SYSTEMS AND METHODS FOR CONDITIONING A FILTER ASSEBLY

Disclosure of the Invention

[0001] The chemicals used in many industries, includirgrtticroelectronics industry
and the pharmaceutical industry, must be extreqmetg. Very fine filtration of these
chemicals is required, often at the point of usgetmove any contaminants that might
disrupt the processes used, or ruin the productie mey these industries. Generally, the
filter assemblies used to filter these chemicalsel@mpermeable filter medium. The chemical
will pass through the filter medium, and any contants in the chemical will be trapped
within or on the surface of the filter medium.

[0002] Before a chemical is filtered, systems and metlemdlsodying the invention
condition the filter assembly and prevent the fiitesembly itself from introducing
contaminants into the chemical. Generally, a mgdiquid is flushed through the filter
assembly to remove any contaminants that mighobhémed within the filter assembly,
even a newly manufactured filter assembly. Theipgrliquid may be any liquid that is
compatible with the chemical to be filtered. Fesd toxic or less expensive chemicals, the
purging liquid may be the chemical itself. Mor¢eof, the purging liquid may be a less toxic
or less expensive liquid component of the cherocal liquid solvent for the chemical. As
the filter assembly is flushed, the purging ligmdy displace any gas within the filter
assembly and carry away any other contaminantarwd in the filter assembly. After
flushing, the conditioned filter assembly, filledtkvthe purging liquid, may be stored and/or
shipped, and it may be used to filter the chemafi@lr the purging liquid is removed from the

filter assembly.

Summary of the Invention

[0003] Systems and methods embodying the invention majseeé to condition filter
assemblies one at a time or several at once. firtassembly may include a filter
medium, an inlet, a vent, and an outlet. Therfiltedium may have an upstream side and a
downstream side within the filter assembly. THetiand the vent may be on the upstream

side of the filter medium, and the outlet may balmdownstream side of the filter medium.



[0004] In accordance with one aspect of the inventionhoeg for conditioning a filter
assembly may comprise opening the inlet and theasah closing the outlet of the filter
assembly. A purging liquid may then be passeduiindhe open inlet, along the upstream
side of the filter medium, and through the opentv@rhe methods may further comprise
opening the inlet and the outlet and closing tha&.vd hen, the purging liquid may be first
passed through the open inlet, through the filtedionm from the upstream side to the
downstream side, and through the open outlet isstalbw rate. The purging liquid may
subsequently be passed through the open inleydhrthe filter medium from the upstream
side to the downstream side, along the downstrédenos the filter medium, and through the
open outlet at a second flow rate higher thanitseffow rate. The purging liquid displaces
and/or carries away any air and other contaminarftier assembly, including contaminants
in the filter assembly on the upstream side offitter medium, within the filter medium, and
on the downstream side of the filter medium, leg\re filter assembly free of the
contaminants and filled with purging liquid.

[0005] In accordance with another aspect of the invenggstems for conditioning a
filter assembly may comprise a purging liquid syppl waste reservoir, and a pressure
source. The purging liquid supply may be couptethe inlet of a filter assembly, and the
pressure source may be arranged to drive purgiogdlirom the purging liquid supply to the
inlet of the filter assembly. The waste reservo@ty be coupled to the outlet and the vent of
the filter assembly. The systems may further casepan inlet valve, an outlet valve, a vent
valve, and a controller. The inlet valve may beraple to open and close the inlet of the
filter assembly; the outlet valve may be operablegen and close the outlet of the filter
assembly; and the vent valve may be operable to apd close the vent of the filter
assembly. The controller may be connected toast e pressure source, the inlet valve, the
outlet valve, and the vent valve. The controlleryrbe operable in a first stage to open the
inlet valve and the vent valve, close the outlé¢eaand direct purging liquid from the
purging liquid supply, through the open inlet oé fiiiter assembly, along the upstream side
of the filter medium, and through the open veniie Tontroller may also be operable in a
first phase of a second stage to open the inleevahd the outlet valve, close the vent valve,
and direct purging liquid at a first flow rate thigh the open inlet of the filter assembly,
through the filter medium from the upstream sidéhtodownstream side and through the
open outlet. The controller may be further operabla subsequent second phase of the

second stage to open the inlet valve and the otdlee, close the vent valve, and direct



purging liquid at a second flow rate greater thHanftrst flow rate through the open inlet of
the filter assembly, through the filter medium fréime upstream side to the downstream side,
along the downstream side of the filter medium, #amdugh the open outlet. The purging
liquid displaces and/or carries away any contanmanthe filter assembly, including
contaminants in the filter assembly on the upstrea®a of the filter medium, within the filter
medium, and on the downstream side of the filtedioma, leaving the filter assembly free of
contaminants and filled with the purging liquid.

[0006] Methods and systems embodying these aspects wiietion have many
advantageous features, including, for exampleufeatthat are highly effective for removing
contaminants from the filter assembly. For examipjeboth 1) directing purging liquid
through the open inlet, along the upstream sidbefilter medium, and through the open
vent with the outlet closed and 2) directing pugdiiquid through the open inlet, through the
filter medium from the upstream side to the dowewsstn side, along the downstream side of
the filter medium, and through the open outlet il vent closed, methods and systems
embodying these aspects of the invention ensutahbaipstream side of the filter medium,
the filter medium itself, and the downstream sitlthe filter medium are all flushed
thoroughly by the purging liquid. Further, by ditieg purging liquid through the filter
medium at a first lower flow rate and subsequeatlg second higher flow rate, methods and
systems embodying these aspects of the inventismrenhat contaminants are even more
effectively removed from within the filter mediunfRassing the purging liquid through the
filter medium at the first lower flow rate allowiset purging liquid to completely fill all of the
pores and voids within the filter medium, displarall contaminants, including any small
gas pockets or bubbles, that might otherwise reinapped in the filter medium.
Subsequently passing the purging liquid througHitter medium at the second higher flow
rate effectively flushes all of the contaminantmioeed from within the filter medium

through the downstream side of the filter mediurd ant the open outlet.

[0007] In accordance with another aspect of the inventiwethods for conditioning a
filter assembly may comprise opening the inlet eiedvent and closing the outlet of the filter
assembly. A purging liquid may then be suppliexhfra first container; passed through the
open inlet, along the upstream side of the filtedram, and the open vent; and directed from
the open vent to a waste reservoir. The methogsfamther comprise opening the inlet and
the outlet and closing the vent of the filter asslgm A purging liquid may then be supplied

from the first container to the open inlet. Iniyathe purging liquid may be passed through



the open inlet, through the filter medium from tipstream side to the downstream side,
along the downstream side of the filter medium, #amdugh the open outlet to the waste
container. Subsequently, the purging liquid mayassed through the open inlet, through
the filter medium from the upstream side to the dstneam side, along the downstream side
of the filter medium, and through the open outted tsecond container capable of containing
the purging liquid, leaving the filter assemblyefref contaminants and filled with purging
liquid. Further, a portion of the purging liquicagnbe recovered in the second container.
[0008] In accordance with another aspect of the invensgstems for conditioning a

filter assembly may comprise a first containere@omid container, a waste reservoir, and a
pressure source. The first container containsipgrgguid and may be coupleable to the inlet
of the filter assembly, the pressure source magri@ged to drive purging liquid from the
first container to the inlet of the filter assemblijhe waste reservoir may be coupleable to an
outlet and a vent of the filter assembly. The sdomontainer may also be coupleable to the
outlet of the filter assembly and may be capableootaining purging liquid. The systems
may further comprise an inlet valve, an outlet eal vent valve, and a controller. The inlet
valve may be operable to open and close the ihkgiedfilter assembly; the outlet valve may
be operable to open and close the outlet of thex issembly; and the vent valve may be
operable to open and close the vent of the fissembly. The controller may be connected to
at least the pressure source, the inlet valveptitlet valve, and the vent valve. The controller
may be operable in a first stage to open the udkte and the vent valve; close the outlet
valve; and direct purging liquid from the first ¢amer, through the open inlet of the filter
assembly, along the upstream side of the filteriomedthrough the open vent to the waste
reservoir. The controller may also be operabia finst phase of a second stage to open the
inlet valve and the outlet valve; close the verveaand direct purging liquid from the first
container, through the open inlet of the filtereaably, through the filter medium from the
upstream side to the downstream side, along thexsktogam side of the filter medium, and
through the open outlet to the waste reservoire ddntroller may be further operable in a
subsequent second phase of the second stage tothepietet valve and the outlet valve; close
the vent valve; and direct purging liquid from first container, through the open inlet of the
filter assembly, through the filter medium from tgstream side to the downstream side,
along the downstream side of the filter medium, #amdugh the open outlet to the second
container, leaving the filter assembly free of eomihants and filled with purging liquid.

Further, a portion of the purging liquid may beaeered in the second container.



[0009] Methods and systems embodying these aspects ofvéetion have many
advantageous features, including, for exampleufeatthat are highly effective for removing
contaminants and features that significantly reduaste. For example, again, by both 1)
directing purging liquid through the open inlebrad the upstream side of the filter medium,
and through the open vent with the outlet closetiZrdirecting purging liquid through the
open inlet, through the filter medium from the wpatm side to the downstream side, along
the downstream side of the filter medium, and thlothe open outlet with the vent closed,
methods and systems embodying these aspects iofvérg@ion ensure that the upstream side
of the filter medium, the filter medium itself, atite downstream side of the filter medium
are all flushed thoroughly with purging liquid. reher, by directing a portion of the purging
liquid not to the waste reservoir but to the secomatainer, this portion of the purging liquid

may be recovered and reused, significantly redutiagamount of waste generated.

Brief Description of the Drawings

[0010] FIG. 1 is a schematic view of an embodiment ofsiesy for conditioning a filter
assembly.

[0011] FIG. 2 is a schematic view of another embodimerat system for conditioning a
filter assembly.

[0012] FIG. 3 is a schematic view of another embodimerat system for conditioning a
filter assembly.

[0013] FIG. 4 is a schematic view of another embodimera sfstem for conditioning a
filter assembly.

[0014] FIG. 5 is a schematic view of an embodiment of digio of a system for

displacing the purging liquid from a filter assembl

Description of Embodiments

[0015] Systems for conditioning filter assemblies in ademice with one or more aspects
of the invention may be embodied in any of numerwags and may be used to condition
any of a great variety of filter assemblies, eitbee filter assembly at a time or a plurality of
filter assemblies all at once.

[0016] Each filter assembly may be variously configur&enerally, each filter assembly

11 includes a filter medium 12 for removing contaarits from a liquid chemical used in an



industrial process. For many of these industaes, the microelectronics industry and the
pharmaceutical industry, the chemical must be enetg pure. Consequently, the filter
medium may have a removal rating in the micropo@usanoporous range. For example,
the removal rating may be down to about 0.05 migmmnless than 0.05 microns, including
about 40, 30, 20, 10, or 5 nanometers or less.fikeemay, for example, be formed from a
permeable metallic material, a permeable ceramienad or a permeable polymeric
material, including a permeable polymeric membramna permeable sheet or mass of
polymeric fibers or filaments. Further, the fileedium may have, for example, a flat,
honeycomb, pleated, spirally wound, or hollow fis&gucture.

[0017] The filter assembly 11 may further include a hogsi8 which encloses the filter
medium 12, the filter medium 12 defining an upsimeade 14 and a downstream side 15
within the filter assembly 11. Before conditionjrige filter assembly 11, including the pores
and voids within the filter medium 12, may be filleith gas, e.g., air or an inert gas such as
nitrogen, or with a prewetting liquid, e.g., a g@uo including water or alcohol. The filter
assembly 11 may further include an inlet 20 andrat 21 on the upstream side 14 of the
filter medium 12 spaced from one another and alebR2 on the downstream side 14 of the
filter medium 12. The inlet, the vent, and thel@wumay be positioned at various locations on
the filter assembly, including the top, bottom, /mdides. In the illustrated embodiments,
the inlet 20, the vent 21, and the outlet 22 majhdxze on top of the housing 13. The housing
13 may define one or more flow paths within theefiessembly 11, e.g., between the inlet 20
and the vent 21 and between the inlet 20 and ttlet@2. For many embodiments, the filter
medium 11 may have a hollow, generally cylindricahfiguration, and a blind end cap 23
may be joined to one end of the filter medium T2e filter assembly 11 may be arranged
for outside-in flow from the upstream side 14 df fhter assembly 11 on the exterior of the
filter medium 12 to the downstream side 15 of fherfassembly 11 on the interior of the
filter medium 12. Alternatively, the filter asselpimnay be arranged for inside-out flow.
Many different filter assemblies may be conditiotgdsystems and methods embodying the
invention, including filter assemblies availablerfr Pall Corporation of Port Washington,
New York, USA, for example, under the trade dedigmaEZD.

[0018] One of many different examples of an embodimera abnditioning system 10 is
shown in FIG. 1. The conditioning system 10 mayude a purging liquid supply 24 which
may be coupleable to the inlet 20 of the filteremsbly 11 in a variety of ways. For example,

an inlet line 25 may extend between the purgingidicupply 24 and the inlet 20 of the filter



assembly 11. A pressure source 26 may be arrang#d/e purging liquid from the purging
liquid supply 24 to the filter assembly inlet 20r £xample, along the inlet line 25. The
conditioning system 10 may also include a wasteruesr 30 coupleable to the vent 21 and
the outlet 22 of the filter assembly 11 in any ofaaiety of ways. For example, a separate
vent line 31 and outlet line 32 may extend betwibenwaste reservoir 30 and the vent 21 and
outlet 22, respectively, of the filter assembly Ihe conditioning system 10 may further
include an inlet valve 33, a vent valve 34, andattet valve 35. The inlet valve 33, the vent
valve 34, and the outlet valve 35 may be operatigskociated with the inlet 20, the vent 21,
and the outlet 22, respectively, of the filter asbly 11 to open and close the inlet 20, the
vent 21, and the outlet 22. Although some of tee@ssing may be done manually, for most
embodiments, the conditioning system 10 additignaltludes a controller 36 connected to
one or more of the components to control the canditg of the filter assembly 11. For
example, in the conditioning system 10 of FIG hE, tontroller 36 may be connected to the
pressure source 26, the inlet valve 33, the velmev4, and the outlet valve 35.

[0019] The components of the conditioning system 10 magadnéigured in any of
numerous ways. For example, the purging liquidpgumay be variously configured, for
example, as a tank or drum holding a large amoupti@ing liquid or a smaller container,
including a flexible container, that contains a Bemaamount of purging liquid. Various
containers for supplying purging liquid may be ahlée, including many of the containers,
reservoirs, and bags containing dispense liquidexgtified in United States Patent
Application Publication No. US 2005/0173458 Al. yAsf numerous purging liquids may be
contained in the purging liquid supply. A purgiiguid may be any liquid compatible with
the chemical to be filtered by the filter assembigjuding the chemical itself, one or more
components, e.g., the principal component, of tledcal, or a solvent for the chemical or
the component(s). The chemical and the purgingdignay vary depending, for example, on
the desired process within the industry. For examnip the photolithography industry, the
chemical to be filtered may be a photoreactive ébalnsuch as a photoresist, an
antireflecting coating, or any other chemical inted to be dispensed on a substrate wafer.
For many embodiments, the purging liquid may beesdi for these dispensable chemicals.
Examples of such solvents include, but are notdichto, ethyl (S)-2-hydroxypropanoate, |-
methoxy-2-propyl acetate, cyclohexanone, butylaeedihydrofuran-2(3H)-one, and I-

methoxypropan-2-01.



[0020] The pressure source may be configured in a vaoietyays to drive the purging
liquid to the inlet of the filter assembly. For st@mbodiments, the pressure source provides
an increased pressure or a positive pressure atlétef the filter assembly. Consequently,
the pressure source may be configured as a pummande located between the purging
liquid supply and the filter assembly inlet. Faample, the pump may be located in the inlet
line. Alternatively, a pump may be located at owdstream of the vent and/or outlet, e.g., in
the vent line and/or the outlet line, to apply gatéve pressure at the inlet of the filter
assembly. The pump may be variously configuredekample, as a low volume, low shear
positive displacement pump. Alternatively, thegstae source may comprise a gravity feed
assembly or a pneumatic or mechanical expressmrmBny embodiments, the pressure
source 26 may comprise a pneumatic expressor suittose available from ATMI under the
trade designation NOWPak. In the pneumatic expresise purging liquid supply may be a
flexible container or bag filled with purging liguand located in a pressure container. An
inert gas such as nitrogen may be supplied tordgspre container on the exterior of the
flexible container to drive the purging liquid atlesired flow rate from the flexible container
to the inlet of the filter assembly, e.g., along thlet line.

[0021] The waste reservoir 30 may be configured in a tyanéways to receive
contaminated purging liquid from the filter asseynbl. For example, the waste reservoir
may be a drain line for receiving and properly dspg of the contaminated purging liquid.
Alternatively, it may include a tank or drum focesving and storing larger quantities, or a
fixed or flexible container for receiving and stagismaller quantities, of the contaminated
purging liquid.

[0022] Any of numerous valves are suitable for the inkvg 33, the vent valve 34, and
the outlet valve 35. One or more of the valves tmay variable flow valve and may be used
to control fluid flow to and/or from the filter am®bly. For many embodiments, however,
the valves may be binary on/off valves, for examfast acting on/off valves, and fluid flow
may be controlled by the pressure source 26. Ealsle may be located in a variety of
positions to open and close the inlet, vent, oledaf the filter assembly. For example, the
inlet valve 33 may be located at or near the iBlgte.g., in the inlet line 25; the vent valve
34 may be located at or near the vent 21, e.gheivent line 31; and the outlet valve 35 may
be located at or near the outlet 22, e.g., in th&ebline 32.

[0023] The controller 36 may be configured in any of aetgrof ways. For example, the

controller 36 may be an electronic controller arayrmclude, for example, a microprocessor



or a logic array, e.g., a programmable logic arfayimplementing the various steps

involved in conditioning the filter assembly. Toentroller may be a separate unit and may
be physically located with the remainder of thedibaning system or any of the other
components of the conditioning system. Alternayivthe controller may be integrated with

a larger electronic system for controlling one @renprocesses, e.g., the dispense processes,
in addition to conditioning the filter assemblyhélcontroller may be connected to any of the
components of the conditioning system to receivd#@rsend information about the system
and/or to regulate the functions of one or more mmments of the conditioning system. For
example, the controller 36 shown in FIG. 1 may tenected to the pressure source 26 to
control the flow of purging liquid from the purgitigiuid supply 24 to the inlet 20 of the

filter assembly 11. The controller 36 may alsabenected to the inlet valve 33, the vent
valve 34, and the outlet valve 35 to open and dlesevalves and control flow through the
filter assembly 11.

[0024] The conditioning system may include one or moretemtchl components,

including, for example, sensors, such as pres&msoss, temperature sensors, flow sensors,
and level sensors, for providing additional infotima about the system. The additional
components may also include other devices, sudampeners, degassers, bubble traps, and
filters, for performing auxiliary functions withithe system. For example, a pressure sensor
and/or flow sensor may be located in the inlet &nel/or the outlet line to provide pressure or
flow information associated with the inlet and/oe butlet of the filter assembly; a dampener,
a degasser, and/or a filter may be located inrtle line to perform auxiliary functions
upstream from the inlet of the filter assembly; /an@ bubble trap may be located in the
outlet line to perform an auxiliary function dowrestim from the outlet of the filter assembly.
[0025] Methods for conditioning a filter assembly in aacamce with one or more aspects
of the invention may also be embodied in any of etous ways. After a filter assembly has
been installed in a conditioning system embodyirggihvention, the filter assembly may be
conditioned according to any of these methods.ta@dystem controller may be
programmed according to the steps, and the segeiefisteps, described for any of these
methods.

[0026] One of many different examples of an embodimera cbnditioning method may
include, in a first stage, opening the inlet 20 #revent 21, for example, of the filter
assembly 11 shown in FIG.1, and closing the o@&et For many embodiments, opening the

inlet 20, opening the vent 21, and closing theaet@®P may include opening the inlet valve 33,



opening the vent valve 34, and closing the outiétes 35, respectively, at the direction of the
controller 36. With the inlet 20 and vent 21 opexl the outlet 22 closed, purging liquid,
e.g., a solvent as previously described, may beggador example, at a positive gauge
pressure, through the open inlet 20, along theregast side 14 of the filter medium 12 inside
the filter assembly 11, and through the open véntR2or example, at the direction of the
controller 36 the pressure source 26 may incréaseressure at the inlet 20 of the filter
assembly 11 in any of a variety of ways to drive plurging liquid through the filter assembly
11 along the upstream side 14 of the filter mediiZn For many embodiments, the purging
liquid supply 24 may be a flexible container and pessure source 26 may be a pneumatic
expressor. The controller 36 may control the pressource 26 to apply an inert gas, e.g.,
nitrogen, against the exterior of the flexible @nér 24 and drive the purging liquid from the
flexible container 24 through the open inlet 2@, ealong the inlet line 25 and through the
open inlet valve 33. The purging liquid may begeakthrough the open inlet 20 at a flow rate
that allows the purging liquid to flow to the batimf the filter assembly 11 and rise along the
upstream side 14 of the filter medium 12 in a marnin&t displaces any gas or any prewetting
liquid in the filter assembly 11 on the upstreadesl4 of the filter medium 12 through the
open vent 21 ahead of the rising purging liquidhe Tlow along the upstream side 14 of the
filter medium 12 may be non-turbulent, at leadiafly, to reduce any mixing of the gas or
prewetting liquid with the purging liquid. Thiflv rate may depend on many factors,
including the size of the filter assembly, e.ge flow channels within the filter assembly. For
many embodiments, including embodiments for usé filter assemblies intended for the
microelectronics industry, the purging liquid floate through the open inlet 20 may, for
example, be in the range from about 20 mL/min ss k® about 100 mL/min or more.

[0027] Once the purging liquid has displaced any gas ewetting liquid from the
upstream side 14 of the filter medium 12, flowlod purging liquid through the open inlet 20
may continue and the flow rate may, or may notinbeeased to further remove
contaminants, including particulates or other satsts shed or leached, from the upstream
side 14 of the filter medium 12 or the inside & tiousing 13 through the open vent 20. For
example, at the direction of the controller 36 phessure source 26 may further increase the
pressure at the inlet 20 of the filter assembly Eér many embodiments, including
embodiments intended for the microelectronics itrgushe total volume of purging liquid
flushed through the open inlet 20 along the upetre@e 14 of the filter medium 12 and
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through the open vent 21 in the first stage mayekample, be in the range from about 100
ml or less to about 300 ml or more.

[0028] For most embodiments, purging liquid and contantmariting the filter

assembly 11 through the open vent 21 in the fiegjesof the conditioning method may be
directed to the waste reservoir 30. For exampltheadirection of the controller 36 the
purging liquid and contaminants from the upstreata 44 of the filter medium 12 inside the
filter assembly 11 may be driven through the opemt\21 to the waste reservoir 30 by the
pressure source 26, e.g., via the open vent valand the vent line 31. At the end of the
first stage, the upstream side 14 of the filter med12 inside the filter assembly 11 may be
filled with purging liquid and free of contaminants

[0029] The conditioning method may further include, ireaend stage of the
conditioning method, opening the inlet 20, opertimgoutlet 22, and closing the vent 21 of
the filter assembly 11. Again, opening the ventdiening the outlet 22, and closing the
vent 21 may include opening the inlet valve 33,ropg the outlet valve 35, and closing the
vent valve 34 at the direction of the controller 3&ith the inlet 20 and the outlet 22 open
and the vent 21 closed, purging liquid may be phdse example, at a positive gauge
pressure, in a first phase of the second stagdirat dow rate through the open inlet 20,
through the filter medium 12 from the upstream didd¢o the downstream side 15, along the
downstream side 15 of the filter medium 12, andugh the open outlet 22. For example, at
the direction of the controller 36 the pressures®6 may increase the pressure at the inlet
20 of the filter assembly 11 in any of a varietya@fys to drive purging liquid through the
filter medium 12 to the open outlet 22. Again, fleany embodiments, the controller 36 may
control the pressure source 26 to supply an irestagainst the exterior of a flexible
container 24 and drive the purging liquid from flexible container 24 through the open
inlet 20, e.g., along the inlet line 25 and throtigl open inlet valve 33, at the first flow rate.
[0030] The first flow rate in the first phase of the sedetage may enable the purging
liquid to flow slowly enough through the filter mad 12 to thoroughly fill the filter medium.
The pressure at the open inlet 20 may be held $oiffecient time to allow purging liquid to
diffuse into all of the pores and voids in thedfilmedium 12, thereby displacing all gas or
prewetting liquid from these pores and voids theghihotherwise remain trapped in the filter
medium 12. As the purging liquid passes througtfilter medium 12, the first flow rate may
also enable the purging liquid to fill the downsireside 15 of the filter medium 12 inside the

filter assembly 11 from the bottom up in a manhet tisplaces any gas or prewetting liquid
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ahead of the purging liquid and through the opetfeb@2. The first flow rate may enable a
non-turbulent flow profile in order to reduce aniimg of the gas or prewetting liquid with
the purging liquid. Further, the first flow rateagndepend on many factors, including the size
of the filter assembly and the characteristics, ¢hg@ removal rating, of the filter medium. For
many embodiments, including embodiments used imticeoelectronics industry where the
filter medium may have a removal rating of abo@50microns or less, the first flow rate of the
purging liquid in the first phase of the secondjstenay, for example, be in the range from
about 20 mL/min or less to about 100 mL/min or more

[0031] Once the purging liquid has displaced all of the gaprewetting liquid from the
pores and voids of the filter medium 12 and theaggzrewetting liquid has been displaced
from the downstream side 15 of the filter mediumth2 flow rate of the purging liquid
through the open inlet 20, through the filter medil2, and through the open outlet 22 may
be increased to a second flow rate in a seconcepifabe second stage, the second flow rate
being greater than the first flow rate. For exampl the direction of the controller 36 the
pressure source 26 may further increase the gaegeye at the inlet 20 of the filter
assembly 11, driving purging liquid from the puigiiquid supply 24 to the open inlet 20 at

a greater flow rate. The greater second flow flaghes contaminants, including particulates
or other substances shed or leached from the fileztium as well as any remaining gas or
prewetting liquid, from the filter assembly 11 mudlore effectively than the lesser first flow
rate. The second flow rate may depend on manlyeoame factors as the first flow rate.

For many embodiments, including embodiments useldammicroelectronics industry, the
second flow rate may be in the range up to abodtd/min or more, including from about
50 mL/min or less to about 500 mL/min or more. tker, the total volume of purging liquid
flushed through the open inlet 20 through therfitteedium 12 and through the open outlet 22
during the second stage may, for example, be inahge from about 250 mL or less to about
1000 mL or more, a significant portion of the tatalume, e.g., 5% to about 25% or more,
being flushed through the filter assembly 11 ingbeond phase of the second stage.

[0032] Purging liquid and contaminants exiting the filessembly 11 through the open
outlet 22 in both the first and second phaseset#tond stage of the conditioning method of
FIG. 1 may be directed to the waste reservoirRBfx example, at the direction of the
controller 36, the purging liquid and contaminainésn within the filter medium 12 and from
the downstream side 15 of the filter medium ingidefilter assembly 11 may be driven

through the open outlet 22 to the waste resendinBthe pressure source 26, e.g., via the

12



open outlet valve 35 and the outlet line 32. Atéimd of the second stage, the entire filter
assembly 11 may be filled with purging liquid anelef of contaminants. The filter assembly
may then be removed from the conditioning systd&ine inlet, outlet, and vent may be sealed,
allowing the filter assembly to be stored and/apgéd filled with purging liquid and free of
contaminants. Alternatively or additionally, therging liquid may be displaced from the
filter assembly, for example, by the chemical tdikkered and the filter assembly may be
placed into service to filter the chemical.

[0033] Other embodiments of the conditioning system 10amlitioning methods are
illustrated in FIG. 2. The conditioning systemdf@~IG. 2 may be very similar to the
conditioning system 10 of FIG. 1 and analogous acuomepts are identified by the same
reference numerals. The conditioning system 1RIGf 2 may similarly include a purging
liquid supply 24 which may be coupleable to thetrdO of a filter assembly 11 in any of the
ways previously described, e.g., via an inlet BBe A pressure source 26 may be similarly
arranged to drive purging liquid from the purgirguid supply 24 to the inlet 20 of the filter
assembly, for example, under the control of a odietr 36 connected to the pressure source
26. Aninlet valve 33, a vent valve 34, and arnatwialve 35 may similarly be operatively
associated with the inlet 20, vent 21, and outktr@spectively, of the filter assembly 11 and
connected to the controller 36. The conditionipgfem 10 may also include a waste
reservoir 30 similarly coupled to the vent 21 antlet 22 of the filter assembly 11, e.g., via
the vent line 32 and the outlet line 33.

[0034] In addition, the conditioning system 10 of FIG. @ymnclude a vacuum device 40
for drawing purging liquid into the open inlet 2Dtbe filter assembly 11 through the open
outlet 22, for example, at a negative gauge presstie vacuum device may be configured
in a variety of ways. For example, the vacuum cievi0 may include an eductor assembly
and may vacuum draw purging liquid into the opdati@0. The vacuum device 40 may be
connected to the controller 36 and may be couplig¢de conditioning system 10 at a variety
of locations. For example, the vacuum device 49 beacoupled to the outlet 22 of the filter
assembly 11 to decrease the pressure at the 2Rtéetd draw purging liquid through the
filter assembly 11 from the open inlet 20, throdigh filter medium 12, and through the open
outlet 22. In the illustrated embodiment, the wanwevice 40 may be located in the outlet
line 32, e.g., downstream from the outlet valve 35.

[0035] The method for conditioning the filter assemblydf FIG. 2 may be very similar

to the method for conditioning the filter assemblyof FIG. 1. For example, the first stage of
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the conditioning method of FIG. 2 may be very seamib the first stage of the conditioning
method of FIG. 1 as previously described. For mampodiments, in the first stage the
vacuum device 40 may be disabled, the inlet 20vand 21 may be opened, the outlet 22 may
be closed, and purging liquid may be passed franpthrging liquid supply 24, through the
open inlet 20, along the upstream side 14 of tker fmedium 12 within the filter assembly 11
through the open vent 21 to the waste reservoirRall.example, at the direction of the
controller 36, the inlet valve 33 and the vent eaB4 may be opened, the outlet valve 35 may
be closed, and the pressure source 26 may inciteapeessure at the open inlet 20, driving
purging liquid into the filter assembly 11. Therging liquid and any contaminants on the
upstream side 14 of the filter medium 12 in thefiassembly 11 exit the open vent 21 and
are driven to the waste reservoir 30 as previodegcribed. At the end of the first stage, the
upstream side 14 of the filter medium 12 within fiter assembly 11 may be filled with
purging liquid and free of contaminants.

[0036] In the second stage of the conditioning methodl@f 2, the inlet 20 and the

outlet 22 may be opened and the vent 21 may bed|@s previously described, and in the
first phase of the second stage the purging ligjnag be passed through the filter assembly at
the first flow rate, as previously described. Huemin the first phase of the second stage, the
vacuum device 40 and the pressure source 26 masrdreged to provide a pressure at the
open outlet 22 of the filter assembly 11 whichesssl than atmospheric pressure. For example,
the pressure source 26 may provide little or nogase in pressure at the open inlet 20 above
atmospheric pressure, while the vacuum device 40duarease the pressure at the open
outlet 22 below atmospheric pressure, e.g., dovabtut minus 12 psig or less. For many
embodiments, the controller 36 may direct the pressource 26 to apply little or no
increased pressure above atmospheric pressure extirior of the flexible container 24
containing the purging liquid, while the vacuum idev40, at the direction of the controller

36, decreases the pressure at the open outlei@® Bemospheric pressure.

[0037] In this first phase of the second stage, the pgrtigquid may be drawn from the
purging liquid supply 24, e.g., along the inle€liBl and through the open inlet valve 33, to
the filter assembly 11 by the vacuum device 4Q, atghe direction of the controller 36. The
purging liquid may then be drawn through the op#eti20 at the first flow rate, through the
filter medium 12 from the upstream side 14 to tbevdstream side 15, along the downstream
side 15 of the filter medium 12, and through theroputlet 22. The first flow rate may

enable a non-turbulent flow profile and may alldwe purging liquid to flow slowly enough
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through the filter medium 12 to fill all of the gw and voids, displacing gas or prewetting
liquid from the pores and voids, as previously désd with respect to FIG. 1. By providing
a pressure less than atmospheric pressure at éimecoplet 22, the vacuum device 40 further
enhances the removal of gas or prewetting liguchfthe pores and voids of the filter
medium 12. The “pull” of the vacuum device 40 ncaynbine with the “push” of the
incoming purging liquid to more thoroughly remoWe tgas or prewetting liquid from the
pores and voids of the filter medium 12 and is esihy effective for the small pores and
voids of filter media having a removal rating obab0.05 micron or less. From the filter
medium 12, the purging liquid may fill the downstne side 13 of the filter medium 12 within
the filter assembly 11, for example, from the bttop, forcing air or prewetting liquid
through the open outlet 22 ahead of the purgingdiq

[0038] After the purging liquid has displaced the gasrmewetting liquid from the pores
and voids of the filter medium 12 and the downstreide 15 of the filter medium 12, the
flow rate of the purging liquid through the opetetr20, through the filter medium 12, and
through the open outlet 22 may be increased tgrsater second flow rate in the second
phase of the second stage of the conditioning ndetfithe second phase of the second stage
of the conditioning method of FIG. 2 may includsabling the vacuum device 40 but
otherwise may be virtually identical to the pre\styudescribed second phase of the second
stage of the conditioning method of FIG. 1. Faareple, the vacuum device 40 may be
disabled and the pressure source 26 may increaggelsure at the open inlet 22 of the filter
assembly 11 to establish the greater second fleey eag., at the direction of the controller 36.
More purging liquid is then driven at the greatecand flow rate from the purging liquid
supply 24 into the open inlet 20, which more efiegdy flushes contaminants from the filter
assembly 11, as previously described with respeEt®. 1.

[0039] Purging liquid and contaminants exiting the opetied 22 of the filter assembly

11 in both the first and second phases of the sestage of the conditioning method of FIG.
2 may be directed to the waste reservoir 30, @& the open outlet valve 35 and the outlet
line 32 at the direction of the controller 36, asviously described. At the end of the second
stage, the entire filter assembly may be filledhwgitirging liquid and free of contaminants and
may be prepared for shipping, storage, or useeasqusly described.

[0040] Other embodiments of conditioning systems 10 amdiitioning methods are
illustrated in FIG. 3. The conditioning systemdf@FIG. 3 may be very similar to the

conditioning systems 10 of FIG. 1 and 2, and aralsgzomponents are identified by the
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same reference numerals. The conditioning systéfhiG 3 may similarly include a purging
liquid supply 24 which may be coupleable to thetrdO of a filter assembly 11 in any of the
ways previously described, e.g., via an inlet BBe A pressure source 26 may be similarly
arranged to drive purging liquid from the purgimguid supply 24 to the inlet 20 of the filter
assembly 11, for example, under the control ofrarotler 36 coupled to the pressure source
26. Aninlet valve 33, a vent valve 34, and anatwalve 35 may similarly be operatively
associated with the inlet 20, vent 21, and outketr@spectively, of the filter assembly 11 and
connected to the controller 36. The conditionipgtsm 10 may also include a waste
reservoir 30 coupled to the vent 21 and outletf2Befilter assembly 11, e.g., via the vent
line 32 and an outlet line 33. Further, the caadihg system 10 of FIG. 3 may also include a
vacuum device 40 coupled to the outlet 22, e.g.tve outlet line 35, and connected to the
controller 36 similar to the vacuum device 40 shawRIG. 2.

[0041] In addition, the conditioning system 10 of FIG. @ymnclude a container 41, e.g.,
a second container, capable of containing purgigd. The second container 41 may be
variously configured, for example, as a fixed exible container, and may be coupled to the
outlet 22 of the filter assembly 11 in a varietyways. For example, the second container 41
may be coupled to the outlet 22 of the filter adslgm 1 via a recovery line 42 and an outlet
valve arrangement 43, 44 connecting the recoveey4® to the outlet line 32. For
embodiments which include a vacuum device 40, eevery line 42 may be connected to
the outlet line 32 upstream, as shown in FIG. Jawnstream of the vacuum device 40. The
outlet valve arrangement 43, 44, which may be coreueto the controller 36, may be
arranged to direct purging liquid from the openlei®? of the filter assembly 11 to either the
waste reservoir 30 or the second container 41.

[0042] The methods for conditioning the filter assemblyof FIG. 3 may be very similar
to the methods for conditioning the filter assemtilyof FIG. 1 or 2. For example, the first
stage of the conditioning method of FIG. 3 may isually identical to the first stage of the
conditioning method of FIG. 1 or 2, as previoushsdribed. For many embodiments, in the
first stage the vacuum device 40 may be disabtediriet 20 and the vent 21 of the filter
assembly 11 may be opened, the outlet 22 may Bed|@nd purging liquid may be passed
from the purging liquid supply 24, through the opeliet 20, along the upstream side 14 of the
filter medium 12 within the filter assembly 11 thgh the open vent 21 to the waste reservoir
30. For example, at the direction of the contrdd@, the inlet valve 33 and the vent valve 34

may be opened, the outlet valve 35 may be clogetl{lee pressure source 26 may increase
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the pressure at the open inlet 20, passing putgjogl into the open inlet 20 and flushing
purging liquid and any contaminants on the upstreai® 14 of the filter medium 12 through
the open vent 21 to the waste reservoir 30, adqusly described. At the end of the first
stage, the upstream side 14 of the filter mediurwit2in the filter assembly 11 may be filled
with purging liquid and free of contaminants.

[0043] The second stage of the conditioning method of Bl@&ay be virtually identical

to the second stage of the conditioning method@f B. The inlet 20 and the outlet 22 of the
filter assembly 11 may be opened and the vent 3ilmealosed. For example, at the
direction of the controller 36, the inlet valve &3d the outlet valve 35 may be opened and the
vent valve 34 may be closed. Further, the pressaece 26 and the vacuum device 40 may
be arranged to provide a pressure at the opent @2thwhich is less than atmospheric
pressure, as previously described. However, befier@urging liquid is passed through the
open inlet 20 of the filter assembly 11 in thetfghase of the second stage, the outlet valve
arrangement 43, 44, e.g., at the direction of tmroller 36, may be arranged to close the
recovery line 42 and open the outlet line 32 betw&e outlet valve arrangement 43, 44 and
the waste reservoir 30. The purging liquid maythe drawn by the vacuum device 40 from
the purge liquid supply 24 to the open inlet 2@hef filter assembly 11 and further passed at
the first flow rate through the open inlet 20, tgh the filter medium 12 from the upstream
side 14 to the downstream side 15, along the doeaust side 15 of the filter medium 12, and
through the open outlet 22, as previously descriiglil respect to FIG.2. Contaminants,
including gas or prewetting liquid, in the filteregium 12 and on the downstream side 15 of
the filter medium 12 are effectively displaced ama/arried from the filter assembly 11
through the open outlet 22. From the open oueh2 purging liquid and the contaminants
may be directed to the waste reservoir 30 durieditst phase of the second stage. For
example, the outlet valve arrangement 43, 44,atlitection of the controller 36, may direct
the purge liquid and the contaminants to the waestervoir 30 via the outlet line 32.

[0044] After the purging liquid has displaced the gasrmewetting liquid from the pores
and voids of the filter medium 12 and the downstreside 15 of the filter medium 12, the
flow rate of the purging liquid through the opetetr20, through the filter medium 12, and
through the open outlet 22 may be increased tgrsater second flow rate in the second
phase of the second stage of the conditioning ndetfithe second phase of the second stage
of the conditioning method of FIG. 3 may be virtyadlentical to the second phase of the

second stage of the conditioning method of FIGF@r example, the vacuum device 40 may

17



be disabled and the pressure source 26 may indigapeessure at the open inlet 22 of the
filter assembly 11 to establish the greater sedlondrate, e.g., at the direction of the
controller 36. Purging liquid is then driven a¢ tireater second flow rate from the purging
liquid supply 24 into the open inlet 20 of thediltassembly 11, which more effectively
flushes contaminants from the filter assembly ¥lpreviously described with respect to
FIGS. 1 and 2.

[0045] In addition, the conditioning method of FIG. 3 fgt includes directing purging
liquid from the open outlet 22 of the filter assdynbl to the second container 41, and away
from the waste reservoir 30, during the second@béshe second stage. For example,
during the second phase of the second stage, tled walve arrangement 43, 44 may be
arranged, e.g., at the direction of the contr@krto close the outlet line 32 downstream from
the outlet valve arrangement 43, 44 and open twvezy line 42. Purging liquid then passes
from the open outlet 22 of the filter assembly d thte second container 41, e.g., via the
outlet line 32 and the recovery line 42. For mambodiments, after a sufficient volume of
purging liquid has passed through the filter asdgrhb and the filter medium 12 at the
second flow rate, virtually all contaminants haeei removed from the filter medium 12 and
the downstream side 15 of the filter medium 12 imithe filter assembly 11. Continued flow
of the purging liquid at the second flow rate maybeneficial for removing any remaining
isolated contaminants, but generally the purgiggitl exiting the open outlet 22 at this time

is substantially contaminant free and may be remal/en the second container 41. The
sufficient volume of purging liquid which may begsad through the filter assembly 11
during the second phase of the second stage terémelfilter assembly 11, including the
filter medium 12, virtually free of contaminants ynaary, depending, for example, on the size
and cleanliness of the filter assembly 11 and Heacteristics, e.g., the removal rating, of the
filter medium 12, and may be determined empirictilyany given filter assembly 11. For
many embodiments, about 5% or less to about 25ftooe of the total amount of purging
liquid passed through the filter assembly 11 dutlrggsecond phase of the second stage of the
conditioning method may be recovered in the secomdainer 41. At the end of the second
stage, the entire filter assembly may be filledwgitirging liquid and free of contaminants and
may be prepared for shipping, storage, or useasqusly described. In addition, a
significant portion of the purging liquid suppli@@m the purging liquid supply may be

recovered in the second container.
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[0046] The conditioning method of FIG. 3 may additionaiiglude reusing the purging
liquid recovered in the second container 41. Kkangle, the second container 41 may be
coupled to the open inlet of a new filter assenidlynstalled in the conditioning system 10 of
FIG. 3. For some embodiments, the second contdihepntaining the recovered purging
liquid may replace a depleted purging liquid sugply e.g., a depleted first container, in the
pressure source 26. The second container maybtheaupled to the inlet 20 of the new filter
assembly 11, e.g., via the inlet line 25, andtarfile.g., a filter having a removal rating similar
to the removal rating of the filter medium in theanfilter assembly 11, may be placed in the
inlet line 25. In addition, an empty second camai4l may be coupled to the outlet 22 of the
filter assembly 11, e.g., at the end of the recpliae 42. The pressure source 26, e.g., at the
direction of the controller 36, may then drive teeovered purging liquid in the second
container into the open inlet 20 of the new fiklwssembly 11 to condition the new filter
assembly 11. The filter (not shown) in the inieel25 may remove any trace contaminants
from the recovered purging liquid. A significardrpon of the recovered purging liquid may
be again recovered in the empty second containeodftled to the recovery line 42.

[0047] Other embodiments of conditioning systems 10 amdiitioning methods are
illustrated in FIG. 4. The conditioning systemdf@FIG. 4 may be very similar to the
conditioning systems 10 of FIGS 1, 2, and 3, aralagous components are identified by the
same reference numerals. The conditioning systwof EIG. 4 may include a purging liquid
supply 24, e.g., a first container, which may bepteable to the inlet 20 of a filter assembly
11 in any of the ways previously described, e.ig.an inlet line 25. A first pressure source
26 may be arranged to drive purging liquid from plueging liquid supply 24 to the inlet 20 of
the filter assembly 11, for example, under the rmtf a controller 36 coupled to the first
pressure source 26. An inlet valve 33, a ventes8W, and an outlet valve 35 may be
operatively associated with the inlet 20, the \&Ihtand the outlet 22, respectively, of the
filter assembly 11 and connected to the contr@&r The conditioning system 10 may
further include a waste reservoir 30, a vacuumaie®dd, and a second container 41 capable
of containing purging liquid. The waste reseng&irmay be coupled to the vent 21 and the
outlet 22 of the filter assembly 11, e.g., via atdee 31 and an outlet line 32. The vacuum
device 40 may be coupled to the outlet 22 of therfassembly 11, e.g., via the outlet line 32,
and connected to the controller 36. The seconthawr 41 may be coupled to the outlet 22

of the filter assembly, e.g., via an outlet valveagement 43, 44 and a recovery line 42.
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[0048] In addition, the conditioning system 10 of FIG. dynnclude a second pressure
source 45 for driving purging liquid from the sedarontainer 41. The second pressure
source 45 may be configured in a variety of wagslar to those of the first pressure source
26. For example, the second pressure source 4henaypneumatic expressor and may be
coupled to the controller 36. The second contaddemay be a flexible container disposed in
the second pressure source 45, and the secondigrassirce 45 may be arranged to apply an
inert gas such as nitrogen to the exterior of kxelfle second container, e.g., at the direction
of the controller 36, as previously described withpect to the first pressure source 26. A
recovery valve arrangement 50, 51 may be couplegdes the recovery line 42 and the first
and second containers 24, 41 to connect one cent2d 41 at a time to the recovery line 42
and isolate the other container 41, 24 from thevexy line 42. An inlet valve arrangement
52, 53 may be coupled between the inlet line 25thadirst and second containers 24, 41 to
connect one container 24, 41 at a time to the limet25 and isolate the other container 41, 24
from the inlet line 25. Both the recovery valveamgement 50, 51 and the inlet valve
arrangement 52, 53 may be coupled to the contrdieand may be arranged to alternately 1)
couple the first container 24 to the inlet linedéf not the recovery line 42 while the second
container 41 is coupled to the recovery line 42 awoickhe inlet line 25 and 2) couple the
second container 41 to the inlet line 25 and netrdcovery line 42 while the first container
24 is coupled to the recovery line 42 and not tietiline 25. The conditioning system 10 of
FIG.4 may thus condition a plurality of filter agssglies individually for an extended period

of time over several cycles. In each cycle, th& fiontainer 24 supplies purging liquid to
condition filter assemblies 11 while the secondtamrer 41 recovers a portion of the purging
liquid and then the second container 41 suppliegipg liquid to condition filter assemblies
11 while the first container 24 recovers a portibthe purging liquid . A filter 54, similar to
the filter described with respect to FIG. 3, maydisposed in the inlet line 25 to remove trace
contaminants from the recovered purging liquid.

[0049] The conditioning methods of FIG. 4 may be very kmniio the conditioning
methods of FIGS 1, 2, and 3. For example, thédinsl second stages of the conditioning
method of FIG. 4 may be virtually identical to fimst and second stages of the conditioning
method of FIG. 3, as previously described, withdtdition of isolating one of the containers
41, 24 from the inlet line 25 and isolating theeastbf the containers 24, 41 from the recovery
line 42. For example, the controller 36 may cdiritie recovery valve arrangement 50, 51 to

connect the second container 41 to the recoveeydthand isolate the second container 41
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from the inlet line 25. The controller 36 may atsmtrol the inlet valve arrangement 52, 53
to connect the first container 24 to the inlet larel isolate the first container from the
recovery line 42. Conditioning a plurality of &@tassemblies 11 may then continue over a
first half cycle, one filter assembly 11 after dr@tbeing installed in the conditioning system
10, subjected to the first and second stages afdhditioning method, and then removed
from the conditioning system 10. The first preesswurce 26 may drive purging liquid from
the first container 24 to each filter assembly @ifirdy successive first and second stages of
the conditioning method until the first containdri depleted and the second container 41
has recovered a significant portion of the purdiqgid supplied from the first container 24.
[0050] During the second half cycle, the second contalierontaining the recovered
purging liquid is coupled to the inlet line 25 ardlated from the recovery line 42 while the
first container 24 is connected to the recoverg #2 and isolated from the inlet line 25, for
example, by the action of the recovery valve areamgnt 50, 51 and the inlet valve
arrangement 52, 53 under the control of the cdetr86. Conditioning a plurality of filter
assemblies 11 may then similarly continue oveisteond half cycle until the second
container 41 is depleted of recovered purging tiqand the first container 24 has re-recovered
a significant portion of the recovered purging idjgupplied from the second container 41.
The conditioning method of FIG. 4 may then contisoaditioning filter assemblies 11 cycle
after cycle until the recovered purging liquid beas too contaminated to reliably use or
until an insufficient amount of purging liquid isaovered.

[0051] Conditioning systems and methods embodying thenithwe may further comprise
preparing the conditioned filter assembly for &tton of the chemical. Preparatory systems
may be separate stand alone systems or may beatgdgvith other systems, including the
previously described conditioning systems or aahsge system. One of many different
examples of a preparatory system 60 is shown in 5IGSenerally, the preparatory system
60 may include an inert gas supply, 61, e.g.,r@gén gas source, coupled to the inlet 20 of a
conditioned filter assembly 11 filled with a purgihquid. The inert gas supply 61 may be
variously configured, for example, as a tank oaaister. In the illustrated embodiment the
inert gas supply 61 may comprise an inert gasdowled directly or indirectly to the inlet 20
of the conditioned filter assembly 11, for exampie, the inlet line 25 upstream of the inlet
valve 33. A gas line valve 62, which may be codptea controller, such as the controller 36
of the conditioning systems, may be arranged t@leoor isolate the inert gas supply 61

to/from the inlet line 25, e.g., under the direntad the controller 36.
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[0052] The preparatory system 60 may further include anited supply 63 which may
also be variously configured, for example, as & tama line or, as shown in FIG. 5, a
container, e.g., a flexible container. The cheirsopaply 63 may be coupled directly or
indirectly to the inlet 20 of the conditioned filtassembly 11, for example, via a chemical
line 64 connected to the inlet line 25 upstrearhefinlet valve 33. A valve 65 in the
chemical line 64 may be connected to the contr8ieand may be arranged to couple or
isolate the chemical supply 63 to/from the inleel25, e.g., under the direction of the
controller 36. A pressure source 66, similar tphessure sources 26 previously described ,
may be connected to the controller 36 and arratmedve the chemical to the filter assembly
inlet 20. For example, the pressure source 66aomprise a pneumatic expresser which
surrounds the chemical supply 63 and applies gasspre against the exterior of the chemical
supply 63, e.g., at the direction of the contro86y driving the chemical to the filter assembly
inlet 20.

[0053] The preparatory system 60 may further comprise siev@servoir 30 similar to

the waste reservoirs previously described. Theevaservoir 30 may be coupled to the vent
21 and outlet 22 of the conditioned filter assenidlyin a variety of ways. For example, the
vent 21 may be coupled to the waste reservoir Bilugh a vent line 31 and a vent valve 34
connected to the controller 36. The outlet 22 imaygoupled to the waste reservoir 30
through an outlet line 32 and an outlet valve 3%pbted to the controller 36.

[0054] Methods for preparing the conditioned filter assymii may be embodied in any
of numerous ways. For example, a preparatory ndetiay comprise first displacing the
purging liquid from the upstream side 14 of th&efimedium 12 of the conditioned filter
assembly 11. The purging liquid on the upstreata sf the filter medium may be displaced
by the chemical itself. However, in the embodiméustrated in FIG. 5, the purging liquid
may be displaced from the upstream side 14 ofiltee fmedium 12 by the inert gas. For
example, the inlet 20 and the vent 21 of the comukd filter assembly 11 may be opened
and the outlet 22 closed. For many embodimengsinfiet 20 and vent 21 may be opened by
opening the inlet valve 33 and the vent valve 3 tae outlet 22 may be closed by closing
the outlet valve 35, e.g., at the direction of ¢batroller 36. Further, the gas line valve 62
may be opened and the chemical line valve 65 magldsed , e.g., at the direction of the
controller 36. Inert gas under pressure may tleesupplied from the inert gas supply 61,

e.g., at the direction of the controller 36, to dpen inlet 20 of the conditioned filter
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assembly 11 where it passes through the openZ@|eilong the upstream side 14 of the filter
medium 12 within the filter assembly 11 and throtigd open vent 21.

[0055] The inert gas displaces the purging liquid fromupetream side 14 of the filter
medium 12 within the filter assembly 11, driving tburging liquid through the open vent 21.
The pressure of the inert gas may be great enaufgitde the purging liquid along the
upstream side 14 of the filter medium 12 throughdpen vent 21 but low enough to prevent
the gas from forcing its way into the pores andisaf the filter medium 12. Suitable
pressures may be determined empirically for a gfiresr medium, depending, for example,
on the removal rating, e.g., the size of the parebvoids. From the open vent 21, the inert
gas may drive the displaced purging liquid to tlaeste reservoir 30, for example, via the
open vent valve 34 and the vent line 31, e.gheatirection of the controller. In other
embodiments, the displaced purging liquid may lbevered in a container, e.g., via a
recovery line and a second container as previaes$gribed.

[0056] For many embodiments, after the purging liquid beesn displaced from the
upstream side 14 of the filter medium 12, the prafosy method may include filling the
upstream side 14 of the filter medium 12 insidefilter assembly with the chemical. For
example, the inlet 20 and the vent 21, e.g., tle iralve 33 and the vent valve 34, may
remain open, and the outlet 22, e.g., the outle®evd5, may remain closed. The gas line
valve 62 may be closed and the chemical line véf/enay be opened, e.g., at the direction
of the controller 36. The chemical in the chemmgbply 63 may then be passed to the open
inlet 20 of the filter assembly 11, for exampletha direction of the controller 36. The
pressure source 66 may drive the chemical fronctieenical supply 63 to the open inlet 20
of the filter assembly 11. The chemical then pa$ismugh the open inlet 20, along the
upstream side 14 of the filter medium 12 within titter 11 assembly and through the open
vent 21, filling filter assembly 11 along the ugstm side 14 of the filter medium 12 with the
chemical and driving the inert gas along the upstrside 14 of the filter medium 12 through
the open vent 21. From the open vent 21, the at@rand the inert gas may be directed to
the waste reservoir 30.

[0057] The preparatory method may further include dispigat¢he purging liquid from

the filter medium 12 and the downstream side ltheffilter medium 12 and filling the filter
medium 12 and the downstream side 15 of the fiftedium 12 with the chemical. For
example, after the upstream side 14 of the filtedimnim 12 has been filled with the chemical,

the inlet 20 and the outlet 22 may be opened amdad¢ht 21 may be closed, e.g., by opening
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the inlet valve 33 and the outlet valve 35 andinpshe vent valve 34 at the direction of the
controller 36. The chemical may then be suppliechfthe chemical supply 63 to the open
inlet 20, through the open inlet 20, through thiefimedium 12 from the upstream side 14 to
the downstream side 15, along the downstream &d# the filter medium 12, and through
the open outlet 22, filling the pores and voidshef filter medium 12 and the downstream
side 15 of the filter medium 12 with the chemicadialisplacing the purging liquid through
the open outlet 22. From the open outlet 22, beargcal and the purging liquid may be
passed to the waste reservoir 30, e.g., via the optet valve 35 and the outlet line 32. At
the end of the preparatory method, the filter asdeims filled with the chemical, free of
containments, and ready for service.

[0058] Although the invention has been disclosed in theadiments previously
described and illustrated, the invention is noitkuah to those embodiments. For instance,
one or more features of an embodiment may be aitmthor modified, one or more features
of one embodiment may be combined with one or features of other embodiments, or
embodiments with very different features may beisamed without departing from the
scope of the invention. For example, some embauism@ay include a second container for
recovering purging liquid but not include a vacusource for drawing purging liquid

through the filter medium at the first flow rat€éhese embodiments may use the pressure
source to drive the purging liquid through theefiltnedium at the first flow rate. For some
embodiments, a conditioning system may be a stimkainit separate from any system for
manufacturing or using the filter assembly. Fdreotembodiments, a conditioning system
may be a subsystem integrated with a manufactsgatem or an end-user’s system, such as
a dispense system. For some embodiments, condiisgstems and methods may prepare a
filter assembly for storage or shipping. For othebodiments conditioning systems and
methods may prepare a filter assembly for immediateby an end-user. The present
invention thus encompasses innumerable embodinaedtsnodifications that may fall within
the scope of the claims.

[0059] All references, including publications, patent aggtions, and patents, cited herein
are hereby incorporated by reference to the sanemexs if each reference were individually
and specifically indicated to be incorporated gmence and were set forth in its entirety
herein.

[0060] The use of the terms “a” and “an” and “the” andiknreferents in the context of

describing the invention (especially in the contaixthe following claims) are to be construed
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to cover both the singular and the plural, unlékerwise indicated herein or clearly
contradicted by context. The terms “comprisindyaving,” “including,” and “containing” are
to be construed as open-ended terms (i.e., medinicigding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valuegsiheare merely intended to serve as a
shorthand method of referring individually to eaelparate value falling within the range,
unless otherwise indicated herein, and each sepaabie is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwideated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to batteminate the invention and does not pose a
limitation on the scope of the invention unlesseotfise claimed. No language in the
specification should be construed as indicatingramy-claimed element as essential to the
practice of the invention.
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CLAIMS

1. A method for conditioning a filter assembly winiacludes a permeable filter
medium having an upstream side and a downstreamasidinlet and a vent on the upstream
side of the filter medium, and an outlet on the dsiream side of the filter medium, the
method comprising:

opening the inlet and the vent and closing théeguand passing purging liquid
through the open inlet, along the upstream sidbefilter medium, and through the open
vent of the filter assembly; and

opening the inlet and the outlet and closing thetyvand first passing purging liquid
at a first flow rate through the open inlet, thrbuge filter medium from the upstream side to
the downstream side, along the downstream sideediilter medium, and through the open
outlet of the filter assembly, and then passingygy liquid at a second flow rate greater
than the first flow rate through the open inletptigh the filter medium from the upstream
side to the downstream side, along the downstrédenos$ the filter medium, and through the

open outlet of the filter assembly, thereby fillithg filter assembly with the purging liquid.
2. The method of claim 1 wherein passing purgiggitl includes passing a solvent.

3. The method of claim 1 or 2 wherein passing pudiquid through the open inlet,
along the upstream side of the filter medium, dmdugh the open vent includes increasing

the pressure at the inlet of the filter assembly.

4, The method of claim 1, 2, or 3 wherein passimging liquid at the first flow rate

includes decreasing the pressure at the outlétedfilter assembly.

5. The method of claim 4 wherein decreasing thesure at the outlet of the filter

assembly includes vacuum drawing the purging liduodh the outlet of the filter assembly.
6. The method of any of claims 1-5 wherein pas#uegourging liquid at the second

flow rate includes increasing the pressure of tmgipg fluid at the inlet of the filter

assembly.
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7. The method of any of claims 1-6 wherein paspinging liquid through the open
inlet, along the upstream side of the filter mediamd through the open vent of the filter
assembly includes directing purging liquid from tpen vent to a waste reservoir fluidly

coupled to the vent of the filter assembly.

8. The method of any of claims 1-7 wherein paspimging liquid at a first flow rate
through the open inlet, through the filter mediuoni the upstream side to the downstream
side, and through the open outlet of the filteeadsly includes directing purging liquid from

the outlet to a waste reservoir coupled to theebwatf the filter assembly.

9. The method of claim 3 or 6 wherein increasirgghessure of the purging liquid at
the inlet of the filter assembly includes applyprgssure against a container which contains
the purging liquid and is fluidly coupled to thdenhof the filter assembly, thereby forcing

purging liquid from the container to the inlet bétfilter assembly.

10. The method of any of claims 1-8 further compgssupplying purging liquid from a

first container fluidly coupled to the inlet of tfitker assembly.

11. The method of claim 10 wherein passing puromgd at a second flow rate through
the open inlet, through the filer medium from tipsteam side to the downstream side, and
through the open outlet of the filter assemblyudels directing purging liquid from the outlet

to a second container capable of containing purligpgd.

12. The method of claim 11 further comprising caugpkhe second container to the inlet
of a second filter assembly and conditioning theoed filter assembly with the purging

liquid in the second container.

13. The method of claim 12 wherein conditioning skeeond filter assembly includes
passing purging liquid through a filter between skeond container and the inlet of the

second filter assembly.

14. The method of claim 11 or 12 wherein directpgging liquid from the outlet of the
filter assembly to the second container includessipg purging liquid through a filter

between the outlet and the second container.
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15. A method for conditioning a filter assembly alhincludes a permeable filter
medium having an upstream side and a downstreamasidinlet and a vent on the upstream
side of the filter assembly, and an outlet on themstream side of the filter assembly, the
method comprising:
opening the inlet and the vent and closing théeband:
supplying purging liquid from a first containduifily coupled to the inlet of
the filter assembly;
passing purging liquid through the open inlet, gltime upstream side of the
filter medium, and through the open vent; and
directing the purging liquid from the open ventataaste reservoir; and
then opening the inlet and the outlet and closiegvient and:
supplying purging liquid from the first containdwitily coupled to the inlet of

the filter assembly;

initially passing purging liquid through the opentet, through the filter
medium from the upstream side to the downstream sidng the downstream side of the

filter medium, and through the open outlet to tteeste reservoir; and

then passing purging liquid through the open irttepugh the filter medium
from the upstream side to the downstream side galoe downstream side of the filter
medium, and through the open outlet to a seconthowr capable of containing purging
liquid, thereby filling the filter assembly with pying liquid and recovering a portion of the

purging liquid.

16. The method of claim 15 further comprising caugpkhe second container to the inlet
of a second filter assembly and conditioning theoed filter assembly with the purging

liquid in the second container.

17. The method of claim 15 or 16 further comprisilirgcting the purging fluid through a
filter coupled between the outlet of the filterasbly and the second container.

18. The method of claim 16 further comprising diireg the purging fluid through a filter

coupled between the second container and the séitt@néissembly.
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19. The method of any of claims 15-18 wherein pagpurging liquid through the open
inlet, through the filter medium from the upstresitke to the downstream side, through the
open outlet to the waste reservoir includes pagsimging liquid through the open inlet at a
first flow rate and wherein passing purging ligthdough the open inlet, through the filter
medium from the upstream side to the downstream #islough the open outlet to a second
container capable of containing purging liquid ut#s passing purging liquid through the

open inlet at a second flow rate greater thanitbeffow rate.

20. The method of any of claims 15-19 wherein pagpurging liquid includes passing a

solvent.

21. The method of any of claims 15-20 wherein pagpurging liquid through the open
inlet, along the upstream side of the filter meditimough the open vent to the waste

reservoir includes increasing the pressure atrtle¢ of the filter assembly.

22. The method of any of claims 15-20 wherein pagpurging liquid through the open
inlet, through the filter medium from the upstresite to the downstream side, through the
open outlet to the waste reservoir includes detrgdle pressure at the outlet of the filter

assembly.

23. The method of claim 22 wherein decreasing dweahsing the pressure at the outlet
of the filter assembly includes vacuum drawingphbeging liquid from the outlet of the filter

assembly.

24. The method of any of claims 15-23 wherein pagpurging liquid through the open
inlet, through the filter medium from the upstreaiake to the downstream side, through the
open outlet to the second container includes irstngathe pressure at the inlet of the filter

assembly.

25. A system for conditioning a filter assembly imava filter medium which includes an
upstream side and a downstream side, an inlet aadtson the upstream side of the filter
medium, and an outlet on the downstream side dfiltbe medium, the system comprising:

a purging liquid supply coupleable to an inletadilter assembly;
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a waste reservoir coupleable to an outlet anchaiofethe filter assembly;

a pressure source arranged to drive purging liffoi the purging liquid supply to
the inlet of the filter assembly;

an inlet valve operable to open and close the afléhe filter assembly;

an outlet valve operable to open and close thietoaftthe filter assembly;

a vent valve operable to open and close the Vahedilter assembly;

a controller connected to the pressure sourcentbevalve, the outlet valve, and the
vent valve, wherein the controller is operable first stage to open the inlet valve and the
vent valve, close the outlet valve and direct pugdiquid from the purging liquid supply,
through the open inlet of the filter assembly, gléime upstream side of the filter medium,
through the open vent to the waste reservoir, whéehe controller is operable in a first
phase of a second subsequent stage to open theahle and the outlet valve, close the vent
valve, and direct purging liquid from the purgimnguid supply at a first flow rate through the
open inlet of the filter assembly, through thesfilimedium from the upstream side to the
downstream side, along the downstream side ofiltee ihedium, and through the open
outlet to the waste reservoir, and wherein therotlat is operable in a second subsequent
phase of the second stage to open the inlet valde¢le outlet valve, close the vent valve,
and direct purging liquid from the purging liquidpply at a greater second flow rate through
the open inlet of the filter assembly, through filier medium from the upstream side to the
downstream side, along the downstream side ofiltee ihedium, and through the open

outlet, thereby filling the filter assembly with nging liquid.

26. The system of claim 25 further comprising awam device coupleable to the outlet
of the filter assembly, wherein the controller aapled to the vacuum device and is operable
to control the vacuum source to decrease the peeasthe outlet of the filter assembly

during the first phase of the second stage.

27. The system of claim 25 or 26 wherein the cdletris operable to control the pressure

source to increase the pressure at the inlet dilteeassembly during the first stage.
28. The system of claim 25 or 26 wherein the cdletras operable to control the pressure

source to increase the pressure at the inlet diltaeassembly during the second phase of

the second stage.
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29. The system of claim 25 or 26 wherein the pwdiquid supply comprises a container
and the pressure source is controlled by the cltertto exert pressure on the exterior of the

container to drive purging liquid from the contaite the inlet of the filter assembly.

30. The system of any of claims 25-28 wherein tingipg liquid supply comprises a first
container for containing purging liquid, the systkmther comprising a second container for
containing purging liquid and a first valve arrangmt coupled between the outlet of the
filter assembly, the waste reservoir and the secontkiner, the controller being connected
to the first valve arrangement to direct purgirgid from the open outlet to the waste
reservoir during the first phase of the secondestayl to direct purging liquid from the open

outlet to the second container during the secord@lbf the second stage.

31. The system of claim 30 wherein the second aogrtas coupleable to an inlet of a

second filter assembly.

32. The system of claim 30 further comprising eoselcvalve arrangement coupled
between the first container, the outlet of theefithssembly, and the inlet of the filter
assembly and a third valve arrangement coupleddsstihe second container, the outlet of
the filter assembly, and the inlet of the filtes@sbly, wherein the purging liquid supply
comprises the first container and the second costaind wherein the controller is connected
to the second and third valve arrangements tonately drive purging liquid from the first
container through an open inlet and an open ootlatfirst filter assembly to the second
container and drive purging liquid from the secondtainer through an open inlet and an

open outlet of a second filter assembly to the fiontainer.

33. The system of any of claims 25-32 wherein tlter fmedium has a removal rating of
about 0.05 micron or less.

34. A system for conditioning a filter assembly imava filter medium which includes an

upstream side and a downstream side, an inlet aadtson the upstream side of the filter

medium, and an outlet on the downstream side dfiltbe medium, the system comprising:
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a first container containing purging liquid andrgecoupleable to the inlet of a filter
assembly;

a second container for containing purging liguid &eing coupleable to an outlet of
the filter assembly;

a waste reservoir coupleable to the outlet andiéime of the filter assembly;

a pressure source arranged to drive purging liffoit the first container to the inlet
of the filter assembly;

an inlet valve operable to open and close the afléhe filter assembly;

an outlet valve operable to open and close thietonftthe filter assembly;

a vent valve operable to open and close the ahedilter assembly; and

a controller coupled to the pressure source, tle¢ vialve, the outlet valve, and the
vent valve, wherein the controller is operable first stage to open the inlet valve and the
vent valve, close the outlet valve and direct pugdiquid from the first container through the
open inlet of the filter assembly, along the upstieside of the filter medium, through the
open vent to the waste reservoir, wherein the oblatris operable in a first phase of a second
stage to open the inlet valve and the outlet vallese the vent valve, and direct purging fluid
from the first container through the open inletrad filter assembly, through the filter medium
from the upstream side to the downstream side galoe downstream side of the filter
medium, and through the open outlet to the wasterveir, and wherein the controller is
operable in a second subsequent phase of the setagelto open the inlet valve and the
outlet valve, close the vent valve, and direct mgdiquid from the first container, through
the open inlet, through the filter medium from tipstream side to the downstream side,
along the downstream side of the filter medium, gtmmdugh the open outlet to the second
container, thereby filling the filter assembly wjhrging liquid and recovering a portion of

the purging liquid.

35. The system of claim 34 further comprising atfiralve arrangement coupled between
the outlet of the filter assembly, the waste resierand the second container, the controller
being connected to the first valve arrangementagadable to direct purging liquid to the
waste reservoir during the first phase of the séstage and direct purging liquid to the

second container during the second phase of tlumdestage.
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36. The system of claim 34 or 35 further comprisaingacuum device coupleable to the
outlet of the filter assembly, wherein the con&oilk coupled to the vacuum device and is
operable to control the vacuum source to decréespressure at the outlet of the filter

assembly during the first phase of the second stage

37. The system of any of claims 34-36 wherein ttesgure source is controlled by the
controller to exert pressure on the exterior offtte container to drive purging liquid from

the container to the inlet of the filter assembly.

38. The system of any of claims 34-36 wherein th&roller is operable to control the
pressure source to increase the pressure at giefrthe filter assembly during the first

stage.

39. The system of any of claims 34-36 and 38 wheltes controller is operable to
control the pressure source to increase the peessuine inlet of the filter assembly during

the second phase of the second stage.

40. The system of any of claims 34-39 wherein #wad container is coupleable to the

inlet of the filter assembly.

41. The system of any of claims 34-39 further casiipg a second valve arrangement
coupled between the first container, the outlaheffilter assembly, and the inlet of the filter
assembly and a third valve arrangement coupleddmstwhe second container, the outlet of
the filter assembly, and the inlet of the filtesambly, wherein the pressure source is
arranged to drive purging liquid from the secondtamer and the controller is coupled to the
second and third valve arrangements to alterngtihéle purging liquid from the first
container through an open inlet and an open ootlatfirst assembly to the second container
and drive purging liquid from the second contaitieough an open inlet and an open outlet

of a second filter assembly to the first container.

42. The system of any of claims 34-41 wherein ilter fmedium has a removal rating of

about 0.05 micron or less.
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