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Abstract 

Electromagnetic fields can influence the behavior of liquid 
metals in commercial Ceramic Foam Filters (CFF's). In the 
present study 9 inch industrial CFF's of high grade with 50 and 
80 pores per inch (ppi) have been investigated. The main 
objective was to prime the 9 inch industrial scale CFF's with a 
standard aluminum casting alloy (3XXX - alloy) by the use of 
various magnetic field strengths (max. 0.12 T) induced by a coil. 
The obtained results were compared with reference gravity 
experiments. The influence of the electromagnetic Lorentz 
forces on the obtained results was calculated with 2D Finite 
Element Modeling (FEM) using the COMSOL® software. The 
fluid flow characteristics inside the CFF were considered and are 
part of another publication within the group. 

Introduction 

Aluminum melts contains a large number of inclusion 
particulates of < 50 pm in size. These inclusions may be 
particles, bifilms or clusters of: oxides (A1203, Si02), spinels 
(MgO A1203), carbides (SiC, A14C3), nitrides (A1N), borides 
(TiB2), sulfides, phosphides and intermetallics [1], Large 
concentrations or inclusions over a critical size limit can render 
the metal un-fit for industrial applications and result in serious 
financial consequences for metal producers. Many types of 
inclusions in the aluminum melt can have a negative impact on 
the machinability, mechanical properties, and can lead to 
increased gas porosity and shrinkage of the metal during casting 
[1], Use of more post-consumed and process aluminum scrap 
further increases the potential for melt contamination by 
inclusions. This results in greater challenges to achieve metal 
yield and the required quality standards. These challenges can 
be expected to increase in the future. 

In recent years, the aluminum industry has developed a number 
of treatment processes to improve metal cleanliness. CFF's are 
the most commonly applied filtration technology for aluminum 
alloys and have been used to filter over 50% of the world 
production of aluminum since the 1990's [2], 

Electromagnetically (EM) enhanced filtration of aluminum has 
been the topic of recent studies [3], Batch experiments with 

filters and liquid metal have been conducted to understand the 
impact of the magnetic field on the metal flow and particle 
migration inside the filter [4], Flow filtration experiments with 
an applied EM field using a small scale setup, have been 
executed to investigate the effect also on the filtration efficiency 
[5], All experiments that have been conducted so far were using 
30, 50 and 80 ppi CFF's and using A356 aluminum alloy. 

In the course of the previous filtration work it was discovered 
that priming of the filters, defined as the filling of the pores with 
metal and the removal of entrained gas, could also be achieved 
using the EM Lorentz forces produced in liquid metal by the 
alternating current induction coil. It was found that the Lorentz 
forces could be used to prime CFF's of up to 80 ppi without 
preheating and using only a fraction of the metal head that was 
typically required in conventional industrial filter units. These 
studies applied 100 to 150 mm of metal head to prime CFF's 
with an 80 ppi grade [4, 5] instead of the typical industrial 
values of up to 350 mm, showing that it was primarily the EM 
forces and not gravity, which primed the filters. The discovery 
of electromagnetic priming is now the subject of a US patent 
application [6]. 

Recently, the effect of an electromagnetic field generated by a 
square helically wound induction coil on the priming of a 9 inch 
commercial CFF has been the subject of experimental study. 
The current study focuses on the design and verification of a 
pilot scale filter unit, including the induction coil and the filter 
box. The required metal head to sufficiently prime and wet a 
commercial 9 inch filter with liquid aluminum is the main topic 
of this article. Experimental and FEM results computed using 
the multi-physics software COMSOL® will be presented. 

Theory 

In a helically wound induction coil an applied alternating current 
flows primarily in the phi direction and generates a time varying 
magnetic flux density Bz [T] in the z-direction of the coil (noting 
that strong radial components also exist in the flux at the ends of 
the coil). The z-component of the magnetic flux then induces a 
current ]ψ [A/m2] that opposes the main current in accordance 
with Lenz's law and the conservation of energy, in this case in 
the negative phi direction. 
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It is known that 'short' induction coils have a gradient in the 
local flux density B: along the z-axis. The gradient in the 
magnetic field results in a similar variation in the magnitude of 
the induced current in the liquid metal. The magnitudes of the 
induced current are furthermore influenced by the effective 
electrical conductivity within the filter media. The current and 
the magnetic flux therefore have different magnitudes above, 
within and under the filter. For a given applied current, filter 
type and aluminum conductivity the position of the filter within 
the coil then determines the amount of current induced by the 
local magnitude of the EM field. 

Lorentz forces FL [N/m3] are the cross product of the induced 
current density and the magnetic flux, as shown by [Eq. 1], 
These forces act axial symmetrically on the aluminum and 
ignoring the small radial component of the flux density, can be 
assumed to act exclusively in the r-direction. 

FL = ]Φ x Bz [Eq. 1] 

The coil was placed as shown in Figure 1 in order to maximize 
both the magnitude of the EM field on the surface of the filter 
and the curl in the induced Lorentz forces. Prior to priming, 
there is no electrical conductivity in the CFF and therefore no 
induced Lorentz forces. Therefore there initially exists a very 
strong axial gradient of FL in the z-direction, which results in 
forceful Magneto-Hydro-Dynamic (MHD) movement and 
hence, the initial priming of the filter. 

heating, may contribute to unproved gas release and wetting of 
the CFF by the liquid metal. 

The effective conductivity of the filter region is determined by 
the porosity and tortuosity of the ceramic material. Hie 
effective conductivity was directly measured using reference 
metal of a known conductivity in a special coil set-up 
completely filled with liquid metal impregnated CFF's. Hie 
effective electrical conductivity could then be determined by the 
reduction in the induced power from the metal-only case. 
Estimates of tortuosity were then made from the effective 
electrical conductivity and the measured total porosity [7], 

"m [Eq.2] 

Where a f is the effective electrical conductivity of the filter 
media [S/m], a m is the conductivity of the metal [S/m], τ is the 
tortuosity [unit less] and ε as the total porosity [%]. 

Hie effective conductivity is essential to be able to generate 2D 
axial symmetric multi-physics models. The validation of the 
COMSOL® models for heating and for the magnetic field has 
been published elsewhere [8-10], The method was successfully 
applied to round 100 mm filters in flow and batch experiments 
[11] and is now being applied on this next step to large industrial 
scale, i.e. the 9" or 229 mm scale. 

Experimental Method and Materials 
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Figure 1: Sketch of the apparatus used for the priming 
experiments. Hie coil is placed with its center line at the top 
line of the CFF to generate the highest flux density at the 
entrance to the filter. During the experiments the coil was 
compressed by a wooden frame, covered in alumina sheets, to 
suppress vibrations and protect it from mechanical and thermal 
damage. 

Hie difference in the effective conductivity of the filter area and 
the liquid metal region ensures a continuing curl in the Lorentz 
forces and continuing strong MHD mixing even after the initial 
priming [4]. This continuing MHD mixing also ensures that gas 
bubbles are removed and wetting is improved within the CFF 
after some time. The time varying value of the Lorentz forces 
induces metal vibrations, which combined with inductive 

A square induction coil was built to generate an EM field, 
induce current and Lorentz forces in liquid aluminum within a 
standard commercial 9 inch filter. A schematic of the 
experimental setup used is shown in Figure 1. Hie experimental 
setup was designed to generate strong axial magnetic fields in 
the area of the CFF. Strong 100 Hz electro-mechanical 
vibrations were induced by the low frequency alternating current 
and this required powerful restraints to hold the coil as indicated 
in the photograph shown in Figure 2. 

Batch filtration experiments were conducted using ~8 kg of 
molten aluminum with the composition given in Table 1. Hie 
melt for the experiments was prepared in a standard resistance 
furnace with a holding temperature of 800°C. After skimming 
of the dross the metal was manually poured on the CFF. No pre-
heating was applied; the filter was at room temperature prior to 
pouring. The temperature of the metal before casting was 
measured to be ~760°C. To prove that the filters do not prune 
by gravity forces the metal rested for a time of 15s above the 
filter before the current was applied to the coil. Pure gravity 
reference experiments have been conducted earlier [4], which 
validated the negligible penetration of liquid metal into the 
filters without sufficient metal head (100 mm was used). 

Hie EM experiment was initialized by energizing the double coil 
at 50 Hz with 1250 A ±1% and 1 A resolution (RMS), 
generating a magnetic field strength of -0.12 Τ ±1% at the 
center line of the empty coil as measured using a Hall Effect 
gauss meter model 6010 engineered by Pacific Scientific OECO, 
F.W. Bell®. The axial probe was standardized using an axial 
standard of 0.05 Τ ± 0.3 niT. The magnitude of the magnetic 
field was then compared by measuring the applied AC current 

Type Κ Iti-mn-..ΗφΙ.·-
ïii*cricil 111 I < '[' 

M k j biinfcct to [>i rΙο. t ;lic 
and the toil It.-in j·] ΛΙ 

inxJcn iiompiraiini Irjni-
L'un jMlcilrtC lied 
mainlining < ' ;l shape. 

k .Ι ι .ν I • . , ' . :l 4<· 
2· ι \ 223.ÎÎ nun iimkle. 

4 · 1 :i i.i 11.,' ι nu l l i l i k k 

' i ll. Foini Filter 
50PP1. 5«· IM mm Met 
22£.<> mm square 19 ') 

930 



and the induced power using a Fluke® 43B Power Quality 
Analyzer with a resolution of 100 W. The current was measured 
by a inductive current probe ilOOOS with a resolution of 1 A and 
±1%, engineered by Fluke®. The conductivity at room 
temperature of the used metal was determined by an AutoSigma 
3000 electrical conductivity meter with an accuracy of ±0.5% 
using a high frequency probe. The resulting numbers were used 
to calculate valid FEM simulation results, i.e. no fitting 
parameters of any kind were used during the simulations. 

Initial priming occurred 6 to 10 seconds after the field was 
activated and it was turned off after the priming was finished, 
i.e. when the metal reservoir above the filter was fully drained. 
The metal remained in the crucible to cool down and solidify. 
After solidification, the filter has been sectioned to investigate 
the wetting behavior and the remaining gas inside the filter. 

Table 1: The chemical composition in wt. [%] of the aluminum 
alloy. 

Alloy Si Fe Cu Mil Zn Al 

3xxx 0 .06- 0 .17 - 0.1 - 0 .95 - 0 .15-3xxx 0.12 0.22 0.15 1.05 0.2 remaining 

target of 50 mm metal head (56 mm was actually applied). The 
head proved to be sufficient to prime the filter without freezing 
or blocking of the CFF as indicated in Figure 3. 
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Figure 3: Priming height vs. filter ppi from different producers 
[13, 14] compared to the earlier conducted electromagnetic 
priming at 0.17 Τ using 100mm round CFF (red dotted line) [11] 
and the new results using 0.12 Τ on a 9 " filter (full line and 
cross). 

Figure 2: Experimental apparatus for the 9 inch filter 
experiment, showing the uncompressed double coil (and large 
loop 'jumper') made of 12 mm copper tubes, the wooden frame 
to suppress vibrations, the refractory crucible, embedded into red 
casting sand, and the high pressure hose system for cooling. 

Priming and Wetting Results and Discussion 

CFF's applied in industry are normally operated in a filter box, 
which uses a certain gravity head of liquid metal and a 
recommended pre-heating technique to achieve priming [12], 
Gravity forces the metal into and through the filter, removing a 
sufficient fraction of the interstitial air and partially wetting the 
filter media. In Figure 3 typical magnitudes of industrial 
priming heights are shown [11, 13, 14], 

The impact of EM enhanced priming was very significant in 
earlier experiments and further increased in the current 
investigation. The experimental trial to investigate lower 
metallostatic pressure involved priming a 50 ppi CFF with a 

In Figure 4 a) to d), the results of the successful low metal head 
experiment are shown. 56 mm metal head generated by ~8 kg of 
liquid aluminum were poured on an un-preheated 50 ppi CFF 
and were allowed to rest for 15 seconds on the filter without any 
field or stirring, as shown in Figure 4 a). In Figure 4 b) the coil 
was electrified with 1250 A (RMS) generating a magnetic field 
that formed a stable meniscus as shown in Figure 6 c). The filter 
started to prime after 6 seconds finished after 10 seconds as 
shown in Figure 4 d). 

Figure 4: Trial of a low metal head priming experiment, using 
56 mm of height above the 9 " 50 ppi CFF. Image a) shows the 
metal resting above the filter for 15 seconds without any effect 
(casting temperahire ~760°C). Image b) shows the effect of the 
electromagnetic field when activated with full strength of 0.12 
T. Image c) shows that the metal then formed a stable meniscus 
and it took in total 6 seconds to begin to prime the metal through 
the CFF, as show image d). 
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Due to the low metal head and the position of the filter within 
the coil, a strong and stable meniscus with the height of 
approximately 160 mm was formed by the interaction of the EM 
Lorentz forces, surface tension and gravity. The creation of a 
meniscus would logically appear to be highly beneficial to 
improving the priming of a filter by using the EM forces to 
artificially increase the effective gravity forces. Therefore the 
effective metal head in the center of the meniscus was approx. 
160 mm, which is still not sufficient to prime the 50 ppi CFF by 
gravity force alone as indicated by the industrial data for pre-
heated filters shown in Figure 3. Figure 5 shows a 'steady state' 
FEM solution of the flow field of the metal inside the meniscus. 
It shows a strong push into the filter in the center of the 
meniscus in addition to the 'enhanced' gravity force. Hiis may 
be the reason that priming was effective with such a low initial 
metal height of 56 mm. The interaction of gravity and Lorentz 
forces generate strong flow patterns, which further aid the 
priming. This was discovered and investigated by the research 
group earlier [15]. 

Figure 5: Steady state FEM model generated with COMSOL® 
4.4 shows the induced flow field during the priming stage inside 
the meniscus. The bottom line represents the tilter surface and is 
modeled as an open border boundary condition. Hie driving 
force of gravity and of the flow field into the tilter is highest at 
the center. 

Higher grade CFFs, such as: 50, 60 or even 80 ppi; have a higher 
tortuosity and less web-like structure than low grade: 30 and 20 
ppi which are more commonly applied. The longer path length 
and more labyrinth-like structure favors the trapping of air inside 
the tilter, the creation of dead zones and the freezing of metal 
during the priming stage. Freezing would result in a blockage of 
the filter prior to priming. Hie good mixing and inductive 
heating, together with the strong electromagnetic 'push' into the 
filter reduces the chance of freezing filters prior to priming. 

An experimentally validated FE-model for a meniscus can be 
seen in Figure 6 [16]. Hiis model shows a meniscus with a solid 
plate at the bottom. The induced current generates strong MHD-
mixing and the flow field results in a stable meniscus. The 

metal homogenizes inside the meniscus, generates a flow field in 
a shape of a loop as seen in Figure 6 and eventually melts any 
frozen metal at the surface of the tilter, such that the metal gets 
pushed into the tilter as indicated in Figure 5. 

Hie total area available for particle attachment of each CFF 
varies by the differences of wetted surface, dead volume and 
entrapped air. In the literature the total filtration efficiency 
varies in some cases up to 70% [12]. It is expected that a fully 
wetted tilter has a larger surface area for filtration and lower 
pressure drop during the filtration. Some of the variation of 
filtration efficiency might be conelated with insufficient tilter 
priming, a large variation of the internal area available for flow 
and resulting changes in the so called 'interstitial' velocity due 
to partial blockage by air. 

Hie less volume that is available for fluid flow, the higher the 
resulting interstitial velocity inside the tilter channels and 
therefore, the lower the resulting filtration efficiency of the tilter 
in accordance with the models of Apelian [17], shown with 
[Eq.3], Increasing the amount of fully wetted tilter surface 
could therefore increase the overall filtration efficiency as 
proposed earlier [11], Reducing the pressure drop of the tilter 
and allowing thicker filters to be applied will make it easier to 
adjust the tilter throughput to the required metal cleanliness. Hie 
correlation is shown: 

KgL 
E0 = 1 — exp "s [Eq.3] 

Where E0 is the filtration efficiency, K0 is the kinetic parameter 
[1/s], defined by Apelian, L as the physical thickness of the tilter 
[m] and the superficial velocity us in [m/s]. 
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Figure 6: Visualization of a k-ε turbulence model showing a 
sodium meniscus. Left is the model and right is the measured 
velocity [16]. 

Metallostatic Pressure and required Metal Head 

The required pressure to prime is traditionally created by the 
metal head above the tilter. After the priming the metal head 
also creates the pressure to sustain the desired superficial 
velocity. To estimate the required metal head for either of the 
steps, the knowledge of the tortuosity and porosity of each tilter 
type is essential. The tortuosity is necessary to calculate the 
interstitial velocity, which represents the real velocity inside the 
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filter media and can be calculated as shown in [Eq.4], Due to 
the reduced area inside the filter for the flow and the 
incompressible liquid the interstitial velocity will be greater than 
the superficial velocity. The interstitial velocity has a major 
effect on the filtration efficiency; making filtration modes such 
as sedimentation by gravity inside the filter less favored in 
higher ppi CFF's. Theoretical calculations on the filtration 
modes related to the interstitial velocity have been presented 
elsewhere [5]. 

Where vt is the interstitial velocity [m/s], τ is the tortuosity 
[unitless], ε is the total porosity [unitless] and fd is the fraction 
dead volume [unitless] of the total filter volume. 

The dead volume is estimated to be of the order of 30%, as 
results in the literature vary between 16 to 40% [5, 18, 19]. 
Using this dead volume and the porosities and tortuosities as 
shown in Table 2, results in an increase of the effective velocity 
inside the filter (i^/Vs) by a factor of 2.1 for a 30 ppi, 3.6 for a 50 
ppi and 5.3 for an 80 ppi CFF. 

The resulting interstitial velocity has a critical impact on the 
probability of particle collection. Filtration mechanisms have 
been discussed in earlier publications [3, 5], showing settling 
and bridging (cake filtration) as the main filtration modes. Both 
mechanisms suffer at higher interstitial velocities, resulting in 
the need for larger or thicker filters. Higher interstitial velocity 
would increase the effect of inertia, direct interception and 
effects of turbulence [20], Filtration mechanisms and 
efficiencies have not been a topic in this investigation and are 
part of the plans for future work. 

Flow through a porous media as defined by the superficial 
velocity creates a pressure gradient, which can be calculated 
using the Forchheimer equation [Eq.5], 

AP = l { f v s + f-νή [Eq.5] 

Where AP is the pressure drop [Pa], L is the thickness of the 
filter [m], μ is the dynamic viscosity [Pa*s], vs is the superficial 
velocity [m/s], ρ is the fluid density [kg/m3], /q [nr] and fe2 [m] 
are empirical permeability constants. The recommended values 
for the Darcian and non-Darcian terms /q and fe2 are topic of 
another publication [21] and have been compared with earlier 
publications [5, 11], 

Hie pressure drop is not dependent on the size or shape of the 
filter, but on the thickness and the resistance of the filter to flow. 
Hierefore pressure drop is strongly influenced by the filter grade 
or ppi, as represented by the permeability constants which define 
the resistance of the filter to flow. Hie required metal head for 
the priming and to maintain a given superficial velocity during 
filtration is therefore highly dependent on the thickness and type 
of the filters. Hie dead volume, tortuosity, and porosity of the 
filter relate strongly to the permeability constants and hence the 
total pressure drop for a given metal flow rate per unit filter area. 

CFF's are typically 50 mm thick plates which are relatively 
difficult to efficiently prime. Problems in priming have been a 

barrier to the use of increased thickness to achieve higher 
filtration efficiencies. The technology to sufficiently prime 
various thicknesses of high ppi CFF has been recently patented 
[6] and further steps are initiated. 

Hie graph in Figure 7 shows the required metal head after 
priming to maintain a superficial velocity (i.e. casting rate) using 
50 and 150 mm filter thicknesses, for 30 (solid line) and 80 
(dashed line) ppi CFF. A thicker filter will have a substantially 
increased filtration efficiency as indicated by equation 3 by 
Apelian [17]. Hie analytical solution reveals that the required 
metal head for a fully primed 150 mm thick 80 ppi CFF will be 
100 mm to maintain 9 mm/s superficial velocity through the 
filter, which is a standard casting velocity for billet casing in 
industry as shown in Table 2. An inefficiently primed filter will 
have blocked areas (retained gas) and areas of higher and lower 
interstitial velocity. Overall the filter will have both higher 
pressure drop and lower filtration efficiency. 

Table 2: Data used for simulation and calculations regarding the 
used CFF. [3] 

Darcy Forchheimer 
Grade Porosity Tortuosity, Constant 2nd Order 
iPPil r%i ' τ ki [nr] k2 [ml 
30 0.892 1.3 5.08E-08 5.46E-04 
50 0.863 2.2 1.57E-08 1.66E-04 
80 0.865 3.2 6.52E-09 1.15E-04 

1 «1 — 50 mm .10 ppi CFF / 

— 1 50 mm .10 ppi CFF 
140 — 50 mm SO ppi CFF / 

- 150 mm SO ppi e r r / 

S 121.1 

J Ii» 

(I 
4 ή S III 12 14 I i . 

Superficial velocity [nun | 
Figure 7: Calculated metal head to maintain a given filtration 
superficial velocity in mni/s through the filter. As an example, 
the dark lines indicate that at 100 mm of head for EM priming, a 
gravity flow of 9 mm/s, which is typical of an industrial billet 
casting velocity, can be maintained for a 150 mm thick high 
grade 80 ppi CFF. 

Multi-Physics Modelling 

To develop a better understanding of the influence of the EM 
field on the behavior of the liquid metal entering and flowing 
through the filter, 2D axial symmetric FE modeling using 
COMSOL® 4.4 was used to solve for the steady state Lorentz 
force and flow fields. Hie EM field for the priming case is 
shown in Figure 8. 
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It has been shown in previous research that sufficient head over 
the coil can suppress the formation of a meniscus. The 
following CFD models therefore assume no meniscus in contrast 
to the experiment modelled in Figure 5. The simulation starts 
with no metal inside the filter and therefore no Lorentz forces 
are induced inside or below the CFF. The metal above the filter 
will experience powerful induced Lorentz forces, as shown in 
Figures 8 and 9 for a 228 mm filter. Combined with the lack of 
Lorentz forces in the un-primed filter region it results in a strong 
MHD flow pushing the metal into the filter as shown in 
Figure 9. The velocity field shown in Figure 9 is at the exact 
moment priming is initiated. 

Figure 8: Steady state axial symmetric COMSOL model of the 
experimental setup during priming (no metal in or under the 
CFF). The axis of symmetry is located at r = 0, the coil to the 
right, the highest square represents the metal above the filter 
before priming. The stream lines and the surface show the 
magnetic flux density (nonnalized in [T] ) and the magenta 
colored arrows show the time averaged Lorentz force 
contribution (FL) inside the liquid metal. 
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Figure 9: Steady state CFD simulation of the metal above the 9" 
CFF showing the initial induced flow field during the start of 
priming. Hie colors imply that the application of f 250 A(RMS) 
current induce a superficial velocity of 2.5 m/s in the center of 
the tilter. Hie resistance of the tilter to priming can generate a 
meniscus above the tilter as shown in Figure 4 b) and c) and 
Figure 5 until the resistance/blockage of the filter is broken (re-
melting the metal that blocks the cold filter) and the metal 
penetrates into the filter. Sufficient height of metal over the coil 
can suppress meniscus formation. 

After the filter and the volume below are filled with metal, the 
velocity field changes direction and generates a strong back 
mixing effect, discussed in earlier publications [4, 5, 15]. Hie 
magneto hydrodynamic (MHD) mixing for the filled cmcible, 
coil position and RMS-magnitude of Lorentz forces (black 
cones) is shown in Figure 9. The simulation uses the properties 
of a 50 ppi CFF, as presented in Table 2. 

Figure 10: Flow field simulation showing the MHD for a 9" 50 
ppi CFF using a 27 turn double coil with an applied alternating 
current of 1250 A (RMS). Hie coil position is centered at the 
upper line of the filter to guarantee a maximal force during the 
priming stage. Peak velocities are calculated to be 1.28 m/s in 
the metal and 0.22 m/s in the filter. The top legend is scaled for 
the metal region, and at bottom for the filter region, both in m/s. 
Hie red arrows indicate the direction and magnitude of fluid 
flow and the black cones the Lorentz forces in metal and porous 
media regions; sizes are not comparable between regions. 

Hie air gap results in a significant reduction in magnetic field 
and induced Lorentz forces in the liquid metal. Application of 
1250 A (RMS) generates a sufficiently strong EM field to prime 
the filters and inducing a velocity of up to 0.22 m/s inside the 
tilter and more than 1 m/s in the metal phase after priming. 

Conclusions 

Hie effect of an electromagnetic field on the priming of a small 
9" commercial Ceramic Foam Filter (CFF) has been 
demonstrated with less metal head than anticipated based on 
previous experiments [11] and much less than standard industrial 
priming heads [13, 14]. Priming of a 50 ppi CFF succeeded 
with only 56 mm metal head, which is less than 25% of the 
standard metal head used by industry today. Electromagnetically 
enhanced priming will enable higher grade (higher ppi) or 
thicker CFFs to be used with standard priming heights. 

Increasing the available area for filtration by greater removal of 
gas from the inside of the filters, as well as improved tilter 
wetting will allow higher throughput and casting velocities 
while not altering the filtration efficiency of the applied tilter 
grade. This might allow an optimized (similar) metal head for 
both priming and casting, implying the use of thicker filters. 
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An improved the melt quality can be achieved by removing 
more solid inclusions using a higher grade filter, a thicker filter 
or slower filtration. With EM priming a higher grade and/or 
thicker filter can both be primed efficiently with low metal head 
achieving higher filtration efficiencies for a given filter box 
installation. 

Future Work 

Priming trials will be executed using the 9" industrial size filter 
box with 30 to 80 ppi CFFs. A stack of up to three 50 mm thick 
commercial filters will be used. Flow experiments with artificial 
inclusions will be used to investigate filtration efficiency and the 
behavior of stacked filters in order to verify the casting rate 
estimates shown in Figure 7. 

Metallographic investigations will be carried out on particle 
distribution, and to study the filtration mechanisms and 
interfacial wetting between alumina and aluminum. 
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