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Impregnation of polymeric foams with ceramic suspensions has been widely employed in
industry to fabricate ceramic filters of various shapes and controlled pore size at a reduced
processing cost. Ceramic filters find application in cast metal industry to remove the
undesired impurities from the melt, leading to products of higher quality. This paper
reports a complete study on the fabrication of fibre-reinforced alumina filters. Rheological
measurements of ceramic suspensions showed that the slip adherence on polymer
substrate was largely improved when thickening agent was incorporated into the
compositions, as a result of the increase in pseudoplasticity and in viscosity.
Thermomechanical evaluation of the filters produced with fibre addition revealed that the
fibre reinforcement improved the mechanical performance and reduced the damage by
applied thermal stresses. Strengthening and toughening of the ceramic matrix has been
explained based on the fibre properties, fibre-matrix interface strength and thermal
expansion mismatch that may occur in mixed systems. © 1999 Kluwer Academic
Publishers

1. Introduction molten metal, thermal shock resistance and resistance
Ceramic filters are critical components in the manufacto the imposed mechanical stresses during long contact
ture of cast metals, such as aluminium, steels and alloygperiods. Only high purity sintered ceramics are suited
Their efficiency in removing undesired non metallicandto the temperatures and aggressive environments in-
inter-metallic inclusions from the melt can greatly im- volved in filtration of special metal alloys. The most
prove the final quality of cast products [1]. Additionally, commonly ceramics used include chromia or phosphate
filters help avoid reoxidation from contact of the melt bonded alumina, cordierite, mullite, partially stabilised
with air by reducing turbulent flow. The durability of zirconia (PSZ), and composites of alumina-zirconia or
filters depends basically on their chemical and mechanalumina-silicon carbide [2].
ical stability when submitted to the severe conditions Besides filter composition, pore size and its distri-
encountered in molten metal-slag-filter media and tdoution can also influence the filtration efficiency. Pore
the thermal and mechanical stresses characteristic sfze should be such to impose limits to melt flow at an
metal purification processes [2]. acceptable pressure loss, establishing the time that melt
Among several ceramic filters processing techniguesemains in contact with filter surfaces. Porosity in the
to manufacture open-celled ceramics, the impregnatiofilament walls and presence of glassy phases are always
of a polymeric foam with ceramic slurries has been theundesirable in metal filtration due to their susceptibility
most widely used [3]. It allows the fabrication of bodies to chemical attack.
with a complex pore geometry and good control of pore Large inclusions present in the melt (greater than

size distribution, at a low processing cost. 50 um) are trapped in the filter structure by a simple
screening process. When the melt is downstream, finer
1.1. Filter characteristics pores maximise the filtration efficiency, which is gov-

Ceramic filters produced by impregnation of polymericerned by the adsorption rate of small impurities onto
foams exhibit an structure which is a replica of the pre-the filter surfaces [5].
cursor, presenting interconnected pores (cells) of var- The transport and attachment of small inclusions to
ious shapes. Porous bodies can be manufactured wiffiter wall has been described as a mechanism gov-
densities ranging from 10 to 30% of the theoreticalerned by forces and wetting angles developed from
value and differ in permeability depending on the poremetal-inclusion-filter interactions. Non-wetting condi-
shape and size, and on whether this porosity is intertions (large wetting angles) in the region between liquid
connected or closed. metal and inclusions must exist, thus the metal film be-
The selection of a raw-material for filter fabrication tween inclusion and filter wall tends to collapse and
imposes several requirements: durability, high temperwithdraw. The distance reduction leads to the develop-
ature stability, high resistance to chemical attack byment of a short range attractive force results between
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inclusion and filter surface. Finally, inclusions attachthe adhesion at the fibre-matrix interface, the latter de-
permanently on the filter surface due to strong sintepending on the differences in composition and thermal
bond at the operating temperature levels. expansion coefficient between matrix and fibre.

High capture efficiency is favoured by a large wet- Fracture of components containing fibres comprises,
ting angle of liquid metal on inclusion and by a balancein general, crack formation in the matrix, crack prop-
between wetting angles of metal on filter. In the latter,agation, initial failure of the reinforcement, debonding
low angles increase the efficiency of metal-filter con-and pull-out. During these processes, the fibres tend to
tact, but promote greater corrosive attack of the filterboth limit the supply of energy to the crack tip region
when this is wetted by the alloy or slag. and to adsorb energy as the crack grows, by deflex-

ion and twisting of the crack front. Strengthening and

. . toughening of ceramics can be simultaneously achieved
1:2' Mechanlcgl properties . aL[3y fibre reinforcement, although a balance between the
Filters Sh.OU|d W'thStaf.‘d the thermal and mechamc_ Two is required, since strong fibre/matrix interfaces can
stresses |mposed during Fhe process .Of mgtgl purlflf)roduce high strength materials, while weak interfaces
cation. In this, the most critical _sohutapon originates might favour toughening [8].
from thermal Sh.OCk due to the dlfferen_tlal temperature -y, present work is concerned with processing tech-
AT when melt is placed in contact with the filter. A

i plified ion defi the th st ; nigues that may lead to porous ceramics with improved
simpitied expression defines the thermal SWessds  achanical characteristics. It describes the processing
rapidly cooled bodies as

of alumina filters via replication of polymeric foams,
EaAT employing reinforcement by fibre addition. The ther-
= (1) momechanical properties of filters were mesured as
1-2v function of fibre content and composition. In addition, a
whereE is the elastic modulus; is the thermal expan- n(_)vel techn_ique to obtain porous ceramics is suggested,
sion coefficient AT is the thermal gradient imposed With the ability to produce compact and strong struts
andy is the Poisson modulus [6]. The filter ability to Without the hollow part typical of replicated foams.

resist to this thermal shock will depend on the imposed
conditions and onthe mechanical properties of the com2, Experimental
ponent. 2.1. Materials
For brittle cellular structures such as those of repli-aAlumina A-3000FL (Alcoa Aluminium Company)
cated ceramic foams, the bulk properties have been dgyith particle size ranging from 0.2m to 6 xm, and
scribed in terms of the properties of individual struts.an average of approximately 3:6n was used as the
According to Zhang and Ashby [7] the properties fol- raw-material. Sodium polyacrylate of 2500 molecular
low the relation weight (Darvan 7S—Vanderbilt, USA) was used as the
. . dispersing agent for alumina. In this work, the con-
foam propertystrut propertiesx (o/ps)>  (2)  centration of this substance is expressed as milligrams
. . ) . of polymer per grams of alumina (mg/g). A polysac-
wherep is the foam density ands is the strut density.  charide thickening agent (Rhone-Poulenc) was incor-

_ This model assumes a mode of deformation which,oated into the compositions as a means of increasing
involves strut bending, and the strut strength is deype slips’ viscosity for impregnation.

scribed as an intrinsic characteristic of the solid phase High alumina fibres (Alcen B-97N, Rath Perfor-

within the foam, related to the compressive strength of,,ance Fibers Inc.) and mullite fibres (Carborundum
the foam &) as S.A)) in percentages varying from 1 to 5 wt% were
5 tested for matrix reinforcement. The data reported in

ocr = Cots(p/ps)? (3)  Table I describes the main characteristics of the fibre

) types tested.

whereoys is the mean flexural strength of the struts, Polyurethane foams (Reticel, UK) with pore density
a_de is a constant depende_nt on geometry factors essi g and 15 ppi were employed as precursors for im-
timated as 0.16 for a tetrakaidecahedral unit cell. pregnation. The temperature of polymer decomposition

Ot

1.3. Fibre reinforcement TABLE | Chemical and physical properties of high alumina (Alcen
At present' the main disadvantage of replicated Cerami§-97N) and mullite (Fibermax Bulk) fibres used as reinforcement in
foams is concerned with their reduced level of fracture?umina filters
strength. Thl_s _has been _attrlbuted to the hollow strutghemical composition (wt %) Alcen B-97N Fibermax bulk
and flaws originated during polymer removal [8]. An
approach to overcome the limited mechanical proper4/20s 97.0 72.0
ties of replicated foams can be that of incorporating> 3.0 21.0
ceramic fibres as reinforcement. Fibre reinforcemenpyygical properties
in ceramics has been widely employed to avoid catas-
trophic failure and damage of the components inducedelting point (C) 1900 1870
by severe thermal stresses [9]. Average I‘"amtﬁte"(m) igg 4218(?;.5600

Fibres can enhance the strength and toughness of@;{era.ge engthm) -

. . . . . ensity (g cm®) 3.0-3.9 3.0

ceramic matrix depending on the fibre properties and on
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and elimination of closed pores. The distance between
rollers was varied between 2.5 mm and 10 mm, which
correspond to 10 and 40% of the sponge thickness.
Drying was carried out in oven at 10Q for a period
of 20 h. The polymeric foam and other organic material
were removed from the specimens by pyrolysis in air at
a heating rate of 2C/min to 400°C, held for 1 h. For
sintering of the ceramic matrix, samples were heated at
5°C/min to 1600°C and held for 3 h.

2.3. Characterisation

The filter density was calculated according to the spec-
imen’s weight and dimensions. The sponge weight was
subtracted from the impregnated foam weight for the

sponge

calculation of green density. Measurements of strut
‘ density were carried out by helium picnometry (Ul-
trapicnometer 1000 Quantachrome Co.). For this mea-
surement, sintered foams were crushed to destroy the
cellular structure and ensure a majority of single struts.
l The compressive behaviour of foams was analysed
on a universal machine (INSTRON 1127), at loading
speed of 0.5 mm/minA 5 mm thick rubber cap was
attached to the contact surfaces of the specimens, in or-
] der to evenly distribute the loading. Due to oscillations
in plots of stress versus strain, the fracture strength was
averaged between the minimum and maximum peaks
of stress, within the plateau range.

The specimens were submitted to a thermal shock of
Figqre 1 Flow-chart of the stages involved in filter fabrication through approximately 480C. They were heated at&/min up
replication of polymeric foams. to 500°C and held for 30 min, followed by quenching

i ) . into flowing water at approximately 2@.
was assessed through differential thermal analysis, at a The microstructure, mainly the strut uniformity be-
heating rate of 1C/min (Netsch STA 409 thermal anal- fore and after thermal shock, was examined by scanning
ysis equipment). electron microscopy (SEM, ZEISS DSM 940A).

Drying

Burn out of
polymeric foam

Sintering of
ceramic matrix

2.2. Procedure of filter fabrication
The steps comprised in filter fabrication via impregna-
tion of polymeric foams is given in flow chart of Fig. 1.

3. Results and discussions

3.1. Polymer pyrolysis

The diagrams of polyurethane thermal analyses are il-
lustrated in Fig. 2. Polymer decomposition started at
2.2.1. Preparation of suspensions approximately 220C, and continued up to 48 in
Slurries were prepared containing alumina powder&ir as revealed by the TGA curve. The DSC diagram
deionised water and dispersants, which were thorShows, atlow temperature, the loss of expansion addi-
oughly mixed to form homogeneous slips with the de-tives used in the process of foaming. This is followed by
sired concentration of solids, 59, 73 and 82 wt %. Dis-@ series of endothermic peaks that are related to the de-

persant concentration was increased up to the point th&mPposition of the polymer. The degradative processes

a minimum viscosity plateau was obtained. Thickening
agentwas incorporated into fully dispersed suspensions

in amounts of 0.16, 0.20 and 0.24 wt%. The rheologi- ¢ —

cal behaviour of suspensions prepared with and withou "\\4\\\

thickening agent additions was evaluated using a vis-  2°r \

cometer Brookfield LVDV-III. Fibres (2-5 wt%) were 3 .| \éy i I

included in suspensions containing solids concentra & S~ -

tion of 82 wt %, 56 mg/g of dispersant and 0.24 wt%  -60F — \ / l

of thickening agent. 0l \_ \\v/ﬁ, V4

2.2.2. Impregnation of polymeric foam %% 200 400 600 800
Temperature/oC

Samples of polymeric foam cut with dimensions of
50 50 x 25 mn? were Compressed prior to immer- Figure 2 Differential thermal (DSC) and thermogravimetric (TGA)

sion into the suspensions. The impregnated SPONQgE WaRalyses of the polyurethane foam used as substrate in the fabrication of
passed through rollers for removal of the slip excesseramic foams. Heating rate7 °C/min.
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can be of different origins, depending on the structures 30
that are broken down by chain rupture and scission.

A major fraction of polymer was eliminated between
220 and 490C. Thus, inthis range, a control of heating -
rates should be essential to minimise polymer vaporisa § 1o | T .
tion and subsequent gas production rates. The pressu> .
built up generated both in the microstructure and within ol N SR S
hollow struts might exceed the strength of green struts 100 |
resulting in cracks and deterioration of filter walls. Ac-
cordingly, low heating rates are preferable during poly-
mer removal.

Lange and Miller [4] have shown that under heating
the polymer softens before decomposition, then mel oL
and boils. During the formation of fluid polymer, little S A
or no permeation of the liquid into the porous matrix Shear Rate/ s-1
should occur, for it would damage the ceramic matrix.
High viscosity of the molten polymer is, therefore, re-
quired.

—o— —e— 59 wit%
\ —o— —e—T3wt%

2000 | —o— —a— 82 wt%

ty/ mPa.s

/

500 |- P

hear Stress/ mPa

I
I
|
|
|

Figure 4 Shear stress and viscosity against shear rate of slips containing
59, 73 and 82 wt % alumina, dispersed at the minimum of viscosity.

3.2. Rheology of slurries

3.2.1. Viscosity versus concentration
of dispersing agents posterior foam stability.

The deflocculation curves of alumina are plotted in . : L ;

Fig. 3, for all compositions tested. A repu?sive and In this work, slips containing low content of solids

a steric barrier imparted by polyelectrolytes revempresented a nearly Newtonian behaviour whilst pseu-
P y boly ytes p doplasticity characterised more highly loaded systems

e e 568 i) PSCUdOpISIC, shon by a scosy e
mately above 7 '13 and 28 mg/g of dispersant for Comguct_lon at increasing she_ar_rate, is usua_lly pref_erred
positions containing 58, 73 and 82 wt% respectivelyfor filter Impregnation. This is be_causg S.“p rovy into

o X oo - the sponge is facilitated by low viscosity in the initial
This minimum viscosity is a result of an optimum com-

D : . stages of processing, when shear forces are applied.
bination between polymer adsorption onto alumina par- g b 9, bp

ticles and the polymer conformation [10]. Under static conditions, the viscosity is high preventing

) ' - . sedimentation and rendering high stability to slip ad-
Greater viscosity levels characterised more hlghlyhered onto the polymer surface. Inthis manner, the foam

loaded slips. This has been explained on the basis thﬁ”ﬁtegrity can be maintained for longer periods until dry-

powder particles are more closely packed leading to E?hg is accomplished. An excessive pseudoplasticity is

I r interaction on shearing. Polymer conformation . o . .
greater interaction on shearing. Polymer confo atoundersnable, however, because it is associated with an

assuming more stretqhed for_ms may_also contribute foeSggIomerated state of powder particles and heteroge-
bridging between neighbouring particles, effect more

frequently seen for dispersion using high molecularm€CUS microstructures. The plots pfshear stress versus
weights [11] shear rate show low values of yield stress,_whlch is

' favourable aspect for the process of sponge impregna-
tion when low stresses are applied.

For instance, in filter impregnation, slip rheology may
influence the final thickness of the adhered film and

3.2.2. Slip rheology
Processing of fluid suspensions into consolidated bod-

ies usually demand specific rheological characterlstlcs3.2.3. Thickening agent

High viscosity and pseudoplasticity characterised com-

400 positions prepared with addition of thickening agent,
59 wi% as seen in plots of Fig. 5. These suspensions contain-
—e— 73 with ing thickening agent presented a pseudoplastic be-

0r —A—82wi% haviour, which results from the alignment of these large

molecules at high shear rates [12].

The rheology of systems containing dispersant and
thickening agent is determined by a competitive ad-
sorption between these two substances onto particle
surface. In general, when dispersant is first added to the
slip, a strong adsorption takes place on the active sites
of particles. These dispersant molecules are not easily
desorbed on the addition of thickening agent. Thus, the
T T latter tend to form inter-particle organic bridges conse-
0 10 20 30 40 50 . . . . "

quently leading to an increase in the viscosity.
The polysaccharides used as thickening agent in this
Figure 3 Viscosity against dispersant concentration, for slips containingWOrk are typical aiding agents employed in ceramic
59, 73 and 82 wt % alumina. processing to increment the viscosity of suspensions,

Viscosity/ mPa.s

100 -

Dispersant/ mg g-!
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Figure 5 Effect of thickening agent concentration on the viscosity incre- Figure 7 Effect of alumina loading and of thickening agent concentra-
ment of alumina slips that had been previously dispersed at the minimunfion on the final green density of 15 ppi filters. Filters were produced
of VISCOSiIty. Solids |0ad|ng: 59, 73 and 82 wt %. ViSCOS|ty increment s from uncompressed impregnated sponges (ho”ow Symb0|s) and from

given by a perceptual ratio between the viscosity of slips prepared withmpregnated sponges compressed at roller span of 20% (solid symbols).
and without thickening agent.

higher filter density and thicker filaments, nevertheless
larger number of closed pores was observed. Rollers
pan of 5 mm (20% of the sponge thickness) was found

and they can also impart strength to green bodies b
promoting a strong inter-particle adhesion after solven

evaporation. to be suitable for high green densities with negligible

AIt_ernatlve routes to further improve the_ f||t_er Pro~ closed porosity. This condition was therefore chosen
cessing may be the use of suspensions which include Y, further filter production

their composition compounds that react to form gels.
This would set the fluid layer adhered onto the poly-
mer sponge Yielding strength to the ceramic matrix in . .

the green state. Substances such as cellulose derivati\lg 2 ﬂlnfluencfetﬁffhp v:scos:tty tent and of sli
[12], alginates [13] and sol-gel systems [14] could be' "€ INfluénce of thickening agent conient and or siip
used. The reactions that lead to gelation provide settin ensity on the'fllter _den5|ty IS reveale_d inplots O.f Fig. 7.
mechanisms to stabilise the fluid films surrounding the I!ps cpntalnlng higher concent'ratlon .Of SO.I'dS and
polymeric foam. However, problems related to timingthlckenlng agent, therefore of higher viscosity, were

of the gelation reactions and complex rheology of S”psobserved to prqduce more coherent coatings. The In-
could appear. creased viscosity has an effect of preventing drainage

of the fluid coating, therefore it enables the formation of
thicker and more stable ceramic layers yielding denser
specimens.

In metal filtration, the mechanical stresses are im-
posed by pressure due to incoming metal stream and
to the metal head. The magnitude of these stresses can

e significantly reduced by using filters with thicker

Ruts, once the load is distributed across thicker strut
diameters (stress P/area). Yet, strut thickness must
s be increased within bounds imposed by pressure drop
restrictions.

<}
ok / 3.4. Fibre reinforced filters
_——* An increased difficulty in impregnating sponges with
/J slips containing fibres was found in processing, due to
. the reduced fluidity characteristic of these slips. This

os | was also the reason why the fibre content had to be
maintained at a maximum of 5 wt%. The filters rein-
—=—38 ppi forced with fibres presented final density of approxi-
—e— 15 ppi mately 17%t 2% of the estimated theoretical one.

3.3. Filter density

3.3.1. Effect of roller span

The diagram in Fig. 6 illustrates final green density
of filters passed through rollers at various spans. Usin
greater spansto compressthe impregnated sponge led

Green Density/ g.cm -3

o

L gL

10 20 30 40
Roller Span/ %

0.0

3.5. Mechanical properties of filters

Figure 6 Effect of roller span used to compress the impregnated sponge3- - 1- Compre_SSive failure S?rength _
on the green density of 8 ppi and 15 ppi filters. Span is expressed i he results of filter's compressive strength are given
percentage of the sponge thickness. in Fig. 8, measured before and after thermal shock.
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Figure 9 Effect of fibre content and composition on the retained com-

Figure 8 Effect of fibre content and composition on the compressive ressive strenath of (a) 15 ppi and (b) 8 pi filters after the thermal shock
strength of 8 ppi and 15 ppi filters tested (a) before and (b) after the:ZiIter relative (?ensitygt)ls%pp (b)8pp '

thermal shock. Filter relative density15%.

for composite toughening, however, since a propagat-
A marked influence of fibre addition on the fracture P 9 9 propag

. ; . .~ ing crack does not feel the interface presence as well
strength was detected, increasing according to the fibrg<"i \vould do in mixed systems. Another reason for
content. :

; . . the greater increment in strut strength achieved with
Despite the enhancement of mechanical propertie

. ' lumina fibres may be attributed to their superior me-
promot.ed by fibres, the fra(;tu_re strength of replicatecyy,; nic properties compared to mullite fibres [15].
foams s still extremely low, limited to values no greater

han 3 his has b ibuted to th In the mullite-alumina system, the interface may have
than 3 MPa. This has been attributed to the presencgy o rmediate compounds or gaps owing to thermal ex-
of hollow struts and other flaws originated on poly-

; T .7~ pansion mismatch which favour crack deflection and
mer removal, which are intrinsic of the manufacturing

- . . . . Jbenefit toughening. The thermal expansion mismatch
process. Additionally, there exists a differential shrink- g g P

/ ionb | q between the alumina matrix and mullite fibres could
age/expansion between polymer preécursor and ceramig,, o resyited in generation of defects during the manu-

layer adhgred_ which have detr_lmenta_l consequences cfﬂcturing process which contributed for the lower levels
the densification of the ceramic matrix. of mechanical strength noted in alumina-mullite fibre
filters. Still, flaws may have been generated during the

3.56.2. Effect of fibre composition process of accommodation of mullite fibres in the struc-
Table Il reports the values of flexural strength calcul-ture, since the average length of these fibres (401)
ated from Equation 3, which considers the strut com-surpassed the strut diameter, and, at times, were ob-
pressive strength and the strut density. The estimateserved to protrude out of the strut walls.
flexural strength presented a remarkable increase with
increasing fibre concentration. Filters without rein- 3.5.3. Effect of cell size
forcement exhibited an estimated flexural strength ofrhe results shown in Fig. 8 illustrate that filters of
17 MPa. This reached values of 175 and 255 MPa whesgimilar density but with smaller cell size exhibit greater
5 wt% of mullite and of alumina fibres were included compressive strength. This dependence of properties
into the compositions, respectively.

As seen, alumina fibres were more efficient in en-
hancing the strut strength of the alumina matrix than ¢

mullite fibres. In like-like systems, fibre and matrixtend 4} _Alumina - Mullite

. 8ppi —0— —m—
to form strong bonds and a smooth interface, thusre 2 15ppi —o— —e— &
sulting in strong matrix-fibre interfaces and in a higher 1,01 |

strength material. This is not a favourable condition

ass Loss/ wt%

TABLE Il Results of strut density measured by helium pycnometry <

and corresponding values of the estimated strut flexural strength fo 05 - {‘¥
15 ppi filters. Filter relative densitt 15% \ <
\

Strut density Flexural strength
Fibre/composition (g cmd) (MPa)
0’0 1 L ] n 1 n 1 n 1 n 1
Without fibre 3.98+0.01 17+ 4 0 1 2 3 4 5
3 wt% alumina 3.98: 0.01 210+ 4 Fibre Content/ wt%
5 wt % alumina 3.94t 0.01 245+ 14
3 wt % mullite 3.93+ 0.01 1744 21 Figure 10 Effect of fibre content and composition on the mass loss
5 wt % mullite 3.924+ 0.01 175+ 8 of 8 and 15 ppi filters as a result of the thermal shock. Filter relative

density=15%.
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Figure 11 SEM micrographs of 15 ppi filters observed (a) before and (b) after the thermal shock.
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Figure 12 SEM micrograph showing the struts of cellular ceramic produced by impregnation of polymeric foam.

on cell size has not been included in models used temaller for increasing fibre content. This effectiveness
describe the mechanical behaviour of cellular ceramef fibres in preventing spalling can avoid the presence
ics. Brezny and Green [16] suggested that there is af undesired particular in the molten metal and re-
dependence of strut properties on the cell size due tsults from the toughening mechanisms mentioned ear-
intrinsic characteristics of the processing route used tdier. Filters with 8 ppi presented greater mass loss than
manufacture the filters. Thus, small cell sized-materiald5 ppi ones, confirming that the concentration of pre-
are usually associated with thick and even struts, whiclexisting defects is greater in 8 ppi filters. Minimum
in turn, improve the mechanical properties. mass loss of filters during use is essential in metal pu-
rification in order to avoid the contamination of the melt
with inclusions.
3.6. Thermal shock behaviour SEM micrographs in Fig. 11 compare the structure
3.6.1. Retained compressive strength of a 15 ppifilter before and after the thermal shock. The
The degradation of filter mechanical properties aftefnicrostructurein (b)illustrates how the thermal stresses
thermal shock can be verified in Fig. 9. The resultsc@n cause cracks along the strut length. The absence
of retained strength demonstrate that 15 ppi filters ha@f macroscopic cracks propagating over several cells
strength change incremented whereas 8 ppi filters préndlcates tha_lt mdmduagl struts most pr.obably det_ermlne
sented reduced strength when fibre content was i€ mechanical behaviour of the replicated bodies.
creased. This may be explained by the fact that large The micrograph in Fig. 12 illustrates a typical strut
fibres accommodated into the thinner struts of 15 ppProduced by replication, revealing a hollow morphol-
filters promote greater crack arresting than that createf9y due to elimination of the polymer substrate.
in 8 ppi filters. This might be also the reason for the
results observed in Fig. 8, of 8 ppi exhibiting slightly
lower compressive strength than 15 ppi filters. 4. Conclusions

Filter density of replicated foams can be conveniently
varied by controlling processing parameters such as the
3.6.2. Mass loss slip viscosity and the distance between rollers used to
The effects of thermal shock can be also monitored byyompress the impregnated sponge. Thickening agents
measuring the loss in the specimen mass, due to strutan be successfully employed to increase the viscos-
fragmented during quenching. The structural damagéy of slips, improving slip adhesion onto polymer
of the filter component can be related to the thermateticulate on impregnation and consequently produc-
stresses, which act on individual struts and exceed thimg thicker struts.
strut failure stress. Fig. 10 shows the efficiency of fibres Fibre reinforcement in filters led to a significant in-
in minimising the filter mass loss, which appears to becrement in the compressive failure strength, and also

2648



improved the thermal shock minimising the damage af- 5.

ter thermal shock. Filters reinforced with alumina fibres
presented better results than the ones produced with
mullite fibres. This was attributed to the higher shear
strength in fibre-matrix interfaces of like-like systems, 7
higher mechanical properties of alumina fibres and due
also to the alumina fibre size, of an order comparable
to the strut diameter.

10.
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