
= ~OiJG (;:J@~==========FromLight MettJ/12006, Travis J. Galloway, Editor = 

Experimental and Numerkal Study of Ceramic Foam Filtration 

E. La61
, H. Duwf, C. Riviere1.z, P. Le Bnm1

, J .-B. Ouillof 

1· Alcan Centre de Recherches de V oreppe, 725 rue Aristide Berges, 
BP 27,38341 Vorcppe Ccdex, Prance 

2· Laboratoire de Genie des Proc6d6s et Mat6riaux, Ecole Centrale Paris, 
Gmndc Voie des Vignes, 92295 Chlbmay-Malabry, France 

Keywords: Ceramic foam filter, Depth filtration, Inclusions, Lattice-Boltzmann modeL 

Ceramic foam filtration is widely used to enable removal of non 
metallic incluaions from liquid aluminium. Its performances have 
been largely studied in the literature and some discrepancies 
remain 1111m1gst the published "'suits. Consequently, a research 
program was deployed to evaluate the performances of a range of 
ceramic foam filters uaed under varioua conditions and to 
understand the incluaions capture mechanisms. 
On the fuat hand, laboratmy trials were run on a filtration pilot 
under carefUlly controlled thermal and hydrodynamic conditions. 
The filtration efficiency of the Ceramic Foam Filter (CFF) wu 
ueeaaed by LiMCA tiiC8I\II'emeDta. Microscopic obaerwtione of 
1be filter &till impregnated with aoliditied metal were also carried 
out to know the repartition of the inclusioua within the filter u 
weD utbeir capture sites. 
On the o1her haDd, the initial filtration efficiency as well u the 
inciUJion csptme ai• were calculated by a two-dimcnaion lattice
Boltzmann filtration model [1] on aevenl types of ceramic foam 
filters, for various types of inclusion. Results of this wark ~ 
preeented and diac:uaeed. 

lntroduetion 

The performmce requirements for aluminium alloys are 
continually increuing, in particular with regard to inclusion 
removal. Indeecl, the presence of non-metallic inclusions in alloys 
affects the quality and properties of the products in many different 
waya. Therefonl, filtration of the melt has been introduced into the 
process in order to remove inclusions and thus meet high quality 
standardl. Liquid aluminium is usually filtered through ceramic 
foam fil.ten, granular beds or rigid media filten. 
Ceramic foam filters have been largely studied in the literature; 
their perfunnances an: rcvicwcd here. The techniques used to 
evaluate them an: varied: mctallosrapbic obsemltions of a filter 
section after use, PoDFA, LAIS and LiMCA measurements. 
Particular emp]wis it laid on the use of LiMCA and 
mctallographic oblcrvatioiiS aince they are the two techniques 
used for this study. The filtration efficiency is !lied as an 
evaluation mterion offtlc CFF, it is defined by equation (1) 

E= N20; -N200 *lOO 
N20; 

(1) 

Where NlOi is the average NlO LiMCA index at the filter iDlet 
and N20o is the average N20 LiMCA index at the filter outlet 
The figure 1 gives a l\llliDUlfY of the :filtration efficiency evaluated 
by LiMCA measurements before and after the filter in function of 
the filter grade and the filtration plll1l1IlCtms (filtration speed md 
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alloy) reported by previous papers [2-9]. The filtration speed is 
defined by equation {2) 

v=_g_ 
pS 

{2) 

Where Q ia the mass flow rate, p is the molten aluminium density 
and s the filter surfiu:e. 
The figure 1 shows the wide range of CFF efficienciea ftom 30-
60% efficiency to 80-90";(, efficiency. It is believed the diffmmt 
pa.rameters under which the CFF are used can explain these 
discRpencies. 
Indeed, the influence of various p1111111Klten on the CFF efficiency 
was also .cudied, they can. be claasified between the filter 
pa:rameten (pore size and chemistry), the inclusions puametert 
(nature, size and number) and the process parii1IIdcrs (alloy, uae 
of grain refining rod, filtration speed, upstream 1rea1ment). 
It was shown tbat the filtmtion efficiency incrciiiCI when the pore 
size decicascs [3] or when the gmde in ppi increases [10,2]. 
The filtration efficiency is suppoaed to be larger for larger 
inclWJions [2,10]. Ho~ a decrease in efficiency for inclUJion 
size decreasing from 20 to SOJ.Ull was shown in some cues [9,5]. 
It ia attributed to inciUJions aggiOJlllmltion in the CFF. Dupuill et 
a1 [9] ~d an. increiiiC of efficiency with the increase of the 
incoming inclusion. conoentration. The filtration efficiency is 
shown to be a decreasing exponential fimction 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 vari.ations of speed can caUie inclusions 
"'l.eue [9]. The use of grain refining rod at 1be filter inlet was 
shown to decrease the filtration efficiency of a 50ppi filter, the 
etied being significative in the case of high inclWJions J.oadinJ 
(N15 around lOklkg) [14]. 
Moat atudiea giving efficiency values based on LiMCA 
meuUI'CIIICilta report metallograpbic observations of spent filters. 
Several papers (5,6] showed that the inclusion content waa 
decreating in quantity from the top to the bottmn. The formation 
of bridges acrou the ceramic foam window in the uppermost part 
of the filter was aJao evidenced [2,5,14). High filtration efficiency 
oould be related to a cake fillration ocemring tbanb to 1he8e 
bridges. The bridges are more DllJDeroUS when the filter ia 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 resulta present in the litendun: show some disagrcemc:nts on 
the filtration mechaniama and the influence of various perameters 
on fil1ration efficiency. 
The present etudy gives an input on how the different parametm. 
impect filtration efficiency and what are the filtration 
mecbaDiams. Filtration modeling is also used to evaluate the 
influeru:e of theae puametera. AJ a discuBsion, 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 NlS, rest: N20) 

Experimental Detail• 

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. 

Li~ICA U~ICA 

Figure 2. Filtration pilot principle scheme 

The filtration pilot ia made of a reaistance tilting furnace. a 
launder system, a reaistance 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 
therJilO(l(IUJ)les, 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. 

70 700 
so 100 

lOto 20 4() to 70 

The standard experimental procedure was the following. The 
alloy is elaborated. in the tilting furnace, the charges are IDBde 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 now rate is measured contilmously thaDks to a balance 
placed under the recuperation ladle. Thermal conditiODII wen: 
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 cut, which lilllkes direct observation difficult. 
Furthennore, the tile undergoes shocks to be removed of its seat, 
which is thought to create inclusiODII releases. Thanks to this 
setup, the inclusiODI present in the tile stay at the location where 
they were tnpped. Consequently, the tile could be cut 
longitudinally and transversally for metallographic obscrvati.ODII 
of the inclusions at various heights. 
The second advantage is that proper LiMCA measurements can 
be done bcfure 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 

===================================286 =================================== 



= [b(j~GQB ~@lliJIJ0========= From Light Metals 2006, Travis J. Galloway, Editor= 

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 tec:bni.ques 1mdcrestimate the inclusion 
conccntnltion and the problem of intetpreting LiMCA particles 
count in the preseru::e 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 dum 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 
refiniDg pn:seru::e, the particles size, the filtration speed. 

Num.erkal tools 

A depth filtmtion 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 

I 
Image binarisation 

I 
Fluid flow calculat ion 

I 
Inclusions traj ectory calculation 

Figure 3. Flow chart oflhe depth filtmtion 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 lhe filter 
according to the process par1llllCteD (filtmtion speed or head 
loss). The post-'lmlted data are: the streamlines, the velocity 
vectors and lhe pressure lit evmy point of the fluid, the head loss. 
An example is given on figure 4. 
The model second module calculates the inclusion tmjectory. 
The parameters are the inclusion size, density and number, the 
adhesion fun:c. The post-tn:atcd data an:: 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. 

X (m\ 

Figure 4. Velocity vectors and streamlines on a 30ppi filter, the 
filtration speed is 0.3 cmls 

A preliminary study was done to define a representative 
elementary surilu::c of 8 ccrmnic 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 noda height, the resolution being 10j.IBL 
The inclusions were 50 J.IID large and their densities varied from 
2200 to 3900 kglm3. 
It was verified that the filtmtion efficiency folloWll the 
exponential. law of equation 3 as reported in [9,11 ]. 

E0 = 1-exp( -Ao£) (3) 

Eo is the initial filtration efficiency, M, is the initial filtmtion 
coefficient and L is the filter thickness. 
The results are shown in figure 5. 
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Figure 5. Representation of in (1-Efficiency) in function of the 
filter depth for 8 range of inclWiions 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 1 O!Jm. 
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Figure 6. Example ofLiMCA mcasuremcntB done at the 3Dppi 
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 1he :furnace outlet and at the 
filter outlet Bl'e 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. Furthennore, 
inclusion releases can be generated by metal flow instabilities as 
they occur on industrial filteD [9]. 

The efficiencies measured on the filtration pilot varied between 
50% and 98% depending on the parameters used. This range is 
c106e to the efficiency range found in figure 1. A tew cases Bl'e 

presented here. 
On the alloy 5182, with a filtration speed of 1.3 cm/s., the 
LiMCA measurements done before and after a 30ppi from 
supplier A give an average filtration efficiency of 800/o on the 
N20 and N40 and 85% on the N60 as shown on figure 7. 

BO 

eo 
70 

eo 

191 
140 

30 

211 

10 

0 
0 

. 
• 

•• 
• 

• . 
• • • . -• -

• • 
• 

• • 

·-- • • . . . .... • . ...... ., . 
10 30 40 60 

1111111-IMIIIMtiltb•cut(lllln) 

Figme 7. Efficiency of a 30ppi filter measured by LiMCA 

On the alloy 5182, with a fil1ration speed of 1.8 cmls, the 
efficiency of a SOppi filter from supplier B is 62% for the N20, 
55% for the N40 and 63% for the N60 u shown on figure 8. 
It is inlere.sting to note that despite the finer porosity, the 
efficiency is less important for the SOppi filter. This is thought to 
be due to the higher filtration speed and also to the filet that the 
:filteD come from different suppliers. It was shDwn that the 
morphology of the filters closely rela100 to filtn!tion efficiency 
varies a lot with the supplier even for the sa:nw grades expressed 
inppi [17]. 
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Figure 8. Efficiency of a SOppi filter measured by LiMCA 

The model is useful to decorrelate the effects of filtration speed 
and tile grade on filtration efficienq. 
A sensitivity study was dane to study the influence of filtration 
speed on filtration efficiency. It was verified on a standard case 
that the fillration efficiency decreases when the filtration speed 
increases. The results are presented on figure 9. The litemture 
and industrial trends are consequently well represem.ted by the 
model. The study of the inclusions capture sites shows that the 
higher the :filtration speed, the deeper the inclusions penetrate 
imo the filter. 
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Figure 9. Computed influence of filtration speed on initial 
:liltmtion coefficient (60ppi filter, SOJ.Im-3200 kglm3 inclusions) 

A sensitivity study was also done on the filter grade. It was 
shown that for a same supplier, the initial :liltration coefficient is 
proportional to the specific perimeter of the :filter, chanu:teristic 
of a filter type (grade and supplier) measured by image analysis . 
The results are presented on figure I 0 . 
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Figure I 0. Computed relation between initial filtration 
coefficient and specific perimeter 
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This result shows the importance of the specific para!lWter to 
characterize the filters rather than the grade. 

The model was run with the parameters conditions of figure 7. 
Initial fifu:ation efficiencies were calculated fur magnesium 
oxide and alumina inclusions of 50jUD ttiameter. These 
inclusions were found to be the most llllDleroUS stopped by the 
filter. The n:sults found wen: n:spectively 71% and 85%. The 
experimmtal filtration efficiency was 77%. The5e :figun:s 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 cu1s of a quarter of the filter. A typical image is 
represented on figure 11. On this filter for example, 160 
mctallographic cuts wen: obsmved and the repartition of the 
inclusions on 1he filter height is represented on figure 12. It 
shows that the inclusions are mainly trapped in the first 
millimetn:s 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 l3 represents ln (1-efliciency(z)) in 
function of z. The curve can be fith:d by a straight line. The 
filtration occurred in a bed mode [9,11 ]. 
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Figure 11. Transversal metallographic cut of a quarter of the 
filter (I 0011m from the filter inlet) 

The comparison between figure 5 rmd figure 13 shows that the 
filtration law relating efficiency and the filter height are of the 
Slllllf; 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 an: not :rqrrcsentcd by the model yet 
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Figure 12. Repartition of the inclusions on the filter hcight 
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Figure 13. Filtration law linking filtration efficiency and filter 
depth 

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

Fim the mctallogmphic 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 fOJ'IlWd by the oxide skins play the pert of a net 
for the incoming inclusions as shown on figure 14. These 
observations are C0119isU:nt with the published work [6,7, I 0,15]. 
The influence of grain refining rod was studied in alloy 5182, on 
a 50ppi filter at a 1.8 cm/s filtration speed. A TSB was 
introduced after 12 minu1es of cuting for 20 minutes. at a rate of 
lkglt. The point of ATSB introduction was after the LiMCA 
measuring at the filter inlet so that the LiMCA i.nl.et level was 
not affected by the ATSB introduction. The awrage N20 at the 
filter inlet were 33 klkg and 29 kltg respectively before and 
after the ATSB introduction. The average N20 at the filter outlet 
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increued from 9klkg to 20klkg when refiniDg rod is introduced. 
Thia result is shown on figure 15. In terms of filtration 
efficiency, it dccreuee from 73% to 31% when grain refining 
rod is eddcd. 
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Figure 15. Influence of grain refining addition on the filter outlet 
level 

The impact of grain refininl rod on flliration efficiency had 
already been studied in AA1050 alloy [14]. The same 
phenomena u tbe one illuJtratcd on figure 15 occurn:d when 
grain refining rod wu added. The presence of grain refiner was 
supposed to prevent the formation of bridges in the filter. The 
same phenomena may occur in 5182 alloy since tbc high 
magnceimn conteut c:nballcee tbe formation of oxide skins 
involved in the formation of bridge•. 

Coadaiou 

A filtration pilot was designed to study the influence of various 
parameters on filtration efficiency meuured by LiMCA and to 
do metallographic analyaia af the filten after uae. The LiMCA 
mcuuremcnts show tbat the pilot is :reprcseDtative of industrial 
conditions. Some cues were presented where the combination 
of a higher filtration rpeed and a thinner porosity can lead to a 
lower efficiency than the one got with a lower filtration speed 
and a coarser pot"Oiity. 
A filtration model using the lllttice Boltzmann method was used 
to study separately the sensitivity of filtration speed and grade. 
The industrial trends are well represented. The specific 
perimeter is shown to be a key characteristic of the filter 
morphology linked to efficiency. 
On a JI~l!Cf08(:opic point of view, eome experimental and 
numtrica1 result~ matcll in tenDJ of filtration efficiency. On a 
microscopic point of view, the rmalysis of used filters show tbat 
the reputition af the inclusions on the filter height followJ an 
exponemi.allaw characteristic of depth filtration, this is abo well 
represented by the modeL 
The presence of cmde skinJ in the filter was evidenced as well 
as their role as inclusion 1r8ppiDg lids whereas the model 
fure&ees trapping of inclusion~ by 1edimentatian arui direct 
interception. The role of grain refining rod on tbe decrease of 
filtration efficiency in a 5182 alloy was evidenced. The 
formation of bridge& and their interadian with grein refining 
particles could be implemented in the model to improve it 
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