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A package (10) for the metered dispensing of a liquid
product which eliminates degradation of the product due to

| contact with air. The package consists of a sealed pressurized

container (12) for the liquid product and a dispensing pump
(14) mounted on the container. The pump includes a housing
(18), a hollow stem (67) defining an induction passage (68) at
the bottom of the housing, a piston (36) slidably mounted in
the housing and a valve (54) slidably positioned over hollow
stem (67) and biased upwardly against the piston. The piston
is provided with an extension (44) defining a discharge pas-
sage (56); the extension carries an actuator (16) provided with
a discharge orifice (64). Upon downward movement of the pis-
ton, liquid in the housing will be pressurized, and when suffi-
cient hydraulic pressure is attained, valve (54) will move
downwardly with respect to the piston to effect opening of dis-
charge passage (56) and allow discharge of liquid from dis-
charge orifice (64). e
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PRSSURIZED CON;I'AINER WITH DISPENSING PUMP

TECHNICAL FIELD

There are currently several methods to dis-
pense liquids with fine spray patterns. Historically,
the accepted method for spraying liguid products with
fine spray patterns such as colognes was to dispense
these products from an aerosol. The conventional

aerosol was capable of producing extremely fine particles

in the air, and in addition was hermetically sealed
which obviated product breakdown, generally attributed
to oxidation of specific fragrance notes.

About four years ago, the aerosol industry
in the United States was banned from using chlorofluofq—
carbons as a propellant source. Governmental regula-
tions prohibited the use of the chlorofluorocarbon
propellant in aerosols since they were allegedly in-
volved with Ozone depletion in the upper atmosphere.
The chlorofluorocarbons had enjoyed many years of wide-
spfead use for many aerosol products, and were parti-
cularly useful in colognes, pharmaceuticals, and in-
gestibles. The chlorofluorocarbons were stable, had a
low order of toxicity, had no odor, were available as
blends at several pressures,-were readily available at
reasonable cost, and above all, were non-flammable.
With the enforcement of the chlorofluoro-
carbon ban, it became necessary to utilize other pro-
pellant sources. Of the remaining propellants avail-

able to the aerosol industry, the hydrocarbon liquified -

gases came into greater prominence. Through the years,
hydrocarbon blends had been used for aerosol water-
based, household chemical specialty products, such

as cleaners, waxes, deodorants, and insecticides.
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Although pure isobutane, normal butane and propane
can be used, it is preferable to use blends of butane,

»

isobutane and propane in order to obtain desired vapor
pressures. &
While hydrocarbon propellants apparently do
not interfere with the Ozone layer, they do possess
some less desirable properties. For example, although
hydrocarbon toxicity is good, the Hydrocarbons generally
possess low flash points which, when coupled with the
alcohol base used in most perfume concentrates, render
these formulations more hazardous as to flammability
than their predecessor chlorofluorocarbon formulations.
The fragrance market has recently turned to
spray pump dispensers as alternatives to aerosols.
Previously, pumps were used successfully on chemical
spec;glty cleaners to dispense formulations with coarse,
wet sprays. It was now a challenge for the mechanical
pump manufacturers to refine and engineer their product
line to accommodate dispensing of expensive fragrance
products. Several pump manufacturers met the
challenge by designing and manufacturing pumps for this
market. With these pumps cologne and perfume could
now be dispensed from a glass bottle.with no hydro-
carbon propellant, with little to no extra cost, and
without added flammabiiity or exXplosive properties. In
addition, the pump dispensed products could be pack-
aged on existing filling equipment. However, one dis-
advantage with these pumps was the ﬁgature'commcn to

ali pumps, air enters the package on each stroke.

This results in’ fradgrance deterioration attributed to "
oxidation of certain fragrance notes. This short- &
coming in package integrity affected the quality and v

shelf-1ife of fragrances.

The utility of this novel sealed dispensing
system is of course not limited to fragrances such as
perfume or cologne. Practically any product that can
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be dispensed by pump or aerosol can be dispensed using
this system. Of particular importance, of course, are
those ?roducts which are preferably retained in a
sealed environment such as, for example, pharmaceuticals
which can be dispensed in measured dosages without
destroying the sterility of the remaining portions.
The purpose of this invention is to provide
a novel sealed dispensing system as an alternative to
conventional pumps and aerosols. This system will
obviate certain shortcomings inherent in both these
packages. Comparison of this system of the invention

with metered aerosols, conventional aerosols, and pumps

is described in Table 1 below.
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BACKGROUND

In the period since the application was
originally filed a number of references, some prior
art, some not, have been called to Applicant's
attention which appear to be at least as significant
as Meshberg United States Patent No. 3,211,346,
issued October 12, 1965, which was discussed in detail
in this application as originally filed. These
are Giuffredi United States Patent No. 4,122,982,
issued October 31, 1978 based on an Italian applica-
tion filed March 16, 1976; Giuffredi French Certifi-
cate of Utility No. 77.33140 (Publication No.
2,391,374) based on an Italian application filed
October 27, 1977 and Meshberg United States Patent No.
4,271,875, issued June 9, 1981. All four disclose

| pumps used in connection with sealed (non-venting) and
pressurized containers. Both Meshberg patents show
pumps which are actuated by position not by pressure,
while the valve stem in each is in its undischarged
position. A port connects the discharge chamber with
the interior of the container. As the stem is de-
pressed, this port is closed sealing the discharge
chamber. Upon further depression of the stem, a
second discharge port is uncovered permitting the
discharge of the fluid contained in the discharge
chamber. Upon release of the stem, the discharge
chamber remains in contact with the discharge passage'
until the discharge port is again covered permitting
the contents of the discharge passage and air to enter
the discharge chamber. It is only when the stem is
substantially in its undepressed position that contact
with the container is reestablished.

In the two Giuffredi patents while the

discharge is pressure actuated, the refilling of the
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‘discharge chamber is position actuated like in

Meshberg.

PCT/US82/00748

Other references considered to be less

relevant since they are all used with vented

containers, include:

When the refill valve is moved on
the valve stem:

Patentee

Pechstein

Anderson
Bennett
Hafele et al
Majima
Umstead
0'Neill et é}
Monden

Kirk, Jr.

And where the refill
is stationary:

Boris
Nozawa et al
Kondo

Kishi et al
Corsette
Boris:- -
Hayes

Kishi

Kirk, Jr.
Pettersen
Blake
Giuffredi
Ruscitti

Tada et al
Cater

U.S.Patent No.

Re. 28,366

(3,399,836)
4,051,983
4,088,425
4,089,442
4,140,249
4,179,049
4,189,064
4,262,823
4,278,189

3,746,260
3,908,870
3,921,861
4,017,031
4,050,613
4,028,222
4,111,367
4,144,987
4,154,374
4,173,297
4,183,449
4,215,804
4,228,931
4,234,127
4,274,560

Issued

Sept.
Oct.
May
May
Feb.
Dec.
Feb.
Apr.
July

valve

July
Sept.
Nov.
April
Sept.
Aéril
Sept.
March
May
Nov.
Jan.
Aug.
Oct.

Nov.
June

3,
4,
9,
16,
20,
18,
19,
21,

-

14,

1986
1977
1978
1978
1979
1979
1980
1981
1981

1973
1975
1975
1977
1977
1978
1978
1979
1979
1979
1980
1980
1980

1980
1981

)

=
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DISCLOSURE OF INVENTION

The invention as herein illustrated comprises
a system for metered dispensing of a product comprising
a hermetically-sealed package containing sealed therein
product to be dispensed together with an internal
pressurizing agent, and means for dispensing the product,.
wherein: the hermetically-sealed package contains a
product to be dispensed having solubilized therein a
portion of the pressurizing agent and a headspace con-
taining the remainder of the pressurizing agent. This
means for dispensing the product from the package com-
prises a discharge chamber, a piston movable from one
position to another to produce hydraulic pressure, P,
in the discharge chamber, an exit passage from the dis-
charge chamber, and means including a spring in com-
bination with a seal forming a valve for providing .
communication from the discharge chamber to the exit
passage when the hydraulic pressure Pl in the discharge
chamber reaches a predetermined level P3. This spring
in combination with the seal provides for blocking com-
munication from the discharge chamber to the exit
passage when the pressure Pl in the discharge chamber
drops below said predetermined level P3. Ball valve
means are provided for controlling flow from the pack-
age to the discharge chamber. The ball valve means
blocks flow of product between the package and the
discharge chamber while the hydraulic discharge
pressure Pl, in the discharge chamber exceeds the
internal pressure P2, in the package, but is responsive
to the reduction of hydraulic discharge pressure P,
following the discharge of product from the discharge
chamber to a value less than P2 to allow additional
product from the package into the discharge chamber.
This permits the piston to return to its initial position

upon the influence of the spring. The system is then

\ WEG
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ready to-be actuated once again.

Pl, P2, ps3

Discharge pressure P3 - the pressure at which *
the valve opens providing communication between the dis-
charge chamber and the exit passage - can range from
between about 20 and about 190 pounds per square inch
(2.3 to about 14 atmosphere). Desirably, the dischafgg
pressure P3 should be from between 80 and about 120
pounds per square inch (5.4 and about 9.2 atmosphere).
It should be noted that for optimum performance the
difference between the discharge pressure P3 and
internal pressure P2 is about 15 and 100 pounds
per square inch (about 2 to 8 atmosphere). A parti-
cularly preferred difference in ‘these pressures is be-
tween about 60 and 80 pounds per square inch (about 5 to
6.5 atmosphere). Pressure Pl, the internal pressure in
the discharge chamber is developed by applying an
external force to the actuator. Pressure Pl varies
between internal pressure P2 and discharge pressure
P3. Discharge pressure P3 is constant as will be
shown below and is independent of the amount of external
force or the speed at which the actuator is depressed
and more importaptly is independent of internal pressure
P2,

The internal pressure P2 is provided by the
pressurizing agent which is édded to the product in the
hermetically sealed package or container. The pres-
surizing agent is a material which preferabiy is at
least partially solubilized in the product and which 2
generates a pressure P2 in the head space of the package

¥

in the order of 1 to 40 pounds per square inch and
preferably approximately 20 pounds per square inch at the
temperature at which the product is to be dispensed. The
package is only partially filled to leave a head space
above the fluid level or between 10 and 50 percent and
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preferably about 20 percent of the total volume of the
container. The pressur121ng agent may be hydrogen,
carbon dioxide, nitrous oxide, hydrocarbons, halogenated
hydrocarbons, oxygenated substances, and mixtures there-

of as described in detail below.

THE DISPENSER

. The dischargé chamber is defined by a hous-
ing hermetically sealed onto the package and comprises
that area filled with product between the exit orifice
and the bottom of the housing. The valve and piston
are located in the discharge chamber in addition to
the product to be dispensed. .

The piston extends into the discharge chamber
through an opening therein surrounded by a sealing
element and is provided at its externally extending end
with an actuator by means of which the piston can be
depressed. A spring acting through the discharge valve
yieldably opposes the depression of the piston and
operates to return first the discharge valve and then
the depressed piston to their undepressed position.

The means for providing communication from the dis-
charge chamber to the exit passage is a discharge valve
element movable in unison with the piston as the latter
is depressed and relative thereto when the internal
pressure Pl in the discharge chamber reaches a pre-
determined levei discharge pressure P3. The means
providing communlcatlon from the package to the dlS-
charge chamber is an intake chamber in the dlscharge
valve body having communication with the package
through an opening at the lower end of the intake
chamber and provided with a normally-closed intake
valve which is displaceable from its seat when the
internal pressure P2 in the package exceeds the internal
pressure Plin the discharge chamber. It should

be noted that said normally-closed valve will also be

opened during the package filling step as described

T l'
/‘,, ¥ ..'
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in detail below. The intake chamber is contained in
the lower end of the discharge valve body and is movable
in unison with the piston and relative thereto. The
opening at the lower end of the discharge chamber is
surrounded by a hollow stem extending inwardly from

the end and the intake chamber in the discharge valve
body has at its lower end an opening dimensioned to

have sliding engagement with the exteriof surface of

the stem. The spring is positioned in compression
between a shoulder on the stem and the upper end of the
intake chamber and the stem is provided with a protrus-
ion dimensioned to engage and unseat the ball valve

when the actuator is positioned at a predetermined posi-
tion to place the exit passage in the piston directly in
communication with the intake chamber, and, hence, ‘the
opening at the bottom of the discharge chamber. The
actuator is secured to the exteriorly extending portion
of the piston in a position to limit the depression of
the piston during dispensing to a position less than
that necessary to unseat the ball valve. Releasing the
actuator after sﬁraying permits the spring force to
return the piston and valve in unison to the un-
depressed position while product simultaneously is
forced into the discharge chamber for the next actuation.

&
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in
greater detail wherein:
FIG. 1 is a perspective view of a preferred

package of the invention;
FIG. 2 is a fragmentary diametral section

of the upper part of the package shown in FIG.1 to
much larger scale showing the components in an un-

depressed, at rest position;
FIG. 3 is a view similar to FIG. 2 showing

the structure in a partially depressed position just

before discharge takes place;
FIG. 4 is a section corresponding to FIG. 2

showing the position of the parts at discharge;

FIG. 5 is a section corresponding to FIG. 3
showing the completely depressed position of the parts
following discharge; . .

FIG. 6 is a fragmentary section showing the
parts in a position just prior to gas being injected;

FIG. 7 is a fragmentary section showing the
position of the parts when £illing the package by

impact or pressure gassing;
FIG. 8 is a fragmentary section wherein the

package is metal and the closure is crimped to its

upper open end;
FIG. 9 is 'a graph of the theoretical Ostwald

solubility coefficient of carbon dioxide in ethanol
and water at various temperatures;

FIG. 10 is a graph plotting the percent of
container dispenséd against the internal pressure P2
wherein the pressurizing agent is CO; and the produét
dispensed is 100 percent ethanol at various levels;

FIG. 11 is a graph similar to FIG. 10
wherein the pressurizing agents are CO, and N,0 and

the products to be dispensed are water and ethanol,

respectively;
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FIG. 12 is a graph showing the cumulative
weight in grams plotted against internal pressure P2
in PSIG where the pressurizing agent CO, is solubilized
in alcohol sparged at 20° F. and dispensing takes place s
at 70° F.;

FIG. 13 is a graph similar to FIG. 11 wherein
the pressurizing agent CO, is solubilized in alcohol
sparged at 10° F. and dispensing takes place at 70° F.;

FIG. 14 is a graph like FIG. 11 wherein the
pressurizing agent CO, is solubilized in alcohol sparged
at 40° F. and dispensing takes place at 70° F.;

FIG. 15 is a graph showing the cumulative
weight dispensed plotted against internal pressure P2
in pounds per-square inch gauge wherein the pressurizing
agent CO, is solubilized in alcohol at 10° F., and 20° F.
and 40° F.; .

FIGS. 16, 17 and 18 are graphs showing the

' weight of product in grams dispensed per 10 depressions
of the actuator and the pressurizing agent is co,
solubilized in alcohol sparged at 10° F., 20° F. and
40° F.

BEST MODE OF CARRYING OUT THE INVENTION

Referring to the drawings, the typical
system of the ipvention comprises a package 10 comprised
of a receptacle 11 containing the product to be dis-
pensed, together with a pressurizing agent and dispens-
ing means 14 hermefically sealed in the receptacle.
The pressurizing agent is partially solubil- @

ized in the product and a headspace 7 is provided con-

i

taining the remainder of the pressurizing agent.

The package is provided with an actuator
16 for effecting discharge of the product, independent
of the internal pressurization P2. This is achieved

Yor . WO nv
ZERNATION
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- by means.of variable hydraulic pressure Pl which is

generated in a discharge chamber 52 by piston 36 and
which effects discharge when it reaches a predeter-
mined discharge pressure P3.

The housing 18 is positioned at the open
end of the receptacle 12 and substantially centered
therein with a portion extending into the receptacle
and a portion extending from the receptacle through
a sealing ring 20 held against the upper edge 22 of
the receptacle by'a ferrule 24, the lower edge of
which is crimped at 26 beneath a shoulder 28.

The ferrule 24 defines a dome 30 within
which the upper end of the housing 18 is crimped against
a sealing ring 32 surrounding an opening 34 in the
ferrule.

The piston 36 is positioned in the housing

18 with a portion 38 extending into the housing and a

- portion 40 extending from the housing for reciprocal

movement in the housing and, for this purpose, there
is provided an extension 44 to which there is applied
the actuator 16. Depression of the piston is effected
by pressing downwardly on the actuator 16. Restoration
of the piston to its undepressed pcsition is provided
for by a spring 48. The lower part 38, of the piston
corresponds substantially to the inside diameter of
the housing and is provided with a shoulder 50, which,
in the undepressed.position of the piston, Has-sealing
engagement.with the sealing ring 32. '

fhemgzgféh 36 defines a hollow chamber 52
within which there is a valve 54 movable with the
piston and relative thereto. The stem 44 of the piston
contains a discharge passage 56, one end of which is in
communication with the chamber 52 by way of a valve
seat 58 surrounded by a sealing ring 60 and the other
end of which is in communication with a lateral passage

62 in the actuator which terminates in a discharge
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orifice 64. The discharge passage 56 ié.mormally.cldsed
by the valve 54 which has a part 66 structured to have ¥
sealing engagement with the sealing ring 60. The valve
54 is held yieldably engaged in a position of engagement :
of the part 66 with the valve seat by the aforementioned
spring 48 and when so positioned, communication between
the discharge passage 56 and the chamber 52 is blocked.
By moving the valve 54 relative to the piston 36 the’
part 66 may be disengaged from the sealing ring 60 to
provide communication between discharge passage 56 and
the chamber 52 and hénce discharge of product through
the discharge passage 56, lateral passage 62 and
orifice 64. ’

At the lower end of the housing 18 there is
a hollow stem 67 which extends from the bottom of the
housing chamber upwardly therein, defining an induction
passage 68 which is-in communication with the interior
of the receptacle. An extension iO of the stem 67
‘from the lower end of the chamber downwardly may be
provided for receiving the upper end 72 of a dip
tube 74, the lower end of which extends substantially
to the bottom of the receptacle. The valve 54 has at
its lower part an intake chamber 76, the lower end of
which is provided with an opening 78 which has sliding
engagement wiéh the exterior surface of the stem 67.
The upper end of the intake chamber 76 contains a port
80 and valve chamber 82 which is connected by ports 84 ,
to the chamber 52. A ball valve. 86 within the chamber --—— -
82 normally rests in a closed position on the port 80.

The spring 48 heretofore mentioned is
positioned in compression within the intake chamber
76 with its lower end seated on a shoulder 88 at the
upper end of the stem 67 and its upper end is seated
against the upper end of the intake chamber 76 and
holds the piston 36 and valve 54 in their undepressed
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, OMFI

Ko WIPO 3V
< ERNATIO >




WO 82/04203 PCT/US82/00748

17

position with the valve stem part 66 engaged with the
sealing ring 60. Desirably, there is an extension
90 at the upper end of the tube 66 dimensioned to
extend through the port 80 when the piston is almost
fully depressed to unseat the ball 86 for a purpose
- which will be described hereinafter. .
_ The extension 90 is provided for impact
filling as shown in FIG. 7 wherein the discharge head
H of a filling machine is shown applied to the extension
44 and pressed downwardly sufficiently to displace
the piston 36 and valvé 54 downwardly in the housing
18 and to effect relative movement of the valve 54
and the piston so as to unseat the valve from the
discharge passage and to cause the extension 90 to
1lift the ball valve 86 off its seat. In this position
product and/or pressurizing agent can be forced into
the chamber 52 and from thence through ports 84 and 80
into the chamber 76 and passagé 68 into the receptacle.
If impact filling is not employed, it is not necessary
to have the extension 90.
The depression of the piston must be limited
so as not to unseat the ball valve during actuation
and this may be accomplished by positioning the actuator
16 on the extension 44 so that its contact with the
dome of the ferrule prevents movement downwardly beyond
the position shown in FIG. 5.

' In operation, the system of the invention
can be described as follows: Assuming that there is
product in the discharge chamber, downward movement
is applied to the piston by pressing on the actuator
16. Such downward movement applies hydraulic pressure
Pl to the product in the housing 18 by decreasing
the volume therein. During the initial downward

movement, the piston and the valve move in unison.
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However, when the hydréulic pressure Pl in the chamber
52 reaches a predetermined level P3 the resistance

of the spring 48 will be overcome, whereupon the valve s
will move downwardly relative to the piston, thus
withdrawing valve stem part 66 from the valve seat at
the entrance to the discharge passage and product will
be discharged at the discharge pressure P23, through

the discharge passage 56, passage 62 and orifice 64.
Termination of the stroke of piston 36 results in a
drop of the hydraulic pressure Pl in the chamber 52

to a value less fhan discharge pressure P3, whereupon
the spring 48 moves the valve relative to the piston

to reengage the valve stem part 66 with the entrance to
the passage 56, thus cutting off further discharge.

When actuator 16 is released spring 48 acting through
valve stem part 66 causes the upward movement of the
piston 36. Since the valve part 66 is in the closed
position the increase in volume of discharge chamber 52
reduces pressure Pl. As soon as pressure Plis reduced
to a value equal to pressure P2 the product in recepta-
cle 12 which is at pressure P2 moves.ball 86 away from
port 80 permitting the producﬁ to flow through the
intake chamber and ports 80 and 84 into the chamber 52
to £ill the same. Thus, as the piston is ascending to
its undepressed position, the product is filling the
chamber 52. The product flow continues until the

piston reaches its undepressed position. Until such
time as the piston is reactivated preésufe Pl remains
equal to P2, The instant the piston is actuated .
pressure Pl increases forcing ball 86 against port 80
thereby sealing the discharge chamber from the intake s
chamber. The intake chamber remains in constant contact
with the interior of the receptacle. Although the
amount of intermal pressure P2 in the container may
decrease as product is dispenéed and the headspace 7

increased, the fact that it is the reduction in pressure
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in chamber 52 that unseats ball 86 means that the
chamber 52 will £fill and piston 36 will return to the
undepressed position under the influence of spring 48
independent of the value of P2 even when P2 is reduced
to a value that is slightly sﬁbatmospheric; It is only
when the pressure differential inside and outside of the
piston exceeds the strength of the spring that the pump
stops working. As shown in FIGS. 9 through 18 the
discharge pressure P3 of the pump is substantially
independent of the internal pressure P2 within the
container. Hence the spray characteristics remain
uniform throughout the entire use of the dispenser.

It is believed that the reason for this is
that the intake chamber is located within the discharge
chamber as part of the valve assembly and remains in
constant communication with the interior of the
receptacle. The pressure inside the intake chamber
is always P2 independent of the absolute value of P2
and indepenaent of the instantaneous value of Pl .
and this pressure is exerted in all directions against
the walls of the intake chamber thereby substantially
cancelling out any directional effect.

Instead of a glass or plastic container, a
metal container may be used and when a metal container
is used as shown in FIG. 8 the cap 24 is applied to
the open top and clinched in place by rolling the top
of the container and the- skirt surrounding the.éap.

As has been previously mentionéd, the pres-
surizing agent may be totally or partiaily solubilized
in the product. Ideally sufficient pressurizing
material will be used so that upon exhaustion of the
product in the package, the internal pressure P2 in the
package is still sufficient to drive the final éontents
of the package from the valve intake chamber into the
discharge chamber when the ball valve 86 is displaced

from its seat and to permit the piston to return to its

undepressed position.
VREAD
oMPI
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THE PRESSURIZING AGENT

As will be shown below, the product to be
dispensed can range from a 100 percent agueous formula-
tion to a 100 percent non-aqueous formulation, plus
various combinations thereof. The solubility in the
product of the various pressurizing substances useful in
this invention can be established by using the Ostwald
coefficient. Calculation of the Ostwald coefficient is

provided by the formula below:

b -

Wherein:

A = Ostwald solubility coefficient
= Volume of ligquid/volume of container
= Weight of pressurizing gas} grams
Gas constané 82.06 ml. at m./mole °K

= Kelvin temperature

0O 1w = M
I

= Volume of container in ml.
= Molecular weight of the propellant

R
|

= Total pressure in absolute atmospheres

To obtain the grams of gas solubilized in the liquid
contained in the specific container the formula is
rearranged to read: '
vV _MP
C .
RT

( A X+1-X)

W =

A specific application of this formulation to a
container with a volume of 77.3 ml. pressurized with
CO, shows that 0.72 grams of Co, is solubilized in
the product:

Vc Volume of container is 77.3 ml.
Molecular weight of CO, (M) = 44
: 2 atm (14.7psig)

|

Pressure (P)
R 82.06
T (273°C + 21.1°C)

294.1°K
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X = .85- (85% of filled container 15% headspace)
A 2.84 from chart
Placing these values in the formula: The weight W of CO:
solubilized in the liquid present in the container with
a 15 percent headspace is 0.72 grams.
FIG. 9 of the drawings illustrates the
Ostwald solubility coefficient of carbon dioxide in
100 percent water W-W' plus 100 percent ethanol E-E' at
various temperatures. Solubilized mixtures of ethanol
and water with CO, will producé Ostwald coefficients
with values falling between the curves W-W' and E-E'.
FIG. 10 illustrates the theoretical percent
of container‘Volume dispensed at various internal pressures
'P2, the Ostwald coefficient for the product dispensed,

100 percent ethanol is 2.84 at 24° C.
FIG. 11 shows actual percent of container

volume dispensed where various products are charged .
with carbon dioxide and nitrous oxide having various
Ostwald coefficients. These products are essentially

100 percent discharged. ’

It is herein emphasized that the system

described above is hermetically sealed and, accordingly,
not vented, as are conventional pump structures. The |
seals of this system are so arranged that once they
are permanently placed on a container, they permit no
exchange statically or dynamically of air from the
outside of the package to the inside. If the package
is exposed to high temperatures such as direct flame,
P2 will increase dramatically and alternately overcome
the spring force and exhaust product until internal
pressure in the package returns to less than the spring
force. This "self-venting" feature of the system of
the invention is unobvious and unexpected.

Ideally, those pressurizing agents that are

non-toxic, non-flammable and environmentally acceptable
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which can be incorporated readily in the product are

ﬁost preferred. With various water, alcohol and
solvent-based formulations, carbon dioxide as the
pressurizing agent has sufficient solubilitf therein :
such that the internal pressure can be controlled over

a broad pressure range. This makes it a preferred
pressurizing agent.

Suitable pressurizing agents for the puréose
of this invention are defined as those substances which
have the propensity to be "solubilized" in the product
and which fills the headspace of the package with gas
at various levels of f£ill including total discharge
of product. Examples of pressurizing agents include:

A. Compressible, essentially soluble gases

Examples: carbon dioxide, nitrous oxide
and hydrogen

B. Essentially liquifiable petroleum gases

{(hydrocarbons)
Examples: propane, butane, isobutane
and propylene

C. Liquified halogenated hydrocarbons

Examples: 1, 2 dichlorotetrafluorethane
(114), Dichlorodifluoromethane
(12), and Chlorodifluoromethane
(22)
D. And the oxygenated substances such as
- . .. ethers; dimethylether and
. diethylether -

The term “solubilized" as used in discussing
the system of the present invention refers to the process
of dissolving a gas in a liquid whether that liquid or
gas be simple one-phase mixtures or emulsions, a
dispersion or a multiple-phase mixture.

The limiting qualification on the range of
P2 can be defined as follows: The minimum must be
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sufficient to discharge the product in the package and
the maximum must be less than the discharge pressure
P3 of the dispenser and is usually less than about

100 pounds per square inch.

PRESSURIZATION

Pressurization of the product may be accom-
plished in a number of ways including: 1. Pressure
filling;. 2. Impact filling; 3. Sparging, and
4., Cold sparging.

As to 1: Pressure filling is the expression applied to
conventional aerosol f£illing where any type
of ligquified gas such as hydrocarbons or
chlorofluorocarbons are metered with a
volumetric pump directly into the container
through the dispenser Via an adapter. The
liquid gas is kept hydrostatic and its
delivery is very accurate. The liquified.
gas has a constant Vapor pressure P2.

As to 2: Impact filiing is where the liquid concentrate
has been prefilled into the container at
room temperature and the dispenser placed on
and crimped onto the container. The adapter
is then engaged onto the dispenser and a
high pressure charge of the soluble com-
pressed gas such as CO2 is injected
through the dispenser into the container.
The charge 'is considerably higher than the -
desired pressure P2 because the pressure
drops as the solubie compressed gas
solubilizes with the liquid. As a very
general rule, at normal £filling speeds, the
injection pressure is three times the final
pressure desired P2. For example, to
achieve a P2 of 30.pounds per squafe inch,
we would set injection pressure at 90 pounds

per square inch.
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In pressurizing by sparging, the room tempera-
ture contents are externally subjected to high
pressure soluble gas (CO,). The mixture is
kept under pressure and pressure filled into
the container often with an under-the-cap
filler.

Cold sparging is accomplished by -reducing the
temperature of the ligquid contents extern-
ally. The soluble compressed gas is éassed
through the cold liquid where it is solubil-
ized in the ligquid. The 1ligquid is filled into
the containers under cold filling equipment -
(refrigerated £illing bowls) - for example.
The gas-is held in solution as a function of
the temperature at atmospheric pressure.

The lower the temperature, the more gas

is held in solution. .

DISPENSING

The-unexpected dispensing characteristics

of the system of the invention include: controlled

volume dispensing over the entire contents of the pack-

age in combination with consistent spray characteristics,

independent of changes in P2.

Specifically as to dosage - the metered dis-

pensing system of the invention dispenses a controlled

volume of product consistently as shown in FIGS. 16,
17 and 18. ' '

In addition, the volume dispensed with

each dosage can be controlled by the displacement of

the discharge chamber. This can range from less than

between about 25 microliters to one ounce or more.

The spray characteristics of each dose dispensed can

be influenced by the mechanical breakup in the exit

orifice and/or the concentration of pressurizing agent
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. in the product dispensed. The spray pattern can range
from a very fine spray to a stream.

Specifically, as to spray characteristics, an
overriding control on the spray characteristics is
the designated discharge force P3. There is a correla-
tion between the level of hydraulic discharge pressure
and spray breakup. Unexpectedly, these spray character-
istics- are essentially independent of temperature
variations or changes in internal pressure P2.

The performance of the system as herein
described with respect to dispensing the entire contents
of the package and dispensing at a substantially consistent
rate are illustrated in FIGS. 12 to 15.

It can be appreciated that with certain
pressurizing agents the internal pressure P2 can drop
constantly with the volume of product dispensed whereas
the amount of material dispensed, i.e. dosage per
discharge, remains substantially constant as does the
discharge pressure P3 required to dispense the product.
It will be shown below that the spray pattern of the
product dispensed from the system of the invention
likewise remains fairly constant over the total contents

dispensed.

THE PACKAGE

The products to be dispensed with the system
of this. invention can be in any fluid-like form, a fluid
. such-as a fragrance, a gel such as a gel toothpaste,
a lotion such as a hand lotion, a cream such as a
moisturizing cream, or even a powdered material such as
an antiperspirant or any combination of these which are
suitable for discharge by hydraulic pressure. The )
system is particularly suitable for the dispensing of
pharmaceuticals since the contents once sterilized will

remain sterile even as individual dosages are removed.
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As to the package - non-pressurized packages
such as glass and plastic containers can be used as well
as the more traditional packages used heretofore for
aerosol dispensing. The package can vary in size from
less than 30 milliliters to about one liter. Parti-
cularly preferred for products such as fragrances are glass
containers ranging in size from between about .30 and
about 83 milliliters.

The need for coatings on glass packages is
minimized. That is, heretofore fragrances dispensed
from aerosols were packaged in glass coated with
polyvinylchloride. Since the internal pressure P2 is
less, and with certain pressurizing materials such as
carbon dioxide, the flammability is diminished dramati-
cally, and simpler packaging can be used.

) . It is critical to the system of the inven-
tion that the patkage described be hermetically sealed
from the atmosphere at all times, including during
actuation and deliﬁery of the product. The inherent
advantage of this feature of the system of the
invention includes exclusion of atmospheric oxygen
from the package to protect readily oxidizable com-
ponents of the formulation (such as drug substances,
fragrances, flavors and the like) as well as to protect
certain substances from microbiological contamination.
For example, an aseptically filled or_tefminally steri-
lized product using the system of the invention can be
maintained in a sterile state throughout its useful
life without the necessity of resorting to employment -
of strong preservative systems. Not only do these
preservative substances run the risk of failing to P
maintain sterility, but they may cause untoward side
effects, including tissue irritation (in, for example,

dermal formulations and ophthalmic preparations).
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- The following further illustrates the,
integrity of the system of the invention: Samples
marked A, B and C, respectively, were packed in a
51 milliliter aluminum container, a square 60 milli-
liter glass bottle, and a 89 milliliter acetal copolymer
(Celcon) plastic bottle. The samples prepared were:

A - 100% Specially denatured ethyl alcohol 39C
(SDA 39C) .

B - 50:50% mix (SDA 39C: Deionized water)
C - 100% Deionized water

These solutions shown above were put into
the freezer until the temperature reached a range of
32 - 35° F. Each cold solution was subjected to a
continual flow of CO, gas through a glass sparging
diffuser tube for 3 minutes. The cold CO, saturated
ligquid was poured into the appropriate container
described above.

Prior to the filling of the container with
CO, treated liguid, the containers'had been innoculated
with a spore suspension of thé test organism, Bacillus
pumilus. The dispenser was put on each container and
crimped. Duplicate samples of each liquid solution in
its appropriate container were exposed to 2.67 megarads
Co-60 irradiation. Duplicate samples were retained
as a control lot. Both treated and control
samples were then tested for the presence of bacter-
iological growth. The following results were observed: B

" It should be noted that Gamma (Cobalt 60)
irradiation discolors.glass to give a black color. ‘
There did not appear to be any apparent physical change
to the rubber, plastic or metal packaging components.

The presence of liquid (either water or
alcohol, or a mixture) does not appear to render the
radicactive rays ineffective. The treated packages

" had no growth. The test organism Bacillus pumulis
was killed due to the gamma sterilizétion in glass,
aluminum and plastic containers whereas the control
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samples showed growth of the test organism.

The system of the invention can deliver its
contents as liguid stream or as a mist with a wide
variety of spray characteristics, even when no hydro- .
carbon or halogenated hydrocarbon propellant is
utilized.

The following Table 2 illustrates a variety
of products which could be packaged according to the
system of the invention.

It should be understood that the present
disclosure is for the purpose of illustration only
and includes all modifications or improvements which
fall within the scope of the appended claims.
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EXAMPLE

NUMBER

10

11

12

13

PRODUCT
TYPE

Cplogne

Mouth
Refresher

Hair Spray

Nasal
Inhalent

Throat
Spray
Antiperspir-
ant Deodorant
Spray

Hand
- Lotion

Insecticide

Solid En-
capsulated
flavors or
fragrance

Lens
Cleaner

Small
Animal Flea
Spray

House Plant
Insecticide

Permanent
Wave
Solution

PACKAGE TYPE

PRODUCT AND SIZE IN
BASE MILLILITERS
Alcohol Glass 30
and water
Alcohol, Aluminum 15
water or ’
both
Alcohol Steel 237
Water Glass 15
Water Glass 118
Solvent Steel 177
Dispersion
Water Glass or
Plastic

Solvent Steel 237
Water/ Glass 59
alcohol
Water/ Aluminum 15
alecohol
Water Steel 177
emulsion N
Water Steel 237
Water Glass 8%

PRESSURIZING
MATERIAL

Propane

N_O

Co

Cco

Butane

Butane
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EXAMPLE
NUMBER

14

15

16

17

18

.19

TABLE 2

PCT/US82/00748

ILLUSTRATIVE EXAMPLES OF THE SYSTEM OF THE INVENTION

PRODUCT

TYPE

Liquid Butter

Pan Spray

Burn Spray

Athletes
Foot Spray

Suntan
Lotion
After Shave
Lotion

Poison
Ivy Spray

PRODUCT
BASE

0il or
Emulsion

Water

Water

Alcohol/
0il

High Water
Low Alcohol

Water

PACKAGE TYPE
AND SIZE IN
MILLILITERS

PRESSURIZING
MATERIAL

Aluminum 177

Aluminum X59

Aluminum 118

Aluminum 118

Glass 235

Glass or
Aluminum 59

CO2

CO,
co

2

co

co

Co

*
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TABLE 2

ILLUSTRATIVE EXAMPLES OF THE SYSTEM OF THE .INVENTION

(continued)
EXAMPLE TYPE OF FILLING % FILL OF p3 p2 DOSAGE IN
NUMBER, USED PRODUCT IN - (atm) (atm) GRAMS OR
CONTAINER MILLITERS
BY VOLUME
1 = Cold sparge 75 to 80 6.5 2 100
2 Impact gassing 75 to 90 6.5 2 75
3 Impact gassing 70 6.5 3.7 2
4 Cold Sparge 80 6.5 1.7 50
followed by
sterilization
5 Impact gassing 75 6.5 2.7 1l
followed by .
sterilization
6 Pressure filling 80 6.5 . 1.7 150
7 Impact gassing 70 - 6.5 2.7 ’ 5 ‘
followed by
sterilization
8 Impact gassing 80 6.5 3 1
9 Impact gassing 80 6.5 2 100
h 10 Pressure filling 80 6.5 1.7 100
11  Pressure filling 70 6.5 1.7 1
12 Impact gassing 70 -6.5 2.7 1
13 Impact gassing 75 6.5 2.4 , 1
14 Impact gassing 80 6.5 2.7 2
15 Sparge followed
by sterilization 80 6.5 2 0.1
16 Impact gassing 80 6.5 2.7 0.10
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TABLE 2

ILLUSTRATIVE EXAMPLES OF THE SYSTEM OF THE INVENTION

{(continued)

EXAMPLE TYPE OF FILLING % FILL OF P2 p2 DOSAGE IN

. NUMBER USED PRODUCT IN (atm) (atm) GRAMS OR
CONTAINER BY MILLILITERS

VOLUME

17 Impact gassing 70 6.5 2.7 0.15
18 Impact gassing 80 6.5 2 0.1
0.1

19 Impact gassing . 80 6.5 2
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ILLUSTRATIVE EXAMPLES OF THE SYSTEM OF THE INVENTION

(continued)
EXAMPLE
NUMBER PRODUCT ADVANTAGE
1 Oxidation of key notes eliminated
2 Oxidation eliminated; Sterility maintained
3 Oxidation eliminated; Spray controlled
4 Oxidation eliminated; sterility maintained
Preservatives eliminated
5 Sterility maintained; oxidation eliminated
Preservatives eliminated
5 Flammability decreased; chill factor reduced
7 . Sterility maintained; no preservatives
required
8 ' Moisture avoided; flammability reduced
Particle size controlled
9 Oxidation eliminated; clogging prevented
10 Controlled spray pattern; flammability
decreased
11 Eliminates frightening noise of aerosol
12 - Eliminates phytotoxic solvents and
propellants
.13 Metered amount, ease of use
Spray at any angle
14 Sterility intact; metered amount; ease of
use; oxidation eliminated; reduced
flammability
15 No solvent burn (alc) Metered dose;

sterile and without preservatives

16 No solvent burn; sterile
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TABLE 2

ILLUSTRATIVE EXAMPLES OF THE SYSTEM OF THE INVENTION

(continued)
EXAMPLE
NUMBER PRODUCT ADVANTAGE
17 - Neatness, convenience; low pressure
(hot sun); Spray at any angle.
18 Fragrance; Free of oxidation

Decrease alcohol burning

19 No burning; no preservatives
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CLAIMS

1. A pump especially adapted to be mounted
in and on an hermetically sealed container and to remove
and discharge fluid contained therein at an elevated
discharge pressure, said pump having a discharge chamber,
an intake chamber and a reciprocating valve body .
characterized in that the said intake chamber is mounted
on said valve body and is contained entirely within said
discharge chamber, whereby said discharge pressure is
substantially independent of the pressure within said

hermetically sealed container.

2. A pump as claimed in claim 1 further
characterized in that said valve body is spring loaded

whereby said pump is pressure actuated.

3.. A pump as claimed in claim 2 further
characterized in that said diséharge chamber comprises
an open ended housing mounted on said container and
a cooperating piston having an open ended bottom mounted
therein, said spring loaded valve body positioned

between said housing and said piston.

4, A pump as claimed in claim 3 further
characterized in that the closed end of said housing is
provided with an upstanding stem and the lower end of
said valve body comprises an open. ended chamber forming
said intake chamber is mounted on said stem in sliding

but sealed relation thereto.

5. A pump as claimed in claim 4 further L.
characterized in that said upstanding stem is provided
with an induction passage extending therethrough and
communicating between the interior of said container

and said intake chamber.
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6. A.pump as claimed in claim 5 further
characterized in that said valve body is provided
with an intermediate valve chamber, a valve port
communicating between said intake chamber and said
valve chamber, a movable valve element within said
chamber adapted to seal said valve port and at least
one port in the wall of said valve chamber remote from
said valve port communicating with said discharge
chamber.

7. A pump as claimed in claim 6 further
characterized in that said spring is mounted within
said intake chamber with one end mounted on a shoulder
provided on said upstanding stem and the other end sur-
rounding said valve port.

8. A pump as claimed in claim 7 further
characterized in that said piston is provided with a
discharge passage and a Qalve seat surrounding said
discharge passage and said valve body is provided at
the end remote from said intake chamber with a valve
stem having an end portion adapted to mate with said

valve seat and to seal said discharge passage.

9. A pump as claimed in claim 8 further
- characterized in that the piston is pro&ided with a
separable actuator having a discharge passage mating
with the discharge passage in said piston, a nozzle
member and a shoulder member adapted to come into
contact with'an.element mounted on said container and
thereby limit the stroke of said piston. |

10. A pump as claimed in claim 9 further
characterized in that the diameter of said valve stem is
substantially the same as the diameter of said up-
standing stem and the outside diameter of said intake
chamber is substaﬁtiglly in excess thereof.

ERNATI
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11. A pump as claimed in claim 10 further
characterized in that said upstanding stem is provided
with an axially mounted extension at the end thereof
adapted when the piston, in the absence of said activator,
is depressed further than the position permitted by
said actuator to extend through said valve port and to
unseat said valve element thereby permitting said
sealed container to be charged through said aischarge

passage.

12. A pressure actuated pump as claimed in
claim 1 for the metered dispensing of a fluid contained
in a hermetically sealed container at a pressure P2, said
pump particularly adapted for use in situations wherein
said pressure P2 is at a relatively low value initially
and decreases in value as the fluid is removed from
saild sealed container,

said pump characterized by the following:

a housing fitted into said container in
sealed relation thereto with an open-ended portion
extending outwardly of said container,

and a close-ended portion extending inwardly
of said container;

said close-ended portion being provided with
an upstanding stem, said stem having an induction
passage extending axially thereof and therethrough and
through the bottom wall of said chamber,

said induction passage communicating with a
dip tube ekxtending within said container for removal of
fluid therefrom;

a piston fitted into said housing, said
piston having an open-ended bottom portion the peri-
phery of which is in sealed relation with the inner
wall of the open-ended portion of said housing in
sliding relation thereto and a closed top portion
provided with a discharge passage extending therethrough
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- [Claim 12 continued]

and a valve seat surrounding said passage on the inner
wall of said piston; ' .
said piston and said housing in combination
forming a discharge chamber,
said housing being provided at its upper end
with an inwardly extending shoulder retaining said
piston therein;
a valve means within said chamber,
said valve means haﬁing at one end a valve
stem provided with an end portion adépted to mate with
said valve seat and when in mating position to seal said
discharge chamber from said discharge passage,
at the other end a hollow intake chamber
adapted to surround said upstanding stem in sealed but
sliding relation thereto, ’
’ and intermediate the two ends, a valve chamber,
) said valve chamber provided with a valve
port communicating with said intake chamber,
a movable valve member adapted to seal said
valve port,
and one or more ports remote from said valve
port communicating between said valve chamber and said
discharge chamber; _
a spring member extending internally of said
intake chamber with one end shouldered on said upstand-
ing stem and the other end surrounding said valve port,
said spring member normally urging said valve
port away from said stem and thereby urging said valve :
stem against said valve seat and said piston against
said shoulder;
and a depressible external actuator mounted
on said piston and provided with a passage therethrough
communicating with said discharge passage in said piston

and terminating in an external discharge orifice,
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[Claim 12 continued]

and whereby, upon release of said pressure
upon said actuator subgequent to said discharge, said
spring acting through said valve stem and valve seat
urges said piston toward said shoulder thereby in-
creasing the volume of said discharge chamber reducing
the pressure pl therein to less than P2 the pressure in

said sealed container,
thereby moving said movable valve member

from its associated seat admitting fluid from said
sealed container until such time as said fluid £ills
said discharge chamber, said piston abuts said shoulder,
and Pl equals P2, . .

P3 being in excess of and substantially
independent of P2.

13. A pump as claimed in claim 12 further-
characterized in that said upstanding stem is provided
with an axially oriented extension at the free end there-
of,

‘said extension adapted to extend through said
valve port located between said intake chamber and said
valve chamber and to unseat said movable valve member
associated with said valve port when said piston is de-
pressed to a position beyond that permitted when the
actuator is assembled thereto,

whereby during a f£illing operation after the
pump has been assembled with the container and the seal

) formed and before the actuator has been placed on said
piston, said container can be charged through said dis-
charge passage by depressing the piston farther than
permitted by the presence of the actuator.

2y
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14. A system for the metered dispensing
of a product comprising in combination an hermetically
sealed package containing said product, a pressurizing
agent and a pump as claimed in any one of claims 1 .
through 13.

15. The method of expelling a product
charged into-an-air-tight receptacle at a pressure P1
without replacing the volume of product expelled with
ambient air, comprising providing a discharge chamber
at the mouth of the receptacle which can alternately
be placed exclusively in communication with a discharge
passage and exclusi&ely in communication with the
interior of therreceptacle, decreasing the volume of
the discharge chamber and thereby increasing the pressure
upon the product within the discharge chamber from the
pressure Pl therein to a discharge pressure P3 above the
pressure Pl, providing communication between the dis-
charge chamber and the discharge passage to discharge
product at said pressure P3, while maintaining communi-
cation between the discharée chamber and the receptacle
closed, closing communication between the discharge
chamber and the discharge passage when the pressure in
the discharge chamber falls therein by reason of its
communication with the discharge passage to a pressure
below said discharge pressure P3, decreasing the
pressure in the dischargé chambér by increasing the
volume thereof-to & pressure below the pressure Pl in
the receptacle and providing exclusive communication
between the discharge chamber and the interior of the
receptacle to induce product from the receptacle into
the discharge chamber at the pressure Pl to £ill the
discharge chamber while maintaining the communication
between the discharge chamber and the discharge passage
closed.
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16. A method according to claim 15 com-
prising providing a piston in the chamber for alter-
nately decreasing and increasing the pressure therein
to on the one hand effect discharge of product from
the chamber, and on the other hand, to induce product
from the receptacle into the chamber.

17. A method according- to claim 16 com-
prising providing in combination with the piston, valve
means which simultaneously proVides communication between
the discharge chamber and the diséharge passage and
blocks communication between the discharge chamber and
the receptacle when the piston is moved in a direction
to decrease the volume of the discharge chamber and
whiéh simultaneously closes communication between the
discharge chamber and the discharge passage and provides
communication between the discharge chamber and the
receptacle when the piston is moved in a direction to
decrease the pressure in the discharge chamber.
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8 \ THEORETICAL OSTWALD SOLUBILITY COEFFICIENT OF
CARBON DIOXIDE IN ETHANOL & WATER

B AT-VARIOUS TEMPERATURES.
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