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Claim

An inorganic unit for the filtration of a liquid medium in order to recover a

filtrate, the unit comprising:

at least one filter element (I) composed of:

an inorganic rigid porous support having a face covered with at least one

separating layer intended to be in contact with the liquid medium, which exerts a

given pressure on said separating layer,

a counterthrust element exerting, on the support, an opposing pressure

approximately equivalent to that applied to the separating layer,

and at least one cavity made in the porous support at a distance from the

separating layer, the purpose of said cavity being to recover the filtrate which has

passed through the porous support from the separating layer,

and at least one element (II) for the circulation the liquid medium, wherein:

the inorganic porous support has a plane face covered with the separating layer

ot layers bonded to one another and to the porous support by sintering,

and the element (II) determines, with the place face of the filter element, a

sheet of liquid with a height of between 0.1 and 3 mm and preferably of between 0.2

and 1.5 mm.



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION

entitled: INORGANIC FILTRATION UNIT

in the name of: Philippe LESCOCHE

Assignee: Philippe LESCOCHE

ABSTRACT OF THE DISCLOSURE

- The inorganic filtration unit according to the inven-
tion comprises:

+ a filter element (I) composed of an inorganic rigid
porous support (3) having a face (3,) covered with at
least one separating layer (4),

« and an element (II) for the circulation of the liquid
medium (2), which determines, with the face (3,) of
the filter element, a sheet of liquid with a height
(h) of between 0.1 and 3 mm and preferably of between
0.2 and 1.5 mm.

(Figure to be published: Fig. 2)
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(54) Title: INORGANIC FILTRATI'ON UNIT

( (54) Titre: UNITE DE FILTRATION INORGANIQUE

(57) Abstract

The inorganic filtration unit of the invention comprises a filtration element ¢I) consisting of an inorganis rigid porous sup-
port {3) having a face (3;) covered by at least one separating layer (4), and an element (1I) allowirig circulation of the liquid
medium (2), forming, together with the face (3;) of the filtration element, a sheet of liquid having a height (#) from 0.1 to 3
fim, preferably from 0.2 to 1.5 mm,

(57) Abrégé

L'unité de filtration inorganigue selon Finvention comporte: un élément de filtration (I} composé d'un support poreux rigi-
de inorganique (3) présentant une face (3,) tecouverte par au thoins une couche séparatrice (4), et un élément (11) permettant
la circulation du milieu liquide (2), déterminant avec la face (3|) de I'élément de filtration, une lame liquide de hauteur (4)
comprise entre 0,1 et 3 mm et, de préférence, entre 0,2 et 1,5 mm.
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INORGANIC FILTRATION UNIT

TECHNICAL FIELD:

The present invention relates to the technical
field of molecular or particle separation using separa-
ting elements, which are normally called membranes and
are made of inorganic materials.

The object of the invention is more precisely
to produce an inorganic filtration unit which makes it
possible to concentrate, sort or extract molecular or
particulate species contained in a liquid medium which
is exerting a given pressure on the membrane.

The subject of the invention has a particularly
advantageous application in the field of nanofiltra-
tion, ultrafiltration, microfiltration, filtration or
reverse osmosis.

PRIOR ART:

The inorganic membranes currently on the market
are mainly in the form of a tube.

An inorganic membrane consists of a porous
support produced in the form of a tube whose internal
surface is provided with at least one separating layer,
the nature and morpholegy of which are adapted to
engsire the separation of the molecules or particles
contained in the liquid medium circulating inside the
tube. Inorganic membranes have the particular charac-
teristic of possessing high mechanical strength values
and of exhibiting thermal and chemical stability. Thus
the stability and performance characteristics of inor-
ganic membranes are far superior to those of the other
category of membranes, namely organic membranes.



However, although the 1life of an inorganic
membrane is longer than that of an organic membrane,
the cost price of an inorganic membrane is very much
greater than that of an organic membrane. In fact,

05 inorganic membranes are manufactured by a batch process
necessitating the production of a porous support, which
involves the use of special tools to give them their
particular cylindrical shape. Furthermore, since the
pressure tends to burst the tubular support during the

10 filtration operation, it is necessary to produce the
porous support with a thick wall and to carry out a
high degree of sintering so as to maintain the integ-
rity of such a membrane.

Through the patent FR-2 061 934, the prior art

15 has proposed a filtration unit of inorganic type com-
prising an element for the circulation of the liquid
medium through a first network of mutually parallel
channels of circular section, arranged on this element,
and a filter element. The surface of the channels is

20 covered with a separating layer for filtering a liquid
medium circulating inside the channels. The porous
unit is arranged so as to have a filter element com-
prising a second network of channels of circular sec-
tion for recovering the filtrate which has passed

T

25 through the porous support from the separating layer.

A first disadvantage of the filtration unit
described by said patent relates to the fact that it is
incapable of having a large exchange area, small

» hydraulic diameters and a simple construction. It is
30 pointed out that a small hydraulic diameter makes it
possible to obtain high velocity gradients and con-

sequentiy high frictional forces, providing excellent

cleaning of the membrane. Thus; to produce a high~

performance unit, it would therefore be necessary on

35 the one hand for the channels in which the fluid to be




05

10

15

20

25

30

treated circulates to have a small diameter, for
example of between 1 and 6 mm, in order to obtain
adequate cleaning, and on the other hand for the number
and diameter of the filtrate recovery channels to be
respectively of the same order of magnitude as those of
the channels in which the fluid to be treated circu-
lates, so that the path of the filtrate inside the unit
is as short and as uniform as possible. Now, the large
number of channels in which the fluid to be treated
circulates necessitates an equally high number of walls
for separating the channels from one another. These
separating walls, which constitute lost exchange areas,
must have a sufficient thickness below which it appears
to be difficult to achieve leaktightness in a simple
manner. Consequently the decrease in the hydraulic
diameter of the filter channels results in a loss of
exchange area in such a filtration unit and in a con-
struction of considerable complexity.

Another disadvantage of the filtration unit
described by said patent relates to its relatively high
hydraulic resistance. In general, the pressure loss of
the filtering surfaces depends on the mean length of
the path along which the filtrate passés inside the
porous unit. Now, it appears that such a path is
relatively long, on the one hand because of its incli-
nation relative to the normal, so as to avoid the
connecting walls between two recovery channels, and on
the other hand because of the c¢ircular profile of the
channels, which necessarily means that the length of
the path of the permeate inside the unit varies at each
point on the exchange surface: The pressure loss, and
hence the hydraulic resistance offered by such a unit,
do not make it possible to obtain a filter element with
a high-performance fiitration rate.
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DESCRIPTION OF THE TNVENTION:

The aim of the present invention is to overcome

the above-mentioned disadvantages by proposing an inor-

ganic filtration unit having a large filtering area per

unit volume of the membrane and a low hydraulic resis-

tance of the filtering area, so as to provide a filtra-

tion unit possessing a high filtration rate.

The inorganic filtration unit according to the

invention comprises:

at least one inorganic filter element composed of:

an inorganic rigid porous suppert having a face
covered with at least one separating layer intended
to be in contact with the liquid medium, which exerts
a given pressure on said separating layer,

a counterthrust element exerting, on the support, an
cpposing pressure approximately equivalent to that
applied to the separating layer,

and at least one cavity made in the porous support at
a distance from the separating layer, the purpose of
said cavity being to recover the filtrate which has
passed through the porous support from the separating
layer,

and at least one element for the circulation of the
liquid medium.

According to the invention, in the filtration

unit:

- the porous support has a plane face covered with the

separating layer or layers bonded to one another and
to the porous support by sintering,

aid the element for the circulation of the liquid
medium determines, with the plane face of the filter
element, a sheet of ligquid with a height of between
0.1 and 3 mm and preferably of between 0.2 and 1.5

mm.



05

10

15

20

25

30

35

According to one advantageous characteristic,
the channels communicate with one another to form a
criss-cross filtrate recovery network.

Preferably, the counterthrust element applies
the opposing pressure via bearings delimiting the
cavity between the support and the counterthrust ele-
ment.

In one particularly advantageous embodiment of
the invention, the membrane comprises a counterthrust
element which constitutes a complementary porous sup-
port having a principal external face provided with at
least one separating layer intended to be in contact
with the liquid medium to be filtered, which exerts the
opposing pressure on said separating layer, making it
possible to recover the filtrate which has passed
through the two supports from the corresponding sepa-
rating layers. Such a membrane works under compression
insofar as the pressure of the liquid medium is exerted
on the two separating layers placed on either side of
the porous support. This embodiment makes it possible
to produce a porous support with a low thickness.
Advantageously, the complementary porous support is
identical to the porous support and is symmetrically
attached to the porous support.

In another advantageous embodiment, the com-
plementary porous support can form an integral part of
the porous support, so the membrane takes the form of
an integrated element comprising two opposite plane
faces, each capable of receiving a separating layer.

The porous supports constituting the membrane
according to the invention have a plane general shape,
so they can be joined together via assembly means to
form a filtration unit with dimensions adapted to the
filtration conditions to be observed.

Various other characteristics will become
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apparent from the following description referring to
the attached drawings, which show, by way of non-
limiting Examples, embodiments of the subject of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 1is a view in perspective of a first
embodiment of an inorganic membrane according to the
invention.

Fig. 2 1is a view in section showing the con-
struction of a double-filtration membrane produced from
the embodiment of Fig. 1.

Fig. 3 is a view in perspective showing an
advantageous characteristic of the invention.

BEST EMBODIMENT OF THE JTNVENTION:

Fig. 1 illustrates a first embodiment of an
inorganic filtration unit 1 according to the invention,
adapted to ensure the separation or filtration of mole-
cules or particles contained in a liquid medium 2 of
diverse type, which may or may not contain a solid
phase. The filtration unit 1 is composed of a filter
element I and an element II placed at a distance from
and facing the element I so as to ensure that the
liquid medium 2 circulates in the form of a sheet of
ligquid. The height h of this sheet of liquid, which is
defined by spacers of any type known per se (not
shown), is between 0.1 and 3 mm and preferably between
0.2 and 1.5 mm. The filter element I comprises a por-
ous or permeable support 3 of rigid or non-deformable
character, which is made of a material whose transfer
resistance is adapted to the separation to be per-
formed. The support 3 is made of inorganic materials
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such as metal oxides, carbon or metals. According to
the invention, the equivalent mean diameter of the
pores in the support 3 is between 1 and 50 micrometers
and preferably between 1 and 10 micrometers. The term
"equivalent mean diameter of pores" is defined accor-
ding to the technique known as mercury porometry, which
determines the value of this diameter as that which
corresponds to half the total volume penetrated by
mercury. Preferably, the thickness of the support 3 1is
greater than =r equal to 0.5 millimeter and less than 6
millimeters.

In the Example illustrated, the porous support
3 takes the form of a plate or square comprising a
principal plane face 3,, preferably smooth in charac-
ter, which is covered with at least one separating
layer 4 intended to be in contact with the liquid
medium 2. The nature of the separating layer or layers
4 1is chosen according to the separating or filtering
capacity to be obtained, and forms an intimate bond
with the support 3 so that the pressure P applied by
the liquid medium 2 is transmitted to the porous sup-
port 3. This layer or these layers 4 can be deposited
for example from suspensions containing at least one
metal oxide and conventionally used in the production
of inorganic filter elements. After drying, this layer
or these layers are subjected to a sintering operation,
which makes it possible to consolidate them and to bond
them to one another and to the porous support 3.

Preferably, the materials used to depcosit these
separating layers are pure oxides, such as alumina,
Al_0,, zirconium oxide, 2r0O_,, titanium oxide, TiO_, or
silicon oxide, SiO,, or mixtures of these pure oxides,
such as (Al,0, + Tio,), (Al_,0, + Sio,), (Tio, + sio.),
(Zro, + 8i0,) or (Zro, + TiO,).

These mixtures each define the association of

|

|

|
f
|
|
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one oxide with a 1less refractory oxide, making it
possible to lower the sintering temperatures. The pro-
portions of refractory oxide to less refractory oxide
vary between 100 and 1. Depending on the initial par-
ticle size, the equivalent mean diameters of these
layers are between 0.1 and 1.5 microns.

The filter elements produced above are used for
microfiltration operations, but can alse be used as
substrates for deposits, classified as mesoporous,
which make it possible to obtain much smaller equiva-
lent mearn diameters: 2 nm to 90 nm.

The materials used for these mesoporous depo-

sits are pure oxides, such as A1_0 Tio Zr0

2¥a/’

or

27 2

Si0,, or mixtures of these various oxides.

The filter element I also comprises a counter-
thrust element 6 which exerts, on the porious support 3,
an opposing pressure P, approximately equivalent to the
pressure P applied to the separating layer 3. For this
purpose, the element 6 is applied, by any appropriate
means (not shown), to the principal face 3, of the
porous support 3, opposite the principal face 3,. The
counterthrust element 6 enables the porous support 3 to
work under compression, irrespective of its exchange
area, so that it is possible to produce a porous sup-
port of 1low thickness which nevertheless has a good
mechanical strength. By way of a non-limiting Example,
it is possible to envisage producing a porous support 3
having a width and length both equal to 300 millimeters
and a thickness equal to 3 millimeters. Preferably,
the length/width ratio of the porous support 3 is
between 1 and 10, the thickness of this support being
between 0.5 and 6 mm.

The filtration unit according to the invention
also comprises means such as a cavity 8 situated at a
distance from the separating layer 4 and adapted for
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recovering the filtrate which has passed through the
porous support 3 from the separating layer 4. The fil-
trate which passes through the thickness of the porous
support 3 from the separating layer 4 comes out into
the cavity 8, in the direction of the arrows f, and is
then collected or recovered from the edge or the prin-
cipal faces of the filtration unit by any appropriate
means.

In one embodiment, the receiving cavity 38
consists of a network of channels 9 made in the prin-
cipal face 3, of the support. According to one advan-
tageous characteristic of the invention, each channel 9
has a flat bottom 9, from which sides 9, rise up in an
approximately perpendicular direction. The channels 9
thus possess a rectangular c¢ross-section, as i1llus-
trated more precisely in Fig. 2. Remaining between
the channels 9 there are bearings 10 with which the
counterthrust element 6 comes inte contact. The
bearings 10 are adapted to ensure the mechanical
strength of the filter element when the porous support
3 1s working under compression. In practice, the
cross-section and number of the bearings are defined so
that the deformation of the surface of the porous
support, beyond the bearings 10, 1is 1less than the
breaking deformation. The area occupied by these
bearings, corresponding to their number multiplied by
their cross~section, must be as small as possible
within the breaking limit given above, so as to avoid
too great a reduction in the exchange area.

It must be considered that the height of the
bearings 10 has no influence on the loss of perfor-
mance, but makes it possiple to adapt the flow of fil-
trate without causing pressure 1losses which would
oppose the transfer pressure P and P,. The height of

the bearings 10 can vary while the exchange area
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remains constant. The height of the bearings 10 is
defined so that the pressure loss of the flow of fil-
trate is less than 0.1 bar.

In a first embodiment, the channels 9 are made
so as to be approximately parallel to one another along
the length of the porous support.

The profile of the channels 9 has the advantage
of reducing the path of the filtrate across the porous
support 3, so as to minimize the pressure loss and
hence the méan hydraulic resistance of the filter ele-
ment. Furthermore, using a plane surface 3, to form
the filtering area of the element I makes it possible
to obtain & unit pessessing a high filtration rate.

In a second embodiment, illustrated in Fig. 3,
provision can be made to produce the filtrate recovery
cavity 8 by means of chiannels 11 communicating with one

another to form a cCriss-cross filtrate recovery net-

work. Remaining between the channels 11 there are
localized bearings 10, such as studs, enabling the
filter element to func¢tion appropriately. It should be
noted that the~cross—section of the bearings 10 can be
of any shape.

In one particularly advantageous embodiment,
illustrated in Fig. 2, the counterthrust element 6
consists of a complementary porous support having a
principal external plane face 6, provided with at least
one separating layer 13, which is intended to be in
contact with the liquid medium 2 to be filtered. The
filter element produced in this way, which is commonly
called a packet, therefore comprises two opposite plane
separating layers 4, 13 extending on either side of the
porous supports 3 and 6. The separating layer 13 is
placed in communication with an element II, ensuring
that a 1ligquid medium to be treated citcuiates in
the form of a sheet. The packet thus consisting of
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the porous supports 3 and 6 works under compression,
because an approximately equivalent working pressure is

exerted on each of the faces 3,, 6, in contact with the

2
ligquid medium 2. The filtrate passes through the
porous supports 3 and 6 from the separating layers 4
and 13 and is then recovered by the cavity 8. Pre~-
ferably, but not exclusively, the complementary porous
support 6 is identical to the porous support 3 and is
fitted symmetrically to the support 3, as illustrated
in Fig. 2. The bearings 10 of the two supports are in
mutual contact, while the channels 9 running in one
support each face a channel running in the other sup-
port, so as to form a cavity 8 with twice the capacity
of that illustrated in Fig. 1. The contact between the
respective bearings 10 can be provided by a weld pro-
duced by depositing a layer of glass or clay on these
bearings and then subjected to a heat treatment. It is
of course possible to envisage produting the channels 9
in a criss-cross fashion so that the bearings 10 are
formed by studs.

The packet produced in this way has the advan-
tage of comprising a double face suitable for the
deposition of separating layers 4, 13, .and of being
made from a single porous support 3 or 6 of plane type,
which can easily be manufactured continuously. More-
over, the configuration of this packet énsures that it
has a good mechanical strength insofar as the supports
3 and 6 work under compression.

It should be noted that the c¢omplementary
porous support 6 can form an integral part of the
porous support 3 so as to produce the filter element I
in an integrated form. In this embodiment, the filter
element may or may not incorporate criss=cross threads,
which are intended to be removed during the sintering
heat treatment to produce the cavity 8.
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As shown in the Figures, each support 3 or 6 is
provided with joining means, for example of the inter-
locking type, making it possible to form a modular
packet. For this purpose, provision can be made for a
peripheral tongue 16 along the edges supports 3 or 6.
These joining means 16 make it possible to produce
filtration units of chosen dimensions by assembling the
desired number of elements I according to the invention
side by side.

POSSIBLE INDUSTRIAL APPLICATTION:

A packet comprising a porous support and a com=
plementary porous support, which are covered with a
layer having an equivalent mean pore diameter of 5 nm,
produced according to one of the plane configurations,
was placed in the two restraints of a laboratory
apparatus normally intended to function with plane
organic membranes. In the case of organic membranes,
the latter are arranged on a plate whose role is to
provide the working resistance. When the packet
according to the invention is used, this plate is
omitted so that a sheet of liquid appears on either
side of the layers 4, 13. The leaktightness between
these layers and the elements II is provided in tonvén-
tional manner by means of seals with a thickness of 0.5
mm.

The apparatus is then connec¢ted toc a circula~
ting pump and the circuit is filled with an aqueous
solution of DEXTRAN T10, which corrésponds to a poly-
saccharide of molecular weight 10,000 Daltons. The
concentration of the DEXTRAN T10 is 1 g/l. The circu-
lation rate is adjusted to 200 1/h per sheet of liquid
and the working pressure is gradually raised to 4 b.

The filtrate which has flowed through the
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cavities 1is collected for gquantitative analysis by
refractometry. Its content of DEXTRAN T10 is 0.905 g/1.
This value corresponds to a retention rate of 95%.

This Example shows that the subject of the
invention makes it possible to withstand the working
pressure and to obtain a good separating efficiency.

Thus, as shown more precisely in Fig. 2, the
height h of the 1liquid sheet of the medium to be
treated, 2, is defined between the separating layers 4
and 13 of the faces 3, and 6, and the elements II
ensuring that the fluid circulates in the form of a
sheet of 1liquid. According to the invention, this
height h is between 0.1 and 3 mm and preferably between
0.2 and 1.5 mm. It ‘'should be noted that although the
height h of the section of the sheet of ligquid is very
small compared with the other dimension, the corres-
ponding hydraulic diameter of this sheet of 1liquid is
of the order of twice the height h.

According to one advantageous characteristic of
the invention, the element or elements II are formed by
a filter element I as defined above.

The invention is not limited to the Examples
described and shown, it being possible for various
modifications to be applied théreto without exceeding
the framework of the invention.
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WHAT IS CLAIMED IS:

1. An inorganic unit for the filtration of a liquid medium in order to recover a
filtrate, the unit comprising:

at least one filter element (I) composed of:

an inorganic rigid porous support kaving a face covered with at least one
separating layer intended to be in contact with the liquid medium, which exerts a
given pressure on said separating layer,

a counterthrust element exerting, on the support, an opposing pressure
approximately equivalent to that applied to the separating layer,

and at least one eavity made in the porous support at a distance from the
separating layer, the purpose of said cavity being to recover the filtrate which has
passed through the porous support from the separating layer,

and at least one element (If) for the circulation the liquid medium, wherein:

the iriorganic porous support has a plane face covered with the separating layer
or layers bonded to one another and to the porous support by sintering,

and the element (II) determines, with the place face of the filter element, a
sheet of liquid with a height of between 0.1 and 3 mm and preferably of between 0.2

and 1.5 mm.

2. A filtration unit according to claim 1 wherein the cavity or cavities have a flat
bottom from whickr sides rise up in an approximately perpendicular direction, the
cavities delimiting between one another bearings for reacting to the working of the

porous. ‘suppott under compression.

3. A filtration unit according to claim 2 wherein the cavities communicate with

one another to form a eriss-cross filtrate recovery network delimiting bearings.

4, A filtration unit according to claim 1 wherein the counterthrust element
consists of a eomplemienitary inorganic porous suppott having a plahe external face
provided with at least one separating Iayer intended to be in eontact with the liquid

medium to be filtered, which exerts the opposing pressure on said separating layer.

p:\Wwpdocs\map\493909\2.1j
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5. A filtration unit according to claim 4 wherein the complementary porous
support is identical to the porous support and is symmetrically fitted to the porous

support so that the bearings of the two supports are in mutual contact.

6. A filtration unit according to claim 1 or 5 wherein the height of the bearings is
determined so as to ensure that the filtrate flows with a pressure loss of less than 0.1

bar.

7. A filtration unit according to claim 4 wherein the complementary porous

support forms an integral part of the porous support

8. A filtration unit according to claim 7 wherein the porous support incorporates a

mesh, the removal of which makes it possible to form the filtrate recovery cavity.

9. A filtration unit according to claim 1 wherein the porous supports each have a

length/width ratio of between 1 and 10, the thickness being between 0.5 and 6 mm.

16. A filtration unit according to claim 5 wherein the porous supports are welded

to one another at their respective bearings.

11. A filtration unit according to claim 1 wherein the pores in the porous support
have a mean diameter of between 1 and 40 micrometers and preferably of between 5

and 10 micremeters.

12. A filtration unit according to claim 1 wherein the porous support is provided
with one ot more separating layers whose pores have equivalent diameters of between

0.1 and 1.5 micrometers.
13. A filtratiori unit according fo claim 12 wherein the separating layer ot layets

are covered with a complimentary separating layer having equivalent mean diameters

of between 2 and 90nm.

pwpdocs\map\d9390921
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14. A filtration unit according to claim 1 wherein the separating layers are
produced by the deposition of pure oxides, such as Al,0, , Ti0,, Zr0, or Si0, , or
mixtures of these pure oxides, such as (A1,0, + Ti0, ), (A1,0, + Si0, ), (Ti0, + Si0, )
or (Zr0, + Ti0, ).

15.  An inorganic filtration unit according to claim 1 wherein the element (ID) for

the circulation of the liquid consists of an inorganic filter element (I) according to the

invention.

p:\wpdoes\map\dg3909\21j
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