WO 2011/006146 PCT/US2010/041629

SUBSTANTIALLY RIGID COLLAPSIBLE LINER AND FLEXIBLE GUSSETED
OR NON-GUSSETED LINERS AND METHODS OF MANUFACTURING THE
SAME AND METHODS FOR LIMITING CHOKE-OFF IN LINERS

Cross-Reference to Related Applications

[001] This application claims benefit under 35 U.S.C. § 119(e) of priority to
U.S. Provisional Application No. 61/224,274 filed July 9 2009, U.S. Provisional
Application No. 61/236,295 filed August 24, 2009, U.S. Provisional Application No.
61/251,870 filed October 15, 2009, and U.S. Provisional Application No. 61/294,928
filed January 14, 2010, the contents of all of which are hereby incorporated in their

entirety by reference.

Field of the Invention

[002] The present disclosure relates to liner-based storage and dispensing
systems. More particularly, the present disclosure relates to substantially rigid
containers, collapsible liners, and flexible gusseted or non-gusseted liners and methods
for manufacturing the same. The present disclosure also relates to methods for limiting
choke-off in liners.
Background of the Invention

[003] Numerous manufacturing processes require the use of ultrapure liquids,
such as acids, solvents, bases, photoresists, slurries, cleaning formulations, dopants,
inorganic, organic, metalorganic and biological solutions, pharmaceuticals, and
radioactive chemicals. Such applications require that the number and size of particles in
the ultrapure liquids be minimized. In particular, because ultrapure liquids are used in
many aspects of the microelectronic manufacturing process, semiconductor
manufacturers have established strict particle concentration specifications for process
chemicals and chemical-handling equipment. Such specifications are needed because,
should the liquids used during the manufacturing process contain high levels of particles
or bubbles, the particles or bubbles may be deposited on solid surfaces of the silicon.

This can, in turn, lead to product failure and reduced quality and reliability.
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[004] Accordingly, storage, transportation, and dispensing of such ultrapure
liquids require containers capable of providing adequate protection for the retained
liquids. Two types of containers typically used in the industries are simple rigid-wall
containers made of glass or plastic and collapsible liner-based containers. Rigid-wall
containers are conventionally used because of their physical strengths, thick walls,
inexpensive cost, and ease of manufacture. Such containers, however, can introduce air-
liquid interfaces when pressure-dispensing the liquid. This increase in pressure can cause
gas to dissolve into the retained liquid, such as photoresist, in the container and can lead
to undesired particle and bubble generation in the liquids in the dispense train.

[005] Alternatively, collapsible liner-based containers, such as the NOWPak®
dispense system marketed by ATMI, Inc., are capable of reducing such air-liquid
interfaces by pressurizing, with gas, onto the liner, as opposed to directly onto the liquid
in the container, while dispensing. However, known liners may be unable to provide
adequate protection against environmental conditions. For example, current liner-based
containers may fail to protect the retained liquid against pinhole punctures and tears in
the welds sometimes caused by elastic deformation from vibrations, such as those
brought on by transportation of the container. The vibrations from transportation can
elastically deform or flex a liner many times (e.g., thousands to millions of times)
between the source and final destinations. The greater the vibration, the more probable
that pinholes and weld tears will be produced. Other causes of pinholes and weld tears
include shock effect, drops, or large amplitude movements of the container. Gas may be
introduced through the pinholes or weld tears, thereby contaminating the retained liquids
over time, as the gas will be permitted to go into the solution and come out onto the wafer
as bubbles.

[006] Additionally, collapsible liners are configured to be filled with a specified
amount of liquid. However, the liners do not fit cleanly within their respective outer
containers because folds are created in the liners as they are fit inside the containers. The
folds may preclude liquid from filling the liners in the space taken up by the folds.
Accordingly, when the container is filled with the specified amount of liquid, the liquid
tends to overflow the container resulting in loss of liquid. As stated previously, such

liquids are typically ultrapure liquids, such as acids, solvents, bases, photoresists,
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dopants, inorganic, organic, and biological solutions, pharmaceuticals, and radioactive
chemicals, which can be very expensive, for example about $2,500/L or more. Thus,
even a small amount of overflow is undesirable.
[007] Thus, there exists a need in the art for better liner systems for ultrapure
liquids that do not include the disadvantages presented by prior rigid-wall and collapsible
liner-based containers. There is a need in the art for substantially rigid collapsible liners
and flexible gusseted or non-gusseted liners. There is a need in the art for a liner-based
storage and dispensing system that addresses the problems associated with pinholes, weld
tears, gas pressure saturation, and overflow. There is a need in the art for liner-based
storage and dispensing systems that addresses the problems associated with excess folds
in the liner that can result in additional trapped gas within the liner. There is also a need
in the art for liners that are comprised such that choke-off is limited or eliminated.

Brief Summary of the Invention
[008] The present disclosure, in one embodiment, relates to a liner-based storage
system that includes an overpack and a liner. The liner may be provided within the
overpack. The liner may have a substantially rigid liner wall forming an interior cavity of
the liner, the rigid liner wall having a thickness such that the liner is substantially self-
supporting in an expanded state but collapsible at a pressureless than about 20 psi to
dispense fluid from within the interior cavity.
[009] The present disclosure in another embodiment, relates to a liner that has a
liner wall forming an interior cavity of the liner and a sump area generally at the bottom
of the liner to increase dispensability.
[010] In another embodiment, the present disclosure relates to a method of
delivering a high purity material to a semiconductor process that includes providing a
substantially rigid, free-standing container having the high purity material stored in an
interior thereof. The container has a container wall comprising polyethylene naphthalate
(PEN) and a dip tube in the interior for dispensing the high purity material therefrom.
The dip tube is coupled to a downstream semiconductor process. The method also
includes dispensing the high purity material from the container via the dip tube and

delivering the high purity material to the downstream semiconductor process.
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[011] While multiple embodiments are disclosed, still other embodiments of the
present disclosure will become apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative embodiments of the
invention. As will be realized; the various embodiments of the present disclosure are
capable of modifications in various obvious aspects, all without departing from the spirit
and scope of the present invention. Accordingly, the drawings and detailed description
are to be regarded as illustrative in nature and not restrictive.

Brief Description of the Drawings
[012] While the specification concludes with claims particularly pointing out
and distinctly claiming the subject matter that is regarded as forming the various
embodiments of the present disclosure, it is believed that the invention will be better
understood from the following description taken in conjunction with the accompanying
Figures, in which:
[013] FIG. 1 is a side, cross-sectional view of a substantially rigid collapsible
liner in accordance with an embodiment of the present disclosure.
[014] FIG. 2 is a flow diagram for a method of applying a barrier enhancing
material to a liner in accordance with an embodiment of the present disclosure.
[015] FIG. 3 is a side, cross-sectional view of a substantially rigid collapsible
liner in accordance with another embodiment of the present disclosure.
[016] FIG. 4 is a cut-away view showing a liner with a sump, in accordance with
one embodiment of the present disclosure.
[017] FIG. 5 is a side, cross-sectional view of a substantially rigid collapsible
liner in accordance with another embodiment of the present disclosure.
[018] FIG. 6 is a side, cross-sectional view and a top view of a substantially
rigid collapsible liner in accordance with a further embodiment of the present disclosure.
[019] FIG. 7A is a perspective view of a liner in accordance with one

embodiment of the present disclosure.

[020] FIG. 7B is a perspective view of the liner of FIG. 7A shown in an
expanded state.

[021] FIG. 7Cis a top yiew of the liner shown in FIG. 7A.

[022] FIG. 7D is top view of the liner shown in FIG. 7B.
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[023] FIG. 7E shows the neck of a liner in an injection blow molding process,
according to one embodiment of the present disclosure.

[024] FIG. 8A is a perspective view of a liner in an expanded state, according to
another embodiment of the present disclosure.

[025] FIG. 8B is a perspective view of the liner of FIG. 11A shown in a
collapsing state.

[026] FIG. 9 is a front, cross-sectional view, side, cross-sectional view, and top
view of a substantially rigid collapsible liner in accordance with yet another embodiment
of the present disclosure.

[027] FIG. 10A is a cut-away view of a connector for a liner according to one
embodiment of the present disclosure. |

[028] FIG. 10B is a cut-away view of a connector for a liner according to
another embodiment of the present disclosure.

[029] FIG. 11 is a cut-away view of a connector for a liner according to one
embodiment of the present disclosure.

[030] FIG. 12A is a cut-away view of a connector for a liner according to one
embodiment of the present disclosure.

[031] FIG. 12B shows the embodiment of FIG. 12A wherein the tube has been
welded shut after filling, according to one embodiment of the present disclosure.

[032] FIG. 12C shows the embodiment of FIG. 12B including a protective
overcap that has been secured to the connector, according to one embodiment of the
present disclosure.

[033] FIG. 13 is a perspective view of a liner with a handle, according to some
embodiments of the present disclosure.

[034] FIG. 14A is a perspective view of a liner with an overpack in two parts, in
accordance with some embodiments of the present disclosure.

[035] FIG. 14B is a perspective view of a liner with the overpack of 14A
connected, according to some embodiments of the present disclosure.

[036] FIG. 15 is a cut-away view of a liner, according to one embodiment of the

present disclosure.
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[037] FIG. 16 is a perspective view of an overpack that may be used with certain
embodiments of the present disclosure.

[038] FIG. 17A 1is an end view of a liner in a collapsed state, according to some
embodiments of the present disclosure.

[039] FIG. 17B is a perspective view of an inflated liner, according to one
embodiment of the present disclosure.

[040] FIG. 18 is a view of an inflated liner with an inversion point.

- [041] FIG. 19A is a perspective view of a collapsed liner showing secondary
fold lines, in accordance with some embodiments of the present disclosure.

[042] FIG. 19B is a perspective view of an expanded liner of FIG. 19A, in
accordance with some embodiments of the present disclosure.

[043] FIG. 20 is a perspective view of a liner half-way inside of an overpack, in
accordance with some embodiments of the present disclosure.

[044] FIG. 21A is a perspective view of a bottom of a liner that has not fully
expanded, according to some embodiments of the present disclosure.

[045] FIG. 21B is a perspective view of a bottom of a liner that .has fully
expanded, according to some embodiments of the present disclosure.

[046] FIG. 22A is a perspective view of the bottom of a liner in an expanded
view, in accordance with some embodiments of the present disclosure.

[047] FIG. 22B is a perspective view of the bottom of a liner in a collapsed state,
in accordance with some embodiments of the present disclosure.

[048] FIG. 23A is a side, cross-sectional view of an injection step of a process of
injection blow molding a liner, wherein a liner preform is fabricated in accordance with
an embodiment of the present disclosure.

[049] FIG. 23B is a side, cross-sectional view of an injection step of a process of
injection blow molding a liner in accordance with an embodiment of the present
disclosure, wherein a liner préfoxm is removed from a preform mold.

[050] FIG. 23C is a side, cross-sectional view of a preform conditioning step of
a process of injection blow molding a liner in accordance with an embodiment of the

present disclosure.
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[051] . FIG. 23D is a side, cross-sectional view of a blow molding step of a
process of injection blow molding a liner in accordance with an embodiment of the
present disclosure.

[052] FIG. 23E is a side, cross-sectional view of another blow molding step of a
process of injection blow molding a liner in accordance with an embodiment of the
present disclosure, wherein a liner preform is blown to the dimensions of a liner mold.
[053] FIG. 24A is perspective, wire-frame view of a dispensing canister for
dispensing liquid stored in a liner in accordance with an embodiment of the present
disclosure.

[054] FIG. 24B is a graph plotting pressure vs. time that shows how the inlet gas
pressure rises sharply as the contents of the liner are nearly empty.

[055] FIG. 25 is a perspective view showing a liner being loaded into a pressure
vessel via a transport cart, according to one embodiment of the present disclosure.

[056] FIG. 26A is a perspective view of a substantially rigid collapsible liner or
substantially rigid liner in accordance with an embodiment of the present disclosure
including a cap.

[057] FIG. 26B is a perspective view of a substantially rigid collapsible liner or
substantially rigid liner in accordance with an embodiment of the present disclosure with
a connector.

[058] FIG. 26C is a perspective view of a substantially rigid collapsible liner or
substantially rigid liner in accordance with an embodiment of the present disclosure with
a misconnect prevention closure.

[059] FIG. 26D is a perspective view of a substantially rigid collapsible liner or
substantially rigid liner in accordance with an embodiment of the present disclosure with
a misconnect prevention connector.

[060] FIG. 27A is a front view of a 2D gusseted liner in accordance with an
embodiment of the present disclosure.

[061] FIG. 27B is a side view of a 2D gusseted liner in accordance with an
embodiment of the present disclosure.

[062] FIG. 27C is a front view of a 2D gusseted liner with a pleat in accordance

with an embodiment of the present disclosure.
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[063] FIG. 28A is two side, cross-sectional views of a gusseted or non-gusseted
weld liner in an overpack in accordance with an embodiment of the present disclosure,
wherein one view illustrates the liner is connected with the overpack by bellows and the
other view illustrates the liner is connected with the overpack by a flexible tether.

[064] FIG. 28B is a close-up, cross-sectional view of the bellows of FIG. 28A
according to one embodiment of the present disclosure.

[065] FIG. 29A shows a liner with the corners removed, in accordance with
some embodiments of the present disclosure.

[066] FIG. 29B shows weld lines on a liner in accordance with some
embodiments of the present disclosure.

[067] FIG. 30A is a view of a connector with two channels in accordance with
an embodiment of the present disclosure.

[068] FIG. 30B is a side, cross-sectional view of a substantially rigid collapsible
liner with a connector having two channels in accordance with an embodiment of the
present disclosure.

[069] FIG. 31 shows a liner and overpack system, in accordance with one
embodiment of the present disclosure.

[070] FIG. 32 shows a liner and overpack system including a bladder, in
accordance with one embodiment of the present disclosure.

[071] FIG. 33 shows a liner and overpack system, in accordance with another
embodiment of the present disclosure.

[072] FIG. 34 shows a liner and overpack system that includes suspending the
liner from the overpack, in accordance with one embodiment of the present disclosure.
[073] FIG. 35A shows the texture on the inside of a liner, in accordance with
one embodiment of the present disclosure.

[074] FIG. 35B shows two sides of a liner together according to the embodiment
shown in FIG. 35A.

[075] FIG. 36 shows a liner, in accordance with one embodiment of the present
disclosure.
[076] FIG. 37A shows a liner, in accordance with another embodiment of the

present disclosure.
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[077] FIG. 37B shows another liner, in accordance with another embodimént of
the present disclosure.

[078] FIG. 38A shows a liner, in accordance with one embodiment of the
present disclosure.

[079] 'FIG. 38B shows the liner of FIG. 38A and the direction in which the liner
will collapse, in accordance with one embodiment of the present disclosure.

[080] FIG. 39A shows a liner with a framework, in accordance with one
embodiment of the present disclosure.

[081] FIG. 39B shows a lattice of the framework of the liner shown in FIG. 36A,
in accordance with one embodiment of the present disclosure.

[082] FIG. 40 shows a liner, in accordance with another embodiment of the
present disclosure.

[083] FIG. 41A shows a liner that connects to rails, in accordance with one

embodiment of the present disclosure.

[084] FIG. 41B shows the rails of the embodiment shown in FIG. 38A, in
accordance with one embodiment of the present disclosure.
[085] FIG. 42 shows a liner, in accordance with one embodiment of the present
disclosure.

Detailed Description
[086] The present disclosure relates to novel and advantageous liner-based

storage and dispensing systems. More particularly, the present disclosure relates to novel
and advantageous substantially rigid collapsible liners and flexible liners including
gusseted or non-gusseted liners and methods for manufacturing such liners. The present
disclosure also relates to methods for preventing or eliminating choke-off in liners. More
particularly, the present disclosure relates to a blow-molded, substantially rigid
collapsible liner that can be suitable particularly for smaller storage and dispensing
systems, such as storage of about 2000 L or less of liquid, and more desirably about 200
L or less of liquid. The substantially rigid collapsible liner can be formed from materials
with inert properties. Furthermore, the substantially rigid collapsible liner may be a

stand-alone liner, e.g., used without an outer container, and may be dispensed from using



WO 2011/006146 PCT/US2010/041629

a pump or a pressurized fluid. Unlike certain prior art liners that are formed by welding
films together with resultant folds or seams, folds in the substantially rigid collapsible
liner may be substantially eliminated, thereby substantially reducing or eliminating the
problems associated with pinholes, weld tears, and overflow.

[087] The present disclosure also relates to a flexible gusseted or non-gusseted
liner, which is scalable in size and may be used for storage of up to 200 L or more. The
flexible liner may be foldable, such that the liner can be introduced into a dispensing
container, for example but not limited to, a pressure vessel, can, bottle, or drum.
However, unlike certain prior art liners, among other things, the flexible liner of the
present disclosure can be made of thicker materials, substantially reducing or eliminating
the problems associated with pinholes, and may include more robust welds, substantially
reducing or eliminating the problems associated with weld tears. The flexible liner can
further be configured such that the number of folds is substantially reduced.

[088] Example uses of such liners may include, but are not limited to,
transporting and dispensing acids, solvents, bases, photoresists, slurries, cleaning
formulations, dopants, inorganic, organic, metalorganics, TEOS, and biological solutions,
pharmaceuticals, and radioactive chemicals. However, such liners may further be used in
other industries and for transporting and dispensing other products such as, but not
limited to, paints, soft drinks, cooking oils, agrochemicals, health and oral hygiene
products, and toiletry products, etc. Those skilled in the art will recognize the benefits of
such liners and the process of manufacturing the liners, and therefore will recognize the
suitability of the liners to various industries and for the transportation and dispense of
various products.

[089] The present disclosure also relates to methods for limiting or eliminating
choke-off in liners. Generally speaking, choke-off may be described as what occurs
when a liner necks and ultimately collapses on itself, or a structure internal to the liner, to
form a choke point disposed above a substantial amount of liquid. When a choke-off
occurs, it may preclude complete utilization of the liquid disposed within the liner, which
is a significant problem, as specialty chemical reagents utilized in industrial processes
such as the manufacture of microelectronic device products can be extraordinarily

expensive. A variety of ways of preventing or handling choke-off are described in PCT
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Application Number PCT/US08/52506, entitled, “Prevention Of Liner Choke-off In
Liner-based Pressure Dispensation System,” with an international filing date of January

30, 2008, which is hereby incorporated herein by reference in its entirety.

Substantially Rigid Collapsible Liners

[090] As stated above, the present disclosure relates to various embodiments of a
blow-molded, substantially rigid collapsible liner that may be suitable particularly for
smaller storage and dispensing systems, such as storage of about 2000 L or less of liquid,
and more desirably about 200 L or less of liquid. Accordingly, the substantially rigid
collapsible liners may be suitable for storage of high purity liquids, which can be very
expensive (e.g., about $2,500/L or more), that are used in the integrated circuit or flat
panel display industries, for example.

[091] As used herein, the terms “rigid” or “substantially rigid,” in addition to
any standard dictionary definitions, are meant to also include the characteristic of an
object or material to substantially hold its shape and/or volume when in an environment
of a first pressure, but wherein the shape and/or volume may be altered in an environment
of increased or decreased pressure. The amount of increased or decreased pressure
needed to alter the shape and/or volume of the object or material may depend on the
application desired for the material or object and may vary from application to
application.

[092] Figure 1 illustrates a cross-sectional view of one embodiment of a
substantially rigid collapsible liner 100 of the present disclosure. Liner 100 may include
a substantially rigid liner wall 102, an interior cavity 104, and a mouth 106.

[093] Liner wall 102 may generally be thicker than the liners in conventional
collapsible liner-based systems. The increased thickness of liner wall 102 increases the
rigidity and strength of liner 100. Because of the rigidity, in one embodiment, as shown
in Figure 1, liner 100 may be free-standing and used similar to conventional rigid-wall
containers, for example glass bottles. In another embodiment, the liner 100 may be free-
standing during filling, transportation, and storage. That is, an outer container is not
necessary for support of the liner as with liners in conventional collapsible liner-based

systems. In one embodiment, a pressure vessel may be used when pressure dispensing
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liquid from liner 100 during chemical delivery. In a further embodiment, liner 100 may
be a free-standing container system. Such embodiments can reduce the overall cost of
the container system by substantially eliminating the cost associated with the outer
containers. Additionally, in conventional collapsible liner-based systems, the liner and
outer container are both typically non-reusable and need to be disposed. In various
embodiments of the present disclosure, since an outer container is not necessary, waste
can be substantially reduced or minimized because only the liner would be disposed. In
one embodiment, liner wall 102 may be from about 0.05 mm to about 3 mm thick,
desirably from about 0.2 mm to about 1 mm thick. However, the thickness may vary
depending on the volume of the liner. Generally, liner 100 can be thick and rigid enough
to substantially reduce or eliminate the occurrence of pinholes.

[094] While the thickness of liner wall 102 can provide rigidity to liner 100, the
thickness is selected so that, when a specified amount of pressure or vacuum is applied to
liner 100, liner wall 102 is collapsible to dispense liquid from within interior cavity 104.
In one embodiment, the dispensability of liner 100 may be controlled based on the
thickness selected for liner wall 102. That is, the thicker liner wall 102 is, the more
pressure that will need to be applied to fully dispense the liquid from within interior
cavity 104. In further embodiments, the liner 100 may be initially shipped in a collapsed
or folded state to save shipping space, and allow more liners 100 to be shipped to a
recipient, for example a chemical supplier, in one shipment. The liner 100 could
subsequently be filled with any of the various liquids or products previously mentioned.
[095] Liner mouth 106 may be generally rigid, and in some embodiments, more
rigid than liner wall 102. Mouth 106 may be threaded or include a threaded fitment port,
such that mouth 106 may receive a cap 108 that has been complimentarily threaded. It is
recognized that any other suitable connection mechanism, such as bayonet, snap-fit, etc.,
may be used in place of, or in addition to, threads. In some embodiments, because the
liner mouth 106 may be more rigid than liner wall 102, the area near the liner mouth may
not collapse as much as liner wall 102 when pressure is applied during dispensing. Thus,
in some embodiments, during pressure dispense of the contents within the liner, liquid
may be entrapped in a dead space where the area near the liner mouth has not fully

collapsed. Accordingly, in some embodiments, a connector 110 or connecting means, for
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connecting with a corresponding connector of a pressure dispensing system and output
line, may substantially penetrate or fill the generally rigid area of the liner near the
mouth. That is, the connector 110 may substantially fill the dead space so that liquid is
not entrapped during pressure dispense, thereby reducing or eliminating dead space
waste. The connector 110, in some embodiments, may be manufactured of a
substantially rigid material, such as plastic.

[096] In further embodiments, liner 100 may be equipped with an internal
hollow dip tube 120 (illustrated in broken line in Figure 1) having an aperture at the
lower or distal end thereof serving as a point of fluid egress from liner 100. The hollow
~ dip tube 120 may be integral with, or separate from, connector 110. In this regard, the
contents within liner 100 may be received directly from liner 100 via the dip tube 120.
Although Figure 1 illustrates a liner that may be equipped with an optional dip tube 120,
liner 100 according to various embodiments described herein is, in many cases,
preferably devoid of any dip tube. In some embodiments of a liner 100 that includes the
use of a dip tube 120, the dip tube 120 may also be used to pump dispensé the contents
within the liner 100.

[097] Liner 100 may have a relatively simplistic design with a generally smooth
outer surface, or liner 100 may have a relatively complicated design, including, for
example and not limited to, indentations and protrusions. In one embodiment, for
example, liner 100 may be textured to prevent choke-off, which along with other
embodiments, will be discussed herein. That is, liner 100 may be textured to prevent the
liner from collapsing in on itself in a manner that would trap liquid within the liner and
preclude the liquid from being dispensed properly.

[098] In some embodiments, liner 100 may be manufactured using one or more
polymers, including plastics, nylons, EVOH, polyolefins, or other natural or synthetic
polymers. In further embodiments, liner 100 may be manufactured using polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), poly(butylene 2,6-naphthalate)
(PBN), polyethylene (PE), linear low-density polyethylene (LLDPE), low-density
polyethylene (LDPE), medium-density polyethylene (MDPE), high-density polyethylene
(HDPE), and/or polypropylene (PP). Liners made using PEN, for example, may have

lower permeability, and thus, allow less gas from outside the liner 100 to infiltrate the
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liner wall 102 and contaminate the liquid stored within the liner 100. Liners made using
PE, LLDPE, LDPE, MDPE, HDPE, and/or PP may also be suitable for larger storage and
dispensing systems, such as storage of about 2000 L or less of liquid.

[099] In addition to the substantially rigid collapsible liners discussed under this
heading, in an alternative embodiment, PEN, PET, or PBN, and optionally any suitable
mixtures or mixtures of copolymers may be used to make generally rigid liners, similar to
rigid-wall containers described above, so that such rigid liners may be introduced to, for
example, the semi-conductor industry, and used with high purity liquids. Such liners
comprising PEN, PET, or PBN improve chemical compatibility compared to other plastic
containers and are safer to use compared to glass bottles, thereby allowing them to be
used in industries typically reserved for conventional rigid wall containers. PEN liners of
the present disclosure in some embodiments, for example, may be designed for a single
use. Such liners may be an advantageous alternative to prior art glass bottles because
they may have an overall cost lower than that of glass bottles when all factors are
considered, including the cost of ownership, shipping, sanitizing, etc. that may be
associated with glass bottles. Further, a PEN liner may be more advantageous than glass
because, as is well known, glass may break, which may result not only in contamination
or loss of the material in the bottle, but also may create safety concerns. In contrast, the
PEN liners of the present disclosure may be break-proof. In some embodiments, the PEN
liner may be a stand-alone liner that may not use an overpack. In other embodiments, an
overpack may be used with the liner. In some embodiments, the PEN liner may include a
sump to help increase the dispensability of the contents of the liner, the sump is described
in detail below and would be used in a substantially similar manner in a PEN
embodiment. The dispense of the PEN liners in some embodiments may include both
pump dispense or pressure dispense. However, in some embodiments, because the PEN
liner may be generally non-collapsible the pressure dispense may apply pressure directly
on the contents of the liner as opposed to on the exterior walls of the liner as may be the
case for other embodiments described herein. In some embodiments, the PEN liner may
have reduced carbon dioxide emissions. The PEN liner embodiments may be used in

substantially the same way as other liners described in the present disclosure.

14



WO 2011/006146 PCT/US2010/041629

[0100] In alternative embodiments, liner 100 may be manufactured using a
fluoropolymer, such as but not limited to, polychlorotrifluoroethylene (PCTFE),
polytetrafluoroethylene (PTFE), fluorinated ethylene propylene (FEP), and
perfluoroalkoxy (PFA). In some embodiments, liner 100 may comprise multiple layers.
For example, in certain embodiments, liner 100 may include an internal surface layer, a
core layer, and an outer layer, or any other suitable number of layers. The multiple layers
may comprise one or more different polymers or other suitable materials. For example,
the internal surface layer may be manufactured using a fluoropolymer (e.g., PCTFE,
PTFE, FEP, PFA, etc.) and the core layer may be a gas barrier layer manufactured using
such materials as nylon, EVOH, polyethylene naphthalate (PEN), PCTFE, etc. The outer
layer may also be manufactured using any variety of suitable materials and may depend
on the materials selected for the internal surface layer and core layer. It is recognized
that the various embodiments of substantially rigid liners described herein may be
manufactured from any suitable combination of materials disclosed herein.

[0101] In still alternative embodiments, the polymeric liner of the present
disclosure may be manufactured using a metal outer layer, for example, but not limited to
AL (aluminum), steel, coated steels, stainless steels, Ni (nickel), Cu (copper), Mo
(molybdenum, W (tungsten), chfomium-copper bi-layer, titanium-copper bi-layer, or any
other suitable metal material or combination of materials. In some embodiments, metal
coated liners may be overcoated with a protective dielectric, for example, SiO2 from
TEOS (tetraethylorthosilicate), or SiCl4 (silicon tetrachloride), MO (metal organics),
TiO2 from TiCl4 (titanium tetrachloride), or other suitable metal oxide material, or any
other suitable metal, or some combination thereof. Metal liners may be advantageous for
storing and shipping substances, including ultra-pure substances because a metal liner
may be substantially impermeable to gases, thus reducing oxidation and/or hydrolysis of
the contents and maintaining the purity of the substance contained in the liner. Because of
the impermeability of the metal, a liner of this embodiment may be substantially free of
pinholes or weld tears and may be very robust and have a consistent fill volume.

[0102] In still another embodiment, the liner of the present disclosure may be
manufactured using a metal container, for example, but not limited to aluminum, nickel,

stainless steel, thin-walled steel, or any other suitable metal material or combination of
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materials. In some embodiments, these metal containers are coated on the internal
surface with inert films to reduce interaction of the high purity chemical with the metal
walls. The films may be inert metals, metal oxides, metal nitrides or metal carbides
chosen specifically to reduce the chemical interactions and degradation of the chemical
inside the metal container. Because of the rigidity of the metal, a liner of this
embodiment may be substantially free of pinholes or weld tears and may be very robust
and have a consistent fill volume.

[0103] Traditionally, however, metal cans have been expensive to use. For
instance, the cost of a metal container may often times be greater than the cost of the
substance stored in the container. Accordingly, in order to be cost-effective, such a metal
container generally is used repeatedly, which in turn requires that the container be
shipped back for reuse and appropriately cleaned prior to refilling. Shipping the
containers back ‘and cleaning the containers for reuse may be both time consuming and
expensive. In some embodiments of the present disclosure, however, a rigid collapsible
. metal container may be manufactured for a cost effective single use by, for instance,
manufacturing the walls of the metal liner to be relatively thin as compared to prior art
metal containers. For example, in some embodiments, the liner walls may be from 0.5 to
3.0 mm thick. More preferably, the walls may be from 0.6 to 2 mm thick, in some
embodiments. The thickness of the walls may allow a metal liner of the present
disclosure to be substantially rigid but collapsible under pressure. Metal liners may be
sized for holding generally large volumes, for example, up to approximately 2000 L in
some embodiments, while in other embodiments metal liners may be sized to hold
approximately 200 L or less. In some embodiments, metal may be applied by vapor
deposition, such as but not limited to chemical vapor deposition.

[0104] In another embodiment, a plastic liner may be provided that may be coated
with a metal. For example, a liner may be formed of a polymer such as PP, PE, PET,
PEN, HDPE or any other suitable polymer, or combination of polymers as described
above. The outside of the liner may be metalized with, such as but not limited to
aluminum. It will be recognized that any suitable metal may be used to metalize the
outside of a polymer liner according to this embodiment. The liner may be metalized by

any suitable method, such as, for example, plating, electro-plating, spraying, etc.
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Metalizing the outside of the liner may substantially decrease or eliminate the effects of
gas permeability. Because of the impermeability provided by the metal coating, a liner of
this embodiment may be substantially free of pinholes or weld tears and may be very
robust and have a consistent fill volume. Similar to the liners described above, metal
coated liners of this type may also be sized to hold up to approximately 2000 L in some
embodiments, while other embodiments may be sized to hold approximately 200 L or
less. The metal liners and metal coated liners described herein may include folds, pleats,
handles, sumps, and/or any other liner configuration and/or feature described herein with
reference to other embodiments.

[0105] In some embodiments, the liner of the present disclosure may be coated
with a barrier-enhancing coating, such as, for instance, an epoxy amine coating.
However, it is recognized that other suitable coating polymers or mixtures of polymers
may be used as a barrier-enhancing coating. The coating may be particularly
advantageous where the liner is comprised of PET, or other polymeric materials, however
the coating may be applied to any of the liners contemplated in the present disclosure.
The application of an epoxy amine coating may reduce gas permeability bi-directionally,
that is, the coating may reduce the amount of gas that may get into the liner, as well as
the amount of gas that may leave the liner. Applying the coating may also increase the
shelf-life of the liner and its contents. Further, application of the barrier-enhancing
coating may reduce oxygen or moisture permeability and may enable a broader array of
materials to be stored in the liner, for example but not limited to, liquids that display air
sensitivity, such as gallic acid cleaning formulations and/or CVD precursor materials.
[0106] The coating may be sprayed onto the bag prior to folding, or after the liner
is completely assembled. It will be understood that the coating may be applied to the
interior and/or exterior of the liner, or in embodiments with multiple layers, the coating
may be applied to one or both sides of one or all layers of the liner. The coating may be
applied in variable thicknesses dependent upon the shelf-life desired, e.g., the thicker the
coating, the longer the shelf-life. However, it will be recognized that the barrier-
enhancing coating may be applied in any suitable thickness, and cured over varying
amounts of time depending on the desired application. Further, the crosslink density of

the barrier film and the surface adhesion of the barrier film may vary depending on the
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degree of barrier protection desired. Generally, the surface of the liner may be
chemically, physically, electrochemically, or electrostatically modified, such as by
application of a coating, té enhance the barrier qualities of the liner. In some
embodiments the barrier enhancing material may be generally applied to a liner in the
manner illustrated in the flow diagram of Figure 2. In one step 202, a fan may be used to
blow ionized air onto the liner in order to clean the surface in preparation for receiving
the coating material. In one embodiment, as shown in step 204, an electrical charge may
then be applied. The barrier enhancing material may then be applied to the liner, for
example but not limited to, using electrostatic spray guns 206. Chucks may spin the
liners as they proceed through the coatings application area, ensuring a uniform coating is
applied. Any overspray may be collected and disposed of. The coated-liner may then be
cured in a curing oven 208.

[0107] In another embodiment, the coating barrier may be provided in another
liner layer as opposed to a coating,.

[0108] Liners of the present disclosure may take a number of advantageous
shapes. As can be seen in Figure 3, in one embodiment, a rigid collapsible liner 320 may
be configured such that the bottom of the liner is rounded or bowl-shaped 322. In such
embodiments, the degree of rounding may vary. The rounding of the bottom surface may
be such that the liner 320 may still be free-standing in some embodiments. In still other
embodiments, the rounding may be to such a degree that the liner may optimally be used
in conjunction with an outer container an overpack, or a sleeve. Embodiments of liners
with rounded bottoms may help improve chemical utilization in, for instance, a pump
dispense application as the rounding of the bottom surface may help properly direct a dip
tube to the bottom of the liner, for example. Such an embodiment may be particularly
useful with liners that are opaque, for instance, which may also help improve chemical
utilization and dip tube alignment.

[0109] As shown in Figure 4, in another embodiment of a liner, a rigid collapsible
liner 402 may include a sump 406 that may help improve dispensability. In some
embodiments, the liner 402 may be placed in an overpack 404. The sump 406 may be an
area of generally rigid material at the bottom of the liner defining a divot or cup 408

forming the sump 406. As seen in Figure 4, the divot area 408 may funnel the liquid in
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the liner 402 to the divot area 408. A dip tube 410 that may be inserted into the liner 402
may then be used to dispense substantially all of the liquid in the liner, thus allowing a
greater amount of the liquid to be dispensed than in prior art liners without a directing
sump 406. The sump may be made of the same material as the liner in some
embodiments, or the sump may be made of another suitable material such as another type
of plastic, for example. The use of a liner with a sump may be particularly advantageous
in use with liners that may not collapse, or may not fully collapse.

[0110] Because liner 100, as shown in Figure 1, may have a relatively simplistic
design, the liner wall may comprise few or substantially no folds in substantially rigid
liner wall 102 in some embodiments. In one embodiment, shown in Figure 5, for
instance, the liner 500 may be shaped similar to a conventional water or soda bottle.
Therefore, an additional advantage of the various embodiments of the present disclosure
includes a fixed fill volume. That is, liner 100 can be designed for a specific volume, and
because there can be few or substantially no folds in substantially rigid liner wall 102,
when liner 100 is filled with the specific volume, substantially no overflow should occur.
As stated previously, liquids stored in such liners 100 can typically be very expensive, for
example about $2,500/L or more. Thus, even a small reduction of the amount of
overflow can be desirable. -Additionally, trapped gas volume within the liner may be
minimized if the liner is substantially rigid and generally no undercuts or folds exist to
provide a trap location for gases within the liner prior to filling,

[0111] Further, the liner may be shaped to assist in dispensability of the liquid
from within the interior cavity. In one embodiment, illustrated in Figure 6, liner 600 may
include folds or indentations 610 that can limit rigid areas of the liner 600, for example
areas near the transition from liner wall 602 to mouth 606. Folds 610 may be molded
into the liner or added subsequent the molding process. Folds 610 may be designed to
control the collapsing or folding pattern of liner 600. In one embodiment, liner 600 may
include two or four folds near mouth 606. However, it is recognized that folds 610 may
be positioned at any suitable location of liner wall 602, and may be suitably configured to
control the collapsing or folding pattern of liner 600 and reduce or minimize the number
of particles that may be shed from the liner 600 during collapse. The folds 610 may be

configured such that they reduce or minimize the resulting number of fold lines and/or
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gas trap locations within the liner upon complete or near complete collapse of the liner
600.

[0112] In another embodiment, illustrated in Figures 7A-7D, a substantially rigid
collapsible liner 700 may generally include a plurality of pleats 704 that extend a vertical
distance of the liner 700, and in some cases extend substantially the entire vertical
distance of the liner 700, from the neck 702 to the bottom of the liner 700. More
particularly, as may be seen in Figures 7A and 7C, in a deflated or collapsed state 706,
the pleated liner 700 may comprise a plurality of generally parallel or patterned pleats
704 positioned about the circumference of the liner 700. As shown in Figures 7B and
7D, in an inflated or expanded state 708, the pleats 704 of the liner 700 may be generally
opened such that the liner expands to a circumference, or diameter, that is greater than the
circumference, or diameter, of the liner when in the deflated state 706. In some
embodiments, the liner 700 may be generally compact in the deflated state 706, and the
generally compact size of the liner when in the deflated state may make it relatively
easier to position the liner inside of a rigid outer container. The vertical pleats 704 may
allow for -the ready expansion of the liner during filling and ready deflation during
dispense. In some embodiments, as shown in Figure 7E, the neck 702 may be thinner
than the necks of prior art liners. Because the material comprising the neck may be
generally thin, the neck area may be more flexible than would otherwise be the case,
which may allow for relatively easier insertion into a rigid outer container, more
complete filling, and/or more complete discharge of the liner. Due to the way the liner
collapses as a result of the pleats and/or due to the relatively thin material that comprises
the neck of the liner, this embodiment may also prevent choke-off.

[0113] In a further embodiment, illustrated in Figures 8A and 8B, a substantially
rigid collapsible liner 800 may comprise a plurality of non-vertical or spiral pleats 804
that may extend a vertical distance of the liner 800, and in some cases extend
substantially the entire vertical distance of the liner, from the neck to the bottom of the
liner. More particularly, as may be seen in Figure 8A, which shows the liner in an
expanded state, each of the plurality of pleats 804 are generally not a substantially
straight line from the top of the liner 800 to the bottom of the liner, but instead each pleat

may generally slant, wind, curve, etc., in the lateral direction of the liner as the pleat
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extends from the top of the liner to the bottom of the liner. Each of the plurality of pleats
804 may have a substantially uniform degree of slant, wind, curve, etc. about the vertical
distance of the liner 800. However, in other embodiments, each of the plurality of pleats
804 may slant, wind, curve, etc. about the liner at any suitable degree, uniformly or non-
uniformly with the other pleats. As may be appreciated, when the liner 800 begins to
collapse upon discharge or dispense of its contents, as shown in Figure 8B, the plurality
of spiral pleats 804 will generallyv cause the liner bottom to twist relative to the top of the
liner. This twisting motion may allow for more efficient collapse and/or more complete
discharge of the contents of the liner as the twisting of the liner squeezes the liner
contents from the bottom of the liner to the top of the liner. As a result of the spiral
pleats and the resulting twisting motion that occurs during collapse, this embodiment may
also prevent choke-off.

[0114] In a further embodiment, illustrated in Figure 9, a substantially rigid
collapsible liner 900 may be shaped in a similar manner to a toothpaste tube and may be
configured to generally collapse flat. Such a configuration can help reduce or minimize
the quantity of liquid trapped in hard-to-collapse regions and can reduce the amount of
pressure or vacuum required to fully collapse the liner. The shape of liner 900 may also
reduce creasing of liner 900 during collapse, which could otherwise give rise to particle
generation at the crease lines, thereby contaminating the liquid within the liner.
Similarly, as with many embodiments of the substantially rigid collapsible liner of the
present disclosure, the configuration of liner 900 can reduce or minimize the number of
trapping points for bubbles. Such substantially rigid collapsible liners may also include a
slanted portion, such as slanted portion 912 near mouth 906, illustrated for example in
Figure 9, which may assist in the smooth removal of headspace gas at the beginning of
dispense. In another embodiment, a liner according to one embodiment of the present
disclosure may have a substantially round bottom, as illustrated in Figure 3, rather than a
bottom that is squared-off.

[0115] A liner according to further embodiments of the present disclosure may
not be free standing, and in yet further embodiments, a sleeve 916 may be provided for
support for liner. Sleeve 916 may include side walls 920 and a bottom 922. Sleeve 916
may be substantially free of the liner 900. That is, liner 900 may be removable or
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removably attached to the interior of sleeve 916. Liner 900 need not be adhesively
bonded, or otherwise bonded, to sleeve 916. However, in some embodiments, liner 900
can be adhesively bonded to sleeve 916 without departing from the spirit and scope of the
present disclosure. In one embodiment, sleeve 916 may be generally considered a
sacrificial overpack or outer container. Sleeve 916 can be any suitable height, and in
some embodiments, the sleeve 916 could be substantially the same height as liner 900 or
taller. In embodiments where sleeve 916 is of such height, a handle 918 may be provided
to assist the transportation of sleeve 916 and liner 900. Sleeve 916 may be made using
one or more polymers, including plastics, nylons, EVOH, polyolefins, or other natural or
synthetic polymers, and may be disposable. In other embodiments, sleeve 916 may be
reusable.

[0116] 2In some embodiments, connectors as shown in Figures 10A — 14C may
be used with a rigid or rigid collapsible liner to facilitate filling and dispense, as well as
to secure the contents of the liner from air and other contaminants during storage. As can
be seen in Figures 10A and 10B, the liner 1000 may include a neck 1002 that may be
integral to the liner 1000 or that may be fixedly connected to the liner. The neck 1002
may have threads 1004 on the outside surface in order to couple with complimentary
threads on the inside surface of a protective overcap 1006. It will be recognized,
however, that any suitable method of removably attaching a cap to the neck of the liner
and/or the connector may be used, such as friction-fit, snap-fit, etc. A connector 1008
may include a basé section 1010 that may be configured to fit inside the neck 1002 of the
liner 1000. The connector 1008 may also comprise a shoulder section or ledge 1012 such
that when the base section 1010 of the connector 1008 is positioned in the neck 1002 of
the liner, the shoulder section 1012 generally abuts the top edge of the neck 1002 of the
liner, thereby creating a seal between the connector 1008 and the liner 1000. In some
embodiments the protective cap 1006 may be integral with the connector 1008.
However, in other embodiments, the protective cap 1006 and connector 1008 may be
separate components, which may further be detachably secured to each other for storage
and/or dispense procedures.

[0117] As shown in Figure 10A, in one embodiment, a septum 1016 may be
positioned in or adjacent the connector 1008 that may seal the bottle 1000 thereby
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securely containing any substance within the bottle 1000. The connector 1008 may also
include a hollow tube or area 1018 extending from the septum 1016 through the entire
vertical distance of the base 1010 to allow the contents of the liner 1000 to pass through
the connector 1008 upon dispense. In order to dispense the contents of the liner, a needle
or cannula 1020 may be introduced through an opening in the connector 1008 and/or
protective cap 1006, such that the needle or cannula 1020 may make contact with and
puncture the septum 1016 that seals the liner 1000.

[0118] In another embodiment shown in Figure 10B, a frangible disk 1024 may
be positioned in or adjacent the base of the connector 1008 that may seal the bottle 1000
securely containing any substance within the liner. The connector 1008 may also include
a hollow tube or area 1018 extending from the frangible disk 1024 through the entire
vertical distance of the base 1010 to allow the contents of the liner to pass through the
connector 1008 upon dispense. A cap 1006 may be secured to the connector, preferably
the base of the connector 1008. The contents of the bottle 1000 may be pressure
dispensed, such that when the bottle is pressurized sufficiently, the frangible disk 1024
will rupture and the contents of the liner 1000 may begin to be dispensed.

[0119] Figure 11 shows another embodiment of a connector 1102, which may
include ports 1110-1116 molded into the connector body 1104. The ports may include,
for example: a liquid/gas inlet port 1110 to allow a liquid or gas to enter the liner; a vent
outlet 1112; a liquid outlet 1114; and/or a dispense port 1116 to permit the contents of the
liner to be removed.

[0120] Figures 12A — 12C show another embodiment of how a connector may be
sealed after filling the container with a substance. As shown in Figure 12A, a tube 1204
may be vertically fitted into the body of a connector 1202. The tube 1>204 may be
comprised of any suitable material, such as a thermoplastic or glass. The liner may be
filled with contents via the tube 1204. After the liner has been filled, the tube 1204 may
be welded shut 1206, or otherwise sealed, as shown in Figure 12B. A protective cap
1208 may then be detachably secured to the connector 1202 as shown in Figure 12C.
The connector assembly of this embodiment may provide a substantially leak-tight
closing mechanism for a liner. Additionally, the seal of this embodiment may be used in

conjunction with the sealing embodiments described above.
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[0121] In one embodiment, a handle may be included with a rigid collapsible
liner and overpack system. As shown in Figure 13 a rigid collapsible liner 1302 may
have a handle 1304 secured to the neck 1306 of the liner 1302. The liner 1302 may be
inserted into an overpack 1310 that has an edge or chime 1312 that encircles the overpack
1310 at substantially the same height as the two free ends of the handle 1304 that is
connected to the liner 1302 at the liner necék 1306. The ends of-the handle may attach to
the chime 1312 of the overpack 1310 via tongue and groove, snap-fit, or any other means
of detachably securing the ends of the handle to the chime. In such an embodiment, any
downward forces that are applied to the top of the liner 1302 including the liner opening
1314 may generally be transferred to the handle and then to the chime 1312 and overpack
1310, thus reducing stress on the liner 1302. In another embodiment, the two ends of the
handle 1304 may also be attached to the liner 1302.

[0122] As shown in Figures 14A and 14B, in another embodiment, a rigid
collapsible liner 1402 may be used with an overpack that is formed from two parts
comprising a lower overpack 1404 and a top overpack 1406. As can be seen in Figure
14A, the liner 1402 may be inserted into the lower overpack 1404 first. The top overpack
1406 may then be placed over the top of the liner 1402 and pushed down such that the top
overpack 1406 is connected to the lower overpack 1404 as can be seen in Figure 14B.
The top overpack 1406 may attach to the lower overpack 1404 by any suitable means,
such as but not limited to, snap fit or screw fit. In some embodiments, the top overpack
1406 may be sealed to the lower overpack 1404 such that pressurization may be used to
collapse the liner 1402 upon dispense. The seal may be achieved by any known means.
The top overpack 1406 may attach to the liner 1402 at the neck of the liner 1416. The top
overpack 1406 may include one or more handles 1414 to make it easier to transport or
move the system. In this embodiment, downward forces that may be applied to the top of
the liner 1402 including the closure 1418 of the liner may be generally transferred to the
top overpack 1406 and then to the bottom overpack 1404, thereby minimizing or
reducing stress on the liner itself.

[0123] In another embodiment, a rigid collapsible liner 1502 may be positioned in
an overpack 1504 as shown in Figure 15. The liner neck 1512 of the liner 1502, in some

embodiments, may include one or more handles 1508 to make moving the liner easier.

24



WO 2011/006146 PCT/US2010/041629

The handle 1508 may be integrally comprised with the neck 1512 of the liner, or it may
be fixedly secured to the liner by any known means, for instance the handle may be blow
molded with the liner. The walls of the liner 1502 may have some sections 1506 that are
thicker than others. These thicker walls sections 1506 may provide increased vertical
thickness and yet not interfere with the ability of the liner 1502 to collapse upon dispense.
The thickness of these thicker sections 1506 may be, for example, from about two to
about ten times thicker than other liner wall sections, in some embodiments. Though, it
will be recognized that the thicker wall sections may have any degree of additional
thickness, in other embodiments. There may be one or more sections of the liner wall
with increased thickness, for example, in some embodiments there may be one, two,
three, or four or more such sections. In such an embodiment, any downward forces on
the top of the liner 1502, including the closure 1510 of the liner 1502 may generally be
transferred to the thicker wall sections 1506 of the liner 1502 and then to the overpack
1504 and thereby reducing stress on the liner 1502.

[0124] In some embodiments of the present disclosure, a substantially rigid
collapsible liner may obtain above 90% dispensability, desirably above 97%
dispensability, and more desirably up to 99.9% dispensability depending on the thickness
of the liner wall, the material used for the liner, and the design of folds.

[0125] In some embodiments, a rigid collapsible liner may be configured to
include folding patterns that may include one or more “hard folds” and/or one or more
“pre-folds” or “secondary folds” in the rigid collapsible liner. Such liners may be
formed, in some embodiments, so as to allow them to substantially uniformly collapse
into a relatively small circumferential area that may permit the liners to be inserted into,
or removed from, for example, an overpack that may have an opening with a relatively
small diameter as compared to the diameter of the overpack itself. As can be seen in
Figure 16, an overpack 1600, which may generally resemble known overpacks already
being used in the industry, may have a small opening 1602 relative to the greater
diameter of the overpack 1600. Using a rigid collapsible liner of the present
embodiments may be advantageous over using traditional flexible liners for several
reasons. For instance, traditional flexible liners may be prone to pin holes or weld tears

forming as the liner moves about during shipping. As the truck, train, or other
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transportation means moves, the traditional flexible liner within the overpack may also
move. The more the liner is subjected to movement, the greater the risk that tiny holes
will be created in the liner. The use of a rigid collapsible liner that is made of sturdier
material than traditional flexible liners may greatly reduce the risk that weld tears or pin
holes may develop during shipping. Traditional flexible liners may also have the
disadvantage of forming creases when filled that may limit the amount of material that
can be held in the liner or increase the volume of trapped gas within the liner and may
also make complete dispense difficult or impossible. Such creases in a traditional
flexible liner may also contribute to the likelihood that weld tears and/or pin holes may
develop as the stress that is placed on the creases during shipping may be increased
relative to non-creased areas, which may result in tiny tears in the liner at the crease
points. Rigid collapsible liners of some embodiments of the present disclosure may not
develop such creases, but instead may expand to a predetermined volume along the fold
lines of the liner, thus allowing for a greater, more consistent interior volume to store a
material. The lack of creases may also eliminate high-stress areas in the liner. Yet
another advantage of various embodiments of the present disclosure over traditional
flexible liners when used with an overpack 1600 may be that the rigid collapsible liner
may be easier to remove from the overpack 1600 than traditional flexible liners. When a
traditional flexible liner is removed from the overpack 1600 through the overpack
opening 1602, a significant amount of the undispensed contents may accumulate at the
bottom of the liner as the top of the liner is pulled through the opening 1602 making it
difficult to get the bottom of the liner, which may also contain a significant portion of the
liner material, out of the relatively small opening 1602 of the overpack 1600. The
present embodiments, however, may collapse into a predefined shape determined by the
liner fold lines (described in greater detail below) which along with the increased
dispensability may substantially reduce or eliminate the accumulation of excess material
at the bottom of the liner as the liner is pulled through the opening 1602. Accordingly, it
may be substantially easier to remove an empty liner from the overpack 1600.

[0126] Figure 17A shows an end view of one embodiment of a liner 1700 with
predetermined folds, when the liner 1700 is in a collapsed state. In this embodiment, the

liner 1700 has a 4-arm design, which means that in the collapsed state when viewed from
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the end, the liner 1700 has 4 arms 1702. Each arm 1702 may have generally the same
proportions and dimensions in some embodiments. In other embodiments, the arms
could have different or varying dimensions. The liner of the present embodiment may be
used without a dip tube. In other embodiments, the liner may include a dip tube. As can
be seen in Figure 17B, the liner 1710 may have a body 1712, a fitment end 1720 that
includes the fitment 1724, a resting end 1716 that contacts the bottom of the overpack
container when the liner is inserted in the overpack, a transition area 1724 that connects
the body nearest the fitment end to the fitment end 1720, and a transition area 1726 that
connects the body near the resting end to the resting end 1716. As may be seen, all folds
may be substantially vertically oriented when the liner 1710 itself is vertically oriented.
The vertical fold lines may more easily allow for any bubbles that may exist in the
contents of the liner to escape or be removed, as bubbles may tend to travel vertically
along the fold lines up to the top of the liner 1710.

[0127] The body of a liner with a 4-arm design may generally be created with
eight folds. As can best be seen with reference back to Figure 17A, eight vertical folds
1704 may run from one end of the liner to the other end of the liner to generally form a
four-armed star-like-shape when viewed from the end of the liner when the liner is in a
collapsed state. While this embodiment is described and shown with reference to a 4-arm
design, it should be understood that the present disclosure also includes embodiments of
liners with a 3-arm, 5-arm, 6-arm, and any other number of arm designs.

[0128] With reference back to Figure 17B, the fitment 1724 located on the
fitment end 1720 may be integral with the liner 1710. In some embodiments, the fitment
1724 may be comprised of a thicker and in some embodiments a stronger material than
the material comprising the rest of the liner. The fitment may be configured to couple
with the opening 1602 in the overpack 1600 such that a connector and/or cap may be
attached to the liner/overpack for closure and/or dispensing as described in detail in other
portions of this disclosure.

[0129] The resting end 1716 of the liner 1710 may generally expand when the
liner is filled in order to hold as much contents as possible and avoid wasting space.
Similarly, the resting end 1716 of the liner 1710 may generally collapse substantially

precisely along its fold lines upon collapse of the liner to ensure easy removal of the liner
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from the overpack and also to ensure that nearly all of the material may be dispensed
from the liner 1710.

[0130] As may be seen in Figure 18, in some embodiments of a liner 1802 with
folds, one or more inversion points 1806 may be created around the transition area 1804
between the body 1810 of the liner and the resting end 1808 of the liner. Inversion points
1806 may be undesirable because these may be areas that buckle outward in a‘ manner
that makes dispense and/or collapse of the liner difficult, or that buckle inward in a
manner that makes it difficult to substantially fully expand the liner in order to fill the
liner completely with material.

[0131] In some embodiments, inversion points may be limited or generally
eliminated by including secondary folds at appropriate places in the liner. For example,
as shown in Figures 19A and 19B, a secondary fold or pre-fold 1904 may be included in
the liner that may extend as shown from the body of the liner 1906 through the transition
area of the liner and to the apex 1908 of the resting end of the liner 1900. These
secondary folds or pre-folds 1904 may help to avoid the inversion points such as that
shown in Figure 18. As can best be seen in Figure 19B, the tendency of the liner to
expand and collapse in a manner that is guided by the secondary folds 1904 or pre-folds
may keep inversion points from forming.

[0132] Similarly, additional vertical secondary fold lines may be included in the
liner that may further reduce the circumferential area of the liner when it is collapsed and
inserted into and pulled out of the opening in the overpack. This may be seen in Figure
20, which shows a liner 2000 being inserted into or being pulled out of an opening 2008.
In the embodiment shown, the secondary folds 2006 are positioned about half way on the
arms 2010, which allows the arms 2010 of the liner 2000 to take up less circumferential
area than they would without the secondary folds 2006. It will be recognized, however,
that the secondary folds 2006 may be positioned at any suitable position on the arms
2010.

[0133] In some embodiments, as shown in Figure 21A, the corners 2104 of the
liner 2102 that are created by folds formed in the resting end 2106 of the liner 2102 may
not be able to expand fully, thus limiting the amount of material that may be contained in

the liner 2102. As discussed above, it may be preferable to have the resting end expand
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as much as possible so the liner may hold as much liquid as it can. As can be seen in
Figure 21B, the resting end 2124 of the liner 2122 of this embodiment may expand more
fully. This may be achieved in one embodiment, for example, when the transition angle
2128 1is between 35° and 55°, for example, preferably about 45°. The transition angle
2128 may be the angle formed between the substantially vertical lines and folds of the
body 2130 of the liner 2122 and the apex 2136 of the resting end 2124. A transition
angle of preferably about 45° in one embodiment may be a somewhat “magic” angle in
that at that angle the resting end 2124 may expand more fully as shown in Figure 21B. It
will be recognized, however, that transition angles of greater or less than preferably about
45° are within the spirit and scope of the present disclosure.

[0134] In some embodiments, the resting end 2204 of the liner 2200 in a
collapsed state may collapse inside of the body of the liner 2200, as shown in Figure 22A.
The resting end 2204 may tend to do this when the height between the end of the body of
the liner and the apex of the resting end of the liner is relatively short. Such a liner may
advantageously reduce the height of the liner 2200 when the liner is being filled. As may
be seen in Figure 22B, a liner 2200 in accordance with this embodiment may have a
resting end 2204 that generally expands fully in an expanded state.

[0135] In use with an overpack, the liner may be inserted into an overpack
through the overpack opening when the liner is in a collapsed state. Once the liner is
inside of the overpack the liner may be filled with a desired substance through the liner
fitment that may remain outside of the overpack and may couple with the overpack
opening. When the liner is expanded upon filling, it may generally approximate a
cylinder that may substantially conform to the interior shape of the overpack. After the
contents of the liner have been removed, the liner may be relatively easily removed
through the opening in the overpack by pulling the liner out through by the fitment of the
liner. The pressure applied to the liner as it is pulled through the opening of the overpack
may generally make the liner revert to its collapsed state along the liner fold lines. Stiff
liners such as the liners of these embodiments may remember their folding patterns and
tend to collapse along their fold lines as they are collapsed, similar to a bellows.

[0136] The embodiments of a liner including folds may be made by blow

molding, welding or any other suitable method. The folds in the liner may act like hinges
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that allow the liner to deflate at very low pressures, for example at pressures down to
approximately 3 psi in some cases. In some embodiments, these liners may achieve up to
about 99.95% dispensability.

[0137] The liner of the present disclosure may be manufactured as a unitary
component, thereby eliminating welds and seams in the liner and issues associated with
welds and seams. For example, welds and seams may complicate the manufacturing
process and weaken the liner. In addition, certain materials, which are otherwise
preferable for use in certain liners, are not amenable to welding.

[0138] The liner can be manufactured using any suitable manufacturing process,
such as extrusion blow molding, injection blow molding, injection stretch blow molding,
etc. A manufacturing process utilizing injection blow molding or injection stretch blow
molding can allow for liners to have more accurate shapes than other manufacturing
processes. One example embodiment for manufacturing the liner using injection stretch
blow molding is illustrated in Figures 23A-23E. It is recognized that not all steps of the
exemplary embodiment for manufacturing the liner are required, and some steps may be
eliminated or additional steps may be added without departing from the spirit and scope
of the present disclosure. The method may include forming a liner preform by injecting a
molten form 2350 of a polymer info an injection cavity 2352 of a preform mold die 2354,
as illustrated in Figure 23A. The mold temperature and the length of time in the mold
may depend on the material or materials selected for manufacturing the liner preform. In
some embodiments, multiple injection techniques may be used to form a preform having
multiple layers. The injection cavity 2352 may have a shape that corresponds to a liner
preform 2356 (Figure 23B) with integral fitment port 2358. The polymer may solidify,
and the resultant liner preform 2356 may be removed from the preform mold die 2354.
In alternative embodiments, a pre-manufactured preform, including a multilayer preform,
can be used for the preform 2356 of the present disclosure.

[0139] In some embodiments, the liner preform 2356 may be cleaned and heated
to condition the liner preform 2356 prior to stretch blow molding, as illustrated in Figure
23C. The liner preform 2356, as illustrated in Figure 23D, may then be inserted into a
liner mold 2360 having substantially a negative image of the desired completed liner.

The liner preform 2356 may then be blown, or stretched and blown, to the image of the

30



WO 2011/006146 PCT/US2010/041629

liner mold 2360, as illustrated in Figure 23E, to form the liner having an integral fitment
port 2358. The blow molding air speed, as well as the blow molding temperature and
pressure, may depend on the material selected for manufacturing the liner preform 2356.
[0140] Once blown or stretch blown to the image of the liner mold 2360, the liner
may solidify and be removed from the liner mold 2360. The liner may be removed from
the liner mold 2360 by any suitable method.

[0141] In use, the liner may be filled with, or contain, an ultrapure liquid, such as
an acid, solvent, base, photoresist, dopant, inorganic, organic, or biological solution,
pharmaceutical, or radioactive chemical. It is also recognized that the liner may be filled
with other products, such as but not limited to, soft drinks, cooking oils, agrochemicals,
health and oral hygiene products, and toiletry products, etc. The contents may be sealed
under pressure, if desired. When it is desired to dispense the contents of the liner, the
contents may be removed through the mouth of the liner. Each of the embodiments of
the present disclosure may be dispensed by pressure dispense or by pump dispense. In
both pressure dispense and pump dispense applications, the liner may collapse upon
emptying of the contents. Embodiments of liners of the present disclosure, in some
cases, may be dispeﬁsed at pressures less than about 100 psi, or more preferably at
pressures less than about 50 psi, and still more preferably at pressures less than about 20
psi, in some cases, the contents of the liners of some embodiments may be dispensed at
significantly lower pressures, as described in this disclosure. Each embodiment of a
potentially self-supporting liner described herein, may be shipped without an overpack, in
some embodiments, and then placed in a pressurizing vessel at the receiving facility in
order to dispense the contents of the liner. To aid in dispense, any of the liners of the
present disclosure may include an embodiment that has a dip tube. In other
embodiments, the liners of the present disclosure may not have a dip tube.

[0142] In one embodiment, to dispense liquid stored in the liner, the liner of the
present disclosure may be placed in a dispensing canister, for example a pressurizing
vessel, such as the canister 2400 illustrated in Figure 24A. Particularly, a gas inlet 2404
can be operably coupled to a gas source 2408 to introduce gas into the canister to collapse
the liner énd pressure dispense the liquid stored within the liner inside canister 2400

through a liquid outlet 2402. Canister 2400 may also include the control components
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2406 to control the incoming gas and outgoing liquid. A controller 2410 can be operably
coupled to control components 2406 to control the dispense of the liquid from the liner.
[0143] Generally, the outlet liquid pressure may be a function of the inlet gas
pressure. Typically, if the inlet gas pressure remains constant, the outlet liquid pressure
may also be generally constant in the dispensing process but decreases near the end of
dispense as the container nears empty. Means for controlling such dispense of fluid from
the liner are described for example in U.S. Patent Number 7,172,096, entitled “Liquid
Dispensing System,” issued February 6, 2007 and PCT Application Number
PCT/US07/70911, entitled “Liquid Dispensing Systems Encompassing Gas Removal,”
with an international filing date of June 11, 2007, each of which is hereby incorporated
herein by reference in its entirety.

[0144] In embodiments where inlet gas pressure is held generally constant, as
further described in detail in PCT Application Number PCT/US07/70911, the outlet
liquid pressure can be monitored. As the container or liner nears empty, the outlet liquid
pressure decreases, or droops. Detecting or sensing such decrease or droop in outlet
liquid pressure can be used as an indication that the container is near empty, thereby
providing what may be referred to as droop empty detect.

[0145] In some embodiments, however, it can be desirable to control the outlet
liquid pressure such that it is substantially constant throughout the entire dispensing
process. In some embodiments, in order to hold the outlet liquid pressure substantially
constant, the inlet gas pressure and outlet liquid pressures may be monitored, and the inlet
gas pressure may be controlled and/or vented in order to hold the liquid outlet pressure
constant. For instance, relatively low inlet gas pressure may be required during the
dispensing process due to the relatively full nature of the liner, except when the liner is
near empty. As the liner empties, higher inlet gas pressure may generally be required to
further dispense the liquid at a constant outlet pressure. Accordingly, the outlet liquid
dispensing pressure may be held substantially constant throughout the dispensing process
by controlling the inlet gas pressure, as can be seen in Figure 24B, which shows the inlet
gas pressure increasing as the liner nears complete dispense.

[0146] At a certain point in the dispensing process, the amount of inlet gas

pressure required to empty the liner can quickly become relatively high, as shown in the
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graph 2480 of Figure 24B. In some embodiments, monitoring the rising inlet gas
pressure throughout the dispensing process may be used to provide an empty detect
mechanism. For example, in one embodiment, the inlet gas pressure may be monitored,
and when the inlet pressure reaches a certain level, it may be determined that the liner is
empty and the dispensing process is complete. An empty detect mechanism such as this
may help save time and energy, and consequently money.

[0147] In some cases, the size and associated weight of a liner, including metal
collapsible liners as described above, storing a significant volume of contents (such as
over 19L) can make it difficult for one or two people to lift the filled liner into a standard
pressure dispense vessel. Accordingly, in some embodiments, to make it generally easier
to position the liner within a pressure dispense vessel, the rigid collapsible liner may be
loaded for pressure dispense into the pressure vessel while it is substantially horizontally
positioned, as shown in Figure 25. Loading the liner 2502 into a horizontally positioned
pressure vessel 2504 may be particularly advantageous for liners holding more than about
19 L of material.

[0148] Generally, a loading system may include a horizontally positioned
pressure vessel 2504, a transport cart 2506, and a liner 2502. The horizontally positioned
pressure vessel 2504 may be a customized or standard pressure vessel that may be
horizontally positioned. In some embodiments, a horizontal pressure vessel may be
supported on a table, cradle, or other surface at a height that is generally compatible with
the height of a transport cart 2506. In still further embodiments, the pressure vessel 2504
may be placed on a table, cradle, or othér surface that has wheels or rollers affixed to a
bottom surface so as to permit a user to easily move the pressure vessel that is placed
upon the table, cradle, etc. closer to a liner 2502 that may or may not be positioned on a
transport cart 2506. In still other embodiments, a pressure vessel itself may have wheels
or rollers detachably or fixedly attached to it so as to allow the pressure vessel 2504 to be
easily moved about in a horizontal position. In some cases, the attached wheels may
raise the pressure vessel to a height relative to the ground that is generally compatible
with, i.e., of generally the same height as, or of a slightly greater height than the height of
a transport cart. The number of wheels or rollers that may be attached to a préssure

vessel or to a table, or cradle for holding a pressure vessel can vary from one wheel or
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roller to any suitable number of wheels or rollers. Wheels may be comprised of any
known suitable material, such as, for instance, rubber, plastic, metal, or any suitable
material or combination of materials. Additionally, in embodiments where a hbrizontally
positioned pressure vessel has wheels or rollers, the pressure vessel may also include a
wheel break or breaks or stoppers so that once the pressure vessel has been moved to a
desired location, the pressure vessel may be generally safely and securely kept in that
position. This may be particularly important during the process of loading the liner into
the vessel. In such embodiments, there may be one or any other suitable number of
‘breaks positioned on the pressure vessel. Similarly, a wheel break or breaks may also be
added to the underside of a table, or cradle for holding a pressure vessel.

[0149] A transport cart 2506 in some embodiments may include a liner transport
surface 2510 and wheels or rollers 2508. The transport surface 2510 itself may be
comprised of metal, plastic, rubber, glass, or any other suitable material, or combination
of materials. The surface 2510 may be textured in some embodiments such that the liner
may remain in position when the transport cart 2506 is being moved. The texturing may
also help to minimize the contact area with the inside of the pressure vessel, which could
restrict the ability of the user to load the liner into the pressure vessel. In some
embodiments, for example, the surface 2510 of the transport cart may have small raised
circles thereupon to act as a gentle grip that may help secure the liner 2502 during
transport. It is recognized that any type of texture may be applied to the surface of the
transport cart, including any type of geometric shape or pattern, including for instance a
random pattern. In some embodiments that include a textured surface, the texturing may
not be so great as to impede a user from relatively easily moving or sliding the liner 2502
along the vertical distance of the surface 2510 of the transport cart in order to load the
liner 2502 into a pressure vessel 2504. The support surface may include brackets,
supports, moveable rails, etc.

[0150] In other embodiments, the transport surface 2510 may be configured to
enhance the slidability of a liner 2502 across the transport surface. For instance, the
surface may be configured to be slick and smooth. In such embodiments, the transport

cart may include at least one lip or lock that may be detachably or moveably fixed on at
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least one end of the transport cart 2506. The at least one lip or lock may keep the liner
2502 from sliding off of the transport cart 2506 when the transport cart is being moved.
[0151] The liner transport surface 2510 may be generally shaped such that the
transport surface 2510 may easily accommodates a rigid collapsible liner 2502, such as
the liners described herein. In some embodiments, the transport surface 2510 may be
generally curved across the horizontal length of the surface, thereby creating a cradle-like
- surface for a substantially rounded liner to be securely positioned upon. The degree of
curvature of the transport surface may vary to accommodate liners of different sizes. In
other embodiments, the degree of curvature may be such that liners of most sizes may be
substantially safely and securely positioned on the transport cart 2506. In other
embodiments, the transport surface 2510 may be customized to generally fit a specific
shaped liner. In yet other embodiments, the transport surface 2510 may be substantially
flat with relatively narrow elevated surfaces positioned along the vertical distance of each
of the sides of the transport surface 2510 that may act as bumpers to keep a liner 2502
securely and safely positioned on the transport cart 2504. The raised surfaces, bumpers, -
or rails may be comprised of any suitable material, such as rubber, plastic, or any other
suitable material or combination of materials.

[0152] The transport cart may also have wheels 2508 in some embodiments so as
to allow for generally easy movement of the transport cart. The transport cart 2506 may
have any suitable number of wheels, for example, 3 wheels or more. The wheels may be
comprised of any known suitable material, such as, for instance, rubber, plastic, metal, or
any suitable material or combination of materials.

[0153] In use, the liner 2502 may be shipped on a transport cart, or alternately a
liner 2502 may be placed, either manually or by automation, on a transport cart when the
liner arrives at its destination. Once the liner is placed on the transport cart 2506, the
rollers 2508 on the transport cart may allow the cart with the liner to be moved about
relatively easily, regardless of the size or weight of the liner 2502. The transport cart
2506 may be used to transport the liner 2502 to a horizontally positioned pressure vessel
2504, Alternately, in embodiments with a moveable pressure vessel, the pressure vessel
may be transported to the transport cart. The transport cart with the loaded liner may be

positioned generally end-to-end with the pressure vessel such that the liner may be slid
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along the transport surface 2510 of the transport cart 2506 and into the pressure vessel
2504 for dispense. |
[0154] In one embodiment, shown in Figure 26A, the liner 2600 may include a
cap 2606 of the type typically used with glass bottles, for which some embodiments of
the present disclosure may be an alternative. The mouth of the liner 2600 may be
threaded, or otherwise configured, so as to be compatible with existing glass bottle caps.
The cap 2606 may be secured on the liner 2600 after filling the liner 2600, but before the
contents are dispensed; for instance, the cap 2606 may be secured on the liner 2600
during storage or shipment of the liner 2600. In another embodiment, liner 2600 may
include a connector 2620 of the type typically used with glass bottles, as is shown in FIG.
26B and as disclosed in U.S. Pat. Appl. No. 61/299,427, titled “Closure/Connector for
Dispense Containers,” which was filed on January 29, 2010, the contents of which is
heréby incorporated by reference in its entirety. Liner 2600 may be an advantageous
alternative for a glass bottle for all of the reasons already discussed, in addition to the fact
that liner 2600 may be compatible with existing glass bottle equipment, such as the
connector 2620 of liner 2600.  The connector 2620 may also be used with any of the
other embodiments of liners disclosed herein, in some embodiments,
[0155] In yet another embodiment, shown in Figures 26C and 26D, the liner 2630
may include a misconnect prevéntion closure 2640 as well as a misconnect prevention
connector 2650. The misconnect prevention closure 2640 and misconnect prevention
connector 2650, in some embodiments, may be configured such that they are compatible
with the NOWPak® dispense system, such as that disclosed in U.S. Pat. Appl. No.
11/915,996, titled “Fluid Storage and Dispensing Systems and Processes,” which was
filed June 5, 2006, the contents of which are hereby incorporated by reference in their
entirety herein. A sample of the misconnect prevention connector 2650 may be that of
ATMI of Danbury, Connecticut., or those disclosed in U.S. Patent Application No.
60/813,083 filed on June 13, 2006; U.S. Patent Application No. 60/829,623 filed on October 16,
| 2006; and U.S. Patent Application No. 60/887,194 filed on January 30, 2007. Another
embodiment of liner with a connector may include a connector that does not include a dip tube

that extends into to the container, sometimes referred to as a “stubby probe.” The misconnect
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closure 2640 and the misconnect prevention connector 2650 may be used with any of the

embodiments of liners disclosed herein, in some embodiments.

Flexible Gusseted and Non-Gusseted Liners

[0156] As stated above, the present disclosure also relates to flexible gusseted or
non-gusseted liners, which are scalable in size and may be used for storage of up to 200 L
or more. Accordingly, the liner may be suitable for storage of high purity liquids that are
used in the flat panel display industry, for example.

[0157] Figure 27A illustrates a cross-sectional view of one embodiment of a
gusseted liner 2700 of the present disclosure. The cross-sectional shape of liner 2700 is
not limiting and any suitable cross-sectional shape may be used. Generally, however,
liner 2700 may fold substantially flat with a folded gusseted edge 2720, and as such may
be referred to herein as a two-dimensional (“2D”) gusseted liner. The term “two-
dimensional” is used herein to assist in understanding of the various embodiments of the
gusseted liner of the present disclosure and is not meant to be limiting. In some
embodiments, the liner may be a pillow-type liner, of relatively simple shape, such as a
bottle shape, or a pillow shape, or the like, comprised of two or more panels. In some
embodiments, as described further below, two panels may be welded along substantially
their entire perimeter, with no gusseting. In still other embodiments, a pillow-type liner
may have more than two panels, with the additional panel or panels being gusseted
panels. In other embodiments, the liner may be comprised of 3 or more panels, which
form other shapes, such as cylinders, cubes, orbs, or any other shape. In some
embodiments, liners of this type may comprise gusseted panels, while in other
embodiments liners of this type may not be gusseted. In the example embodiment
illustrated in Figure 27A, gusseted edge 2720 may expand (Figure 27B) from its folded,
substantially flat state when liner 2700 is filled with liquid, such that liner 2700 expands
to a generally three-dimensional (“3D”) shape. The term “three-dimensional” is used
herein to assist in understanding of the various embodiments of the gusseted liner of the
present disclosure and is not meant to be limiting. When in its expanded 3D shape, liner
2700 may be substantially free of folds or wrinkles. Furthermore, liner 2700 may be

free-standing.
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[0158] In alternative embodiments, the liner 2700 may not be gusseted, but
instead have a bottom that is substantially rounded, hemi-spherical, or other suitable
shape. In such embodiments, liner 2700 may not be free-standing and may be supported
by an overpack or outer container. Similarly, liner 2700 can be configured such that
there are substantially no internal perpendicular joints, as shown in Figures 27A and 27B.
Rather, the internal corners may be generally rounded. In this manner, liner 2700 may
collapse upon pressure dispense or pump dispense with substantially no folds forming.
Such a configuration can help reduce or minimize the quantity of liquid trapped in folds
and can reduce the amount of pressure or vacuum required to fully collapse the liner.
The shape of liner 2700 may also reduce creasing of liner 2700 during collapse, which
could otherwise give rise to particle generation at the crease lines, thereby contaminating
the liquid within the liner. Similarly, the configuration of liner 2700 can reduce or
minimize the number of trapping points for bubbles.

[0159] Furthermore because liner 2700 may be substantially free of folds or
wrinkles in its expanded 3D shape, an additional advantage of the various embodiments
of the present disclosure includes a reduced amount of variable volume. That is, liner
2700 can be designed for a specific volume, and because there can be few or substantially
no folds in substantially rigid liner wall 2702, when liner 2700 is filled with the specific
volume, substantially no overflow should occur. As stated previously, liquids stored in
such liners 2700 can be very expensive, for example about $2,500/L or more. Thus, even
a small reduction of the amount of overflow can be desirable, particularly because, in
many cases, the whole container of liquid will be discarded. Thus, reducing or
eliminating the occurrence of overflow can lead to a significant reduction in overflow
waste. In addition, as conventional liners for liner-based container systems increase in
size, the number of folds increases, thereby increasing the amount of potential variable
volume and overflow. Thus, because such liners 2700 may be scalable to large sizes,
e.g., up to 200 L or more, the reduction in the amount of overflow for even less expensive
liquids, e.g., approximately $17/L, can be significant. -

[0160] In one embodiment, the gusseted edge 2720 may expand such that liner
2700 may be free-standing when filled with liquid and expanded to its 3D shape. In

some embodiments, edge 2720 may expand to form a generally flat bottom. In other
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embodiments, edge 2720 may expand to form a generally rounded or hemi-spherical
bottom. In some embodiments, because liner 2700 can be folded substantially flat, prior
to filling with liquid, liner 2700 may be folded and positioned within an overpack or
outer container and then filled and transported with liquid while in the overpack.

[0161] Liner 2700 may include a liner wall 2702, an interior cavity 2704, a mouth
2706, and welds 2712. In some embodiments, liner 2700 may be manufactured using one
or more polymers, including plastics, nylons, EVOH, polyolefins, or other natural or
synthetic polymers, including the materials described above or any other suitable blends
of PE. In some embodiments, liner 2700 may comprise multiple layers. For example, in
certain embodiments, liner 2700 may include an internal surface layer, a core layer, and
an outer layer, or any other suitable number of layers. The multiple layers may comprise
one or more different polymers or other suitable materials. For example, the internal
surface layer may be manufactured using a fluoropolymer (e.g., PCTFE, PTFE, FEP,
PFA, etc.) and the core layer may be a gas barrier layer manufactured using such
materials as nylon, EVOH, polyethylene naphthalate (PEN), PCTFE, etc. The outer layer
may also be manufactured using any variety of suitable materials and may depend on the
materials selected for the internal surface layer and core layer.

[0162] In some embodiments, the liner of the present disclosure may be coated
with a barrier-enhancing coating, as described above with respect to the substantially
rigid collapsible liners. In one embodiment, the barrier-enhancing coating may be
applied as illustrated in FIG. 2 and described in detail above.

[0163] Liner wall 2702 may generally be thicker than the liners in conventional
collapsible liner-based systems. The increased thickness of liner wall 2702 increases the
rigidity and strength of liner 2700. Because of the thickness, in one embodiment, liner
2700 may be free-standing. However, in many embodiments, liner 2700 will be
substantially large in size, e.g., up to 200+ L, and will be placed within an overpack or
outer container for support, as illustrated in Figure 28A and 28B. In embodiments that
are configured to be free-standing, an outer container is not necessary for support of the
liner as with liners in conventional collapsible liner-based systems. Accordingly, in some
embodiments, liner 2700 may be a stand-alone container system. Such embodiments can

reduce the overall cost of the container system by substantially eliminating the cost

39



WO 2011/006146 PCT/US2010/041629

associated with the outer containers. Additionally, in some conventional collapsible
liner-based systems, the liner and outer container are both typically non-reusable and
need to be disposed. In various embodiments of the present disclosure, since an outer
container is not necessary, waste can be substantially reduced or minimized because only
the liner would be disposed. In one embodiment, liner wall 2702 may be from about 0.05
mm to about 3 mm thick, desirably from about 0.1 mm to about 1 mm thick, and more
desirably from about 0.15 mm to about 0.6 mm thick. However, the thickness may vary
depending on the volume of the liner as well as the material from which the liner is made.
Generally, liner 2700 can be thick enough to substantially reduce or eliminate the
occurrence of pinholes. Similarly, because liner wall 2702 can be thicker than liners of
conventional collapsible liner-based systems, liner 2700 will have improved
impermeability, which can avoid the introduction of gas to the interior cavity 2704
through the walls of the liner, for exarhple.

[0164] Liner 2700 can include weld lines 2712 along its outer edges. However,
unlike conventional collapsible liner-based systems, weld lines 2712 may be thicker and
more robust to increase the strength of the weld lines 2712 and assist in avoiding tears in
the welds and contamination of the liquid within interior cavity 2704,

[0165] Liner mouth 2706 may be generally rigid, and in some embodiments,
more rigid than liner wall 2702. Mouth 2706 may be threaded or include a threaded
fitment port, such that mouth 2706 may receive a cap 2708 that has been complimentarily
threaded. It is recognized that any other suitable connection mechanism, such as bayonet,
snap-fit, etc., may be used in place of, or in addition to, threads. Mouth 2706 may be
generally rigid and may be centrally located along an upper edge of liner 2706. A
centrally located mouth can increase the dispensability of liner 2700. In some
embodiments, because the liner mouth 2706 may be more rigid than liner wall 2702, the
area near the liner mouth may not collapse as much as liner wall 2702 when pressure is
applied during dispensing. Thus, in some embodiments, during pressure dispense of the
contents within the liner, liquid may be entrapped in a dead space where the area near the
liner mouth has not fully collapsed. Accordingly, in some embodiments, a connector
2710 or connecting means, for connecting with a corresponding connector of a pressure

dispensing system and output line, may substantially penetrate or fill the generally rigid
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area of the liner near the mouth. That is, the connector 2710 may substantially fill the
dead space so that liquid is not entrapped during pressure dispense, thereby reducing or
eliminating dead space waste.

[0166] As described above with regard to substantially rigid collapsible liners, in
further embodiments, liner 2700 may be equipped with an internal hollow dip tube 2750
(e.g., illustrated in broken line in Figure 27A) having an aperture at the lower or distal
end thereof serving as a point of fluid egress from liner 2700. The hollow dip tube 2750
may be integral with, or separate from, connector 2710. In this regard, the contents
within liner 2700 may be received directly from liner 2700 via the dip tube 2750.
Although liner 2700 may be equipped with an optional dip tube 2750, liner 2700
according to various embodiments described herein is, in many cases, preferably devoid
of any dip tube.

[0167] Liner 2700 may have a relatively simplistic design with a generally
smooth outer surface, or liner 2700 may have a relatively complicated design, including,
for example, but not limited to, indentations and protrusions. In one embodiment, for
example, liner 2700 may be textured to prevent choke-off. That is, liner 2700 may be
textured to prevent the liner from collapsing in on itself in a manner that would trap
liquid within the liner and preclude the liquid from being dispensed properly. As was
described previously, a variety of ways of preventing or handling choke-off are described
in PCT Application Number PCT/US08/52506, entitled, “Prevention Of Liner Choke-off
In Liner-based Pressure Dispensation System,” with an international filing date of
January 30, 2008, which was previously incorporated herein by reference in its entirety.
In addition, in some embodiments, choke-off may be eliminated or reduced by providing
a channel insert inside the liner, as shown in Figures 30A and 30B, which are discussed
in greater detail below. In yet another embodiment, shown in Figure 27C, choke-off may
be ameliorated by welding a crimp, pleat, fold, or the like, or multiple crimps, pleats,
folds, or the like in one or more sides of the liner. Figure 27C shows a liner 2740 with
one such crimp, pleat, fold, or the like 2742. The presence of the crimp, pleat, fold, or
the like can make the sides incongruous or uneven with one another, which keeps them

from fitting neatly to one another and trapping liquid in the liner.
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[0168] Further, liner 2700 may be shaped to assist in dispensability of the liquid
from within the interior cavity. The shape of liner 2700 may also reduce creasing of liner
2700 during collapse, which could otherwise give rise to particle generation at the crease
lines, thereby contaminating the liquid within the liner. Similarly, the conﬁgurétion of
liner 2700 can reduce or minimize the number of trapping points for bubbles. Liner 2700
may also include a slanted portion near mouth 2706, which may assist in the smooth
removal of headspace gas at the beginning of dispense.

[0169] In one embodiment, a liner may be configured such that the width of the
liner in a generally unfilled or flattened state may be greater than the diameter of the
overpack into which the liner may be placed. In one embbdiment, the liner may also Be
relatively thick, for instance from about 0.1 to about 1 millimeter, or preferably from
about 0.15 to about 0.3 millimeter, or more preferably about 0.25 millimeter thick.
Because the liner may be thicker than typical liners that are used with an overpack, the
liner may buckle from contact with the interior of the overpack. Such buckling may
create fold areas that can help prevent choke-off during pressure dispense of the liner
contents without the aid of a dip tube. In another embodiment, a dip tube can be used to
further prevent choke-off. ,

[0170] Figure 28A illustrates liner 2700 within an overpack or outer container
2800. In one embodiment, to reduce shock, for example during transportation, and
therefore reduce the occurrence of pinholes and weld tears, mouth 2706 or cap 2708 or
liner 2700 may be attached to a connector 2802 of overpack 2800 such that liner 2700 has
variability in its movement within overpack 2800, thereby providing shock isolation or
absorption. As shown in Figure 28A, in one embodiment, liner 2700 may be attached to
connector 2802 by means of a tether 2806 or flexible tubing. A tether 2806 may provide
a more flexible connection from the liner to the overpack. Tether 2806 may further be
stretchable and expand and contract with movement of the liner 2700. Alternatively, as
also shown in Figure 28 A and also in close-up in Figure 28B, liner 2700 may be attached
to connector 2802 by means of a bellows 2804. In some embodiments, bellows 2804
may be captured by a retainer 2808 operably connecting bellows 2804 and connector
2802. Retainer 2808 may be sized and shaped to work with existing overpacks, so that

new overpacks/connectors will not be required to use an embodiment of the present
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disclosure including bellows 2804. Bellows 2804 may add further relief from stress on
the welds of liner 2700. Bellows 2804, as will be understood, stretch in length to provide
flexibility for liner attachment.

[0171] In some embodiments, as shown in Figures 29A and 29B, 2D welded
liners may generally have welds at the corners of a liner such that the 2D liner confirms
to a 3D container to reduce folds or wrinkles in the liner and thus reduce gas that may get
trapped in the corners of the liner. As shown in Figure 29A, a pillow-type liner 2900, for
example, may have a plurality of welds in the areas of the corners 2902 of the liner such
that the liner 2900 expands to exclude right-angle corners. As can be seen in Figure 29B,
the corners of pillow-type liner 2900 are removed such as for example using weld line
2906 to form 3D cylindrical shape liners to fit into cylindrical shape containers to reduce
folds or wrinkles in the liner and thus reduce gas that may get trapped in the corners of
the liner.

[0172] Similar to the embodiments described above relating to rigid collapsible
liners, the flexible liners of the present disclosure may, in some embodiments, include a
sump as shown in Figure 4 and described above.

[0173] Flexible liners of the present disclosure may also include folds or
alternately weld lines as shown in Figures 16-22B and described above.

[0174] In some embodiments of the present disclosure, a flexible gusseted or non-
gusseted liner may obtain above 90% dispensability, desirably above 97% dispensability,
and more desirably up to 99.9% dispensability depending on the thickness of the liner
wall, the material used for the liner, and the design of any gusseted edge.

[0175] Liner 2700 can be manufactured using any suitable manufacturing
process, such as welding, heat sealing, or the like. With reference to Figures 27A and
27B, one example embodiment for manufacturing liner 2700 can include welding a first
panel 2730, a second panel 2732, and a third, gusseted panel 2733 along their edges to
form a generally pillow-like liner with the first and second panels forming front and back
sides, respectively, and the third panel forming a gusseted edge 2720 at a bottom edge of
liner 2700. A mouth or fitment port 2706 may be welded or bonded to the first and

second panels along an upper edge of liner 2700.
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[0176] In use, the liner 2700 may be filled with, or contain, an ultrapure liquid,
such as an acid, solvent, base, photoresist, dopant, inorganic, organic, or biological
solution, pharmaceutical, or radioactive chemical. It is also recognized that the liner
2700 may be filled with other products, such as but not limited to, soft drinks, cooking
oils, agrochemicals, health and oral hygiene products, and toiletry products, etc. The
contents may be sealed under pressure, if desired. When it is desired to dispense the
contents of the liner 2700, the contents may be removed through the mouth 2706 of the
liner, and the liner 2700 may fold substantially flat upon emptying of the contents. In
some embodiments, including self-supporting flexible liners, the liner may be shipped
without an overpack in some embodiments. The liner may be placed in a pressurizing
vessel at the receiving facility in order to dispense the contents of the liner.

[0177] In one embodiment, to dispense liquid stored in liner 2700, liner 2700 may
be placed in a dispensing canister, such as the canister 2400 illustrated in Figure 24A and
dispensed in substantially a similar manner as described above. Particularly, a gas inlet
may be used to introduce gas into the canister to collapse liner 2700 and pressure
dispense the liquid stored within liner 2700 inside canister 2400 through a liquid outlet.
As also described previously, generally, the outlet liquid pressure may be a function of
the inlet gas pressure. Typically, if the inlet gas pressure remains constant, the outlet
liquid pressure may also be generally constant in the dispensing process but decreases
near the end of dispense as the container nears empty. Means for controlling such
dispense of fluid from the liner are described for example in U.S. Patent Number
7,172,096, entitled “Liquid Dispensing System,” issued February 6, 2007 and PCT
Application Number PCT/US07/70911, entitled “Liquid Dispensing Systems
Encompassing Gas Removal,” with an international filing date of June 11, 2007, each of
which was previously incorporated by reference.

[0178] In embodiments where inlet gas pressure is held generally constant, as
further described in detail in PCT Application Number PCT/US(07/70911, the outlet
liquid pressure can be monitored. As the container or liner nears empty, the outlet liquid
pressure decreases, or droops. Detecting or sensing such decrease or droop in outlet
liquid pressure can be used as an indication that the container is near empty, thereby

providing what may be referred to as droop empty detect.
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[0179] In some embodiments, however, it can be desirable to control the outlet
liquid pressure such that it is substantially constant throughout the entire dispensing
process. In some embodiments, in order to hold the outlet liquid pressure substantially
constant, the inlet gas pressure and outlet liquid pressures may be monitofed, and the inlet
gas pressure may be controlled and/or vented in order to hold the liquid outlet pressure
constant. For instance, relatively low inlet gas pressure may be required during the
dispensing process due to the relatively full nature of the liner, except when the liner is
near empty. As the liner empties, higher inlet gas pressure may generally be required to
further dispense the liquid at a constant outlet pressure. Accordingly, the outlet liquid
dispensing pressure may be held substantially constant throughout the dispensing process
by controlling the inlet gas pressure, as can be seen in Figure 24B, which shows the inlet
gas pressure increasing as the liner nears complete dispense.

[0180] At a certain point in the dispensing process, the amount of inlet gas
pressure required to empty the linef can quickly become relatively high, as shown in the
graph 2480 of Figure 24B. In some embodiments, monitoring the rising inlet gas
pressure throughout the dispensing process may be used to provide an empty detect
mechanism. For example, in one embodiment, the inlet gas pressure may be monitored,
and when the inlet pressure reaches a certain level, it may be determined that the liner is
empty and the dispensing process is complete. An empty detect mechanism such as this

may help save time and energy, and consequently money.

Choke-Off

[0181] As was noted above, choke-off may generally be described as what occurs
when a liner necks and ﬁltimately collapses on itself, or a structure internal to the liner, to
form a choke point disposed above a substantial amount of liquid. When choke-off
occurs, it may preclude completé utilization of the liquid disposed within the liner, which
is a significant problem, as specialty chemical reagents utilized in industrial processes
such as the manufacture of microelectronic device products can be extraordinarily
expensive. A variety of ways of preventing or handling choke-off are described in PCT
Application Number PCT/US08/52506, entitled, “Prevention Of Liner Choke-off In

Liner-based Pressure Dispensation System,” with an international filing date of January
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30, 2008, which is hereby incorporated herein by reference in its entirety. Several
additional systems and methods of choke-off prevention means are herein provided.
Some choke-off systems and methods may apply to rigid collapsible liners, while other
methods may apply to flexible liners, and still other methods may apply to any type of
liner disclosed herein, or otherwise known in the art.
[0182] In some embodiments, choke-off may be eliminated or reduced by
providing a channel insert inside the liner, as shown in Figures 30A and 30B. Providing
a channel insert, such as that shown and described, as well as other suitable embodiments
of the channel insert, may help to keep the liner from collapsing in on itself. Because the
channels create a passageway that keeps the walls from fully meeting with one another,
an opening for fluid to flow out of the liner may be provided that would otherwise be
trapped. Channel insert 3014 may be integral with a connector 3012, which may be
positioned in the mouth 3006 of the liner 3010, as described previously. In other
embodiments, channel insert 3014 may be detachably secured to the connector 3012.
Channel insert 3014, in some embodiments, may have a cross-section that is generally U-
-shaped. However, it is recognized that in other embodiments, the channel insert may
have a cross-section that is generally V-shaped, zigzagged, curved, or any other suitable
cross-sectional shape which creates a barrier to prevent the walls from fully meeting with
one another and allows fluid, which would otherwise be trapped, to flow to the connector
3012. While the channel insert(s) shown in Figures 30A and 30B includes two channels,
it will be appreciated by those skilled in the art that any other suitable number of
channels, including but not limited to a single channel, is within the spirit and scope of
the present disclosure. The channels may descend into the liner any distance sufficient to
ameliorate the effects of choke-off, such as but not limited to, approximately 2/3 of the
way down the liner, 1/2 of the way down the liner, 1/3 of the way down the liner, or any
other suitable distance, which in some embodiments, may depend on the shape of the
liner and/or the area or areas of the liner with the highest probability of being a choke-off
area. In one embodiment, an advantage of using relatively shorter channel inserts is that
they do not interfere so much with collapse of the liner, and thus may not greatly impede

dispensation of fluid from the liner.
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[0183] In an alternate embodiment to prevent choke-off during the delivery of
material from a liner using pressure dispense, one or more high-purity polymer structures
in the shape of a hollow sphere may be welded to the interior of the liner to prevent
choke-off and increase dispense. Because the structure may be hollow, the contents of
the liner may still flow through the liner of the hollow sphere, thereby preventing
complete choke-off.

[0184] In other embodiments gravity may be used to help dispense the contents of
a liner. As shown in Figure 31, a liner 3102 may be inserted into an overpack 3106. The
liner may have a delivery tube that in some embodiments may be a rigid delivery tube
3108 made of, for example, any suitable plastic or other material or combination of
materials. The liner may be positioned in the overpack 3106 such that the delivery tube
end of the liner 3104 is positioned at the bottom.of the overpack and the closed end of the
liner 3112 is positioned toward the top of the overpack 3106 when the liner is filled. The
delivery tube 3108 may extend from the delivery tube end of the liner 3104 to and
through the mouth 3110 of the overpack 3106. Upon dispense, the contents of the liner
will drain from the bottom of the liner 3112 first. During, for example, pressure or pump
dispense, the liquid in the liner 3102 will move downward toward the dispense tube 3108.
Due to the force of gravity, the liquid may dispense through the dispense tube 3108
without creating creases or folds that may trap the liquid.

[0185] In another embodiment, a liner and overpack system may use a dispense
method that includes pumping a liquid that is heavier than the contents of the liner into
the area between the overpack and the liner. The buoyancy of the contents of the liner
‘created by the liquid outside of the liner being heavier may lift the liner and collapse the
bottom of the liner which may help the dispense process.

[0186] In yet another embodiment, as seen in Figure 32, a liner 3204 may be
inserted into an overpack 3202. The overpack 3202 may also contain one or more
bladders 3206. The bladders 3206 may be made of an elastomeric material in some
embodiments, while in other embodiments the bladders 3206 may be made of any
suitable material. The bladders 3206 may be inflated by a pump for example such that
when they inflate they press on the liner to uniformly collapse the liner. In some

embodiments, the bladder 3206 may be a serpentine like bladder that inflates in a
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generally coil-like way to press the contents of the liner out. In other embodiments, the
bladders 3206 may be coupled to an elastic or spring-like device to ensure that the
bladders inflate at substantially the same rate.

[0187] In another embodiment shown in Figure 33, a liner 3304 may be placed
within an overpack 3302 that is comprised of an elastic balloon-like material. A
relatively small amount of a lubricating fluid 3306, for example water or saline or any
other suitable liquid may be included between the overpack 3302 wall and the liner 3304
wall. Upon pump dispense, for instance, the elastic overpack walls will collapse
substantially evenly thereby helping to minimize creases or folds forming in the liner.
[0188] In another embodiment shown in Figure 34, a liner 3403 may be
suspended in an overpack 3402. The liner may be suspended by any suitable means, such
as by hooks or any other connective means 3406. Anchoring the top of the liner 3404 in
such a manner to the top of the overpack 3402 at a plurality of points may limit how
much the sides of the liner can collapse. The liner may be suspended by any number of
points including one, two, three, four or more points.

[0189] In another embodiment, the surface of the inside of the liner may be
comprised of a textured surface 3502 as shown in Figures 35A and 35B. When the liner
collapses, dispense channels 3506 may form between the textured surfaces 3502 of the
liner such that liquid may still be able to flow through areas where the sides of the liner
may have collapsed upon itself, thus increasing dispensability.

[0190] In still another embodiment, as shown in Figure 36, a liner 3602 may
comprise a number of folds formed in a criss-crossing-like manner such that when the
liquid contents of the liner are dispensed, the liner may twist along the folds, thus
increasing dispensability. The number of folds may be any appropriate number.

[0191] In another embodiment, as shown in Figures 37A and 37B, a liner 3702
may include an external elastomeric mesh 3704 that may help to adjust the collapse
points of the liner 3702 upon dispense. As may be seen in Figure 37A, in one
embodiment, when the liner is subjected to either pump or pressure dispense the force of
the elastomeric mesh 3704 on the liner 3702 may collapse the liner 3702 inward at
different points 3706 due to the pressure applied by the dispensing action. The portions
that are briefly pulled inward 3706 may cause the non-inward moving parts 3708 of the
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liner to stretch more. The liner 3702 will naturally become balanced again 3710 by the
stretched parts of the liner returning to their relaxed state 3710. Such movement of the
liner 3702 upon dispense may help the contents of the liner 3702 to be dispensed more
quickly and/or more completely. Figure 37B shows another embodiment of a liner 3712
using elastomeric mesh 3716, whereupon when pressure is applied during dispense, the
liner 3712 may expand 3718 and contract in a substantially uniform manner.

[0192] In yet another embodiment, a shape memory polymer may be used to
direct liner collapse upon dispense to help prevent choke-off, as may be seen in Figures
38A and 38B. For example, a shape memory polymer may be used as at least one side of
the liner 3800 or attached to at least one side of the liner. The memory shape may be
applied to the liner, for example, in strips 3802, 3804, 3806, in some embodiments. The
strips 3802, 3804, 3806 may be kept separated by, for example, rigid spacers 3814, 3816,
3818. The shape memory polymer 3820 may cause the liner 3800 to coil up upon
dispense, as shown in Figure 38B, much like a party whistle curls up when a user blows
air into it.

[0193] In another embodiment, shown in Figure 39A, an external framework,
similar to a hoberman sphere, may be used to control the shape of the liner upon dispense
in order to, for example, help prevent choke-off. A hoberman sphere is capable of
folding down to a fraction of its normal size by the scissor-like action of its joints. Such
a framework 3906 may help the liner 3902 collapse in a pre-determined way that avoids
choke-off. As may be seen in Figure 39B, each lattice 3908 of the framework 3906 may
comprise a pivot 3910 that allows the arms 3912 of the lattice 3908 to move closer or
further away from one another. In a framework 3906, the lattices may all work together,
similar to a hoberman sphere to direct collapse during dispense. In some embodiments a
flexible tether may also be used.

[0194] Figure 40 shows another embodiment of a liner 4002 that may help limit
or eliminate choke-off. As may be seen, the liner 4002 may comprise a plurality of
interconnected tubes. The tubes 4004 may be connected in such a manner as to allow the
contents of the liner to flow freely between the tubes 4004. The inner wall of the liner
4002, in some embodiments, may be comprised of an elastomere that may inflate during

dispense. As shown, the center of the liner 4002 may be hollow. In some embodiments,
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the pressure applied to the liner 4002 during dispense may prevent the center hollow tube
4002 from deformation and thus help stabilize the liner 4002 from collapse and choke-
off.

[0195] In another embodiment, shown in Figures 41 A and 41B, slide point rails
4108 may be used to secure portions of the side of a liner 4102 to an overpack 4104,
thereby keeping the liner 4102 from collapsing in upon itself during dispense. Figure
41B shows a view of the slide point rails from the side and from above. The liner 4102
may have nubs that fit into channels in the rails 4108 of the overpack 4104. As the
contents of the liner are dispensed the liner 4102 may be pushed upward, but the walls of
the liner 4102 may stay attached to the walls of the overpack 4104.

[0196] As may be seen in Figure 42, another embodiment for helping to limit or
eliminate choke-off may include an integrated piston. In such an embodiment, a liner
4202 may include a bottom 4206 that may be more rigid than the sides of the liner.
Accordingly, upon dispense the liner walls may be prevented from collapsing toward one
another because the rigidity of the bottom 4206 of the liner 4202 may act as a piston
keeping the walls apart.

[0197] Although the present invention has been described with reference to
preferred embodiments, persons skilled in the art will recognize that changes may be

made in form and detail without departing from the spirit and scope of the invention.
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Claims

We claim:
1. A liner-based storage system comprising:
an overpack; and

a liner provided within the overpack, the liner comprising a substantially
rigid liner wall forming an interior cavity of the liner, the rigid
liner wall having a thickness such that the liner is substantially
self-supporting in an expanded state but collapsible at a pressure of
less than about 20 psi to dispense fluid from within the interior

cavity.

2. The liner-based storage system of claim 1, wherein the substantially rigid liner
wall can withstand at least one collapse and expansion such that the liner is
provided within the overpack by collapsing the liner from an initial expanded
state, placing the collapsed liner within the overpack, and expanding the liner

when positioned within the overpack to substantially its initial expanded state.
3. The liner-based storage system of claim 1, wherein the liner is blow-molded.
4, The liner-based storage system of claim 1, wherein the liner is welded.

5. The liner-based storage system of claim 1, wherein the liner comprises one or
more folds or indentations in the substantially rigid liner wall to control a
collapsing pattern of the liner wall during dispense of fluid from within the

interior cavity.

6. The liner-based storage system of claim 1, wherein the liner comprises one or
more folds or indentations in the substantially rigid liner wall to deter random

collapsing of the liner during dispense of fluid from within the interior cavity.
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7. The liner-based storage system of claim 1, wherein the liner comprises one or
more folds or indentations in the substantially rigid liner wall such that the liner
collapses in a predetermined pattern during dispense of fluid from within the

interior cavity.

8. The liner-based storage system of claim 5, wherein the one or more folds or
indentations in the substantially rigid liner wall control the collapsing pattern to
provide a channe] within the interior cavity for dispensing fluid from within the

interior cavity to substantially eliminate choke-off.

9. The liner-based storage system of claim 1, wherein the liner comprises a dip

tube.

10. The liner-based storage system of claim 9, further comprising a sump area

generally at the bottom of the liner to increase dispensability.

11. The liner-based storage system of claim 9, wherein the fluid is dispensed

from the interior cavity using a pump.

12. The liner-based storage system of claim 9, wherein the fluid is dispensed

from the interior cavity using pressure assistance.

13. The liner-based storage system of claim 1, wherein the liner comprises

polyethylene naphthalate (PEN).

14. The liner-based storage system of claim 1, wherein the liner further

comprises choke-off prevention means.

15. The liner-based storage system of claim 1, wherein the liner wall comprises

metal.
16. A liner comprising:

a first panel and a second panel welded to form front and back panels of

the liner, wherein the first and second panels have a thickness of between
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0.15 mm to 3 mm thick, and wherein the interior cavity comprises

substantially rounded corners.

17. The liner of claim 16, further comprising a sump area generally at the bottom

of the liner to increase dispensability.

18. The liner of claim 16, further comprising a layer of barrier enhancing

material.
)

19. The liner according to claim 16, having a thickness such that the liner is

substantially self-supporting in an expanded state.

20. The liner according to claim 16 further compris'ing a diptube extending into

the sump cavity.

21. The liner of claim 20, wherein a fluid is pump dispensed from within the

interior cavity.

22. The liner of claim 21, wherein a fluid is dispensed using pressure assisted

pump dispense.

23. The liner according to claim 16 comprising one or more folds or indentations
in the liner wall to control a collapsing pattern of the liner wall in a predetermined

manner during dispense of fluid from within the interior cavity.
24. The liner of claim 16, housed in an over-pack or pressure vessel.

25. The liner of claim 24, wherein a fluid is dispensed from within the interior

cavity by applying a pressure between the over-pack and the liner.
26. The liner of claim 18, wherein the liner wall comprises metal.

27. The liner of claim 16, wherein the liner wall comprises polyethylene

naphthalate (PEN).

28. The liner of claim 16, further comprising choke-off prevention means.
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29. The liner of claim 16, further comprising a third panel welded to the first and
second panels to form a gusseted panel, such that, when the liner is empty, the
first, second, and third panels fold substantially flat, and when the liner is filled,
the gusseted panel expands and the first, second, and third panel form an interior

cavity.

30. A method of delivering a high purity material to a semiconductor process,

comprising:

providing a substantially rigid free-standing container having the high
purity material stored in an interior thereof, the container having a
container wall comprising polyethylene naphthalate (PEN) and a
diptube in the interior for dispensing the high purity material

therefrom;
coupling the diptube to a downstream semiconductor process;

dispensing the high purity material from the container via the diptube and
delivering the high purity material to the downstream

semiconductor process.

31. The method of claim 30, wherein the high purity material is dispensed via the
diptube using a pump.

32. The method of claim 31, wherein the container is collapsible under vacuum

from the pump.

33. The method of claim 32, wherein the container comprises choke-off

prevention means.
34. The method of claim 30, wherein the container wall comprises metal.
35. The method of claim 30, wherein the container wall comprises polyethylene

naphthalate (PEN).
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36. A liner comprising:

a liner wall forming an interior cavity of the liner, the liner wall having a

thickness of between about 0.5 mm to about 3 mm.

37. The liner of claim 36, wherein the liner wall is substantially rigid having a
thickness such that the liner is substantially self-supporting in an expanded state

but collapsible at a pressure of less than about 20 psi to dispense fluid from within

the interior cavity.

38. The liner of claim 36, wherein the liner wall comprises polyethylene

naphthalate (PEN).

39. The liner of claim 36, further comprising a layer of barrier enhancing

material.

40. The liner of claim 36, wherein the liner comprises one or more folds or
indentations in the liner wall to deter random collapsing of the liner during

dispense of fluid from within the interior cavity.
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