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BACKGROUND OF THE | NVENTI ON The di spensing of flowable
materials in a contam nation-safe manner, especially _

FIELD OF THE INVENTION

The field of the invention relates generally to dispensing systems and devices for
delivering flowable materials such as liquids, solutions, dispersions, suspensions, gels,
pastes and other fluids. More particularly, the field of the invention relates to a multi-dose

10 dispensing system for delivering doses of flowable materials and preventing the influx of
external contaminants during and between deliveries.
BACKGROUND OF THE INVENTION

The dispensing of flowable materials in a contamination-safe manner, especially

over prolonged periods of time or in a repetitive manner, ¢.g., in multiple doses, pres;utsf

15 many difficulties. The main problerns relate to precise flow control and prevention of back
flow or reflux. In a conventional dispensing system, external contaminants easily can enter
the container with the back flow at the erd of the delivery cycle.

Most collapsible containers for flowable materials have a discharge port suchas a
hole, nozzle, spout or other type of opening. The contents of the container, such as pastes,

20 liquids or other fluids, exit through the discharge port propelled by internal pressure. This
method of dispensing the flowable material is frequently inaccurate and does not prevent
the entry of external contaminants into the container. Hence, additional pouring or
dispensing devices must be mounted on or in the discharge port when precise control of the
dispensing characteristics is desired. These devices must be simple, effective and low-

25 cost, especially if intended for widespread commercial and domestic use.

A number of patents have been issued on flow control valves and devices for heavy
industries. For example, Colvard, U.S. Patent 5,411,049 discloses a flow control valve for
cementing equipment used in well-boring operations. The valve allows fluid flow in either
direction. Swearingen, U.S. Patent 5,392,862 teaches a flow control sub for hydraulic

30 tools used in mud flow drilling operations in oil fields. Mueller et al., U.S. Patent

5,181,571 teach a device and process for well drilling and setting liners for oil, gas and
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disadvantage in that external contaminants borne by air are forced into the solution

remaining in the container. Clearly, such a dispensing apparatus is not suitable for
15 contamination-safe multi-dose dispensing from a collapsible container.

A simple solution in the form of a squeeze valve with augmented sealing is
presented by U.S. Patent 5,265,847. This apparatus is adapted for a container whose
contents are expelled under the force of gravity. U.S. Patent 5,099,885 discloses a flapper
valve, which delivers viscous fluids by means of a pump. This solution is not applicable to

20 all types of liquids and fluids. For example, a flapper valve is not appropriate for highly
viscous material and is not useable for suspensions or dispersions.

Likewise, in U.S. Patent 5,346,108 Pasinski discloses a gauged dispensing
apparatus to deliver a predetermined amount of generally viscous fluid. The apparatus has
a flexure with a bi-stable orientation, concave to convex. Airborne contaminants can enter

25 the apparatus as the flexure returns to its original positisn. In the devices of Vorhis,
Nilsson and Pasinski air and its contaminants rush in to replace the volume of the solution
discharged. These devices are not claimed to be contamination-safe.

In addition to the shortcomings already mentioned, the above prior art solutions are
not specifically designed to prevent back flow. Haviv teaches in his U.S. Patent 5,080,138

30 a valve assembly relying on a sleeve valve and consisting of multiple components. Back

flow is thwarted by a sheath which permits the flowable to flow out of the valve but
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Patents 5,305,786 and 5,092,855 issued to Debush and Pardes respectively. Debush

10 discloses a modification to the applicant’s prior U.S. Reissue 34,243 relying on an
expandable elastomeric sleeve tightly fitted about a valve body with entry and exit ports.
Debush's improvement is aimed at simplifying the assembly. Unfortunately, his solution
requires more material and considerably increases the cost of manufacturing the valve. In
addition, it is difficult to produce a discoid-shaped vals ¢ while at the same time adap;‘ng/

15 the apparatus to collapsible containers. Pardes discloses a rigid enclosing sleeve to retain
the elastomeric sheath against the valve body, thus providing a seal between the sheath and
the valve body. This is closely related to the applicant's teaching in U.S. Reissue 34,243.
Pardes' valve operates through two sets of ports within a valve body, thus rendering the
device and its manufacture unnecessarily complex.

20 The foregoing solutions have disadvantages in that they cannot be downsized for
small containers. The ratio of length to diameter is large and thus limits the volume of
flow for small containers. '

None of the prior art dispensing devices are low-cost, simple in construction and
capable of delivering a flowable material ranging from low to high viscosity in multiple

25 doses in a contamination-safe manner.

In view of the foregoing, it is apparent that what is needed is 2 system which
provides a multi-dose dispensing system for flowable materials in which the sterility or
purity of the flowable material is preserved. In particular, the system of the present
invention prevents contaminants from passing backwards through the valve into the

30 reservoir of flowable material
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Other objects and advantages of the invention will become apparent upon reading

the detailed description of the invention. 4

15 ' SUMMARY

/

The foregoing objectives are achieved by using a plug valve separately or in
combination with a one-way outlet valve such as a flapper valve, duck bill valve or slit
valve at the outlet port. In the plug valve, the plug can move between an open position and
a closed position. Fluid pressure on the inlet side of the valve causes the plug to move

20 from the closed position to the open position. A means for applying a restoring force is
provided for returning the plug to the closed position at the end of each delivery cycle.
The flapper valve at the outlet port comprises two leaves of flexible, elastomeric material
in contact that are pushed apart when fluid is flowing through the valve. The leaves
squeeze together after each delivery cycle, closing the outlet port. Thus, both the plug

25 valve and the outlet valve are one-way devices. Slit valves and duck bill valves function
similarly. In tandem, the two components function to assure one-way fluid flow without
suck-back.

The restoring force for returning the plug to the closed position can be proVided by
an elastomeric tether attached to the housing. The tether is stretched when fluid flow

30 forces the plug to its open position.
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hi s sol uti orpushes the plug to its closed position. In this embodiment, either the housing can be made ’
rigid and the plug deformable, or the plug can be made rigid and the housing deformable.

10 The plug can be provided with an annular ring that fits into an annular groove on
the inside of the housing. In this way, the housing defines the range of motion of the plug.
If the plug is made of an elastomer and the annular ring is bonded to the housing, then the
elastic deformation of the plug can provide the required restoring force. Altematively, the
housing can be made deformable and the plug rigid to achieve the same result. In eitkjgr /

15 - case, channels such as through-holes must be provided in the valve plug to provide a path
for fluid flow.

Preferably, the valve is made of moldable plastic materials such as styrene-
butadiene-styrene, silicone, urethane, rubber, polyethylene, polymethylmethacrylate and the
like.

20 The fluid reservoir (container) used with the present invention must be of a type
that does not create a substantial internal vacuum when fluid is expelled. In other words,
the container must be collapsible or reducible and not replace expelled fluid with outside
air. Examples of suitable containers include bags, pouches, syringes, pistons, bellows-type
containers and collapsible tubes.

25 The valve plug can have many different shapes with useful features. Through-
holes, grooves, slots, or irregular features can be cut into the valve plug to provide a path
for fluid flow when the valve plug is in the open position. This is beneficial because the
top of the valve plug may close the outlet port if the fluid pressure at the inlet port is too
high, blocking fluid flow. Cut or molded features in the top of the valve plug will prevent

30 blockage of the outlet port in such cases.
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reservoir of gfJ tﬁmte?ecf@etlﬁ&jyaalr dispensing of a flowable product without contamination by air

or airbome materials. This has the advantage of enabling a fluid material to be

reformulated without the need for preservatives, hygroscopic agents or antioxidants. Thus,
a system according to this aspect of the invention has particular application to the deli;f‘ery" :

15 of medications, beverages, or any flowable material in which it is important to prevent
airborne contamination.

In accordance with another aspect of the invention, the simplicity of the plug
permits a valve to be optimized in its geometry, location, dimensions, and hardness in
order to achieve an optimized and desired cracking pressure for delivery of the flowable

20 medium. For example, such an optimized cracking pressure is important in dispensing a
carbonated beverage. A higher cracking pressure would be necessary in order to offset the
pressure caused by carbonation. An aspect of the present invention enables cracking

~pressure to be optimized for a particular application.
DESCRIPTION OF THE DRAWINGS

25 Figs. 1A-1C are cross sectional side views of an embodiment using a tether and

spherical valve plug. |

Figs. 2A-2B are cross sectional side views of an alternate embodiment with the
plug valve in the closed and open positions.

Figs. 3A-3B are cross sectional side views of an embodiment in which the plug has

30 an annular ring engaged in an annular groove in the housing.
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Figs. 7TA-7B further illustrate the features of the valve plugs of Figs. 6C and 6D.
Figs. 8A-8B are cross sectional side views illustrating how éppendages can be used
to provide the restoring force.
10 Figs. 9A-9C are cross sectional side views illustrating how the present invention
can be used with different kinds of collapsible or reducible containers.
Figs. 10A-10C are cross sectional side views of valve embodiments that do not
include a one-way valve at the outlet port.

/
Figs. 11A-11C show a finger actuated piston, such as an aspirated pump, for .

15 dispensing a bulk material, an aerosol medication, or other flowable material.

DETAILED DESCRIPTION
The cross sectional side views of Figs. 1A and 1B illustrate the general operating

principles of the valve 1 in accordance with an aspect of the present invention. Fig. 1A
20 shows a plug 2 in a closed position and Fig. 1B shows plug 2 in an open position. The
inlet port 4 is at the bottom and the outlet port 6 is at i€ top. Plug 2 can be made from
either elastomeric or rigid materials such as moldable plastics, depending upon the
embodiment. An upper portion 8 of the housing is made of an elastomeric sheath and
forms a one-way outlet valve 10 such as a slit valve. A lower housing body 12 (shaded
25 portion) is made of a rigid material. The lines and arrows in Fig. 1B indicate the path the
flowable material (fluid) takes when flowing from inlet port 4 to outlet port 6.
It is noted that all parts of the present invention that are made with elastomeric
materials are resilient and return to their original shape if deformed.
Slit valves 10 comprise two thin leaves of elastomeric material that are in contact
30 when no fluid is flowing between them. The leaves have a built-in tendency to press

together supplemented by aspects of the inner surface of the housing. Fluid pressure
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Fig. 1C illustrates a valve plug with through-holes 18 that conduct fluid flow.

Through-holes 18 prevent the contact between upper housing surface 20 and plug 2 from ’

15 impeding the flow of fluid. Lines with arrows indicate the flow path through the valve 1.
In normal operation, fluid may flow both through the holes 18 and around plug 2 as in Fig
1B. Itis noted that the plug 2 (more specifically the holes 18) in this embediment must
maintain proper rotationél alignment with the housing 8, 12. This is provided by the tether
16. Alternatively, plug 2 may have grooves or irregular cut or protruding features to

20 perform the same function as the holes 18, i.e., maintaining a flow channel between plug 2
and upper housing surface 20. Al the through-holes 18 used in the present invention
conduct fluid flow, and, as such, extend through plug 2.

In all embodiments of the present invention, plug 2 is forcibly held in a closed

position by the restoring force (elastomeric tether 16 in above embodiment) unless ac¢ted

25 upon by increased fluid pressure at the inlet port 4. Plug 2 is in contact with the inside
surface of the housing 12 when in the closed position. Increased pressure causes plug 2 to
move toward the outlet port 4, opening a pathway for fluid flow. The tether 16 stretches as
the plug 2 moves into the open position. Plug 2 may contact the upper housing surface 20,
in which case holes 18 conduct fluid flow. After flowing around valve plug 2 or through

30 holes 18, the fluid exits the valve 1 through slit valve 10. When the delivery cycle is
completed and the fluid pressure at the inlet port 4 returns to ambient, the tether 16 pulls

3
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fluid is not too viscous so as to prevent the return of plug 2 to its closed po:sition iffa
reasonable amount of time. It is noted that the restoring force must always be in a
direction opposite to the flow of fluid. This is because fluid flow causes valve 1 to open in
10 all the embodiments.
Figs. 2A and 2B illustrate closed and open positions of another embodiment. In
this embodiment, the plug 2 is an odd shape with several holes 18 for the flow of the fluid.
All the fluid flows through the valve plug holes 18 and none flows around the valve plug 2,
as in the embodiment of Fig. 1B. A line and arrow 19 indicate the flow path through o/ne /
15 of the holes 18. It can be seen that the range of motion of plug 2 is limited by the
curvature of the housing body 12. In this embodiment, the restoring force can be provided
by an elastic tether, gravity, or elastomerie-mechanisms described below.
Figs. 3A and 3B are cross sectional views illustrating an alternative method of
mounting plug 2 in the housing body 12. Fig. 3A shows the closed position and Fig. 3B
20 shows the open position. One or more holes 18 in the valve plug 2 conduct fluid flow. A
line with arrows shows the fluid flow path theeugh the valve. The plug 2 is provided with
an annular ring 22 which fits loosely into. an annular groove 24 on the inside surface of the
housing body 12. The mechanical relationship between the annular ring 22 and annular
groove 24 restrains the motion of the valve plug 2 but allows for distinct open and closed
25 positions of the valve plug 2. The restoring force can be provided by a tether 16, gravity,
or elastomer mechanisms described below. This embodiment also uses a second one-way
valve such as a duck bill valve 10 at the outlet port.
Figs. 4A and 4B illustrate the closed and open positions of an embodiment similar
to the embodiment of Figs. 3A and 3B. The difference is that the restoring force is

30 provided by the reversible deformation of plug 2, which is made of an elastomeric

material. The elastomeric material of plug 2 must be resilient enough to return to its

9



rigid and the plug defaormable, or the plug-can be nade rigid and the

housi ng def or R§bsH574 The plug can be provi dedpittiBosagszi -
annul ar ring that %lts into an annul ar groove on t he inside of.
the housing. In this way, the housing defines the range of notion of the
pl ug. original Shdpl %ﬁemﬁedt&i defsithaflbn 2 THR HRG$iAEB6d I Mis rided BRI ar ring
I's bonded to the housSi n en the el astic deformation of the
pl ug can pr ovimtedithentr 3haanmdarrng23rof plg)lgfhscheld w:re!r/ rmplaceby thetangular groove

el X T EC LR NEE R I
provided 1 n tﬂri]gg X@fo] ”?hé ﬁﬁoﬂ tﬂ %lvgﬁﬁxg is allowed b th Péfoi-ﬂmb‘tﬁ]d}x Ry

Pref erably, deo rial’s suc

styrensg- annular rm@ ) ﬁdé D Restnterited l’éﬂ ﬂlm@ @laﬁnng-thﬁiu@ﬁlﬂﬁé mretlb&e 4, The valve
pol yet hyl ene, pol ynethyl met hacryl ate an

The fluid resepmmtmct@d cmhathateivk)empbw wmhdezihenq:ﬁr ﬂzﬁeaalvelmmtstth@nlomluosmnof
P TE% s expetridion fofhpche fihe ool 2 URTHRE i B b st e 1Y
col | apsi bl e qf, %Mﬁﬁ%ﬁelﬂa%ﬂﬂﬁctﬂﬁiﬂlw expelled fluid wth outside

air. Exanples of suita cont al ners 1 ncl ude bags, pouches, syringes,

pi stons, bel | ows- tApelternative embodinennisahown $n Figsl S20hida§B,ivilieh sholvethe cRised
The val ve plug can have many different shapes with useful features,
Thr oudf- and open powitiens, respestively, Heteoths housing bedygh? is mmade af an elastemeripe cut

val ve pi ug | Surehrittind SheltaNs iFe 2 fiRadk ot ieid meiesil fus 21 sBnplettigigf B | "°
t ﬁg |O];1I ;Pep\cl)rt ﬁls)pxlnh@d 'ﬁ?&e%ﬁlﬁﬁr drbvedt 1Pl PR dllobkd H‘ﬁzo@é Bitied Sntng at

closed positions by the elastic deformation of the housing body 12 in the vicinity of the
annular groove 24. Plug 2 has holes to conduct fluid flow. P /

15 Figs. 6A, 6B, 6C, and 6D illustrate the preferred embodiment of the present

invention in which the plug has a tail 26. The tail 26 prevents rotational misalignment of
plug 2. In this embodiment, the tether 16 can be attached at the bottom of the tail 26. The
upper portion of the housing 8 is made of an elastomer and forms a duck bill or flapper
valve; the housing body 12 is made of a rigid material. Since proper rotational alignment
20 of the valve plug 2 is assured, the valve plug 2 can effectively use channels such as holes
or grooves for conducting fluid flow. Fig. 6A shows a valve, using a plug 2 with holes 18,
in the closed position. Fig. 6B shows a valve, using a plug 2 with holes 18, in the open
position. The lines and arrows of Figs. 6A and 6B indicate the fluid flow path. Fig. 6C
shows a valve using a plug 2 with cut wedge-like grooves 28, in the closed position. Fig.
25 6D shows a valve, using a plug 2 with a cut Planer facet 30, in the closed position. The
lines and arrows of Fig. 6B indicate the fluid flow path. Figs. 7A and 7B further illustrate
the plugs of Figs. 6C and 6D, respectively. The cut-out sections 28 of plug 2 will maintain
an open flow channel if plug 2 contacts the upper inside surface 20 of the housing.
An alternative method for providing the necessary restoring force for the valve plug
30 2 is shown in Fig. 8A (closed position) and Fig. 8B (open position). Here, the valve plug 2
has appendages 32 which are in contact with the upper housing surface 20. When the

10



hi gh, blocking fluid flow Cut or nolded features in the top-of the valve

plug will pr bl ockage of the outlet port in suchhcaas®snsszl
WD 99/ 15759 W8S Tl
PCT/ US98/ 18821 The valve plug may al so have an

el ongat ed t adper féhtidn %ﬂthé’\ﬂlddshxg (eiadd of ffeldBIN, it is constantly pishitg dovaton
becom ng rotationally msaligned with respect to the housing. Rotational

ﬁl i gﬂn}ant i stha vabve b2 yiadhmaipdedages 3h The appendagee32 offpve2 caebemiaug pl ug
as hol es or cut features to conduct, fluid.flaqw, Al th il
can serve t odlgéﬁqnt shapes #rd Gap be tmﬂge P? elgftopgHC graigid .Hlljalte@ﬁs' Mihe appendages 3#?1113
present invepLi . l1.C L ' |1
Known t echni A ade i o Has@leR iy tah Rotoll b pHUVSARpABE oS yBling REY & b

gl ue geal . THflve plug 2. Alternati®dly,@héEppehagee B BACHY dttuciRdd!ta civeigiterior upgerf | Ui d
cont ai ner. [t w be appreciated that an aspect of the

present i nvehtusing sunfabeband faee dovwnyprds. i The appendages 32 cagfalsoipstipamn ske Jame
Preventing 2t 00 & G282S 16 RLARIARY A Speliplh fr Kb o contai nercof

In accordance with an aspect of the invention, the appendages 32 can be calibrated

in terms of their dimensions, geometry, or elastomeric response in order to provide an

10 optimized or desired cracking pressure for a particular flowable medium. For example, in
the case of a carbonated beverage it is desirable to provide a reasonably high cracking . .
pressute in order to offset the pressure due to carbonation. In this case, it is a simple
matter to change the geometry or elestomeric response of the appendages or of the tether
and plug in order to provide a desired cracking pressure. - /

15 The cracking pressure is defined herein to be the pressure required to open the

container of flowable material. In accordance with an aspect of the invention, it is a simple
matter to change the geometry of the tether, appendages, or the geometry and position of
the plug in order to provide an optimized cracking pressure for a given flowable medium.

It is noted that the appendages 32 as shown in Figs. 8A and 8B can also be used

20 with the embodiments of the present invention that have annular rings i.e., the
embodiments of Figs. 3, 4, and 5.

Fig. 9A shows the valve 1 of the present invention mounted inside the output spout
of a syringe or piston. The valve bousing 12 can be bonded to the syringe with adhesive,
or attached using a luer-lock fitting. Fig. 9B shows the plug valve 1 mounted in the outlet

25 spout of a bellows-type container. Alternatively valve 1 can be mounted inside the neck of
atube. Fig. 9C shows a plug valve 1 with a screw-on connection 36 attached to the outlet
spout of a collapsible or reducible tube-type container. These applications provide for
contamination safe dispensing of the fluid contents 38 of the containers.

Another alternative for using the present invention is to combine the container neck

30 and valve housing into a single part. In other words, the housing becomes part of the

container.
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10 fl owabl e medi um Accordingly, an’aspect of the invention provides
an i nt egr at edWePS1815p for the metered delivery or dPSHENSHE2Lf a -
fl owabl e product wi thout contam nation by air _ or airborne- -
materials. This has the advantage of enabling a fluid material to be
reformul ated wi t Heialternasive embodigrenpefthe pressnt inventionusesBisbibe valyg o sythe
antioxi dants. Thus . a ste cording to.this .. the
vent i on haBe Y e mehapis: (pRSroR e SirerRy it yalve 16TAGRy Sl b

medi cati ons, ie mi f : ' ' itdold Soel rajpnt
o provent . el BT R8RS s Qb THYGRIE YIRS B9 satplid il sitipld SpenlTgo AIF
accor dance whé emboditnbets daspibed alafve clrebe buik ithout the betlet ivaiykil@i By exmplesofpl ug
permts a valve to be optimzed in its geonetry, |ocation, dinmengjons, and
har dn8ss i n sucha valve usingjusta valye plug2evith anelegiomericteten s sbawn anFigr 104 ng

pressure for |l ivery of the f.lowahle .20 medi, u E I uch an
ot m zed crlacs mopYmea i ortrd HASRE 133 et g TR FRbpr P in HAEPRS ond

car bonat ed q%g;mc- ' ' r #4B4Hud td &@C@gs i rder
to of fset the u&ebﬁﬁgéﬁﬁgg&g g3§%l£\@%0natuigén§es n aspgc?t“gﬂfﬁa?he

present i nvesndallcn cattatdhamber 204si pogsible to minimize the ameuntef Hispésedfividithatasl f or

a particular application. ) .. ) ... DES PTI ON
OF THE DRAWRKS2) & the valve after a dischapgegycleq Ahigds bgcausergidual fuid, i thg outleye

vi ewg,0f an enbodifent. usin er s | Y/ g.
v o502l 30 SRSER LR T 5 s minon ey RIS SR AEE RO,
the 10. i 0BhGRrs 2 ValvBRokdtReRE 280hdiRR R thRQ#BodRAEt wherein the housing
Figs. 3A-3B are cross sectional side views of an enbodi nent in which the

pl ug has 12 has an annular groove 24 and the valve plug 2 has an annular ring 22. The housing 12

is made entirely of rigid material and the volume of the outlet chamber 27 is minimized.

Fig. 10C shows yet another example of this embodiment. P

15 Fig. 11 shows an example of a finger activated piston which would be used in a
bulk dispensing system or an aspirated pump. Referring to Figs. 114, 11B and 11C, a
piston 60 is provided for overcoming an internal pressure within a container 61 holding a
quantity of flowable material. When the piston 60 is pressed, valve 62 is opened and a
quantity of flowable material moves from region 64 and into an outlet 66. Outlet 66 may

20 be provided at the location shown, and also may be provided at any convenient location.
For example, outlet 66 may be connected to the finger-activated piston, Fig. 11B or
connected directly to housing 61. Restoring piston 60 to its original position closes valve
62 and prevents delivery of the flowable material. The piston can be restored to its original
position by a spring, elastomeric tether or other means for providing a restoring force

25 which are well known to one skilled in the art.

It will be appreciated that this aspect of the invention provides an aspirated pump
for dispensing flowable material without the contamination of air or airborne contaminants
due to a back flow into the material.

The foregoing valves may be used for the delivery of bulk quantities of a flowable

30 material. Bulk quantities of flowable material are conventionally dispensed through an

outlet port. An aspect of the present invention eliminates the need for a peristaltic pump.
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30 an annul ar ring engaged in an annul ar groove in the housing.

6 . WO 99/15758D 99/ 15759 PCT/US98/18821
PCT/ US98/ 18821 Figs. 4A-4B are cross sectional side -
views illustrating how el astic deformation of t he val ve plug can

provi de the Ratberss aalye pecording ithe present invention as previously descrippdjwithgpfepBeaitoe
GRS TR AE NI R HERC R SR
P oo 1 VAR ARk B gt e ANELS SR 1
il lustrate tiewitaiatetal hkoughahemizele. Ptuigssaaie timeshe @Serasid céllpses in direct
5 proportion to the quantity of fluid delivered. In this embodiment, the hydrostatic head of '
fluid in the collapsible reservoir provides the pressure for delivering product through the
cartridge. The valve prevents airborne contamination due to back flow as"previously
explained.
The valve enables the hydrostatic head of fluid itself to provide an expulsion force.
10 In conventional methods for delivering bulk material, a peristaltic pump or other
mechanical device must be provided for actively discharging the material. This aspect of
the invention requires the fluid-holding container to be volumetrically reducible or
collapsible. The container must not generate an excessive internal vacuum when contents
are dispensed. P 4
15 The attachment means, valve materials and specific valve type will depend upon
the fluid being dispensed, the container type considered and other variables. It will be
obvious to one skilled in the art how to adapt the present invention to different
applications.
In many applications it is preferred that the valve be permanently bonded to the
20 container, forming an integrated delivery or dispensing system. Such a system is of great
value in dispensing fluids intended for home use, industrial use, or institutional use. That
is because the consumer can be offered a ready-to-use product for delivering multiple
doses in a contamination safe manner.
It will be appreciated that the foregoing aspects of the invention provide a system
25 for dispensing and delivering a wide range of flowable media including liquids, solutions,
mixtures, suspensions, and dispersions. These fluids can be either volatile or nonvolatile,
aqueous or nonaqueous, and classified as inorganic or organic fluids as well as
combinations of these. With appropriate selection of materials for the component parts to

be used in each specific application, the present invention has application as a dispensing

30 and delivery system for fluids in any industry.
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Figs. 8A-8B are cross sectional side views - illustrating how appendages can
be used WO 99/15759 provide the restoring force. 10 pCT/Usgg/xgEz]gS
9A-9C are cross sectional side views illustrating how the present I nvention
can be used with different kinds of collapsible or reducible containers.

Fi gs. 10A-10C ar eTlmadismnsthYsﬂnaladw&intkgewﬁWombtsm flwid drobrothie mdverse ¢fffiects efo

not I ncl ude, a .one ve at .the out
Figs. 11A-11%vapeigiion oxidagen. %émﬁﬂémg' s;3nd pdyantaggeus 3&@@&%&*’6@3&@%@%‘1@ or

15 0! SREDIHE fisBertle Sy B B hdrooHniSRl W nd TR bfistkleRt gaskl; k) Bbilen

fl owabl e mat

DESCRI PTI ON ap( other particulates. Themgeﬁmgssys&ﬁpélgm@ben&l éapothtimofahe fudds. 1A
and 1B illustrate the general operating principles of the valve

1 in &ccor daTeeeford, filtars, asmmmtobmi pmkmvmsanuoxxdamsnnddwgrdic@lcagenMenot
shows a plug 2.in a ¢l os osi Li dF| shows 2|n

posi tion. Theeeded providing FOFﬁ‘ﬁ@ Cﬁeng 2’8???5 PHE‘EYE Hlt%n%rt
6 is at the n ic or
g d mat o 1 Aedfii £ oo %ié?ﬂmﬁ%%*i ?@éﬂtalamge i %ufﬁ%m% %ﬁéﬁp d

enbodi ment . ARterPEHRbleRHid mﬁtﬁb&whfoﬂlé}gex’fb@mlcﬁﬂtainsrsfméi&)ﬂfenmtnﬁg aséduation i

sheat h and forms a one-way outlet valve 10 such as a slit valve.
A | ower houséasypéroutit vbRmies oftbefuids portlon) is made of arigid

t | . The | F te th
ma ombﬁe mat gl’l :atl %@Sﬂ?ﬁ?ﬁrd‘ﬁ&&%@h&%%& ' E’%ﬁ‘?eq ,‘L}}ngl fuget o outl et

port 6. pharmaceutical preparations such as eye and lens care solutions; in vitro and in vivo

diagnostic agents; biologicals; personal care preparations such as cosmetics and fragrances;

foods, beverages; nutritional supplements and vitamins; industrial and laboratory

chemicals; photographic solutions; detergents; paints, varnishes, adhesives and caulks/and"
15 sealants.

The use of the present invention allows dispensed fluids to be packaged without
chemical additives such as preservatives. This is advantageous because in some situations
preservatives can have harmful side effects. Preservatives presently in use in eye and lens
care solutions, for example, cause toxicity reactions and/or allergic reactions in eye tissues.

20 Preservatives in prescription eye care products are known to adversely affect the post-
surgery healing rate of eye tissues.

The present invention also provides increased purity and protection from
contamination for laboratory chemicals and reagents such as photographic chemicals.

It will be clear to one skilled in the art that the above embodiment may be altered in

25 many ways without departing from the scope of the invention. Accordingly, the scope of

the invention should be determined by the following claims and their legal equivalents.

This Sheet Has Been Replaced :

ARG

2

THIS SHEET HAS BEEN
REPLAGED -




It is noted that all parts of the present invention that are made with

el astonmeric WO99/1575% nmaterials are resilient and return to tIf@[I‘rUssaflmhal
shape if def orned. Slit valves 10 conpri se

| eaves of elastoneric material that are in cont act 30 Jm m

is flowing between them The |eaves have @AIM8t-in ten '"M"””"F

':)(r)gg;ntrare suppl enenWhatbQ/clamPe%Cts of the inner surface of thé hbus&' ng Fuid

WO 99/ 15759 1. A one-way valve for dispensing a flowable material from avolmnetncall
PCT/ US98/ 18821 o y ‘ﬂes otrhep eavges apart, creating an openi ng
for fluid floyedutibis ¢canta1ﬁ!a\afdtestypemh1chmaﬁumhs its own internal prmmdwhaisaﬁtk and
flapper val ves can al so _be used as the one-way outlet valye 10, Fl app

valves Sslit Vamable materialixdispansed, oud fos preyertingxternal saptaminanfsdrom en ermg

said container, said one-way value comprising:

(a)  ahousing defining a flow path for the flowable méterial, said
housing comprising an inlet port connected with said volumetrically reducible container
for receiving said flowable material and an outlet port for enabling delivery of the

| 10 flowable material;

(b)  aplug mounted inside said housing to move between a closed
position and an open position with respect to said flow path;

(¢)  said outlet port comprising an elastomeric material, permitting only
the outflow of said flowable material; 7

15 (d)  ameans for applying a restoring force to push said plug towagi said
closed position, such that said plug is moved from said closed position to said open
position by applying a pressure sufficient to unseat said plug from said closed position.

2. The valve of claim 1 wherein said voluretrically reducible container is
selected from the group consisting of tubes, bags, infusion containers, syringes, pistons,

20 pouches, collapsible reservoirs, and bellows-type containers.

3. The valve of claim 1 wherein said flowable material is forced to exit said
container by the application of external pressure on said container.

4, The valve of claim 1 wherein said plug further comprises an aperture for

facilitating the flow of said flowable material through the flow path when said plug is in
25 the open position.

5. The valve of claim 1 wherein said plug further comprises grooves or
irregular cut features that facilitate the flow of said flowable material through the flow
path.

6. The valve of claim 1 wherein the means for applymg sa;d restonng force

30 comprises gravity. This Shoct Has B
as Cell
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Plug 2 nust be displaced in the dire ﬂ w14(upwards) I n
order for the 99/1575 quidtoflomyﬁ“i mw The f ed
for the plug 2 disp agement i's provi the fl wg;press/géré%{at
the inlet port 4. In all the enbodi nents of the present invention, a
restoring force Is7prOVIﬁﬁd/amlo@maﬁswwexﬁEﬁdﬁie%farﬁ;gﬁﬁﬁgﬂféxeaeﬁn@méIOn
at the end of each delivery cycle. The enb ment of FIg. 1A and
1B uses an el ashuprises am diastdmericiéther. attached between the housing
body 12 and plug 2 to provide such restoring . force. The_ 10

el astoneric tether %6 haﬁlet"ﬁ@eé? 9@@&@@8@“?%&9@ for anplwng thei ragoring fpree
fromrotating s perpendicular to the plane of the
paper). For plcﬁﬁlémie R asﬁ&@ §él%1d%éé such as through-hol es 18
or grooyes, this can bemﬂ%ﬁ%%fﬂmmlwheremsaxdmeansfor@p@wnéﬁﬁe'rb&tbﬁﬁéﬂi&és a
val ve plug with through-holes 18 that conduct fluid flow

Thr ough- hol es cbﬁ:pps@kankpteh&urcont act between upper housing surface 20 and

plug 2 fram 15 i ng, t flo f flui t.h arrows j ndicate
the flow path thr od@h t He; V(?é?? m\fvvgmmsmgmﬁafﬁ Ph%H%JGB%F%WﬂflOHCm d

may fl ow both

1B. It is not eéﬂltpﬁg% e'fa%npﬁlaﬁgn%t%g?)g%sgésg:é ?‘é% #’emf%a%% @e@k%&mn offs%zd
embodi ment  Musjalve plug from saidpeMpésitiordb @RAcldsed pésitgpal al i gnment with the
housi n? 8, 12. This 1s provided by the tether 16. Alternatively,

plug 219my have grddves Toe valve of clriam 1 exherein s3id bausingiingttached torsagl eagtaiger by a
performthe sane functi.on ol es LNt a a fl ow, channel
bet ween pl ug Fonnection selectegﬁgnglbepggpumgqygisﬂbg gﬁqqagggsxyoseaﬁmsgrmeon neck, a

t hrough-hol es 18 yggde, ngibeﬂtpﬂeﬁﬁ eﬂheﬂ—l’%&l’?@&dcﬁﬁent a threaded ne&OQ%Uﬁ&fl% kdtt Gnd

flow, and, as‘such, exten rou
enbodi ment s ofaltehﬁseplr.esent I nventi on pI ug 2 is forcibly held in a cl osed

12.  The valve of claim 1 wherein said housing is permanently bonded to s/gid"
15 volumetrically reducible container.

13.  The valve of claim 1 wherein said external contaminants belong to the
group consisting of air, air constituents, oxygen, nitrogen, water vapor, atmospheric gases,
airborne contaminants, smoke, dust, filaments, fibers, polten and microorganisims.

14. A one-way valve for dispensing a flowable material from a volumetrically

20 reducible container and for preventing external contaminants from entering said container,
said one-way valve comprising:

(@)  ahousing defining a flow path for the flowable material, and
comprising an annular groové on the inside surface of said housing, said housing further
comprising an inlet port connected to the volumetrically reducible container and an outlet

25 port comprising an elastomeric material disposed for providing unidirectional flow of the
flowable material outward along the flow path;

(b)  aplug comprising:

()  anannular ring,
(2)  atleast one through-hole through the plug for enabling the
30 flow of said flowable material along the flow path; and
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position by the restoring force (eimlmnm]mu" 16 in above enbodi nent)
unl ess acted 3099/15759 upon by i ncr A ﬂuure at t he PATAUSIYEBAT 4.
Plug 2 is in contact with the insidé ¢ “ " S s#érface of the housing 12-

when in the closed position. |ncreased pressure causes plug 2 to
nove towar d tshid pug isqroyided ingide sgid honsingsyshithaiagid ponulen rm&ﬂ%s ifey saifipsnylar her

16 stretches as ) the plug 2 veg into the open pasition. Plug 2 .
may contact tEEROVEASE SRl mEY ??é‘ag'go“a posttion ancfaaq emgﬁlﬁ%&%@‘ rﬁ%:eg%olS
conduct fl uid,f WAf.ter flow ng around val ve plug 2 or through 30

hol es 18, thgh?hglwc}’a Xits the valve 1 through slit valve 10. \Wen the

delivery cycle is ¢) aBedRifet HPlyinda fds@ring firde for eaatning @iid plug to sdidt
port 4 returns to anbi eglt), t he tethe"ir?)g 6 pulls . 5\0g .
99/ 15759 closed position, such that said plug is moved from said closed position to said open

PETILS1 19921 mtnaveivad o e S BSAARD 572 P Lo 2 e
g}?cpf‘ﬂ: ke acting {41 CORGALive ot BERUUSHRAh 35th PRt RipRlEarll SRSNGEBaterial
and said means for applying a restoring force means is the elastic deformation of said plug.
16.  The valve of claim 14 wherein said housing comprises an elastomeric
10 material and said means for applying a restoring force means is the elastic deformation of
said housing. |
17.  The valve of claim 14 wherein said plug comprises a rigid material and
moves within said housing to block or open said flow path.
18.  The valve of claim 14 wherein said plug comprises an elastomeric materidl
15 and said plug is fixedly connected to said housing by said annular ring. d
19.  The valve of claim 14 wherein said container is selected from the group
consisting of tubes, bags, infusion containers, syringes, pistons, pouches, collapsible
reservoirs, and bellows-type containers.
20.  The valve of claim 14 wherein said outlet port is selected from the group
20 consisting of duck bill valves, slit valves and flapper valves.
21.  The valve of claim 14 wherein said flosvable material is forced to exit said
container by the application of external pressure on said container.
22.  The valve of claim 14 wherein means ¥or applying a restoring force
comprises gravity.
25 23.  The valve of claim 14 wherein the means for applying a restoring force
comprises deformation of one or more elastomeric appendages in contact with the plug,
24.  The valve of claim 14 wherein the means for applying a restoring force
comprises deformation of an elastomeric tether dispesed for holding the plug to open or to
close the flow path.
30 25.  The valve of claim 14 wherein said housing is attached to said container by

a connection selected from the group consisting of an adhesive seal, a screw-on neck, a
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O her enbodi nents of the present inv m Ilmnungeﬂ‘ﬁavity or elastomeric
val ve 5 wo9%Asiss (val ve pI ug Zﬂ “ﬂa ) to provigenisb@issat
restoring force. Gavity can only be * as the restoring forge
in applications where the valve is ori ented vertlcal ly and the

fluid is not pre@-fitrfeeRUSsnap-fit fedkDa Rl YRR atthdieneht lathrtaddd febkiG bdntihgi sesl and
cl osed position it a reasonabl e anobunt of tinme. It is noted that

t he restorinclest ssal.nust al ways be in a direction opposite to
the flow of fluid.. This |sa?veeco%%fe fluid flow causes. valve '

10
all the enbodi rne*nt%6 The'v aim 14 whey saléﬁ\auasmgggeqxqunagt})fgqr@%g?%%agg

and open p03|é of anot her enbodinent. In t hi s enbodi nent,
the plug 2 is an eéd shape with several holes 18 for the flow of the f1 ui d.

Al the fluid floves.t hrohowNe cloth e wherdin B4 08lvd Brevals BaReoff dxttBalar ound

t he val ve plug 2, as in the enbodinent of Fig. 1B, A line and
arrow 19 i ndlmmms suohws plat 4ir camstifueris, oppgens nitrogen, watertvaporhatimesphegic | t

can be seen that th of notio 2 is, limted by the
curvature of gaﬁ%s %‘H’?a‘it%m}og ’t‘{’l’lsgﬁgqg?f&ﬁﬁ ﬁ@ pollgg, E"(Oég’}"@“‘ls’oq’ce
can be provi by an el astic tether, graV|ty, or elastoneric

mechani sns descrl%ed bel ow. Figs. 3A and 3B are cross
sectional views il28Jst rabnegyagwalet ferdivpensieg afbwalsle efaterial from a volurenioiliyng
plug 2 in the housing body 12. Fig. 3A shows the closed position and Fig

3B 2010 SRéHb pﬁ@n@@émskfgt prevmtinpastenal eastasn parte fomgniesingsaid mmaenem ug

2 conduct fluid, fl ow. line with arrows shows the fluid fl ow

pat h t hrough ﬁa%oﬂfawefyevalﬁ%or?ﬁrﬁ&% is provided with

(a)  ahousing comprising an inlet port and an outlet port, the outlet port
comprising an elastomeric material for providing only outward unidirectional flow of the
flowable material through the outlet port. P d
15 (b)  aplug mounted inside said housing to move between a closed

position and an open position,;

(c)  ameans for applying a restoring force for pushing said plug to said
closed position such that said plug is moved from said closed position to said open position
by applying a sufficient internal pressure of the flowable material at said inlet port.

20 29.  The valve of claim 28 wherein said volumetrically reducible container is
selected from the group consisting of tubes, bags, infusion containers, syringes, pistons,
pouches, collapsible reservoirs, and bellows-type containers.

30.  The valve of claim 28 wherein said flowable material is forced to exit said
container by the application of external pressure on said container.

25 31.  The valve of claim 28 wherein said plug comprises an elastomeric material.

32.  The valve of claim 28 wherein said plug further comprises at least one
aperture for facilitating the flow of said flowable material.

33.  The valve of claim 28 wherein said plug further comprises one or more
grooves for facilitating the flow of said flowable material.

30 34.  The valve of claim 28 wherein said means for applying a restoring force

comprises an elastomeric tether, disposed for holding the plug.
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an annular ring 22 which fits IoTﬂﬁmmlmlnﬂmm‘"U' ar groove 24 on the
i nside surfa The nmechani
rel ati onshi pcﬁq%&gé%st he annul ar rin§ 22 anhdsanmul ar CP&TAIS98/1882}
restrains the nmotion of the valve plug 2 but allows for distinct open and”
brovi ded by a tef oy 105 gans of a2y RhBlektheid mblR SPERAILEH iy R Be
descri bed bekomprisdsithe eladtizcieforiation sfiat Usstore valveqrart camsed Iiythe motion of said
val ve such as a duck bhill valve 10 at the outlet port.

Figs. 4A andPhBﬁ'CPm@%lﬂrO@PTéP?%@Ibﬂoé@é& %H@IP@%@W positions of an embodi nment

simlar 336 vgﬂgggclmm g%%3A a&%@%%mlg'}& g%l&;ge{ ence is

that the restori na6f or ever

def or mpti on Shit/¥B mat eri al .
The eI ast ome(ra-li cﬁbﬁ% gr%}sésmg%b&k%mgﬁlutg%m%gxﬁe?ﬂ | en%nl g‘ﬁaéeﬁé'ﬁp?ro return to
its atmospheric gases, alrborne contaminants, smoke, dust, filaments, fibers, pollen

WO 99/ 15759 . . ~

PCT/ US98/ 188and microorganisms.

37. A one-way valve for dispensing a flowable material from a volumetrically

reducible container and for preventing external contaminants from entering said container,
10 said one-way valve comprising:
(a)  ahousing comprising an inlet port, an outlet port, and an annular
groove on the inside surface of said housing;
(b)  aplug comprising:
(1)  anannularring, P
15 (2) atleastone thréﬁgh—hole providing a path for the flow of
said flowable material;
said plug mounted inside said housing such that said annular ring fits into said annular
groove and said plug moves between a closed position and an open position;
() ameans for applying a restoring force for pushing said plug to said closed
20 position; and said valve plug is moved from said closed position to said open position by
internal fluid pressure of a certain threshold at said inlet port.
38.  The valve of claim 37 wherein said plug comprises an elastomeric material
and said means for applying a restoring force means is the elastic deformation of said plug.
39.  The valve of claim 37 wherein said housing comprises an elastomeric
25 material and said means for applying a restoring force means is the elastic deformation of
said housing.
40.  The valve of claim 37 wherein said plug is composed of a rigid material and
is not fixedly connected to said housing.
41,  The valve of claim 37 wherein said plug comprises an elastomeric material

30 and is fixedly connected to said housing by said annular ring.
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OLi gi nal shape after repeated deform','ufml" !H\M! ing body 12 is rigid in
this I ment. The an plug 2 is %% ely
in place by t e g&/&@?ar groove *c LIJ . g* nnul ar ri ng S%ikjgl
valve plug 2 to housing body, while still allow ng the valve

plug 2 to deform @e P iveds cﬁ%ﬁﬁ 3“’7% e?e;ﬂ%éig conthiterds sQUREH RYmithe group -
deformation of the annu I ng 22 due to pressure exertgr By
fluid flow ngcdnbxf'sﬁng)bf tubes, bﬂﬁsﬁmﬁmmﬂcoﬁtalm syririges; pistons, pouches, callapsibdd r uct ed
such that when plug 2 is not deformed, the valve is inits the closed

posi tion. reservoirs, amd bellowsHgps %W@%Rgﬁ the val ve deforms plug 2 and pushes

It into an open posjtio The ay uct

fluid flow. 3.1 Ofhe vaive et 37 whereip seid Medhs %éﬁ?em?@g%%e%“ﬁ%ﬁﬁ&ag

5A and 55B, &15&% A6in Bl éd 18 OntabORRe tel

Her e, t5he ho r% Egﬁ?a%gm e g%;mgﬁeeé | ast one p g . rraterlpg‘igé and

t he val ve pl ug 2 |.$4rradEhe)‘Falﬁcﬁﬂdmmlmlmremlthexﬁ’éamgﬁﬁ’appbrmgaEStormg@rmlm s

fixedly mated in the annul ar groove 24. Plug 2 is allowed to %vezbetween
g

(r)]pe n and o ;?Lrgvxded by defosmatinnsetiat ]Eﬂﬁ\%t 0B e}{aﬁf@m@nggqthe(g cortpIingdhs BNSof ¢ he
ousi ng body In cinit t 2
has hol es to condu fl ﬁ‘%"ﬂﬁ' %C?ai%‘ 3h/’ewherem the means ?@ngw ‘%gtéﬁn%?,omgnggGD

illustrate t el 84 L8 ment of the present i nvention in

: 0 ﬁi’@i&ﬁfy

whi ch the pl has aglt ail” 26. The tail 26 prevents rotational m salignnent

of 10 pl ugd®. |Thd vule @frdmnilﬁawﬂnqremlsadtememl cantargiaanth belang dcthed at

the bottomof the tail_ 26. The portion of ththSJn 8 is

made of an el SoUppeRSisting of airyAir “é’néﬂfé‘kntblolxb’g% mFIP&‘Hb gyater vapor, atmospheric gases,

airborne contaminants, smoke, dust, filaments, fibers, pollen and microorganisms.

47. A system for delivering a flowable medium without airborne contaminatipn

of the flowable medium comprising: P ’

15 a volumetrically reducible container for holding a quantity of flowable medium,
said container having an outlet port, and said flowable medium characterized by a
hydrostatic head of pressure;

an elastically tethered plug provided in the outlet port such that displacing the plug
from a closed position to an open position enables the discharge of the flowable medium

20 by said hydrostatic head and replacing said plug to the closed position truncates the flow of
the flowable medium and prevents back flow of air into the container.

48. A system as in claim 47 wherein the elastically tethered plug is provided
with a predetermined deformation threshold which is optimized to provide a desired
cracking pressure to trigger the discharge of the flowable medium.

25 49. A system for delivering a flowable material at an optimized cracking
pressure and without airborne contamination comprising:

a volumetrically reducible container for holding a quantity of flowable material and
having an outlet provided in said container for discharging said flowable material at a
predetermined cracking pressurg; —————
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val ve; the housing body 12 is nmade o”m"lmmu Hﬂgeﬂw Si nce r

rotational al WhIERTS20 of the valwe ipl assur ed, §$§f’1\§@1

plug 2 can effectively use channels such as holes or grooves for
conducting fluid flow

" ihe. ¢l Ssed posiausok bl bl TR R st B RS

18, in the op L tlhltygﬁ
6B i ndi cate tpﬁgdeﬁnlﬂmcf df(‘lr2(‘)‘%&‘/“%?3&Sr %h%%oﬁ@%d 01&%{0%5 ows()fa}h?/a!uggo Slgléﬁ
plug 2 with %ltm%ﬁddﬂvk@cgmmtﬂ@memmﬂ.he cl osed position. Fig. 25

6D shows a valve, using a plug 2 with a cut Pl aner facet 30, in the clgsed
position. The 50. A oh¢-ey vakve ferrdisprasiog a fipgab lg atoral &qimea v Mﬁﬁy

fl h. Fi 7A and. 7 || f Fi
6C antS6D, 1 GeAYP saRgneraidhE P aiichuBpates sampepel grs e Mg
an open flowehannel ita Pk H%Rgm?@ %&?&SR}&Q‘.’M "Qﬂérn‘af‘&!n%mﬁ&dtf‘; fof &Qerfﬁg the

housi ng. t’er nat d tor providing the

necessary resia vdl8mb®icsley-fediciblR@on@ines, sﬁidumeﬁhy valve cofhpirisinghown i=n Fig. 8A
(cl osed position) and Fle%p.@BEré open 03| tion). Here, the valve plug 2
has appendages 32 abadyhd giaflayopath tvannnm%@p@ﬁ@m%mstpﬁlgewwa%ﬂ@o.

Vhen the reducible container and an outlet port, said outlet port comprising elastomeH8 material

—+

10 permitting only the outflow of said flowable material upon the application of 2
predetermined pressure of said flowable material against said elastomeric material;
a plug disposed in the flow path for moving between a closed position Whlch
blocks the flow of said flowable material through said flow path, and an open position
enabling the flow of said flowable material through said flow path; s

15 means for applying a restoring force to restore said plug to a closed position.
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WD 99/ 15759 . .
PCT/ US9/ 18821 upper portion 8 of the housing is e

el astoner, it W???Gﬁ'ﬁgantly pushi ng down on t he vg?g.z II)%E'EQ
via the appendages 32. The appendages 32 of plug 2 can be many
di fferent shapes and can be made of elastomeric or rigid materials. If the
appendages 32 are nade of gr/glﬁﬁtoner, they can deformto
provide or contribute a restoring forc e 5 val ve plug 2.

Al ternatively, the appendages 32 can be attached to the interior upper
housi ng surface 20 and face downwards. The appendages 32 can al so perform
t he sane function as the holes 18, nmintaining an open path for
fluid flow. In accordance with an aspect of the

i nvention, the appendages 32 can be cali brated in terns of their
di nensi ons geonﬁgfy, or el gsoneric response in order to provide an 10
optim zed desi ed\ﬁrac ng pressure for a particular flowable nmedium
For exanpl e, \ t he case of a carbonated beveragglAl |
desirable to rgh—@8 acki ng of A

-

sinpl e : el he geonetry or [ spense of
t he appendage Te : NQ B
desi red crackipg
defined herei ¥
of flowabl e ¥
a sinple

appendages, o

ggui red to ope
M th an aspec}

4t he geomnet r ygg he tether,
A 12

Valve
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the plug in order'to provide an optim‘zed cracking pressure for a given

fl owabl e nmedi wo 99715759 It is noted that the appendXiEsBASRS -
shown in Figs. 8A and 8B can al so be used 20 with the enbodi nents of
t he present invention that have annular rings i.e., the '

enbodi nents of Figs. 3, 4, and 5. Fig. 9A shows the val ve
1 of the present invention nounted instA](@e out put spout of a
syringe or piston. The valve housing 12 can be bonded to the syringe with
adhesi ve, or attached using a luer-lock fitting. Fig. 9B shows
the plug valve 1 nounted in the outlet 25 spout of a bell ows-type

container. Alternatively valve 1 can be nounted inside the neck of

a tube. Fig. 9C shows a plug_galve 1 with a screwon connection 36 attached
to the outl et ?ﬁ%Gt of a collapsible or reducible tube-type
contai ner. These affp] i catifions provide for contam nation safe

tents 38 of the containers. i

gilng tae prasent invention is to conbine.t he
0 valﬁ&gﬁoﬁdﬁng into a single part. In other
aft of the cont ai ner.

P>
&,
72
&

di spensi ng of the fl ¥
Anot her alternative for
cont ai ner neck 30

wor ds, the housing be
WO 99/ 15759

PCT/ US98/ 1882

’,
2,

12
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An alternative enbodi nent of the present invention uses just the valve plug
2 as the : one-way val ve nechanism In other words, th :
outlet valve 1W°(9P41§7ﬁﬁer, slit, or ~ duck bill valve) IP%’P/%§9§;B¥2£
elimnated. The outlet valve 10 is replaced with a sinple opening. Al

t he enbodi nents descri bed above can be built w thout the outlet valve 10.
An exanple of 5 such a val ve us;ﬂ%{itft a valve plug 2 with an

el astoneric tether 16 is shown in Fig. . In this enbodi nent,
- the entire housing 12 is nade of a rigid material and hence no one-

way val ve action occurs at the outlet port 6. It is advantageous to design
the valve with as smal | an outl et chanber 27 as possible to

m nimze the amount of dispensed fluid that is residual in the
val ve after a discharge cycle. This is because residual fluid in the outlet
10 chanber 27 wll not be protected fromcontam nation due to the
absence of the outlet valve 10. Fig. 10B shows a val ve
constructed according to this embodBgent wherein the housing 7 12
has an annul ar groove 24 and the valv g~2 has an annul ar ring 22. The

housi ng 12 Is made entirely
the outlet chanmber 27 is mnim zed.
exanpl e of this enbodi nent. 15

finger activated piston which moq;;/'=
’

T

giddgater' and the vol une of
40.10Rshows yet anot her
Fig. 11 shows an gk&nple of a

-

system or an aspirated punp AN ' C
pi ston 60 is provideg 47Qﬁ7§?74:> g ap—
cont ai ner 61 Ipidin gaant i
piston 60 is prcssef ‘¢ff)ﬂ‘gf
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gquantity of flowable material noves fromregion 64 and into an outlet 66.
Cutl.et 66 may W 9915759 be provided at the |ocation shown, and @cTasesyssbe
provi ded at any conveni ent | ocation. For exanple, outlet 66 may
be connected to the finger-activated piston, Fig. 11B or '
connected directly to housing 61. Re;i;ii piston 60 to its original

position cl oses val ve 62 vents delivery of the flowable
material. The piston can be restored to its original position by
a spring, elastoneric tether or other neans for providing a restoring force
25 which are well known to one skilled in the art.

It will be appreciated that this aspect of the invention provides an

aspi rated punp for dispgnsing flowable material w thout the
contam nation of air or airborne coh(iginants due to a back fl ow

into the material . f ¥fohegoi ng val ves may be used for
the delivery of bulk quantities of a fl pwgblie 3?#. _ material . Bul k
quantities of fld@kle material are conjefftijona l)gdl%ensed t hrough an

outlet port.
peristaltic punp.
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WD 99/ 15759 : .
PCT/ US98/ 1882 _ Rat her, a valve according to the present

i nvention as &%?ﬁ”(ﬁay described with referened to PC{GsNEs2h g
may be incorporated internally within a collapsible reservoir. T
When the nozzle is in the open position, the valve provides a gravity feed

of fl owabl e materi al througp/gr nozzle. At the sane time, the
reservoir collapses in direct 5 g%ortion to the quantity of fluid
delivered. In this enbodi nent, the hydrostatic head of fluid in
the col |l apsible reservoir provides the pressure for delivering product
t hrough the cartridge. The val ve prevents airborne contam nation
due to back flow as previously expl ai ned. The
val ve enabl es the hydrostatic head of fluid itself to provide an expul sion
force. 10 In conventional nethods for _delivering bulk material, a
peristaltic punp or other me ifcal device must be provided for
actively di schargic?r? t he mat eFtig'. 5’}%5 aspelct of the ipvention
requires the fl uid- ing contarner tojbe¢{ vplunetrically reducible or
col | apsi bl e. The contai mner nmust not er excessi ve ingegnal vacuum
when contents r +spensed~"15 tt achnment
nmeans, valve materi a speci fie”val ve type | de
the fluid bdg di ensed; the ¢ ntainerztype cons\der e er
variables. It w be obvi ous o] t v to
adapt the present | nti 0 _difgerent t\Q\\
24
L —t—24
P
/
12 Fig. 5B
12

22

22
24 . \ 183 ‘
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appl i cations. In many applications it is preferred that
t he val ve be pwomensmsply bonded to the 20 cont ai ner, for ACTEISa8I18821_ -
integrated delivery or dispensing system Such a systemis of great . -
val ue in dispensing fluids intended for hone use, industrial use, or

i nstitutional use. That I S because the consuner can be offered a
ready-t o-use product for delivering m%t/ﬂlg doses in a

contam nati on safe manner. It will be appreciated that

t he foregoing aspect's of the invention provide a system 25 for

di spensing and delivering a wi de range of flowable nedia including |iquids,
sol uti ons, 10 m xtures, s®¥spensions, and @ spersions. These fluids
can be either ¥§Lat| atil e, agqMeous or, nonaqueous,
and classiﬁi d [ EiL] /¥ organic fluids as well {s

conmbi natio S gate selection of mayerifghs for the

conponent parts
present inventiga
system for fl uy
13

e"used in each specific app &ation, the

12
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WD 99/ 15759

PCT/ US98/ 188230 g9/15759 The di spensi ng syst em advantpayeusesiigszr -

protects the fluid fromthe adverse effects of evapor at i on,. -
oxi dation, and hydrol ysis and advant ageously prohibits the entry into the
fluid wi thin the dispensing,s em of m croorganisns; air and its
constituent gases; dust, pollen 37/¥f nd other particul ates. The

di spensi ng system al so prevents evaporation of the fluid. 5

Therefore, filters, antimcrobial preservatives, antioxidants and

hygr oscopi ¢ agents are not needed providing for substantia

benefits in increase i I ncreased ease of formH:ati and
reduction in cost. Bﬁ:ggﬂ?yﬁousl y mai ntaining flui gﬁﬂ@# muri ng
delivery, the temenables the distributiopg of |arger sized
containers thereby permttin@gya reduction in ahsigéi uni t vol ume
of the fluid. 10 psxafit from
the present i n/i N\
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pharmaceutical preparations such as eye and lens care solutions; in vitro
and in vivo dlagnostlc agents; biol ogi cals; personalPCTaISgs/ 18821 -
prepar ati ons WOM18H%cosnetics and fragrances; f oods, beverages;
nutritional supplenents and vitamns; industrial and |aboratory

chem cal s; phot ographi c sol utions; detergents; pai nts, varnishes, adhesives
and caul ks and 15 seal ants. . The use of the present
invention allows dispensed fluids to bgggsoaged wi t hout

chem cal additives such as preservatives. This is advantageous because in

sone situations preservatives can have harnful side effects.
Preservatives pr y in use in eye and | ens { care sol uti ons,
for exanple, cau icity reactions and/or allergic reagtions in eye
tissues. 20 Priase S in prescription eye care oducts are known
t o adver selpy—aifdfft A he—pos surgery healing e of eye
tissues.

# he present invention also pro d-s ncr eased
purity and pr)qéct n m

contam nation for | alg
chem cal s and r agen s[s

%s phof@@raphlc chem cal s.
will be clédar to one

in the art that the above ent
altered in 5

w t hout departing fromthe
i nvention. AC(ordlneg ﬂ gcope of the invg
det er mi ned py the foII wi ng ¢l ai ns.

DI S | S — |

\ —AH

eht may be
$ ¢ oPe f the
on Sasul d be

"<Q.
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1. A one-way val ve for dispehsing a flowable 5 material froma

vol unet ri cal | wo e15e5%I| e cont ai ner and for preventing ext cRGHEPSISN882I
contam nants fromentering said cont ai ner, said one-way val ve . -
conpri si ng: (a) a housing defining a flow path for the flowable 10
material, and conprising an am[fi@roove on the I nsi de surface of
sai d housi ng, said housing fur r conprising an inlet port connected
to the vol unetrically reduci bl e corffTakner~and an outl et port

conprising an el astoneric material g 15 providi ng unidirectional
flow of the flowable materi al e\ f | ow pat h; (b)

a plug conprising an annular ring A tﬁ{f@ﬂ holi ihxugh

the plug for enabling th§1flow

62
61
\ 7
[/
ANNNANNNNNN 777/ \NAANNANNNN
9o
4; < FIG. 11C
/// 60.
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20 of said flowable material along the flow path; and said EIRS | S
provi ded insid I,d housin t hat sai d anpul ar ring '-‘-\;;'J';g'e}‘ nto said
annul ar groovef’gﬁ‘sai d gﬁ'ﬁﬁép%\%gﬁh‘%ﬁ’%&°?%%?&d positi O f?"-“\' an

open - nRRNATONAY AfbriSRPRA pURLIEAS, UN%Rpﬁié‘PﬁﬁzgiT cogﬁ%ng@@ﬁw&?f |
appl y-hg—a—+estori-hg1-orce—oF et gt ng—s :
posi 1 (Brirtemetionsd Rasent Classificetign§ :p| ug i s| MoV éd) Tneomtiosa Peblickiosahbosi t | OW® OIAETSH
open|pospgswgrdy appl ying sufficientABnternal pressure 30 at said inlet
port] and (d) wher ei n the hean§3f e 19phleptiop Dategt or | rigfpril 1999(Q0439)

conpiii ses deformation of an el astoneric {ether
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| (57) Abstract

A valve (1) for dispensing the fluid centents of a container such that external contaminants such as dust, air or microbes cannot enter
the container even after repeated dispensing cyetes. The valve (2) comprises a plug-type valve and an elastomeric sheath type valve (10) such
as a flapper valve, slit valve, or duck bill valve. Al are one-way devices. The plug is provided with a means for resetting it to the closed
position at the end of each delivery cycle such that the plug is a one-way device also. The means can be an elastomeric tether (16), gravity, or
‘the deformation of a valve part (22). The plug can be provided with channels or other cut or shaped features (18), e.g. grooves, to facilitate
fluid flow. The container used with this invention must be volumetrically reducible and thereby maintain its own internal pressure at the end
of a delivery cycle. Altematively, the valve of the present invention can be made without the outlet valve, ie., the flapper, slit, or duck bill
valve. In this case, the plug is the only one-way valve, mechanism.
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di sposed. for holding the plug to open or to close the

fl ow pat h.
2. The valve of claim1l wherein said plug 5 conprises a rigid materi al
and noves within said housing to block or open said flow path. 3.

The val ve of claim1l wherein said container
consi sting of tubes,

pouches,

bags,

10

S
I nfusi on contai ners,
col | apsi bl e reservoirs,

syringes,

sel ected fromthe group

pi st ons,

and bel | ows-type contai ners.
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4. - The valve of claim1 wherein said outlet port Is selected from

the group consisting of duck bili 15 'valves, slit valves and fl apper
val ves. 5. The valve of claim1 wherein said flowabl e

material’ is forced to exit said container by the application of
external pressure on said container. 20 6. The valve of claiml
wher ei n means for applying a restoring force conprises gravity.

7. The val ve WP9%I589m 1 wherein said housing is 25 att BEHE¥Ws18821sai d
contai ner by a connection sel ected fromthe group consisting of arm

adhesive seal, a SCI oM ispensfly RS kivalgOhS Sefes uRREH rof MRl

| uer -1 ock attachnent, I ng seal and a heat
: evaporation, oxxdatxon, and hydrolysis and advantageously prohibits the entry into the fluid

within the dispensing system of microorganisms; air and its constituent gases; dust, polien
and other particulates. The dispensing system also prevents evaporation of the fluid.

5 Therefore, filters, antimicrobial preservatives, antioxidants and hygroscopic agents are not
needed providing for substantial benefits in increased purity, increased ease of formulation,
and reduction in cost. By continuously maintaining fluid purity during delivery, the
system enables the distribution of larger sized containers thereby permitting a reduction in
cost per unit volume of the fluid.

10 Examples of fluids that can benefit from the present invention include
pharmacentical preparations such as eye and lens care solutions; in vitro and in vivo
diagnostic agents; biologicals; personal care preparations such as cosmetics and fragrances;
foods, beverages; nutritional supplements and vitamins; industrial and laboratory
chemicals; photographic solutions; detergents; paints, vamishes, adhesives and caulks and

15 sealants.

The use of the present invention allows dispensed fluids to be packaged without’
chemical additives such as preservatives. This is advantageous because in some situations
preservatives can have harmful side effects. Preservatives presently in use in eye and lens
care solutions, for example, cause toxicity reactions and/or allergic reactions in eye tissues.

20 Preservatives in prescription eye care products are known to adversely affect the post-
surgery healing rate of eye tissues.

The present invention also provides increased purity and protection from
contamination for laboratory chemicals and reagents such as photographic chemicals.

It will be clear to one skilled in the art that the above embodiment may be altered in

25 many ways without departing from the scope of the invention. Accordingly, the scope of
the invention should be determined by the following claims, snd-theis-legak-eguivaients.
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seal .” 30 8. The valve of claim1 wherein said housing is
per manent |y bonded to said contai ner. 15 9. The val ve of
claiml1l wherein said val ve prevents entry of external_contaninants

bel‘onging to t he group consisting of air, air constit &) :
A i

nitrogen, water vapor, atnospheric gases, airborne

CLAIMS

1. A one-way valve for dispensing a flowable
5 material from a volumetrically reducible container and
for preventing external contaminants from entering said

container, said one-way valve comprising:

(a) a housing defining a flow path for the flowable
10 material, and comprising an annular groove on the
inside surface of said housing, said housing further
comprising an inlet port connected to the
volumetrically reducible container and an outlet port
comprising an elastomeric material disposed for
15 providing unidirectional flow of the flowable material

outward along the flow path;

(b) a plug comprising an annular ring and at least
one through-hold through the plug for enabling the flow
20 of said flowable material along the flow path; and said
plus is provided inside said housing such that said
annular ring fits into said annular groove and said
plug moves between a closed position and an open
position with respect to the flow path.
25
(c) a means for applying a restdring force for
returning said plug to said closed position such that
said plug is moved from said closed position to said
open position by applying sufficient internal pressure

30 at said inlet port; and

(d) wherein the means for applying a restoring

force comprises deformation of an elastomeric tether

pf04214.s5pc
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5 contam nants, snoke, dust, filanments, fibers, pollen __and__~___5r__~__~
m cr o- or gani sns. 10. A one way valge for dispensin
material froma volunetrically reducible container and 10 J‘@l@ ’ 'M“Hum
external contami nants fromentering said cont ai ner, sai

conpri si ng: (a) a housing conprising an inlet port, an outlet
port, and an annul ar groove on the inside of said housi ng; 15 (b)
a plug conprising an annul ar ring, and at | east one t hrough-hol e

providing a pat@ls%%s%@ef%&OWbQHlﬁ ﬁaplﬁgom@bb Prtéle%égédtHéUg

nmount ed i nside said housi ng su d an ring fits into said
20 annul ar grodde@vam@tdai d pl ug nnves bet ween a closed position and an
open position;

2. The valve of claim 1 wherein said plug
5 comprises a rigid material and moves within said

housing to block or open said flow path.

3. The valve of claim 1 wherein said container is
"selected from the group consisting of tubes, bags,
10 infusion containers, syringes, pistons, pouches,

collapsible reservoirs, and bellows-type containers.

4, The valve of claim 1 wherein said outlet port
is selected from the group consisting of duck bill

15 wvalves, slit valves and flapper valves.

5. The valve of claim 1 wherein said flowable
material is forced to exit said container by the
application of external pressure on said container.

20
6. The valve of claim 1 wherein means for applying

a restoring force comprises gravity.

7. The valve of claim 1 wherein said housing is

25 attached to said container by a connection selected
from the group consisting of an adhééive seal, a screw-
on neck, a press—-fit neck, a snap-fit neck, a luer-lock
attachment, a threaded neck, a bonding seal and a heat
seal.

30
8. The valve of claim 1 wherein said housing is

permanently bonded to said container.

pf04214.8pc
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(b3-‘ a means for applying a restoring force for pushing said plug to
said closed position; and said 25 valve pitg is noved fr

i eshol @ ai el d inlot port: and (&) - whorei ﬁriifﬁrglﬂmmm L

conposed of a rigid 30 material and is not fixedly connectex t@ s&id

housi ng, and the neans for applying a restoring force is provi ded
by deformation of at |east one elastoneric tether contacting the plug.
18 9. The valve of claim 1 wherein said valve

prevents entry of external contaminants belonging to
the group consisting of air, air constituents, oxygen,
nitrogen, water vapor, atmospheric gases, airborne

5 contaminants, smoke, dust, filaments, fibers, pollen

and micro-organisms.

10. A one way valve for dispensing a flowable
material from a volumetrically reducible container and

10 for preventing external contaminants from entering said
container, said one-way valve comprising:
(a) a housing comprising an inlet port, an outlet
port, and an annular groove on the inside of said
housing;

15
{b) a plug comprising an annular ring, and at least
one through-hole providing a path for the flow of said
flowable material; said plug mounted inside said
housing such that said annular ring fits into said

20 annular groove and said plug moves between a closed

position and an open position;

{c) a means for applying a restoring force for

pushing said plug to said closed position; and said
25 wvalve plug is moved from said closed_position to said

open position by internal fluid pressure of a certain

threshold at said inlet port; and

(d) wherein said plug is composed of a rigid

30 material and is not fixedly connected to said housing,
and the means for applying a restoring force is
provided by deformation of at least one elastomeric

tether contacting the plug.
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i1. © " The valve of claim 10 wherei n said plug conpriéEE‘Eﬁ‘e#angnELLg\\

mat eri al and said neans for applying B8restoring force ’w”
elastic 5 deformation of said plug. 12. The val v

wherei'n said housing conprises an elastoneric materi al and Saild me

for applying a restoring force neans is the elastic 10 deformation of
sai d housi ng. 13. The valve of claim 10 wherein said plug is
conposed of a rigid material and is not fixedly

11. The valve of claim 10 wherein said plug
comprises an elastomeric material and said means for
applying a restoring force means is the elastic

5 deformation of said plug.

12. The valve of claim 10 wherein said housing
comprises an elastomeric material and said means for
applying a restoring force means is the elastic

10 deformation of said housing.

13. The valve of claim 10 wherein said plug is
composed of a rigid material and is not fixedly
connected to said housing.

15
14. The valve of claim 10 wherein said plug
comprises an elastomeric material and is fixedly

connected to said housing by said annular ring.

pf04214.spc
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conpected to said housing. 15 . 14.. The valve of claim l' Edei ngg i
pl ug conpr an el ast IRl IeTeDERIAL sdopErTd oR@NEZAT@ | Y St ed to Pds

sai d housi ng by $5I'd annul ar ring. Intemational Bureau -
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