
filter outlet are present. First, the settling of the particles in the
furnace occurs at the beginning of the cast. At the end of the
cast, when the furnace is emptied, an increase in the N20 is due
to the settling of the particles in the furnace heel. Furthermore,
inclusion releases can be generated by metal flow instabilities as
they occur on industrial filters [9].

The efficiencies measured on the filtration pilot varied between
50% and 98% depending on the parameters used. This range is
close to the efficiency range found in figure 1. A few cases are
presented here.

On the alloy 5182, with a filtration speed of 1.3 cmy/s, the
LiMCA measurements done before and after a 30ppi from
supplier A give an average filtration efficiency of 80% on the
N20 and N40 and 85% on the N60 as shown on figure 7.
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Figure 7. Efficiency of a 30ppi filter measured by LIMCA

On the alloy 5182, with a filtration speed of 1.8 cm/s, the
efficiency of a 50ppi filter from supplier B is 62% for the N20,
55% for the N40 and 63% for the N60 as shown on figure 8.

It is interesting to note that despite the finer porosity, the
efficiency is less important for the 50ppi filter. This is thought to
be due to the higher filtration speed and also to the fact that the
filters come from different suppliers. It was shown that the
morphology of the filters closely related to filtration efficiency
varies a lot with the supplier even for the same grades expressed
in ppi [17].
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Figure 8. Efficiency of a 50ppi filter measured by LIMCA

The model is useful to decorrelate the effects of filtration speed
and tile grade on filtration efficiency.

A sensitivity study was done to study the influence of filtration
speed on filtration efficiency. It was verified on a standard case
that the filtration efficiency decreases when the filtration speed
increases. The results are presented on figure 9. The literature
and industrial trends are consequently well represented by the
model. The study of the inclusions capture sites shows that the
higher the filtration speed, the deeper the inclusions penetrate
into the filter.
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Figure 9. Computed influence of filtration speed on initial
filtration coefficient (60ppi filter, S0um-3200 kg/m3 inclusions)

A sensitivity study was also done on the filter grade. It was
shown that for a same supplier, the initial filtration coefficient is
proportional to the specific perimeter of the filter, characteristic
of a filter type (grade and supplier) measured by image analysis.
The results are presented on figure 10.
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coefficient and specific perimeter
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This result shows the importance of the specific parameter to
characterize the filters rather than the grade.

The model was run with the parameters conditions of figure 7.
Initial filtration efficiencies were calculated for magnesium
oxide and alumina inclusions of 50um diameter. These
inclusions were found to be the most numerous stopped by the
filter. The results found were respectively 71% and 85%. The
experimental filtration efficiency was 77%. These figures are in
good agreement.

The repartition of the inclusions on the height of some filters
was studied. The inclusions were localized and counted on
transverse cuts of a quarter of the filter. A typical image is
represented on figure 11. On this filter for example, 160
metallographic cuts were observed and the repartition of the
inclusions on the filter height is represented on figure 12. It
shows that the inclusions are mainly trapped in the first
millimetres of the filter. The figure 12 shows that the repartition
profile of the inclusions is a decreasing exponential profile. It is
possible to deduce the filtration efficiency in function of the
filter height z. The figure 13 represents In (1-efficiency(z)) in
function of z. The curve can be fitted by a straight line. The

Figure 11. Transversal metallographic cut of a quarter of the
filter (100pm from the filter inlet)

The comparison between figure 5 and figure 13 shows that the
filtration law relating efficiency and the filter height are of the
same form. The filtration mode is consequently well represented
by the model. A closer examination of the inclusion capture sites
calculated by the model show that the main inclusion trapping
mechanisms are sedimentation and interception. The inclusions
stopped by sedimentation are localized in zones where the local
metal speed is low.

However some phenomena were shown experimentally to have
an impact on filtration but are not represented by the model yet.
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Figure 12. Repartition of the inclusions on the filter height
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Figure 13. Filtration law linking filtration efficiency and filter
depth

s -
Metal flow direction

e

Bridge
/

Figure 14. Presence of an oxide bridge at the filter inlet stopping
the inclusions

First the metallographic observations showed that oxide skins
are present near the surface of the filter on a depth of 2mm, they
form bridges that decrease the size of the windows or even close
them as shown on figure 14. A proposed filtration mechanism is
that the bridges formed by the oxide skins play the part of a net
for the incoming inclusions as shown on figure 14. These
observations are consistent with the published work [6,7,10,15].

The influence of grain refining rod was studied in alloy 5182, on
a S50ppi filter at a 1.8 cm/s filtration speed. AT5B was
introduced after 12 minutes of casting for 20 minutes, at a rate of
1kg/t. The point of ATSB introduction was after the LIMCA
measuring at the filter inlet so that the LIMCA inlet level was
not affected by the AT5B introduction. The average N20 at the
filter inlet were 33 k/kg and 29 k/kg respectively before and
after the AT5B introduction. The average N20 at the filter outlet
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increased from 9k/kg to 20k/kg when refining rod is introduced.
This result is shown on figure 15. In terms of filtration

efficiency, it decreases from 73% to 31% when grain refining
rod is added.
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