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(57) ABSTRACT 

An at least tWo Zone, unsupported, continuous microporous 
membrane is disclosed. The at least tWo Zone, unsupported, 
continuous microporous membrane may include at least tWo 
different membrane pore siZe Zones or the pore siZes may 
have about the same pore siZe. Apparatus and processes for 
fabricating at least a tWo Zone unsupported, continuous, 
microporous membrane are also disclosed. One representa 
tive process disclosed for forming a continuous, unsup 
ported, multiZone phase inversion microporous membrane 
having at least tWo Zones comprises of the acts of: opera 
tively positioning at least one dope applying apparatus, 
having at least tWo polymer dope feed slots, relative to a 
continuous moving coating surface; applying polymer dopes 
from each of the dope feed slots onto the continuously 
moving coating surface so as to create a multiple layer 
polymer dope coating on the coating surface; subjecting the 
multiple dope Zone layer to contact With a phase inversion 
producing environment so as to form a Wet multiZone phase 
inversion microporous membrane; and then Washing and 
drying the membrane. Other representative apparatuses and 
processes are also disclosed. 
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Figure 6. Close-up of 04108675 
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Figurel 1. Close up of Figure 10 
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Figure 13. Cross-section of membrane # 0103 
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UNSUPPORTED MULTIZONE MICROPOROUS 
MEMBRANE 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of com 
monly owned US. Provisional Patent Application Serial No. 
60/223,359, ?led Aug. 7, 2000, of Sale et al., entitled 
“Unsupported MultiZone Microporous Membrane,” the dis 
closure of Which is herein incorporated by reference to the 
eXtent not inconsistent With the present disclosure. 

BACKGROUND OF THE DISCLOSURE 

[0002] The present disclosure relates to continuous, 
unsupported, microporous membranes having tWo or more 
distinct, but controlled pore siZes and to processes of making 
and using same, more particularly to unsupported 
microporous membranes made from a ?rst dope and at least 
one additional dope being applied directly to one another 
prior to the at least tWo dopes being quenched and to 
apparatus for manufacturing and processes for making such 
membrane. 

[0003] Microporous phase inversion membranes are Well 
knoWn in the art. Microporous phase inversion membranes 
are porous solids Which contain microporous interconnect 
ing passages that eXtend from one surface to the other. These 
passages provide tortuous tunnels or paths through Which 
the liquid Which is being ?ltered must pass. The particles 
contained in the liquid passing through a microporous phase 
inversion membrane become trapped on or in the membrane 
structure effecting ?ltration. The particles in the liquid that 
are larger than the pores are either prevented from entering 
the membrane or are trapped Within the membrane pores and 
some particles that are smaller than the pores are also 
trapped or absorbed into the membrane pore structure Within 
the pore tortuous path. The liquid and some particles smaller 
than the pores of the membrane pass through. Microporous 
phase inversion membranes have the ability to retain par 
ticles in the siZe range of from about 0.01 or smaller to about 
10.0 microns or larger. 

[0004] Many important micron and submicron siZe par 
ticles can be separated using microporous membranes. For 
eXample, red blood cells are about eight (8) microns in 
diameter, platelets are about tWo (2) microns in diameter and 
bacteria and yeast are about 0.5 microns or smaller in 
diameter. It is possible to remove bacteria from Water by 
passing the Water through a microporous membrane having 
a pore siZe smaller than the bacteria. Similarly, a 
microporous membrane can remove invisible suspended 
particles from Water used in the manufacture of integrated 
circuits in the electronics industry. 

[0005] Microporous membranes are characteriZed by 
bubble point tests, Which involve measuring the pressure to 
force either the ?rst air bubble out of a fully Wetted phase 
inversion membrane (the initial Bubble Point, or “IBP”), and 
the higher pressure Which forces air out of the majority of 
pores all over the phase inversion membrane (foam-all-over 
point or “FAOP”). The procedures for conducting initial 
bubble point and FAOP tests are discussed in US. Pat. No. 
4,645,602 issued Feb. 24, 1987, the disclosure of Which is 
herein incorporated by reference to the eXtent not inconsis 
tent With the present disclosure. The procedure for the initial 
bubble point test and the more common Mean FloW Pore 

Jul. 1, 2004 

tests are eXplained in detail, for eXample, in ASTM F316-70 
and ANS/ASTM F316-70 (Reapproved 1976) Which are 
incorporated herein by reference to the eXtent not inconsis 
tent With the present disclosure. The bubble point values for 
microporous phase inversion membranes are generally in the 
range of about tWo (2) to about one hundred (100) psig, 
depending on the pore siZe and the Wetting ?uid. 

[0006] US. Pat. No. 3,876,738, the disclosure of Which is 
herein incorporated by reference to the eXtent not inconsis 
tent With the present disclosure, describes a process for 
preparing microporous membranes by quenching a solution 
of a ?lm-forming polymer in a non-solvent system for the 
polymer. US. Pat. No. 4,340,479, the disclosure of Which is 
herein incorporated by reference to the eXtent not inconsis 
tent With the present disclosure, generally describes the 
preparation of skinless microporous polyamide membranes 
by casting a polyamide resin solution onto a substrate and 
quenching the resulting thin ?lm of polyamide. 

[0007] MultiZone membrane offers much greater life and 
How than conventional membranes While still maintaining 
adequate control of the thickness and pore siZe of each Zone 
to ensure reliable retention. A three-Zoned membrane may 
contain a tight or relatively small pore siZe Zone sandWiched 
betWeen tWo open or relatively large pore siZe Zones. The 
open or relatively large pore siZe Zones Would not restrict 
?oW but Would serve to protect the tight or relatively small 
pore siZe Zone from abrasion or damage, alloWing it to be 
much thinner and still maintain integrity. Materials such as 
polyvinylidene ?uoride (PVDF) or polyether sulfone (PES) 
do not require reinforcement because of their inherent 
strength. Scrimless membranes hoWever, require a coating 
surface, such as, for example, a belt or drum to support them 
When cast. The die or dope applying apparatus required to 
cast multiple microporous membrane Zones must be practi 
cally located on the same side of the coating surface and 
designed to control the membrane properties. Potential 
design constraints are discussed beloW. The membrane pore 
siZe of each Zone can be controlled through polymer content, 
solvent and nonsolvent amount and temperature history of 
the dissolved dope. Potential constraints on these variables 
Will be discussed beloW. 

[0008] There is an eXtensive body of knoWledge concern 
ing multiple ply ?lms and slot die technology. This prior art 
deals With the extrusion of ?lms that are essentially imper 
meable. This prior art also discusses manufacture of both 
photographic ?lm and ?lms used in the packaging industry 
(e.g. food packaging). Some eXamples of patents, each of 
Which are herein incorporated by reference to the eXtent not 
inconsistent With the present disclosure, disclosing multi 
Zone ?lms are listed in the table beloW: 

Patent Issued Inventor(s) Title 

US 2000 Khanna et. al. Nylon 6 or 66 Based Compositions 
Pat No. and Films Formed Therefrom 
6040392 Having Reduced Curl. 
US 1999 Luigi et. al. Method of Multizone Die Coating 
Pat No. Using Viscosity Adjustment 
5962075 
US 1998 Maier et. al. Slide Die Coating Method and 
Pat No. Apparatus With Improved Die Tip 
5741549 



-continued 

Patent Issued Inventor(s) Title 

U.S. 1993 Hayward Apparatus and Method for 
Pat No. Cocasting Film Zones 
5256357 
U.S. 1989 Chino et. al. Coating Apparatus 
Pat No. 
4854262 
U.S. 1977 Dittman et. al. Method of Multizone Coating 
Pat No. 
4001024 

[0009] Other art involves the manufacture of microporous 
membranes by other techniques. Grandine provides the ?rst 
practical disclosure of the manufacture of PVDF membrane. 
The Grandine patent (U.S. Pat. No. 4,203,847) discloses, 
although does not claim, that thermal manipulation of the 
dope Will lead to a change in pore size of the resulting 
membrane. Surprisingly, given that nylon is a very different 
polymer that is dissolved in ionic organic acids rather than 
an organic ketone, it experiences a similar phenomenon. 
Grandine did not suggest a mechanism for this phenomenon 
to indicate that it might be general for polymers used to 
make membranes. 

[0010] Subsequent patents relating to PVDF disclose 
methods for making asymmetric PVDF membrane. The 
Wang patent (U.S. Pat. No. 5,834,107) discloses a variety of 
methods to manufacture asymmetric membrane. Other pat 
ents that are related to asymmetric structure and Which are 
cited in the Wang patent are Costar (WO 93/22034), Sasaki 
(U.S. Pat. No. 4,933,081), Wrasidlo (U.S. Pat. No. 4,629, 
563 & U.S. Pat. No. 4,774,039), and Zepf (U.S. Pat. Nos. 
5,188,734 & 5,171,445). 
[0011] Other prior art is the use of thermal manipulation to 
create distinct zones of controlled pore size With nylon 
membrane by Meyering et. al. (application WO99/47246, 
the disclosure of Which is incorporated herein by reference 
to the extent not inconsistent With the present disclosure) 
applying tWo layers of dope against opposite sides of a 
support scrim after the scrim Was ?lled With a ?rst dope. In 
some applications, especially pleated cartridge ?lters, Nylon 
is an intrinsically Weak material Which requires the use of a 
scrim to function in particular applications effectively, but 
unreinforced or unsupported nylon is used in other applica 
tions. The presence of the reinforcing or supporting scrim 
requires multiple dies, one to provide dope Within and to ?ll 
the scrim for the middle membrane zone and the other tWo 
dies to apply the dope for the outer tWo membrane zones. 

[0012] Additional prior art is Degen (U.S. Pat. No. 5,500, 
167) Which also claims a supported membrane With a porous 
nonWoven ?brous support Wherein the tWo zones of the 
membrane are divided into zones of different pore sizes. In 
that case, a second dope layer to form a second zone is 
applied to a ?rst dope layer in a secondary, sequential 
operation With the scrim partially outboard of the tWo 
?nished zones. 

[0013] Steadly U.S. Pat. No. 4,770,777 deals With skinned 
multi-layer membranes. but is not made from at least tWo 
dopes. 
[0014] Another approach to joining tWo different mem 
brane zones together is Wet laminating Wherein membranes 
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that have been cast and quenched but not dried are joined 
under mild pressure and then dried together. Wet lamination 
is prone to delamination, Which can be a particular concern 
if the membrane is back-?ushed. As a practical matter, 
laminated multizone membranes tend to be thicker than 
single zone membranes since each zone is an independently, 
individually prepared membrane Which included being 
quenched prior to being laminated together to form the 
multizone membranes. These prior art membranes are 
clearly relatively thick, as each zone of the laminated 
multizone membrane must be individually suf?ciently thick 
in order to survive the membrane manufacturing process and 
then be joined With at least one other individual suf?ciently 
thick membrane, individually and separately prepared, to 
form a multizone laminated membrane. 

[0015] Slot die technology prior art on generally does not 
deal With the manufacture of microporous membranes nor 
it’s the requirements for the manufacture of microporous 
membranes With the exception of the Meyering et al. dis 
closure mentioned above. 

[0016] Asymmetric membrane prior art on s does not 
disclose, suggest or teach independent control the properties 
of each zone (such as thickness or pore size) nor are the 
zones reliably discrete. 

[0017] Finally, multizone nylon membrane prior art has 
conventionally required a reinforcing or supporting scrim 
(porous nonWoven ?brous support) in order to function in a 
commercial environment. 

[0018] Thus, there is a need for unsupported or scrimless, 
multizone polymeric micro?ltration membrane having at 
least tWo independent and distinct pore size performance 
zones progressing through the thickness of the membrane, 
each zone being continuously joined throughout the mem 
brane structure. Such a multizone membrane should elimi 
nate the reinforcing or supporting scrim While realizing the 
advantages of multizone ?ltration control. Such a scrimless 
multizone membrane should have at least tWo separate zones 
that are continuously joined by the molecular entanglement 
that occurs in the liquid state of the dope layer after the dope 
layer for one membrane zone is coated onto the dope layer 
for another membrane zone prior to phase inversion. Such a 
multizone scrimless membrane should be produced by a 
highly robust, single unit operation, With on-line pore size 
and zone thickness attribute control. Such a multizone 
scrimless membrane should be as thin as single zone mem 
branes and thinner than prior art laminated multizone mem 
branes. Such a multizone scrimless membrane should be 
relatively inexpensively and easily manufactured. 

SUMMARY OF THE DISCLOSURE 

[0019] The present disclosure is directed to multizone 
membrane Without a reinforcing or supporting scrim (non 
Woven porous support), apparatuses and processes for the 
manufacture thereof. The scrimless or unsupported mem 
brane may be substantially simultaneously formed into 
multiple (tWo or more) discrete zones, each With, presently 
preferably, a different but controlled pore size. However, it 
is envisioned that a multizone membrane comprising at least 
tWo adjacent zones having the same pore size might be 
advantageous in certain applications. Layers of dope that 
form the zones are applied directly to one another prior to 
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the membrane quench such that the discrete pore structures 
are maintained Within the separate Zones but the separate 
Zones are integrally joined. 

[0020] The concept taught could be applied to nylon, 
PVDF, PES, PP or any membrane component Wherein pore 
siZe can be controlled though dope preparation, Which may 
include formulation of constituents or thermal manipulation 
prior to casting. 

[0021] The present disclosure claims the process of sub 
stantially, simultaneously coating multiple ?uid layers con 
sisting of different polymer/solvent or polymer/solvent/non 
solvent solutions on to a moving self-releasing substrate and 
then subjecting such multiple ?uid layers to a phase inver 
sion process in, for example, a nonsolvent or solvent/ 
nonsolvent liquid bath in such a manner as to produce an 
unsupported, multiZone microporous membrane having 
multiple pore siZe layers. The moving casting or coating 
surface material is selected so the polymer solutions used for 
the different dope layers that form the different Zones may 
vary from each other in terms of composition, thermal 
history or end-group functionality. The generic concept for 
the substantially, simultaneous coating of multiple ?uid 
layers is described beloW. 

[0022] One aspect of the present disclosure includes a 
process for forming a continuous, unsupported, multiZone 
phase inversion microporous membrane having at least tWo 
Zones, comprising of the acts of: operatively positioning at 
least one dope applying apparatus having at least tWo 
polymer dope feed slots relative to a continuously moving 
coating surface; cooperatively applying polymer dopes from 
each of the dope feed slots onto the continuously moving 
coating surface so as to create a multilayer polymer dope 
coating on the coating surface; and subjecting the multiple 
dope layer coating to contact With a phase inversion pro 
ducing environment so as to form a Wet multiZone phase 
inversion microporous membrane. 

[0023] Another aspect of the present disclosure includes a 
process for forming a continuous, unsupported, multiZone 
phase inversion microporous membrane having at least tWo 
Zones, comprising of the acts of: operatively positioning at 
least tWo dope applying apparatus, each having at least one 
polymer dope feed slot, relative to a coating surface; sequen 
tially applying polymer dopes from each of the dope apply 
ing apparatus onto the coating surface so as to create a 
multilayer polymer dope coating on the coating surface; and 
subjecting the sequentially applied polymer dopes to contact 
With a phase inversion producing environment so as to form 
a Wet multiZone phase inversion microporous membrane. 

[0024] Still another aspect of the present disclosure 
includes a multiZone, unsupported, membrane comprising: a 
?rst Zone having a ?rst pore siZe; and at least a second Zone 
having a second pore siZe, the ?rst and second Zones being 
operatively connected such that the multiZone membrane is 
continuous and does not include any support material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a perspective vieW of a representative die 
useful to produce membrane according to the present dis 
closure; 
[0026] FIG. 2 is a schematic plan vieW of a representative 
membrane produced according to the present disclosure; 
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[0027] FIG. 3 is a schematic plan vieW of another repre 
sentative membrane produced according to the present dis 
closure. 

[0028] FIG. 4 illustrates a SEM cross section of an 
unsupported multiZone PVDF sample 0228sd67.5 mem 
brane cast With a doctor blade; 

[0029] 
unsupported 
0410S 67.5 ; 

[0030] FIG. 6 illustrates a close-up of the interface of the 
tWo Zones of FIG. 5; 

[0031] FIG. 7 illustrates tWo forWard ?oW bubble point 
curves for sample 0228sdr67.5 of Table 1; 

[0032] FIG. 8 illustrates a forWard ?oW bubble point 
curve for a prior art laminated membrane; 

[0033] FIG. 9 illustrates a single Zone forWard ?oW 
bubble point curve; 

[0034] FIG. 10 illustrates a cross section of a prior art 
laminated PVDF membrane; 

[0035] FIG. 11 illustrates a SEM close-up of the interface 
of the prior art laminated PVDF membrane of FIG. 10; 

[0036] FIG. 12 illustrates a forWard ?oW bubble point 
curve for nylon membrane sample 206 of table 2; 

[0037] FIG. 13 illustrates a SEM cross section of mem 
brane sample 0103 of table 2; 

[0038] FIG. 13 illustrates a forWard ?oW bubble point 
curve for nylon membrane sample 0103 of table 2; and 

[0039] FIG. 15 is a schematic vieW of a representative 
apparatus useful to produce membrane according to the 
present disclosure. 

FIG. 5 illustrates a SEM cross section of an 
multiZone PVDF membrane sample 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

[0040] The folloWing de?ne speci?c terms, as they are 
understood to be used in the present disclosure. 

[0041] By the term “polymer dope(s)” or “dope(s),” We 
mean a polymer dissolved in a solvent such that it Will form 
a pore structure When subjected to a phase inversion process. 

[0042] By the term “phase inversion process,” We mean a 
process of exposing a polymer dope to a controlled envi 
ronment to induce liquid-liquid demixing so as to form a 
pore structure. Phase inversion is a necessary step in the 
formation of microporous membrane. The process is 
induced by a number of mechanisms Well knoWn to those 
versed in the art. Examples of phase inversion include but 
are not limited to: 

[0043] Contacting the polymer dope coating to a solution 
of solvent and nonsolvent containing a higher percentage of 
nonsolvent than the dope solution. 

[0044] Thermally induced phase inversion. 

[0045] Exposing membrane to a vapor interface and 
evaporating the solvent from the dope coating. 

[0046] By the term “coating surface,” We mean a very 
smooth ?at essentially impermeable surface that the dope 
Will Wet but from Which it Will readily release after the phase 
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inversion process. Suitable coating surfaces can be, such as, 
for example, a belt or a drum, disposable or reusable, and 
made from materials such as PET ?lm or stainless steel. We 
Would anticipate that a ?exible coating surface Would 
require additional support (for example rollers underneath a 
smooth ?exible belt) to properly support the membrane 
coating. 
[0047] By the term “unsupported multiZone membrane,” 
We mean membrane Without a scrim in Which each dope 
layer is substantially simultaneously applied to the coating 
surface by a dope applying apparatus. The resulting layers 
are subjected to a phase inversion process, Washed and then 
dried. Drying mechanisms are already Well established. 
Various con?gurations of the resulting tWo membrane Zones 
are de?ned beloW. Each membrane Zone has its oWn con 

sistent pore siZe (each membrane Zone is symmetric). Ref 
erences to Wet multiZone membrane are characteriZing the 
intermediate product, after phase inversion, but just prior to 
the Washing and drying step. 

[0048] By the term “cooperatively applying polymer 
dopes,” We mean that the multiple coating dope layers form 
cooperatively from slots in such close proximity that there is 
no air gap betWeen the tWo liquid interface layers as they are 
applied in hydrodynamic equilibrium to the coating surface. 
Dope layers in hydrodynamic equilibrium form a semi 
enclosed environment (With the exception of the edges) and 
are formed in a controlled equilibrium in terms of thickness 
relative to one another. Discussion of multiple slot dies are 
presented in a Master Thesis Written by ShaWn David Taylor 
titled TWo-Layer Slot Coating: Study Of Die Geometry And 
Interfacial Region at McMaster University dated July 1997, 
the disclosure of Which is hereby incorporated by reference 
to the extent not inconsistent With the present disclosure. 

[0049] By the term “dope applying apparatus,” We mean a 
device that operatively transfers polymer dope to a coating 
surface such that the thickness of the transferred dope is 
substantially controlled, examples of such devices include, 
but are not limited to, doctor blades, slot dies and other 
structures Which prove capable of performing the function of 
the representative example doctor blades and slot dies. 

[0050] By the term “substantially, simultaneously coating 
multiple ?uid layers,” We mean that the dopes are applied to 
the coating surface With sufficient restrictions in time and 
space so that no signi?cant pore formation has begun, as 
evidenced by the opacity of the cast layer, as Would be 
expected as the result of a quench or phase inversion process 
prior to the casting layers being joined. 

[0051] As shoWn in FIG. 1, a representative system 10 for 
producing an at least a tWo-Zone, multiZone unsupported 
microporous membrane is illustrated. As shoWn, the repre 
sentative system comprises a representative die (schemati 
cally shoWn) having at least tWo feed slots 14, 16. The die 
has an upstream die lip 18 and a doWnstream die lip 20. 
When dope is being applied to a moving coating surface or 
Web 22, and dopes A and B are exiting their respective feed 
slots 16, 14, there are tWo static contact lines 24, 26, as 
illustrated. As shoWn, When the coating surfaces or Web 22 
is moving in the direction as shoWn for Web direction, dope, 
Which is being fed from a location by any one of a plurality 
of knoWn means, is deposited on the coating surface and 
forms an upstream meniscus 28 and a doWn stream meniscus 
34 at a dynamic contact line 29. As the coating surface 22 
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moves, the dope B that is deposited thereon is also moved 
in the direction of the Web, and additional dope A from the 
second feed slot 16, With the feed slots being divided by a 
center die lip 30 is then applied onto the top of the ?rst dope 
B for a distance, shoWn as the coating gap 32, betWeen the 
doWnstream die lip 20 and the dynamic contact line 29. The 
application of at least this second dope B from at least the 
second feed slot 16 then interacts, as explained in US. Pat. 
No. 6,090,441 of Vining et al., the disclosure of Which is 
herein incorporated by reference to the extent not inconsis 
tent With the present disclosure, With the ?rst dope A from 
feed slot 14 at an interfacial region 32. 

[0052] At this point, the coating surface 22 moves in one 
direction and carries the dopes A, B from the doWnstream 
meniscus 34 to a quenching mechanism (not shoWn), as is 
knoWn in the art. As schematically illustrated, there is a 
separation line 38 betWeen the at least tWo dopes A, B 
formed proximate the doWn stream Wall 39 of the ?rst dope 
feed slot 14. Further, in the interfacial region 32, it has been 
observed that the interfacial dope region (region 32) illus 
trates a clear demarcation in pore siZe but the polymer 
structure is continuous. As shoWn, the coating gap 32 is 
adjustable and Will be controlled, as is knoWn in the art. 

[0053] The resulting pore siZe of the representative mem 
brane made, as shoWn in FIG. 1, from the dope (Whether 
each feed stream in the die comes from a single mother dope 
subsequently manipulated or from more than one mother 
dope) may be manipulated by polymer concentration, 
amount of solvent and non-solvent, and temperature history 
of the dope prior to formation. HoWever, polymer concen 
tration Will also impact viscosity of the dope. It is expected 
that viscosity Will need to be controlled for the proper 
functioning of the slot die so that it Will be dif?cult or 
inconvenient to use polymer concentration as a means to 
control pore siZe. That leaves solvent to non-solvent ratio 
(once polymer concentration is ?xed so is solvent amount) 
and thermal history to control the membrane pore siZe. 
Membrane pore siZe may also be affected by layer thickness 
(controlled by dope metering) and coating surface speed. It 
is also anticipated that the distance from the die slots to the 
receiving coating surface must be controlled. Too small a 
distance Will limit the membrane thickness and too great a 
distance Will break the membrane meniscus and lead to 
defects in the surface and poor control. 

[0054] The polymer dopes must subsequently be subjected 
to phase inversion by means already Well established. The 
design necessitates that the membrane must transverse an air 
gap prior to being quenched although, if necessary, that air 
gap may be environmentally controlled With humidity or 
even a gas blanket. Some care may be required in the phase 
inversion process so that the membrane does not form a skin 
or have the freshly cast layers separate prior to stabiliZation 
in quench. In practice, the layers did not separate. The 
membrane may be dried in a controlled manner by means 
already Well established. 

[0055] The above disclosure is relevant for a number of 
polymers that Will yield membrane. Polymers such as nylon, 
PVDF, PBS, or polypropylene may function. It is not man 
datory that the tWo (or more) dope layers be subject to 
thermal manipulation if dope formulation can alter effective 
pore siZe. 

[0056] While it Was initially anticipated that a single die 
With multiple slots Would function more effectively than 
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separate dies, actual experience has proven to the contrary 
and tWo or more single slot dies separated by a small 
distance have also proven to be operable. As shoWn by the 
examples, it has proven possible to use a tWo slot die in 
combination With an at least one slot die to make a three 
Zone membrane and thus, four or more Zone membranes 
appear possible as Well. Prior to the conduct of the examples 
beloW, it Was believed that a single die Would maintain a 
semi-enclosed environment (With the exception of the 
edges) for the multiple cast dope layers, Which are formed, 
but experience has proved this theory to be incorrect accord 
ing to the examples beloW. Applying a second cast dope 
layer to form one Zone of the membrane in a separate step 
from casting the ?rst dope layer has not proven to lead to 
signi?cant deformation of the ?rst Zone, as shoWn by the 
examples beloW. In addition, separating the casting of the 
dope layers in space from the formation of the membrane 
has also not proven to lead to signi?cant solvent evaporation 
of the ?rst layer and unnecessarily delay the time required to 
stabiliZe the membrane formation in a quench. 

[0057] The multiple slot die Would be mounted preferably 
such that the polymer is extruded doWn but conceivably 
other angles could be employed and it Was determined that 
vertical orientation of the coating surface operatively func 
tioned to produce unsupported multiZone membrane. 

[0058] FIGS. 2 and 3 illustrate various possible embodi 
ments of the unsupported multiZone membrane according to 
the teachings of the present disclosure. As shoWn, Type I 
illustrates an unsupported multiZone membrane Wherein the 
pore siZes are different such that the larger pore siZe mem 
brane Would serve as an upstream protection Zone for the 
smaller pore siZe membrane extending the life of the ?lter 
media. 

[0059] As shoWn, Type II illustrates a simpler case of Type 
I Wherein the tWo pore siZes are the about the same. This 
approach may be preferred over a single cast membrane 
since membrane composed of multiple coatings reduces the 
risk of a single defect in the single coating of a single cast 
membrane compromising the overall retention of the mem 
brane. 

[0060] As shoWn, Type III illustrates the reverse of Type 
I in the event that the reverse coating sequence confers some 
end-use advantage for either the upstream or the doWn 
stream side of the ?nished membrane. 

[0061] As shoWn, Type IV illustrates an unsupported 
multiZone membrane Wherein tWo outer larger pore-siZe 
Zones sandWich a middle Zone having a relatively smaller 
pore siZe. Such constructions are advantageous because the 
outside Zones protect the inner quali?cation Zone from 
damage during ?lter cartridge fabrication. 

[0062] As shoWn, Type V illustrates an unsupported mul 
tiZone membrane Wherein the tWo outer smaller pore siZe 
membrane Zones sandWich a larger pore siZe inner or middle 
Zone. Such a construction may provide the retention bene?t 
of a small pore siZe membrane but yield a higher permeation 
rate than a conventional design since the inner membrane 
Zone has a larger pore siZe and therefore exhibits a loWer 
pressure drop. 

[0063] As shoWn, Type VI illustrates an unsupported 
multiZone membrane Wherein three Zones are stacked With 
progressively decreasing pore siZe. 
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[0064] As shoWn, Type VII illustrates the situation 
Wherein the largest pore siZe Zone is initially positioned 
against the coating surface, if such location should prove 
advantageous. 

[0065] As is apparent to anyone skilled in the art, addi 
tional dope layers to form additional membrane Zones can be 
added up to the practical limit of membrane fabrication 
Without substantially deviating from the spirit of the present 
disclosure. 

[0066] In addition, We envision membranes Wherein the 
membrane Zones could be varied by properties other than 
pore siZe, such as by chemistry or molecular Weight. In some 
cases, loWer molecular Weight polymers offer a high degree 
of functionality but do not offer strength. 

[0067] A type VIII con?guration could be made by pro 
ducing membrane Zones by combining dopes from polymers 
of differing molecular Weight. Logically, this concept could 
be applied to three or more membrane Zones. 

[0068] A type IX membrane could be made if the dope 
layers varied in polymer chemistry. For example, in PVDF 
membrane, the relative amount of polyvinyl pyrrolidone can 
be varied to adjust properties. Logically, this concept could 
be applied membrane having three or more Zones. 

[0069] As is apparent to anyone versed in the art, addi 
tional membrane Zones can be added up to the practical limit 
of membrane fabrication Without substantially deviating 
from the spirit of this disclosure. 

[0070] The folloWing represents actual experiments con 
ducted to verify the concept described above. 

[0071] PVDF Experiments: 

[0072] The folloWing experiments Were conducted to con 
?rm the viability of the producing multiZone, unsupported 
microporous membrane using PVDF. 

[0073] PVDF Ingredients 

[0074] The folloWing ingredients Were employed in the 
experiments that folloW. 

Chemical Trade name Manufacturer Mfg. Location 

PVDF Kynar 761 Elf Atochem NA Philadelphia, 
PA 

IPA 2-propanol ACS reagent Aldrich Milwaukee, WI 
NMP 1-methyl 2 pyrrolidinone Aldrich Milwaukee, WI 

ACS reagent 

[0075] PVDF Methods 

[0076] A mixture of 15%, PVDF (Kynar 761), 15% IPA 
(2-propanol ACS reagent) and 70% NMP (1-methyl 2 pyr 
rolidinone ACS reagent), With a total Weight of about 200 
grams, Were blended and sealed into a jar With a magnetic 
stir bar, all of Which Was immersed into a jacketed beaker 
With the Water in the jacket circulated at a predetermined 
temperature. A magnetic stirrer provided the mixing. The 
resulting dope Was heated to a temperature betWeen about 
10-15° C. beloW the target temperature (Tmax), to bring the 
constituents into solution. 










