smLightiMctalis

Essential Readings in Light Metals: Cast Shop for Aluminum Production.

Edited by John F. Grandfield and Dmitry G. Eskin.

© 2013 The Minerals, Metals & Materials Society. Published 2013 by John Wiley & Sons, Inc.

‘ From Light Metals 1986, R E. Miller, Editor

EFFICIENCY OF INDUSTRIAL FILTERS FOR MOLTEN METAL TREATMENT

EVALUATION OF A FILTRATION PROCESS MODEL

P. Netter

Centre de Recherches
Cegedur Pechiney

38340 Voreppe France

The many practical uncertainties surrounding the
evaluation of metal cleanliness make it difficult to
compare the efficiencies of various liquid aluminium
filtration processes. Mathematical modelling is the-
refore of assistance in designing deep-bed filters
for molten metal, comparing their performance and
monitoring their operation. This technique has been
used to compare the initial performance of commercial-
ly available filter media over the velocity ranges
recommended by the makers. The investigation carried
out involved the preliminary characterisation of
structural properties (elementary filtration cells,
porosity and flow properties). Models of this type,
although they may sometimes be complex, are unable
to allow for the heterogeneous nature of suspensions
and granular filter media, or for complex patterms
of flow through these media. Data drawn from actual
practical experience has to be incorporated into the
model if it is to be of real utility.

INTRODUCTION

The basic principles of the filtration of alumi-
nium alloys have long been known. This is an opera-
tion carried out to supplement trecatments in the fur-—
nace (flux addition, degassing by injection lance,
settling and/or the use of a degassing ladle (of the
Alpur or SNIF types).

It is a process of filtration in depth (or in
the bulk) whereby (Figure 1) the liquid metal flows
through a porous medium designed to arrest and retain
particulate matter. The filter medium may be either
coherent and rigid, as in the case of the ceramic
foam filter (CFF) or the rigid metal filter (RMF), or
consist of a loose mass of separate particles, as in
the case of the deep-bed filter (DBF). ‘

The thickness of the filtration medium can vary
(from 2 cm to 1 metre). Inclusions are retained wi-
thin the bulk of the filter medium, the pores of which
are big as compared to the size of the particulate
matter to be removed. Nonetheless, provided the filter
medium is correctly designed, the particles in sus-—
pension will lodge in the pores, by jamming between
the individual grains or pores, or depositing in nooks
an crannies, or by adhering to the surface of the
filter medium under the effect of various transport
mechanisms.

The cleanliness of the filtrate will depend on
the texture of the porous medium, the form of the
particulate matter to be retained an its particle
size distribution, the physicochemical properties of
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the particulate matter and of the liquid metal, the
thickness of the filter bed and rate of flow through
the porous medium.

Characterisation of the metal filtering operation
and the performance levels of various filters is ex—
tremely difficult by virtue of the absence of any ge-
nuinely quantitative test for assessing inclusions
content in the liquid metal and/or the complications
of the necessary sampling operation.

The aim of the study reported here was to impro-
ve understanding of the filtration operation via the
construction of mathematical models derived from the
sphere of chemical engineering. The construction of
such models presupposes a satisfactory knowledge of
the structural properties of the filter media. Once
constructed the models make it possible to predict,
for different types of inclusions, the maximum probabi-
lity of contact for various filter media employed under
varying operating conditions, always provided the model
or models in auestion have first been validated experi-

mentally.
1. FILTER MEDIA/STRUCTURAL PROPERTIES

For the filter media considered in this investi-
gation, use can be made of the classification adopted
by Apelian et al. (1) for the various porous media
available for the filtration of liquid aluminium,
viz :

Unbonded ceramic particulate

Loose ceramic media

(tabular alumina grains, alumina balls,
(Alcoa type) flux grains)
: Ceramic foams

(Conalco, Foseco and Bridgestone )
Bonded ceramic particulate

(TKR, Metaullics)

Type 1 :

Type 2

Type 3 :

Within these three generic families a wide manu-
facturing range exists (and is reflected in differen-
ces in grain or pore sizes and in porosity).

For the purposes of this investigation, use was
made of samples of those filters most representative
of industrial practice.

The behaviour of the filters selected was inves-—
tigated for ranges of melt velocity (rate of metal
flow per unit cross-sectional area of the filter)
corresponding to those recommended in the patent lite-
rature or by the makers (Table 1).
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TABLE | : FILTER MEDIA CHARACTERISTICS AND FILTRATION CONDITIONS

FILTER MED!A | COMMERCIAL AVERAGE AVAILABLE MELT METAL CONTACT
CLASSIFICATION GRADE PRACTICAL POROSITY THICKNESS APPROACH TIME DURING
GRAIN SIZE FOR MELT VELOCITY FILTRATION
OR PORE SIZE FLOW (cm/s)

UNBONDED 14 - 28 mesh 850 pm 0.40 20 cm 0.10 - 0.40 50 - 200 s
(grain)

CERAMIC

PARTICULATE 3 - 6 mesh 2300 pm 0.39 40 cm 0.10 - 0.40 100 - 400 s
(grain)

CERAMIC 40 ppi 1500 pm 0.65 5 cm 0.25 - 1.00 5-20s
{pore)

FOAM 30 ppi 2150 pm 0.60 5 cm 0.25 - 1.00 5-20s
(pore)

BONDED

CERAMIC medium grade 600 pm 0.29 2 cm 0.03 - 0.06 30 ~ 70 s

PARTICULTATE (pore)
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For each type of filter, the fbllowing grades
were selected :

Type 1 : Unbonded ceramic particulate
- fine tabular medium 14 -~ 28 mesh
- coarse tabular medium 3 - 6 mesh

These can be employed in the Alcoa type of fil-
tration ladle (Figure 2.1).

Type 2 : Ceramic foams
- 30 pores per linear inch
—_ 40 1" n n "

These dimensions correspond to the commercial
designations, which do not always (Comaleco, Foseco)
correspond to the average nombers of pores per li-
near centimetre which can be estimated over a cross—
section of the filter medium.

Figure 2.2 illustrates the types of ladles in which
they could be used

Type 3 : Bonded ceramic particulate
- 600 pm average grain diameter

Figure 2.3 outlines the use of filter cartridges.

2. DEEP-BED FILTRATION PROCESS MODELLING

2.1 Distinction between probability of contact and
efficiency

The efficiency of deep-bed filtration of a sus-
pension can be seen as the net result of two contri-
buting factors, viz

1) purely mechanical retention by jamming, or a sie-
ving effect at certain preferred sites of the
porous medium (2, 3)

2) local arrest on the surface of pores of the filter
medium ; such retention on the surface is the end-
result of two distinct processes, namely :

- transport of particulate matter from the bulk of
the suspension to the walls of the pores

- effective retention of particulate matter on the
wall under the effect of surface forces acting
between the particle and the wall.

The following equation :

nyg =0y *nNg -+ P (Eq. 1)

expresses total efficiency ( Nq) in terms of purely
mechanical efficiency ( Ny), the probability of con-
tact between particulate matter and the wall ( ng)
and the probability of retention after contact (p).

The construction of a model focussing solely on
the determination of the probability of contact bet-
ween particulate matter and wall ( Ng) enables the
retention possibilities ( M) of a porous medium to
be estimated, always provided :

- we can neglect the contribution of purely mechani-
cal retention ( Wiy = 0), which is the case where
the constrictions are of significantly greater size
than the particles (2)

- the probability of retention after contact can be
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assumed to be unity, i.e. p = 1, e.g. in the case of
fine inclusions in a suspension of high surface ten-
sion filtered at moderate velocity (4).

2.2 Model simulating the transport stage/assumptions
made

The unit cell

Given the repetitive and periodic nature of its
structure considered in the direction of flow, a po-
rous medium can be represented as a superposition of
elementary sections of height equal to the structural
periodicity interval, Hc (the average diameter of
grains in the case of a loose-bed filter (Figure 3)

—\— |4 9

REAL STRUCTURE UNIT FILTER SECTIONS

UNIT CELL M

M = MIXING EFFECT
(Uniform Particle Concentration) T

T = TRANSPORT EFFECT

M

FIGURE 3

SCHEMATIC REPRESENTATION OF A GRANULAR FILTER MEDIA
BY SECTIONS CONNECTED IN SERIES AND UNIT CELLS
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Each of these elementary sections is considered
to consist of a multiple of identical cells, the form
and dimensions of which correspond to the average
shape and size of the voids of the filter medium :
this assumtion of a standard shape makes it possible
to simulate the successive compressions and expan—
sions undergone on average by the fluid as it passes
through the reallife porous medium.

Simultaneously with the transport of the parti-
culate matter towards the walls, the suspension un-
dergoes a mixing action amplified by the presence of
interconnections between the pores of the filter
medium ; this mixing action contributes to rendering
the concentration of particulate matter uniform over
a cross—sectional plane normal to the direction of
flow.

In order to approach the mathematics of these
two phenomena, their effects have to be distinguished
by supposing that they take place successively and
periodically in the direction of flow ; the hypothesis
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FIGURE 4.1

SCHEMATIC REPRESENTATION OF A GRANULAR FILTER MEDIA
ORIGINAL UNIT CELL PATTERN
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generally accepted is tantamount to locating the trans—
port phenomena within each unit cell, whereas the con-
centration of particulate matter is deemed to be uni-
form at the point of entry to each unit cell

(Figures 3, 4, and 5).

The advantage of this hypothesis is that the
structural periodicity interval can be made to corres-
pond to an identical periodicity interval of standar-
disation of concentrations.

A general model can be proposed by considering
the mixing effect to be localised both in the plane
of entry to the convergent portion and in the plane
of entry to the divergent portion.

Thus, a real-life filter consists of a multiple
of elementary sections of height He/2, each correspon-
ding to a multiple of unit cells made up of convergent
and divergent portions ; Figures 4 represent the para-—
bolic-walled unit cells for a particulate filter (Types
1 and 3) (Figure 4.1) and for a Type 2 foam filter
(Figure 4.2). (The number Np of pores per sq. cm. is
that which ensures that the model and the real-life
filter exhibit equivalent porosities).
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SCHEMATIC REPRESENTATION OF AND OPEN PORE STRUCTURE FILTER
ORIGINAL UNIT CELL PATTERN
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2.3 Application of method of trajectories

A ap B ap D a%
Transport of the particulate matter towards the At = - Bt = - Dt = - (eq.8)
walls can be simulated by the method of trajectories, s s s
details of which are to be found in the literature _
(4, 5, 6, 8). A, B and D correspond to the velocity Vg that the
fluid would have at the position occupied by the cen-
2.3.1 To this end, we require an expression for the tre of the particle if expressed by reference to its
dynamic equilibrium of a particle subjected to normal component { Jy) and tangential component ( uy),
the forces tending to bring about sedimentation, thus
to Van der Waals forces and to the effect of
entrainment by the liquid metal. _ _ L,
v = - A&} uy + (B & +0D &) uy (eq.9)

In order to quantify the entrainment effect, it
is assumed that
where
- the particles are equiaxed
& is the normal distance CP between the centre of

- the flow of the suspension through the unit the particle, C, and the point, P, on the wall
cell is symmetrical about the axis and corres-—
ponds to the pattern of flow in the straight o is the angle made to the vertical by the tangent
periodic tube (vertical flow). to the wall at P

Two limiting cases can be envisaged in order to fp is the specific gravity of the particle

describe the flow, viz
ap is the radius of the particle
1) laminar flow, which is valid for small values of

Reynolds'number and, based on a simple flow pat-— Hp is Hamaker's constant
tern at the wall, affords a better physical jus-—
tification of the relative importance of the g is the gravitational constant

effects of sedimentation and entrainment by the
liquid metal.
F1, F2, F3 and F4 are correction factors alleowing for

2) flow corresponding to the actual Reynolds' number the effect of the wall on the motion of a particle
(Re) in the periodic tube, where : towards the wall (5).
Vs « He «. pp
Re = N (Eq. 2) 2.3.2 The simulation calculation involves the integra-
p - K tion of the differential equation of motion in
order to determine in each part of the cell the
(and p and u are the density and dynamic viscosi- limiting trajectory separating those particles
ty, respectively, of the liquid, and Vg is the which simply pass through it from those reaching
melt approach velocity), thus making it possible the wall.
to determine the effect of modification of the
shape of the flow lines close to the wall. In the case of particulate matter of higher den-
sity than the metal, the limiting trajectories
Generally speaking, the results obtained for lami- are those passing at a distance ap from the points
nar flow correspond to an upper limit on the pro- Aj 4 1. and A7 4 g4
bability of contact, since the true flow tends to ’ ’
render the flow lines vertical and oppose contact In the case of particulate matter of density lower
(4). than the metal there exists in proximity to the
wall a region in which the particles can move
In a system involving a cylindrical axis counter—current to the suspension.
(Figure 4), the differential equation for the motion
of the centre of a particle is : In Figure 5, the positions of the points(Bi’C),
(Bi+1e), (Bi g) and (Bjiq g) demarcating
this ‘region between the planes of entry to and
dr _ XD sin o - XN cos o (eq.3) exit from the unit cell are identified by deter—
dz XD cos o + XN sin o : mining in each of the two planes the value of r

such that the denominator on the right-hand side
where : of Equation 3 cancels out.

- . _ +2 .+ + 8§H)2 F 4
XN = Ng sin o - Ng/49 am 6 4 (ea-d) Therefore, if it is assumed that the particles

XD = Ng cos o Fy + BY(1 + &%) FptD* (1 + §%)2 F3 m?v1ng counter-current reach the w?ll, the limi-
ting trajectories in each such region are the
(eq.5) trajectories passing through the points Bi {,c
) ( 0 5 ) and Bi+1,d
= £ a2 - P18
Ng 5 2 —p__ T ° (eq.6)
u g
u B .
Ng = Zh s+ = &2 T ap (eq.7)
9 mu a; Vg ap
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2.3.3

ni =

JBi,c

From Light Metals 1986, R E. Miller, Editor

UNIT CELL i

CONVERGENT PORTION ¢ DIVERGENT PORTION d

Bi,d
Ai,d / Ci,d 0i,d
PLANE OF
ENTRY i
1\
|
PLANE OF
EXIT i +1
Oi + 1,¢ Oi + 1,d
Aise Ai s+ 1,d
Bi + 1,¢ Bi +1,d

LIMITING TRAJECTORY Bj ; 1,cCj,c LIMITING TRAJECTORY Bj + 1,dCi,d

FIGURE §

LIMITING TRAJECTORIES IN THE CONVERGENT AND DIVERGENT PORTIONS OF THE UNIT CELL (foam filter)

The simulation necessitates the determination of
the probability of contact n; within a unit cell
as expressed by reference to the various rates
of arrival, J , of particulate matter at the
walls of the cell.

We have :

Gi,c*JAi+1,c Bi+t,c*IBi a Ci a+JAi+1,d Bi+1,d

Joi,c Ai,c * Joi,d Afd (Eq.10)

These various rates of arrival can be expressed
by reference to the flux function VY and to the
concentrations Cj and Cj4+1 in the planes of
entry to and exit from the unit cell.

Whence :
Ci+1
ni = CU + DU + —=— (CL + DL) (Eq.11)
1
Where
Yo - VY.
cu = Rt S1 (Eq.12)

_ Ya. - .
2 Al,C lyAl,d

(refers to the contribution of the Convergent

portion with particles arriving from the Upper
planes).
Yi,a - ¥Biq

DU = (Eq.13)

2 - YAj,c - YAi4q

(refers to the contribution of the Divergent
portion with particles arriving from the Upper
plane)

¥Bi+t,c - YAje1,c
2 - A, - TAia

CL = (Eq.14)

(refers to the contribution of the Convergent
portion with particles arriving from the Lower
plane)

¥Bi+1,da - YAi+1,4

DL = (Eq.15)

2 - *ag,c - "aga

(refers to the contribution of the Divergent
portion with particles arriving from the Lower
plane)

Within the range of variation of parameters in-—
vestigated as part of the study reported, the
entrainment effect overrides the gravity effect
at the plane of constriction, so that the con—
tribution CL can be neglected.

Since

C:} = 1 -1 (Eq.16)
We have :

ny = WrDULDL (kq. 1D

The coefficient of filtratienm, A;, with respect
to the unit cell and hence to the total porous
medium can be expressed as follows :

2 1

The probability of contact n. for a filter of
height H can then be expressed as follows
- AH

Ne=1-¢e (Eq.19)
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3. ANALYSIS OF THE PROCESS MODEL/COMPARISON

WITH EXPERIMENTAL RESULTS

3.1 Using the model

For any given filter, the process model can be
employed in various ways. Thus :

- for a given combination of metal an inclusions
(values of Dp, Pp fixed), it is possible to express
the variation in filtration efficiency n with melt
velocity Vg

- for a given melt velocity, Vg , it is possible to
evaluate filtration efficiency versus the dimen-
sion of inclusions at a given density Pp-

- for a given melt velocity, Vg , and given dimen-
sions of inclusions, it is possible to determine
how filtration efficiency varies with the density
of inclusion.

A filtration process can be characterised in
terms of :

1) the filtration coefficient, Ai, which refers to
unit thickness of the filter,

and

2) overall filtration efficiency n , which allows for
practical realities.

Figure 6, which refers to an open-pore structure
filter (CFF, 30 ppi) and equiaxed inclusions of 12 um
shows the relative weights of the probabilities of
contact in the convergent portion (CU) and in the
divergent portion (DU + DL) of the unit cell as deter-
mined by the density of particles filtered at various
melt velocities Vg

‘ From Light Metals 1986, R E. Miller, Editor

Figure 6 shows that the efficiency of the conver-
gent portions of the constrictions decreases with
particle density and also shows the gradually increa-—
sing contribution of the divergent portions.

For the unit cell as a whole, the efficiency is
nj. When calculated with respect to actual filter
thickness, the variation in efficiency n' parallels
that of nj

Similarly, Figure 7 illustrates how CU, DU + DL
and nj vary with melt velocity for different particle
sizes.

3.2 Comparisons of predictions of the model and
experimental results

Needless to say, the aluminium/titanium boride
system is the easiest to employ experimentally even
if some uncertainty persists as to the mean size of
the TiBj used as synthetic inclusions. Particle size
distribution was assumed to range from 2 to 6 um and
experimental points (Figures8) were compared with
the efficiencies predicted by the model at 2 and 6 um
for a density of 4.5 g/cc.

Table II sets out all results relating to the experi-
mental determination of the initial coefficient of
filtration Aj for the liquid aluminium/titanium
boride system.

TABLE Il : EXPERIMENTAL CONDITIONS AND RESULTS - GEOMETRIC PARAMETERS OF UNIT CELLS imicroscopic examination)
PARTICLES FILTER MEDIA FILTRATION EXPERIMENTAL GEOMETRIC
PARAMETERS CONDITIONS RESULTS DIMENSIONS OF
THE UNIT CELL
(model) "
w
o
z
Suspension of H Vg Ai o 2
Ti B, particles TYPE THICKNESS| MELT APPROACH INITIAL FILTRATION r ra He i «
in liquid (cm) VELOCITY COEFFICIENT w o
aluminium {cm) (cm/s) (cm-1) {mm) (mm} { (mm) L3 T
CFF 30 ppi 5- 10 0.20 - 2.00 0.008 - 0.10 0.492 | 0.913 2.15 4 1
Assumed size CFF 40 ppi 5-10 0.40 - 2.00 0.020 - 0.15 0.343 0.638 1.50 4 2
Fnee ;m CFF 30 ppi 5 0.10 - 1.00 0.070 - 0.26 0.492 | 0.913 2.15 8.3
CFF 55 ppi 2.5-5 0.70 - 4.00 0.040 - 0.12 0.208 | 0.387 0.91 12 8.4
SpeCE?C DBF : 1.7 0.04 - 0,75 0.010 ~ 0.09 0.720 1.720 4.00 10 8.5
gravity ] = 4 mm
4.50 g/cm? moy
DBF : - 0.04 - 1.00 0,035 - 0.29 0.360 | 0.860 2.00 9 8.6
@ moy = 2 mm
DBF : 40 0.12 - 0.13 0.008 - 0.02 0.418 | 0.989 2.30 n 8.7
@ moy = 2.30mm
DBF : 20 0.12 - 0.13 0.012 - 0.04 0.153 | 0.366 0.85 11 8.8
o moy =0.85mm
RMF : 2 0.04 - 0.05 0.04 | 0.108 | 0.258 0.60 n 8.9
o moy =0.60mm| {mean value)
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cy
[~
0.015 0.045 DU + DL
0.012 0.012
0.009 Vs = 0.009
i a v:0.25 /s
A:0.50 co/s
0:0.75 cn/s
0.006; &:1.00 cu/s 0.006;
0.003 0.003
0.000~F—= + i } +
0. 1. 2. 3. 4. 5. o.oog. 1. 2. 3. 4. 5.
PARTICLE DENSITY PARTICLE DENSITY
7,
0.015—
0.012
0.009;
u]
0.006;
0.003
0.00 } 4 4 4 }
0. 1. 2. 3. 4. 5.

PARTICLE DENSITY

FIGURE 6
PROBABILITIES OF CONTACT IN THE CONVERGENT PORTION (CU}, THE DIVERGENT PORTION (DU + DL)
AND THE WHOLE OF A UNIT CELL (7;)} VERSUS PARTICLE DENSITY FOR VARIQUS MELT VELOCITIES (Vs)

(CFF, 30 ppi Hc = 2.15 mm
Region of laminar flow Py = 2.36
Particle diameter dp = 12 pm)
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0.008 cu 0.008 DU + DL
0.006 0.006;
0.004 v 2 0.004 v o un
A b oun A 6. un
o: 2. un o: 2. un
0.002 0.002
STy /:/;
0.00J—K— + + + + + 0.000 Y 7 7 v ¥ A
0.00 0.0 0.20 0.30 0.40 0.50 0.60 0.00 0.0 0.20 0.30 0.40 0.50 0.60
FLUID VELOCITY (cn/s) FLUID VELOCITY {cm/s)
17.
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O =
0.004 w2 un
A 6 un
o 2. un
0.002
0.000

0.00 0.0 0.20 0.30 0.40 0.50 0.60
FLUID VELOCITY  (cn/s)

FIGURE 7

PROBABILITIES OF CONTACT iN THE CONVERGENT PORTION (CU), THE DIVERGENT PORTION (DU + DL)
AND THE WHOLE OF A UNIT CELL ( 7i) VERSUS MELT VELOCITY (Vs) FOR VARIOUS PARTICLE DIAMETERS (Dp)

(Fine granulate filter bed Hc = 0.85 mm
Region of laminar flow Py = 2.36 Pp = 2.14)
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From Light Metals 1986, R E. Miller, Editor

FIGURES 8.1 TO 8.4 INCLUSIVE

COMPAR ISON OF EXPERIMENTAL RESULTS AND CONTACT PROBABILITIES DERIVED FROM
SIMULATION CALCULATIONS
Al/TiB, system
Type 2 filter - CFF
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FILTRATION COEFFICIENT (cm™")  s.5 (o | FILTRATION COEFFICIENT (cn™") 6.6 FILTRATION COEFFICIENT (cn™")
10. . 10.
5, 5. 5.
2. 2, 2.
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0.5 0.9 0.5
0.9
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0.4 0.4 0.4
0.05 0.05 0.05
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0.04 0.02 005 04 02 05 4. 001 002 005 014 02 05 % “5of 0.02 005 04 02
FLUID VELOCITY (en/s) FLUID VELOCITY {cn/s) FLUID VELOCITY (cm/s)
-1
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0.4 » 0.4
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FIGURES 8.5 TO 8.9 INCLUSIVE

COMPARISON OF EXPERIMENTAL RESULTS AND CONTACT PROBABILITIES DERIVED FROM
SIMULATION CALCULATIONS
Al/TiB, system
Type 1 and 3 filters
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1)

and

2)

The results shown originated respectively :

from the literature (4, 9 and 10), where they
derive from laboratory experiments,

from experiments carried out (11) under condi-
tions more representative of actual industrial
practice at Pechiney, as regards filter dimen-
sions and titanium boride concentrations
(Figures 8.7, 8.8, and 8.9). Each point plotted
is the mean of at least 30 results with a small
confidence interval (+ 5 7).

Figures 8 call for the following comments

The experimental results reported by different
investigators can exhibit significant differen-
ces. These can arise :

- either from the procedure of introduction of
the titanium boride and the mode of dispersion
of the seeds,

or from :

- the concentration of titanium boride particles
(possible interaction between particles and
agglomeration phenomena).

Despite this, the average level of contact per-—
formance determined using the model approximates
to the efficiency determined experimentally.

An increase in meltvelocity is detrimental and
in every case accompanied by a reduction in ef-
ficiency.

In conclusion, the experimental results were
found on the whole to concord with the predic-
tions of the model, allowing for the assumptions
which had to be made on the particle size distri-
bution of the synthetic titanium boride inclu-
sions upstrean and downstrean of the filter.

4. APPLICATION OF MODEL TO COMPARISON
OF VARIOUS FILTRATION SYSTEMS

One immediate application of the process model
is in the classification of the initial filtra-
tion efficiency of commercially available fil-
ters over their recommended range of operating
conditions (Table I ).

Figure 9 indicates the results obtained under
particular conditions of use of filters repre-
sentative of the three types, DBF, CFF and RMF,
and how they vary with particle sizes ranging
from 2 to 30 um for a density of 4.5 g/cm?
(titanium boride).

A point to note is that over the range of melt

velocities represented, and which correspond to
industrial use of the various types of filters,
there were found to be distinct differences

in efficiency.

08+

06

04t

02F

‘ From Light Metals 1986, R E. Miller, Editor

Eff1icienCy

T

(pm)

FIGURE 9

USE OF MATHEMATICAL MODEL TO COMPARE VARIOUS FILTRATION PROCESSES

Deep bed of fine (20 cm thick) or coarse (50 cm thick) granulate Wl
Filter cartridge consisting of fine granulate bougies (thickness 2 cm) °
Ceramic foam, 40 ppi (tickness 5 cm) @ °

The upper boundary of each hatched region correspondé to the low velocity
shown in Table I, while the lower boundary corresponds to the high velocity.

The various types of filters can be classified
in order of decreasing efficiency as follows :

deep bed of fine or coarse particulate material
(DBF)

fine sintered grains featuring high filtration
area and low thickness (RMF)

ceramic foams (CFF) characterised by low thick-
ness and high melt velocity.

Filter media can also be classified according to
their coefficient of filtration (Af).

In this case, the coefficient of filtration
affords a rigorous comparison of the behaviour
of different structures in terms of contact per
elementary section. Figure 10 illustrates the
variations in maximum filtration coeffieient
(corresponding to unit probability of retention)
for DBF, RMF and CFF filters, again for melt
velocities representative of industrial practice
except for the last-mentioned.
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FIGURE 10

MAXIMUM FILTRATION COEFFICIENT FOR DIFFERENT FILTERS
(Cf. Table I} (Particle diameter 6 pm)

10.1 %==M59km’

The CFF filters were observed to be less sharply

differentiated in terms of the coefficient of
filtration A; than in terms of probable maximum
efficiency (Figure 9). In industrial practice,

this type of filter is penalised as regards fil-

tration efficiency, i.e. the retention of fine
inclusions, by the thickness of the filter
medium (5 cm) and by the range of melt veloci-

ties recommended by the makers (0.7 to 1.4 cm/s).

CONCLUSION

An original model (the unit cell pattern) of the

operation of deep-bed filters, simulating the reten-
tion of inclusions contained in the liquid metal, has
been developed, adjusted and put to use.

The model can be employed to estimate the maxi-
mum initial efficiency of deep-bed filtration over a
wide range of operating conditions.

Bearing in mind the assumptions made in the
construction of the model, i.e.

- vertical flow pattern

~ an initial probability of retention equal to unity

10.2 = 3.3 g/cm?
Pp gl/em

it is possible to assess the relative effects on proba-
bility of contact of parameters as different as melt
velocity, filter structure (granular or open—pore),
average pore size or the thickness of the filter em—
ployed.

As against this, the model makes no allowance
for :

- the nature of the filter medium (inert material or
flux)

- the surface condition of the filter medium against
which the liquid rubs (roughness and microporosity).

Aga%n, it will not predict filter clogging ; it
has nothing to say about the progression of the fil-
tration front.

Where macroscopic structures are equivalent, the
model will not differentiate media in terms of the
microstructure, which determines the number of sites
available to trap an retain particulate matter.

Its main advantage is that it makes it possible
to determine operating conditions able to guarantee
the desired initial efficiency in terms of the removal
of a given type of inclusions.
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