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(57) ABSTRACT 

The invention herein relates to pumps and valving arrange 
ments for ?uid dispensers. The invention further relates to 
dispensers incorporating a pump. The pumps herein com 
prise a dose chamber, a resilient actuator, valves for con 
trolling the ?oW of ?uid into and out of the dose chamber 
and the upper and loWer pump halves each formed from 
unitary mouldings, at least the upper pump half comprising 
a semirigid, thermoplastic material. The pumps are easily 
made via injection moulding from a small number of parts. 
Combination of the pump With a ?uid reservoir provides a 
?uid dispenser Which may further comprise an atomiser for 
forming a spray as ?uid is ejected from a dispenser outlet. 
Methods of making the pump and valving arrangements are 
also provided by the invention. 
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PUMPS FOR FLUID DISPENSERS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a pump Which can 
be easily made and assembled from a small number of 
moulded parts, particularly from injection moulded parts. 
The invention further relates to a dispenser comprising the 
pump and to valving arrangements for pumps and dispens 
ers. The pump and device are useful for dispensing ?uids 
such as medicines, including nasal and throat sprays, per 
fumes, cosmetics, cleaning products and the like. 

BACKGROUND OF THE INVENTION 

[0002] The delivery of substances from a dispenser, par 
ticularly in carefully controlled amounts, generally requires 
a pump of some sort typically With one or more valves 
associated With it. The provision of such pumps not only 
adds to the cost and complexity of manufacturing dispens 
ers, since typical pumps comprise many separate parts, but 
can also restrict their overall design. Efforts have been made 
to reduce the complexity of pumps. WO 98/08661 discloses 
a readily manufactured pump having a small number of 
stackable parts. HoWever, it still requires four parts Which 
need to be separately manufactured and assembled. WO 
02/16047 discloses another simple diaphragm pump, incor 
porated into the inside of a dispensing ?exible reservoir; it 
too comprises four parts. 

[0003] US. Pat. No. 6,460,781, US. 2003/0071071, US. 
2002/0190081 and WO 00/06464 all describe simple prod 
uct dispensers, suitable as sampling devices Which comprise 
a reservoir and a resilient means Which is deformable in 
order to produce a pumping action from the reservoir. 

[0004] US. Pat. No. 5,492,252, EP 641 722 and EP 442 
858 each describe dispensers incorporating pumps Which 
utilise a resilient actuator as an insert into a pre-moulded 
pump chamber comprising an inlet port. 

[0005] Despite all the foregoing there remains a need for 
further improvements in product dispensers to enable 
simple, loW cost manufacture of product dispensers incor 
porating pumps, in particular those Which are capable of 
reliably delivering repeated controlled product doses. A 
related problem is that of enabling a simple method of 
modular construction of dispensers Whereby differently 
functioning pumps, e.g. delivering different siZe doses, can 
be ?tted to a common dispenser, enabling a ?exible method 
of adapting a production line to provide different products. 

[0006] A pump of simple construction has noW been 
developed Which can be manufactured from as feW as tWo 
separate parts and, in particular, each part can be formed by 
mass production techniques such as injection moulding, 
compression moulding or thermoforming. The pump can be 
employed as a separate part in a more complex dispenser or 
indeed can be integrally moulded into a simple dispenser. 
The construction of the pump provides for much greater 
design freedom in the Way that the pump is employed in 
dispensers and, as a result, in the dispenser design. 

SUMMARY OF THE INVENTION 

[0007] The invention herein relates to pumps and valving 
arrangements for ?uid dispensers. The invention further 
relates to dispensers incorporating a pump. The pumps 
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herein comprise a dose chamber, a resilient actuator and 
valves for controlling the ?oW of ?uid into and out of the 
dose chamber. Combination of the pump With a ?uid reser 
voir provides a ?uid dispenser Which may further comprise 
an atomiser for forming a spray as ?uid is ejected from a 
dispenser outlet. 

[0008] In accordance With a ?rst aspect of this invention 
there is provided a pump for a ?uid dispenser comprising: 

[0009] a) an upper pump half comprising an upper 
inlet port Wall and an upper outlet port Wall; 

[0010] b) a loWer pump half engaging With the upper 
pump half and comprising a loWer inlet port Wall and 
a loWer outlet port Wall, Wherein the upper inlet port 
Wall engages With the loWer inlet port Wall to de?ne 
a pump inlet port permitting ?uid communication 
from a ?uid source into the pump and the upper 
outlet port Wall engages With the loWer outlet port 
Wall to de?ne a pump outlet port permitting ?uid 
?oW out of the pump; 

[0011] c) a resilient actuator connected to the upper 
pump half, 

[0012] d) inlet and outlet valves associated With the 
pump inlet and outlet ports for controlling ?uid ?oW 
through them; and 

[0013] e) a dose chamber, at least partially bounded 
by the resilient actuator, for containing a single dose 
prior to delivery from the dispenser 

[0014] Whereby depression of the resilient actuator is 
effective to dispense the dose of ?uid through the pump 
outlet port, and Wherein the upper and loWer pump halves 
are formed from unitary mouldings and at least the upper 
pump half comprises a semirigid, thermoplastic material. 

[0015] In accordance With a second aspect of this inven 
tion there is provided a method of making a pump for a ?uid 
dispenser, the pump comprising an upper pump half com 
prising a semirigid, thermoplastic material, a loWer pump 
half, a dose chamber, a resilient actuator, a pump inlet port, 
a pump outlet port, an inlet valve and an outlet valve, the 
method comprising the steps of: 

[0016] a) forming the upper pump half in a unitary 
moulding comprising the resilient actuator, an upper 
inlet port Wall and an upper outlet port Wall; 

[0017] b) forming the loWer pump half in a unitary 
moulding comprising a loWer inlet port Wall, a loWer 
outlet port Wall and a loWer dose chamber Wall; and 

[0018] c) ?xing the upper pump half onto the loWer 
pump half such that the resilient actuator and the 
loWer dose chamber Wall bound the dose chamber, 
the upper inlet port Wall engages With the loWer inlet 
port Wall to de?ne a pump inlet port permitting ?uid 
communication from a ?uid source into the pump 
and the upper outlet port Wall engages With the loWer 
outlet port Wall to de?ne a pump outlet port permit 
ting ?uid ?oW out of the pump. 

[0019] In accordance With a third aspect of this invention 
there is provided a method of making a pump for a ?uid 
dispenser, the pump comprising an upper pump half com 
prising a semirigid, thermoplastic material, a loWer pump 
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half, a dose chamber, a resilient actuator, a pump inlet port, 
a pump outlet port, an inlet valve and an outlet valve, the 
method comprising the steps of: 

[0020] a) forming the upper pump half in a unitary 
moulding comprising an upper inlet port Wall and an 
upper outlet port Wall; 

[0021] b) forming the loWer pump half in a unitary 
moulding comprising a loWer inlet port Wall and a 
loWer outlet port Wall; 

[0022] c) ?xing the upper pump half onto the loWer 
pump half such that the upper inlet port Wall engages 
With the loWer inlet port Wall to de?ne a pump inlet 
port permitting ?uid communication from a ?uid 
source into the pump and the upper outlet port Wall 
engages With the loWer outlet port Wall to de?ne a 
pump outlet port permitting ?uid ?oW out of the 
pump; and 

[0023] d) attaching a resilient actuator to the upper 
pump half so that the resilient actuator bounds the 
dose chamber. 

[0024] In accordance With a fourth aspect of this invention 
there is provided a valve module for a pump for a ?uid 
dispenser comprising: 

[0025] a) an upper pump half including an upper inlet 
port Wall, an upper outlet port Wall and a ?oW 
channel providing ?uid communication betWeen 
upper and loWer surfaces of the upper pump half; 

[0026] b) a loWer pump half engaging With the upper 
pump half and including a loWer inlet port Wall, a 
loWer outlet port Wall and a loWer dose chamber Wall 
Wherein the upper inlet port Wall engages With the 
loWer inlet port Wall to de?ne a pump inlet port 
permitting ?uid communication from a ?uid source 
into the pump and the upper outlet port Wall engages 
With the loWer outlet port Wall to de?ne a pump 
outlet port permitting ?uid ?oW out of the pump; and 

[0027] c) inlet and outlet valves for controlling ?uid 
?oW through the pump inlet and outlet ports; 

[0028] Wherein the valve module comprises an alignment 
means selected from positioning lugs, indents, a non-circular 
external Wall section and combinations thereof to enable the 
valve module to be received in a dispenser in a ?xed 
orientation. 

[0029] In accordance With a ?fth aspect of this invention 
there is provided a valving arrangement, suitable for use in 
a pump dispenser, comprising a ?oW channel having semi 
rigid upper and loWer Walls, a ?uid inlet through Which ?uid 
enters the arrangement from a ?uid supply and a ?uid outlet 
through Which the ?uid exits the valving arrangement, the 
?oW channel further comprising inlet and outlet elastomeric, 
?ap valves, mounted inside the ?oW channel, each valve 
having a surface immovably ?xed to the upper ?oW channel 
Wall and a ?ap sealingly compressed against the loWer ?oW 
channel Wall, Whereby each valve prevents ?oW of ?uid 
along the ?oW channel until a positive ?uid pressure differ 
ential on an upstream side of the ?ap of the valve causes the 
?ap to lift thereby alloWing ?uid to ?oW past the valve, the 
valves permitting ?uid ?oW in the same direction along the 
?oW channel Whereby an increase in ?uid pressure in a 
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section of ?oW channel betWeen the tWo valves causes the 
outlet valve to open and the inlet valve to remain closed and 
a reduction in ?uid pressure in the section of ?oW channel 
betWeen the tWo valves causes the inlet valve to open and the 
outlet valve to remain closed. 

[0030] In preferred embodiments of the invention the 
pump is incorporated into a dispenser further comprising a 
?uid reservoir in ?uid communication With the pump inlet 
port. Preferably the reservoir is co-moulded With the pump. 

[0031] The resilient actuator of the pumps preferably has 
a threshold force for actuation Which facilitates consistent 
unit dosing. The pumps, valving arrangements, dispensers 
and actuators herein are amenable to a modular approach to 
construction Which provides substantial ?exibility in a mass 
manufacturing environment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The invention Will noW be described in more detail 
With reference to component parts of the pumps, valve 
modules and dispensers herein, ?rst in general terms and 
then With reference to speci?c embodiments. 

[0033] De?nitions 

[0034] The pumps and dispensers comprise upper and 
loWer halves. The terms “half” and “halves” herein are 
intended only to indicate corresponding parts and are not 
intended to imply any equality in size, construction or 
function. The terms “upper” and “loWer” in respect of the 
pump or dispenser are used only to distinguish the tWo 
halves and are not intended to imply any particular orien 
tation of the parts in use. 

[0035] As used herein a “semirigid” refers to a material 
having a ?exural modulus of at least about 300, preferably 
at least about 500 MPa, measured using ASTM D790. Pump 
and dispenser parts herein made from a semirigid material 
are generally moulded With suf?cient Wall thicknesses that 
they are self-supporting, by Which is meant that they Will not 
substantially bend under their oWn Weight. HoWever, certain 
embodiments of reservoirs herein, such as ?exible sachets, 
are non-self supporting structures through being made of 
thin laminates, even though the laminates may comprise 
semirigid materials. 

[0036] By a “unitary moulding” is meant a moulding 
formed in a single piece or completely formed Within a 
single mould. It may comprise only one material but the 
term “unitary moulding” also comprises Workpieces formed 
from tWo or more materials in a common moulding opera 
tion such as a tWo-shot injection moulding Where different 
materials are co-injected or sequentially injected into a 
common mould. 

[0037] A “?uid” herein refers to a ?oWable liquid or gel. 

[0038] “Monostable” as used herein in respect of an 
actuator or an element thereof means having a force-de?ec 
tion curve including a priming region Wherein the force 
initially increases for increasing de?ection, in the manner of, 
say, a conventional spring, and then at some threshold force 
there is at least one in?ection point such that further de?ec 
tion of the element occurs With a reduction in the applied 
force. Such a curve is shoWn in FIG. 26. Preferably the 
initial priming region de?ection is kept as small as possible. 
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[0039] “Bi-stable”, in respect of an actuator or an element 
thereof, refers to an actuator or an element thereof that 
behaves like a monostable actuator or element until the 
de?ned force threshhold is overcome but then “?ips” to stay 
permanently in a depressed position. 

[0040] Dose Chamber 

[0041] The pumps according to the invention comprise a 
dose chamber. The dose chamber is formed by the co 
operation of the upper and loWer pump halves When the 
pump is assembled. The dose chamber holds a single dose of 
the ?uid to be dispensed Which, in preferred embodiments, 
can be replenished from a reservoir in ?uid communication 
With the dose chamber. The dose chamber is in ?uid com 
munication With a pump inlet port, through Which ?uid can 
be received from the reservoir, and a pump outlet port from 
Which ?uid can be dispensed. In certain embodiments illus 
trated herein the pump inlet and outlet ports are at opposite 
sides of the dose chamber and for many applications this Will 
be the most appropriate geometry hoWever the invention is 
not so limited. The inlet and outlet ports can be adjacent to 
each other or placed in any other position relative to each 
other and the dose chamber provided they perform their 
intended function of permitting ?uid ?oW into and out of the 
dose chamber. Fluid ?oW into and out of the dose chamber 
is controlled by inlet and outlet valves described in more 
detail beloW. The pumps further comprise a resilient actua 
tor, also described further beloW Whose actuation results in 
the dispensing of a dose of ?uid from the dose chamber. The 
volume of the dose dispensed by the pump Will generally be 
less than the pump volume since actuation of the pump via 
the resilient actuator Will generally not result in all of the 
?uid contained Within the pump being dispensed. Dose 
volumes herein may vary from a feW microlitres to several 
millilitres depending upon the pump dimensions and con 
struction. The dose volume is preferably a metered dose 
substantially pre-determined by the dimensions of the dose 
chamber. Means for achieving this, comprising restricting a 
user’s ability to modify the dose volume are described 
further beloW in the section on resilient actuators. 

[0042] Before ?rst use the dose chamber may require 
priming With the ?uid to be dispensed. The greater the ratio 
of the pump volume to the dose volume the greater the 
number of priming strokes needed to replace air inside the 
unprimed pump With ?uid draWn from a reservoir. The 
preferred number of priming strokes is three or feWer. 

[0043] In a preferred aspect of the invention the dose 
chamber has a loWer Wall Which creates an endpoint for the 
de?ection of the resilient actuator and stops its movement 
When the actuator abuts it. Changing the distance betWeen 
the actuator in its resting position and the loWer dose 
chamber Wall can provide a method for ?ne adjustment of 
the dose volume of the pump, thereby at least partially 
de?ning a metered dose. This is advantageous in a commer 
cial production environment When different dose volumes 
need to be produced in a cost effective Way. Of course, the 
dose volume can also be adjusted by changing other param 
eters such as the actuator shape and siZe. 

[0044] Resilient Actuator 

[0045] An important feature of the pump herein is the 
actuator. The actuator is preferably resilient. It can be a 
separately manufactured piece ?tted to the upper pump half 
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but is preferably an integral, resilient Wall section of the 
upper pump half bounding the dose chamber. Resilience is 
provided by selection of the material from Which the actua 
tor is made and by control over its thickness and shape. 
Suitable materials for the actuator are thermoplastic elas 
tomers, silicones, rubbers or soft grades of polyole?ns (e.g. 
polyethylene or polypropylene). A suitable thickness for the 
actuator When manufactured from the same semi-rigid mate 
rial as the pump body is from about 0.1 to 0.8 mm, 
preferably from about 0.3 to 0.7 mm, more preferably from 
about 0.4 to 0.6 mm. In an alternative embodiment, resil 
ience may be provided by a tWo component system Whereby 
a spring or other resilient apparatus is placed immediately 
beneath the actuating Wall to return it to its unpressed 
position folloWing actuation. 

[0046] The actuator is depressed by a user in order to 
decrease the volume of the dose chamber and thus dispense 
a dose of ?uid from the pump. For a resilient actuator, When 
the depressing force is removed, its resilience causes the 
actuator to spring back to its original shape causing a 
pressure reduction in the dose chamber to draW ?uid into the 
dose chamber from a reservoir. 

[0047] The design of the actuator in?uences the dose siZe 
and accuracy of the overall system. For many applications 
the precise requirement for the delivered dose is not so 
critical and dose tolerances of +/—20% are acceptable. 
Simple resilient actuators in form of buttons are Well knoWn 
in the art. The actuator can be integrally moulded With the 
upper pump half (in a manner similar to the gas belloWs 
shoWn in US. patent application 2002/074359), co-moul 
ded, overmoulded, or moulded separately and assembled via 
a mechanical snap or friction ?t, such as in the pump of WO 
98/08661, or attached via a Welding operation. 

[0048] Simple actuators can have the disadvantage that the 
user can choose the force applied Whilst dispensing a ?uid, 
Which can lead to a big variation in dose quantity and 
quality. The relationship betWeen the applied force and the 
degree of de?ection of the actuator may approximate to 
linear, or at least require continuously increasing force for 
ever greater de?ections. If a user only presses gently then the 
dispensed volume and pressure of the ?uid may be subop 
timal, resulting, for eXample, in incomplete or variable 
dosing, an undesirable spray pattern or poor particle siZe 
distribution. Although this may be acceptable for certain 
applications or products, applications in the area of medical 
devices typically require more rigorous dose tolerances, 
especially When delivering active pharmaceutical ingredi 
ents. In order to overcome this particular disadvantage the 
actuator herein preferably includes monostable or bi-stable 
elements. These elements are characterised in that they do 
not have a linear force-de?ection relationship. The use of 
monostable or bi-stable elements in an actuator for a deliv 
ery system provides added control to a user’s operation of 
the device. 

[0049] The use of monostable elements in form of buttons 
or snap-domes is knoWn in the electronics industry in form 
of input devices (keypads for mobile phones, calculators, 
etc) and circuit board sWitches. Snaptron Inc. of Loveland, 
Colo. 80537, USA distributes metal snap domes in various 
siZes and geometries. Monostable elements, in the form of 
“snap-domes” are knoWn, for eXample, in sWitches from 
e.g., US. Pat. Nos. 4,933,522; and 5,510,584. The principle 
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has also been disclosed for use in a sample type spray 
dispenser in US. Pat. No. 6,460,781. WO 02/016796, 
assigned to Valois S A, describes a tWo-leaved spring Which 
acts a monostable element and can be used inside a dispens 
ing reservoir. A further elaboration on this type of actuating 
element is described in Us. Pat. No. 6,271,487 Which 
discloses a sWitch having tactile feedback and three states of 
sWitching. Monostable elements are also used in the toy 
industry. Monostable elements as used herein can be sepa 
rate elements, such as a snap dome located underneath the 
resilient actuator or they can be an integral feature of the 
actuator formed by appropriate construction of the actuator 
Wall as disclosed in US. Pat. No. 6,460,781. 

[0050] For monostable elements in an actuator the typical 
force-de?ection curve is like that shoWn in FIG. 26. Initial 
de?ection requires a continuously increasing force. If only a 
loW force is applied by a user’s ?nger to an actuator ?tted to 
a pump primed With ?uid, there Will typically be no delivery 
of ?uid at all since the force applied generates insuf?cient 
pressure in the ?uid to open the outlet valve of the pump. 
The actuator has a threshold point though at Which further 
de?ection of the element occurs With a reduction in the 
applied force, this threshold point should be a little greater 
than that required to create suf?cient ?uid pressure to open 
the outlet valve. The practical effect of this is that the 
momentum of the user’s ?nger depression results in a 
rapidly increasing de?ection making it dif?cult to prevent 
full actuation once the pre-de?ned threshold point has been 
passed. The result is a much smaller variation in the dis 
pensed amount of ?uid and better control over any associ 
ated spray pattern. This process of passing the threshold 
point is preferably accompanied by an audible ‘click’ or 
tactile feedback to signal correct operation of the element to 
the user. Preferably, past the threshold point the de?ection D 
(axis graduated in mm) increases by at least 50% even 
though the force F (axis graduated in NeWtons) is reduced by 
at least 10%, more preferably the de?ection increases by at 
least 75% even though the force is reduced by at least 25%. 
Preferably the slope of the curve from the origin to the ?rst 
threshold point is at least 5 Nmm_1, more preferably at least 
10 Nmm_1. 

[0051] In a separate aspect of this invention there is 
provided an actuator for use With a dispensing pump, the 
actuator comprising a shaped, preferably disc-like, plate 
comprising an outer ?ange lying in a ?rst plane and a central 
resiliently de?ectable dome, the dome comprising an apex 
and at least one annular trough Whereby, When the actuator 
is ?xed at its outer ?ange, the actuator has, for forces applied 
perpendicularly to the ?rst plane, a force-de?ection curve 
that includes a priming region Wherein the force initially 
increases for increasing de?ection of the dome, and at least 
one in?ection point such that further de?ection of the dome 
occurs With a reduction in the applied force. 

[0052] Typically, at some point past the threshold point on 
the force-de?ection curve of the actuator, the applied force 
required to achieve further de?ection increases again, usu 
ally as some material limit of the actuator is reached. A 
prede?ned endpoint for the de?ection may also be achieved 
due to the actuator abutting some stopping element, in Which 
case of course the applied force Will increase very rapidly for 
slight or no further de?ection. The de?ection endpoint may 
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be de?ned by the physical dimensions of the actuator or a 
further stop element can be introduced, such as the loWer 
dose chamber Wall. 

[0053] For resilient actuators, When the applied force is 
removed then the actuator returns to its original unde?ected 
starting point. Bi-stable actuators Which stay in a perma 
nently depressed position are not resilient as intended 
herein. Although this type of actuator is not suitable for 
repeated dosing, if several are used in one dispensing 
package it can have advantages for controlled dosing regi 
mens. In a further aspect of the invention herein there is 
provided a reservoir containing a ?uid to be dispensed, the 
reservoir comprising boundary Walls and a ?uid outlet, 
Wherein the boundary Walls of the reservoir comprise a 
plurality of bi-stable actuators such that each depression of 
a bi-stable actuator results in a substantially identical dose of 
?uid being dispensed from the ?uid outlet. A preferred 
bi-stable actuator Will present a convex dome to the exterior 
of the reservoir and, When depressed past its threshold, Will 
permanently deform to present a concave depression to the 
exterior of the reservoir. The preferred embodiment of this 
further aspect of the invention comprises a reservoir having 
a plurality of externally convex deformable bi-stable actua 
tors arranged in a regular array on one face of the reservoir, 
to give the appearance of a blister pack. 

[0054] Valves and Valving Arrangements 
[0055] Further important features of the pumps herein are 
inlet and outlet valves. The inlet valve is associated With the 
pump inlet port for controlling ?uid ?oW through the inlet 
port and the outlet valve is associated With the pump outlet 
port for controlling ?uid ?oW through the inlet port. By 
‘associated With’ is meant that each valve is located in the 
respective port or in a ?oW channel directly connected to the 
port. If not located in the port then the valve can be upstream 
or doWnstream of the port provided it is able to perform its 
intended function of controlling ?uid ?oW through the port. 
It is highly preferred that both the inlet and outlet valves are 
of the non-return type, alloWing movement of ?uid in one 
direction along a conduit or ?oW channel but preventing the 
?oW of ?uid in the reverse direction. Suitable valves include 
?ap valves, duckbill valves, ball valves and slit valves. Flap 
valves are preferred for ease of in-situ moulding. In pre 
ferred embodiments the inlet and outlet valves are made 
from an elastomeric material having a Shore A hardness of 
from about 5 to about 90, more preferably from about 20 to 
about 70. Suitable elastomeric materials include thermoplas 
tic elastomers and silicones and rubbers. The ?ap and slit 
valves can be various shapes such as rectangular or trian 
gular or more complex shapes as described in more detail 
beloW. The valves can be co-injected, overmoulded, insert 
moulded as an extra part or separately assembled such as by 
Welding, interference ?tting or snap ?tting. In an alternate 
embodiment the inlet and outlet valves are integrally moul 
ded With either the upper or loWer pump half from the same 
semirigid, thermoplastic material as the pump half With 
Which they are integrally moulded. In a further alternate 
embodiment the inlet and outlet valves may be injection 
moulded as a single piece With a bridge of material con 
necting the tWo. This may enable separate manufacture and 
ease of installation into the pump body, and predetermined 
directional arrangement. 

[0056] A preferred valve arrangement comprises an elas 
tomeric valve mounted inside a ?oW channel, the valve 
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comprising an upper surface, the upper surface being 
immovably ?xed, preferably by injection moulding, to an 
upper ?oW channel Wall, the valve further comprising a ?ap 
having a loWer surface Which is sealingly compressed 
against a loWer ?oW channel Wall in the absence of a 
differential in ?uid pressure across the valve ?ap, Wherein an 
increase in ?uid pressure on against the loWer surface of the 
?ap lifts the ?ap from the loWer ?oW channel Wall and 
permits ?uid to ?oW past the valve. In the embodiments 
herein it is preferred that the one of the upper or loWer pump 
halves comprises the upper ?oW channel Wall of the valve 
arrangement and the other of the upper or loWer pump halves 
comprises the loWer ?oW channel Wall against Which the 
loWer surface of the valve ?ap is sealingly compressed. The 
loWer surface of the valve ?ap is generally coplanar With the 
loWer ?oW channel Wall and the valve ?ap is oriented in the 
direction of ?uid ?oW along the ?oW channel. If back 
pressure in the ?uid should urge it to ?oW in the reverse 
direction, the ?uid presses against an upper surface of the 
valve ?ap, sealingly compressing the ?ap against the loWer 
?oW channel Wall and thereby increasing resistance to 
reverse ?uid ?oW. By varying the pro?le of the valve, ?ap 
and/or by design of the upper and loWer pump halves a 
desired threshold pressure for valve actuation can be set. 
Only When the pressure differential across the valve eXceeds 
the threshold pressure is the valve opened. A normally 
closed valve system is bene?cial, as it ensures that the pump 
only has to be primed once and it reduces the risk of 
contamination from outside. Preferably the threshold pres 
sure for the valve is such that the outlet valve opens When 
the force applied to the resilient actuator is in the range from 
about 70% to about 100%, preferably from about 90% to 
about 100%, of the threshold actuation force for the resilient 
actuator. 

[0057] In a particularly preferred valve arrangement the 
?oW channel is restricted at the point Where ?uid ?oWing 
along it Would ?rst encounter the valve and the valve 
comprises a foot portion Which is permanently compressed 
against the loWer ?oW channel Wall such that the only ?uid 
passage past it is along a groove in the loWer ?oW channel 
Wall, the groove being ?anked by side Walls. The groove is 
bridged by a sealing ridge rising to the height of the side 
Walls and the valve ?ap sits across the sealing ridge and the 
side Walls preventing ?uid ?oW until the ?uid pressure rises 
sufficiently to lift the valve ?ap aWay from the sealing ridge 
and the adjacent side Walls. More particularly tWo such 
valve arrangements are preferably used in tandem With the 
valves in each arrangement being separated from each other 
and a dose chamber being arranged on a ?uid ?oW path 
intermediate the tWo valves such that the valves act as inlet 
and outlet valves for the dose chamber. 

[0058] The pump herein Without its resilient actuator can 
be used as a valve module and is useful in its oWn right since 
it can be combined With differently siZed or shaped actuators 
to provide pumps With different characteristics, such as 
different dose volumes. The pumps and valving modules 
herein can of course be designed so that the valves are ?Xed 
to either the upper or loWer pump halves. 

[0059] Atomiser 

[0060] In certain embodiments herein the pump or dis 
penser includes an atomiser associated With an outlet ?oW 
channel to break up dispensed ?uid into a spray. The outlet 
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?oW channel can be formed from upper and loWer outlet 
?oW channel halves Which are preferably integrally moulded 
With the upper and loWer pump halves. 

[0061] US. Pat. No. 6,059,150 illustrates a typical atom 
iser for a nasal spray application using a holloW noZZle 
adaptor Which includes a spray ori?ce incorporating a sWirl 
chamber geometry. 

[0062] Alternatively, atomisers are knoWn Wherein a cup 
shaped component, including a spray ori?ce and sWirl 
chamber geometry, is separately assembled to a noZZle 
adaptor, an eXample of such a component is the noZZle cap 
disclosed in Us. Pat. No. 5,738,282. 

[0063] These types of atomisers are typically separate 
units to the pump and subsequently need assembly to a pump 
unit. This is typically done via mechanical connection, such 
as a friction or snap ?t and requires precise moulding and 
assembly effort to achieve a ?uid tight seal. This necessarily 
imposes some limitations on the overall design of the 
delivery system. 

[0064] A solution for a much more versatile atomiser 
design is disclosed in WO 01/89958 Where the atomiser for 
an aerosol spray device is formed by tWo halves of a simple 
injection moulded component With tailor made geometry to 
alloW atomisation of a particular ?uid. Such an approach 
alloWs a greater design freedom for a spray delivery. device 
and offers greater means of controlling the spray character 
istics for a Wide range of products by shaping the ?oW 
channel geometry in a suitable Way. 

[0065] A plain dispensing ori?ce is suf?cient for highly 
viscous ?uids that cannot be broken up into small particles 
to form a spray. The ori?ce can be formed entirely Within 
either of the upper or loWer outlet ?oW channel halves or 
from a combination of part mouldings in both halves. Where 
a circular ori?ce is required then this can be done by 
moulding a semicircular channel in each of the upper or 
loWer outlet ?oW channel halves. Due to the small dimen 
sions and tolerances it can be dif?cult to exactly match the 
edges of top and bottom half. In order to eliminate this 
particular issue the ori?ce can be formed With one side being 
?at, therefore small variations in assembly positioning Will 
not matter. This principle is illustrated in WO 01/32317. A 
dispensing ori?ce can also be formed entirely Within either 
of the upper and loWer outlet ?oW channel halves. 

[0066] The dispensing ori?ce can also comprise a movable 
plug to seal the ori?ce When it is not in use. This can help 
avoid clogging of the ori?ce and also provides better pro 
tection from contaminants for ?uid remaining in the dis 
penser. WO 03/078073 discloses an arrangement Whereby a 
plugging element is movable betWeen a sealing and non 
sealing position upon operation of the device Without other 
intervention by the user. 

[0067] Reservoir 

[0068] The purpose of the pump is to enable dispensing of 
a ?uid from a ?uid source or reservoir. The ?uid can be any 

that is compatible With components of the pump and that is 
not too viscous to be pumped including, Without limitation, 
cosmetic products such as perfumes and lotions; medicines; 
veterinary products, liquid foods or sauces and other house 
hold products such as cleaning ?uids. The pump can be 
permanently or detachably connected to a reservoir and, 
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optionally, an atomising nozzle or applicator, to form a 
complete dispenser and/or it can form part of a more 
complex product comprising other parts such as a housing 
and a handle. An atomising noZZle is preferred for certain 
medicinal applications, such as nasal or throat treatment. An 
applicator suitable for spreading the ?uid onto a substrate 
may be preferred for other treatments. Useful applicators 
comprise spreading means selected from brush heads, elas 
tomeric Wiping blades and disposable cloths. The pump can 
be directly connected to a reservoir or connection can be 
made, for example by means of intermediate tubing if it is 
desirable for the pump and reservoir to be remote from each 
other. Provision for permanent attachment to a reservoir can 
be made, for example by co-moulding a Weld spout With the 
pump inlet port so that the pump can be sealed in a ?uid tight 
manner to a ?exible sachet. 

[0069] The pumps provided herein can be manufactured at 
loW cost and are economically suited to applications Where 
a pump is provided With each reservoir. In this case, the 
reservoir and pump are preferably permanently connected 
via a heat-sealing, Welding, in-mould or snap ?t operation. 
There are applications though, in particular Where the pump 
is associated With a more complex device, Where it can be 
bene?cial for the reservoir to be detachably connected to the 
pump such that replacement reservoirs can be ?tted to the 
same pump. Though a detachable connection avoids throW 
ing aWay the pump if the reservoir must be replaced, it 
introduces further complexity in order to provide a reliable, 
?uid tight, re-usable connection. HoWever, suitable ?tments 
for this purpose are knoWn in the art. Exemplary ?tments are 
disclosed in WO 99/05446, WO 00/66448 and WO 
03/095322. 

[0070] The reservoir itself can be semirigid or ?exible. If 
it is semirigid then it may be necessary to provide means for 
venting the reservoir, for example by means of a one-Way 
valve alloWing air ingress, in order to avoid the development 
of a vacuum in the reservoir Which could inhibit further 
dispensing or cause suck-back past the pump outlet valve 
requiring the pump to be re-primed. The venting means can 
also comprise a narroW mesh ?lter that prevents ?uid 
passing through it and escaping to the external environment. 
For example a bio?lter that ?lters out bacteria, spores and 
the like from the in-draWn air, thus enabling the ?uid in the 
reservoir to be preservative free. A bio?lter capable of 
maintaining a sterile ?ltration barrier can be made from 
GORE-TEX® expanded PTFE laminate, available from W. 
L. Gore & Associates, Inc. of Newark, Del., USA. In 
preferred embodiments of a dispenser herein the pump is 
combined With a reservoir in the form of a ?exible sachet 
containing a ?uid, the sachet collapsing as ?uid is WithdraWn 
from it by the pump. Areservoir made of a ?exible laminate 
offers the bene?t of improved barrier properties. Flexible 
reservoirs are preferably charged With ?uid via an airless 
?lling operation so that the charged reservoir contains no air. 

[0071] In many cases it Will be convenient and simpler to 
manufacture the pump as an external ?tment to the reservoir. 
HoWever, Where total space is a problem then the reservoir 
can be built around the pump so that the pump is internal to, 
or contained Within, the reservoir, by Which is meant that 
Walls of the reservoir substantially enclose the pump even 
though parts of the pump, such as, in particular its actuator 
and a loWer pump surface opposed to the actuator may be 
contiguous With upper and loWer outside Walls of the 
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reservoir. Preferred embodiments herein include a dispenser 
comprising a reservoir With an integral pump contained 
Within the reservoir. Alternately the pump can be contained 
Within a ?exible sachet so that the actuator of the pump can 
be actuated by pressing against that portion of the sachet 
Wall Which overlies the actuator, as shoWn for example in the 
device of WO 02/16047. Preferably, in embodiments With 
the pump contained Within the reservoir, the pump upper and 
loWer halves are integrally moulded With upper and loWer 
halves of the reservoir. 

[0072] Whether the reservoir is semirigid or ?exible it 
may be preferable to include a dip tube inside the reservoir 
to assist the removal of all of the ?uid in the reservoir in 
certain orientations dependent upon the orientation of the 
dispenser When in use. A dip tube Will generally be used 
When the reservoir is semirigid and can also be useful in a 
?exible sachet. The method of construction of pumps, res 
ervoirs and dispensers herein, from upper and loWer moul 
ded halves, can also be applied to the construction of 
dispensing devices and reservoirs With dip tubes, even if a 
pump is not incorporated. Thus in a further inventive aspect 
herein there is provided a dispensing device comprising 
upper and loWer halves, the upper and loWer halves co 
operating to form a ?uid reservoir and a dispensing outlet at 
a ?rst end of the reservoir characteriZed in that the upper and 
loWer halves each comprise sections of an integrally moul 
ded channel, the sections co-operating to form a dip tube, or 
?oW channel, in ?uid communication With the dispensing 
outlet and terminating at an inlet end close to a second end 
of the reservoir remote from the ?rst. The dip tube preferably 
has a length from the dispensing outlet end to its inlet end 
of at least 90%, preferably at least 95% of the length of the 
reservoir. In a preferred embodiment of this dispensing 
device at least one of its upper and loWer halves comprises 
a resiliently deformable region enabling ?uid to be pumped 
from the reservoir through the dispensing outlet. This resil 
iently deformable region may comprise a substantial pro 
portion, say at least 30%, more preferably at least 50%, of 
the external area of the pump half comprising it. Alterna 
tively the deformable region may be relatively small and be 
in the form of a resilient actuator as herein described, 
preferably comprising a monostable element. A further 
mechanism for dispensing ?uid from the device comprises 
providing a plurality of bi-stable actuators, as described 
further above, such that compression of each actuator deliv 
ers a unit dose of the ?uid. As for other embodiments herein, 
this dispensing device can also comprise an atomising 
noZZle in ?uid communication With the dispensing outlet 
and, if necessary an outlet valve and a vent valve. 

[0073] Manufacture of the Pump 

[0074] In general the pumps, dispensers, valves, valve 
modules and actuators herein can be made by loW cost 
making moulding techniques such as injection moulding, 
compression moulding and thermoforming. Injection moul 
ding is preferred. HoWever, it is also possible for at least one 
of the upper and loWer pump halves to be compression 
moulded or thermoformed, and the present invention com 
prises pumps With compression moulded or thermoformed 
upper and/or loWer pump halves comprising valves as herein 
described. Assembly of the component parts can be by snap 
or friction ?t or by Welding. Further sealing, Where neces 
sary, can be provided by additional injection moulded seals 
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or by other techniques known in the art, such as ultrasonic 
sealing, laser Welding or heat sealing. 

[0075] In an embodiment, each of the upper and loWer 
pump or dispenser halves is formed in one single shot 
injection moulding operation from a suitable, semirigid 
thermoplastic resin material. Alternatively, the upper and 
loWer pump or dispenser halves may be assembled after 
moulding. Suitable resins include thermoplastics having a 
?exural modulus of at least 300, preferably at least 500 MPa, 
preferably at least 1000 MPa, measured using ASTM D790 
and include polypropylene, polyethylene, polyethylene 
terephthalate (PET), polyesters, polycarbonates, polya 
mides, polystyrenes and blends thereof. Preferred materials 
include polypropylene, polyethylene and polyethylene 
terephthalate, most preferred is polypropylene. By careful 
choice of dimensions, ?ap valves can be integrally moulded 
With the upper or loWer pump half in a single shot injection 
moulding process. Alternately, the valves can be co-moulded 
from a softer material in a tWo-shot injection moulding. 

[0076] In certain embodiments it may be appropriate for 
all or part of the either the upper of loWer pump half to be 
made of a more ?exible material such as a thermoplastic 
elastomer. For eXample, an upper pump half may be sub 
stantially composed of a semirigid material With its resilient 
actuator being formed from a thermoplastic elastomer in a 
tWo shot injection moulding operation. In particular, the inlet 
and outlet valves can be and preferably are formed from a 
second resin material co-moulded With either of the upper 
and loWer pump halves in a tWo-shot injection moulding 
operation. Conveniently this can be done Within the same 
mould or tool as that employed for the ?rst step. The second 
resin material is preferably an elastomeric material having a 
Shore A hardness, measured using ASTM D2240, of from 5 
to 90, preferably from 20 to 70. 

[0077] The upper pump half and the loWer pump half are 
then assembled onto each other. Where ?ap valves are used, 
their compression takes place at this stage. Once the tWo 
pump halves are assembled, a sealing element can be formed 
by injecting an additional resin, bonding the sealing element 
to the upper and loWer halves, thus holding them together 
and creating a ?uid tight seal. An alternative option for 
sealing the upper and loWer half together is the use of a 
Welding operation, such as by high frequency sealing. A 
third option for assembly of upper and loWer halves is to 
integrate a snap feature into one or both halves Which 
enables the upper and loWer halves to maintain the 
assembled position once brought together. In this case it may 
be necessary to use an O-ring or gasket to provide adequate 
sealing. In an alternative embodiment, a co-moulded TPE 
seal may be used. 

[0078] Though in the preferred embodiment the preceding 
steps are all integrated into a single injection moulding 
process using one injection moulding tool, it Will be appre 
ciated that each be performed on separate, dedicated injec 
tion moulding tools. 

[0079] If the resilient actuator has not been integrally 
moulded With the pump upper half then it can be made in a 
separate operation and assembled to form the completed 
pump via e.g., an in-mould sealing operation. 

[0080] The invention Will noW be described in more detail 
by reference to preferred particular embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0081] FIG. 1 is a perspective vieW of a pump according 
to the invention, shoWn With associated noZZle and connec 
tor. 

[0082] FIG. 2 is a perspective vieW of the loWer half of the 
pump of FIG. 1. 

[0083] FIG. 3 is a perspective vieW of the upper half of the 
pump of FIG. 1. 

[0084] FIG. 4 is a partial, longitudinal cross-section of the 
pump of FIG. 1 to shoW the relationship of the valves to the 
dose chamber. 

[0085] FIG. 5 is a transverse cross-section of the pump of 
FIG. 1. 

[0086] FIG. 6a shoWs, in perspective vieW, a ?ap valve 
used in the pump of FIG. 1. 

[0087] FIG. 6b is a perspective vieW of an alternate ?ap 
valve shape. 

[0088] FIG. 7 is a partial, perspective vieW of the loWer 
half of the pump of FIG. 1 shoWing the eXit ori?ce. 

[0089] FIG. 8 is a partial end vieW of the noZZle of the 
pump of FIG. 1 shoWing the formation of the eXit ori?ce at 
the part line of the upper and loWer pump halves. 

[0090] FIG. 9 is a partial, longitudinal cross-section of the 
pump of FIG. 1 shoWing an initial force being applied to the 
resilient actuator. 

[0091] FIG. 10 is a further cross-section vieW of the pump 
of FIG. 1, shoWing the deformation of the resilient actuator 
and the operation of the outlet valve as ?uid is dispensed. 

[0092] FIG. 11 is a yet further cross-section vieW of the 
pump of FIG. 1, shoWing the resilient actuator returning to 
its start position and the re-priming of the pump With ?uid 
from the reservoir (not shoWn). 

[0093] FIG. 12 is a perspective vieW of an atomising 
outlet for use With a dispenser according to the invention. 

[0094] FIG. 13 is a perspective vieW of one half of the 
atomising outlet shoWn in FIG. 12. 

[0095] FIG. 14 is a perspective vieW of a second embodi 
ment of a pump according to the invention incorporated With 
a reservoir to form a dispenser. 

[0096] FIG. 15 is a perspective vieW of the dispenser of 
FIG. 14 shoWn Without its protective sleeve. 

[0097] FIG. 16 is a perspective vieW of the dispenser of 
FIG. 14 With a ?tted protective cap. 

[0098] FIG. 17 is a perspective vieW of a third embodi 
ment of a dispenser according to the invention. 

[0099] FIG. 18 is a transverse section of the dispenser of 
FIG. 17 through its pump. 

[0100] FIG. 19 is a perspective vieW of the loWer half of 
the dispenser of FIG. 17. 

[0101] FIG. 20 is a perspective vieW of the upper half of 
the dispenser of FIG. 17. 

[0102] FIG. 21 shoWs a resilient actuator for use in the 
dispenser of FIG. 17. 
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[0103] FIG. 22 is a plan vieW of the monostable element 
built into the actuator of FIG. 21. 

[0104] FIG. 23 is a further cross-section of the pump of 
FIG. 17 to more clearly show the structure and use of the 
actuator, With incorporated monostable element, of FIG. 21. 

[0105] FIG. 24 is a sectional vieW of a fourth embodiment 
of a dispenser according to the invention. 

[0106] FIG. 25 is a section through the monostable resil 
ient actuator of the dispenser of FIG. 24. 

[0107] FIG. 26 Force vs. de?ection (D) curve shoWing 
the characteristics of a monostable element. 

[0108] FIG. 27 is a sectional vieW of a ?fth embodiment 
of a dispenser according to the invention. 

[0109] FIG. 28 is a perspective vieW from above of the 
upper half of the dispenser of FIG. 27. 

[0110] FIG. 29 is a perspective vieW from beloW of the 
upper half of the dispenser of FIG. 27. 

[0111] FIG. 30 is a perspective vieW from above of the 
loWer half of the dispenser of FIG. 27. 

[0112] FIG. 31 is a perspective vieW of the actuator strip 
of the dispenser of FIG. 27. 

[0113] 
a pump. 

[0114] 
FIG. 31. 

[0115] FIG. 34 is a sectional vieW shoWing the valve 
module of FIG. 31 being assembled into an upper pump 
half. 

[0116] FIG. 35 is a sectional vieW of an assembled pump 
comprising the valve module of FIG. 31. 

FIG. 32 is a perspective vieW of a valve module for 

FIG. 33 is a section through the valve module of 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0117] FIGS. 1 to 11 shoW a ?rst embodiment of a pump 
according to the invention and its mode of operation. FIG. 
1 shoWs the assembled pump 101 in perspective vieW. Pump 
1 comprises an eXtended noZZle and a connector 125 in the 
form of a Weld spout by Which the pump can be connected 
to a ?uid reservoir (not shoWn). The pump comprises an 
upper pump half 102 and a loWer pump half 103 sealed 
together via a joining element 104. FIGS. 2 and 3 respec 
tively shoW the loWer and upper pump halves in more detail. 
The connector 125 is not shoWn in these ?gures. The upper 
and loWer pump halves co-operate to form a dose chamber 
114, an inlet ?oW channel 116 and outlet ?oW channel 117, 
the dose chamber and How channels being in ?uid commu 
nication With each other and the reservoir. The joining 
element 104 is added by a moulding shot and seals the upper 
half and the loWer half of the pump together, securing both 
parts against further movement and creating a ?uid tight 
path for the ?uid as it passes through the pump. In alternative 
embodiments the upper and loWer pump halves can be ?tted 
directly together by snap ?t, Welding or gluing operations 
eliminating the need for the sealing element 104. 

[0118] Referring in more detail to FIGS. 2 and 3, loWer 
pump half 103 has a geometry corresponding to that of the 
upper pump half 102 Which comprises opposed sealing 
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ridges 129 for receiving the loWer pump half 103. Sealing 
ridges 129 comprise upper inlet port Walls 115a, upper dose 
chamber Walls 130 and upper outlet port Walls 115b. LoWer 
inlet port Walls 110a are received inside upper inlet port 
Walls 115a to de?ne inlet ?oW channel 116 and pump inlet 
port 112. An inlet sealing ridge 108 bridges the loWer inlet 
port Walls. LoWer dose chamber Wall 122 is received inside 
upper dose chamber Walls 130 to bound a dose chamber 114 
Which is closed by resilient actuator 105. The loWer dose 
chamber Wall in this embodiment is a substantially solid 
block, divided by a How channel, extending across the Width 
of the dose chamber. This enables it to limit the travel of 
resilient actuator 105 and thereby help de?ne the dose 
volume. It also has the effect of reducing the pump volume 
so that feWer priming strokes are needed. LoWer outlet port 
Walls 110b on the loWer pump half are received inside upper 
outlet port Walls 115b on the upper pump half to de?ne pump 
outlet port 113. An outlet sealing ridge 109 bridges the loWer 
outlet port Walls. Outlet ?oW channel Walls 111 on loWer 
pump half 103 are received inside upper pump half sealing 
ridges 129 to form outlet ?oW channel 117 leading from 
pump outlet port 113 to eXit ori?ce 118. Outlet ?oW channel 
117 is further bounded by the outlet ?oW channel upper Wall 
121 on upper pump half 102. Outlet ?oW channel Walls 111 
converge at one end of How channel 117 to form eXit ori?ce 
118 in conjunction With outlet ?oW channel upper Wall 121, 
as shoWn more clearly in FIGS. 7 and 8. Inlet and outlet 
positioning lugs 123 and 124 are provided on upper pump 
half 102 and are received in corresponding recesses in an 
outer rim of the dose chamber Wall 122 to assist in posi 
tioning and sealing during pump assembly. 
[0119] Upper pump half 102 is shoWn ?tted With inlet and 
outlet ?ap valves 106 and 107, shoWn separately in FIG. 6. 
In a preferred embodiment the valves are co-moulded onto 
upper pump half 102 either in the same moulding operation 
or in a separate moulding operation (“over moulding”). 
Alternatively, the valves can be moulded independently and 
assembled to the upper pump half by e.g., friction ?t and/or 
by thermal sealing or gluing or compressed betWeen upper 
and loWer pump halves. The inlet valve prevents back?oW of 
a ?uid from the dose chamber 114 into the reservoir. When 
the upper and loWer pump halves are assembled the ?ap of 
inlet valve 106 is compressed against inlet sealing ridge 108 
and loWer inlet port Walls 110a. Similarly, the ?ap of outlet 
valve 107 co-operates With outlet sealing ridge 109 and 
loWer outlet port Walls 110b to form a non return outlet valve 
at pump outlet port 113. The outlet valve prevents back?oW 
of ?uid from outlet ?oW channel 117 into the dose chamber. 
The outlet valve can also prevent contamination of ?uid in 
the dose chamber from the air or other potential eXternal 
contaminant sources. Moving outlet valve 107 and corre 
sponding outlet sealing ridge 109 closer to the eXit ori?ce 
118 of the pump can help prevent drying out of the ?uid in 
the outlet ?oW channel and avoid potential clogging of 
certain products, as Well as helping to avoid contamination. 
This Will have the effect, hoWever, of increasing the pump 
volume. 

[0120] The upper pump half comprises resilient actuator 
105 Which is a thin Wall section of the upper pump half 
Where it bounds dose chamber 114. FIG. 5 shoWs more 
clearly, by cross-sections, the formation of dose chamber 
114 betWeen resilient actuator 105 and loWer dose chamber 
Wall 122. Joining element 104 helps seal the upper and loWer 
pump halves together. Pressure by a user’s ?nger on actuator 
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105 reduces the volume of dose chamber 114, forcing ?uid 
to exit the dose chamber through the pump outlet port 113 
and along outlet ?oW channel 117 toWards exit ori?ce 118. 
In other embodiments according to the invention the actua 
tor can be made from a different material to that of the upper 
pump half Which can be co-injected in the same process step 
as When the valves are formed. It Will be appreciated that the 
actuator can also be formed by a combination of materials 
When this is of advantage for the speci?c application. 

[0121] Reference Will noW be made to FIGS. 9 to 11 to 
shoW more clearly the mode of operation of pump 101. FIG. 
9 shoWs the situation as a user initially applies a force F1 to 
resilient actuator 105. The pump is primed and dose cham 
ber 114 contains a dose of ?uid to be dispensed. At this stage 
the actuator has not appreciably deformed and inlet and 
outlet valves 106 and 107 are still in their normal mode of 
being compressed against inlet and outlet sealing ridges 108 
and 109 so that the pump inlet and outlet ports, 112 and 113, 
are closed. 

[0122] As shoWn in FIG. 10, as the applied force is 
increased to the threshold force F2 of the actuator, the 
actuator deforms rapidly, signi?cantly decreasing the vol 
ume inside the dose chamber 114 and increasing the pressure 
of its contained ?uid. The increase in pressure has the effect 
of applying further pressure to the upper surface of inlet 
valve 106 thereby keep inlet port 112 closed. At the same 
time though, pressure on the underside of the ?ap of outlet 
valve 107 is increased, causing it to lift, opening pump outlet 
port 113 and thereby alloWing ?uid to ?oW out of the dose 
chamber, along outlet ?oW channel 117 and ultimately to be 
dispensed through exit ori?ce 118, as shoWn by the arroWs. 

[0123] FIG. 11 shoWs the situation after the dose of ?uid 
has been dispensed and the user removes the force applied 
to the actuator. The resilience of the actuator noW causes it 
to return to its starting position With force F3. The effect of 
this is to increase the volume inside the dose chamber 114, 
reducing its internal pressure. The reduction in pressure 
results in outlet valve 107 closing once more through its 
natural resilience combined With atmospheric pressure on 
the upper surface of its ?ap. At the same time the pressure 
on the ?ap of inlet valve 106 is reduced so that ?uid pressure 
from the reservoir lifts it aWay from the sealing ridge 108 
thereby opening pump inlet port 112 and alloWing the dose 
chamber to be recharged from the reservoir. It Will be 
understood that for this process to Work ef?ciently prefer 
ably the reservoir needs to be collapsible or it needs to be 
vented. 

[0124] FIGS. 12 and 13 shoW cross sectional vieWs of an 
atomising outlet 119 Which can be moulded in tWo halves 
and integrally moulded into the design of the noZZle of the 
?rst embodiment according to the invention. A sWirl cham 
ber geometry has been integrated into the upper and loWer 
halves around exit ori?ce 118, Without need for side action 
on the moulding tool. This geometry Will be coupled to a 
baf?e (not shoWn) also moulded into each of the upper and 
loWer halves of the noZZle to force ?uid to exit through the 
sWirl chamber. 

[0125] FIGS. 14 to 16 shoW a second embodiment accord 
ing to the invention Which is a dispenser 250 comprising a 
pump having essentially the same construction as that of 
FIG. 1 but With modi?cations to the noZZle. A ?exible 
laminate reservoir 220 is bonded to the Weld spout connector 
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225. To provide the reservoir With some protection and to 
provide a more aesthetically appealing package a sleeve 260, 
Which can be made of, say, folding boxboard or plastic, 
encloses the reservoir. A hole in the sleeve provides access 
to resilient actuator 205. If the sleeve is ?exible then it can 
of course be provided Without a hole and the actuator can be 
depressed through the sleeve. In this case indicia can be 
provided on the sleeve to indicate Where the user needs to 
press. The modi?cations to the noZZle 266 include the 
provision of a shoulder 265 Which provides support to sleeve 
260 and cap 255 Which is provided to cover the noZZle and 
keep it clean. Shoulder 265 can be integrally moulded in tWo 
halves With the pump and noZZle or alternatively, as here, it 
can be a separate part assembled by a clip/snap or friction ?t. 

[0126] A very different solution for a dispenser according 
to the invention is shoWn in FIGS. 17 to 20 Which represent 
a third embodiment of the invention. In this embodiment the 
Whole dispenser 350, including reservoir 320, is integrally 
moulded With pump 301 in tWo halves. The advantage of 
folloWing this approach is that an entire multiple controlled 
dose dispenser can be obtained With a minimum of parts and 
moulding/assembly operations. Compared to the dispenser 
250 shoWn in FIGS. 14 to 16 this solution provides a more 
compact dispenser for the same amount of contained ?uid as 
it utilises the otherWise unused space by building the reser 
voir around the pump so that the pump is internal to the 
reservoir. The need for the reservoir to be moulded imposes 
some restrictions on the materials that can be used for the 
reservoir, for example laminates Will generally be unsuit 
able, but this may not be critical for many applications. This 
design also requires a process for sealing tWo areas: a ?rst, 
inner, seal Which isolates the pump components, including 
outlet ?oW channel 317, from the reservoir 320 and a 
second, outer, seal at the outer perimeter Which seals the 
reservoir 320 from the outside air. With this design the inner 
seal can no longer be created via an injection moulded 
joining element as in the pump of FIG. 1. The seal is instead 
created by a snap ?t, Welding or gluing process When upper 
pump/dispenser half 302 is assembled to loWer half 303. The 
outer seal can be formed using other processes such as the 
afore-mentioned joining element or by using in-mould seal 
ing. The dispenser further comprises an atomiser 319 to 
generate a spray from dispensed ?uid as the ?uid exits outlet 
?oW channel 317. Inlet ?oW channel 316 is open to the 
reservoir 320 at a point close to an end of the dispenser 
disposed opposite to the atomiser 319, providing an inlet 
point Whereby ?uid can be draWn from the reservoir into the 
?oW channel. Having the inlet point close to the end of the 
dispenser ensure that, in normal use, most of the ?uid can be 
dispensed from the reservoir. Together, the inlet and outlet 
?oW channels and the pump 301 form a continuous reservoir 
?oW path, acting like a dip tube, having an outlet end 
through Which ?uid is dispensed from the dispenser and an 
inlet end through Which ?uid is draWn from the reservoir, the 
?oW path being isolated from the reservoir along its length 
except at its inlet end. In order to optimise ?uid WithdraWal 
from the reservoir, the reservoir ?oW path preferably has a 
length from its outlet end to its inlet end of at least 90%, 
preferably at least 95% of the length of the dispenser. 

[0127] Reservoir 320 is in the form of compartments 
symmetrically disposed about pump 301 and inlet and outlet 
?oW channels 316 and 317. The inlet and outlet valves are 
not shoWn in the Figures but operate in the same Way as 
already described in relation to FIGS. 9 to 11 such that, after 










