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Description 

This  invention  relates  to  pressure  pack  dispensers. 
There  are  innumerable  situations  in  which  a  gas  requires  to  be  stored  for  subsequent  release  under 

5  substantially  controlled  conditions  for  practical  use  to  be  made  of  the  physical  and/or  chemical  properties  of 
the  gas.  By  way  of  example,  stored  and  released  gas  may  be  employed  for  pressurised  dispensing  of  a 
substance  from  a  container  using  the  gas  as  a  propellent. 

A  number  of  practical  considerations  limit  the  substances  which  can  be  used  as  propellent  gases  and/or 
the  circumstances  in  which  a  given  substance  can  be  used  as  a  propellent  gas.  By  way  of  non-limiting 

io  examples,  such  considerations  include  the  ability  to  sustain  pressure  within  acceptable  limits  during  use, 
safety  factors  which  include  flammability  and  toxicity  of  the  propellent,  and  chemical  reactivity  of  the 
propellent  with  the  container  and,  mainly  in  the  case  of  non-barrier  dispensers,  reactivity  of  the  propellent 
with  the  product  to  be  dispensed.  By  way  of  a  non-limiting  example  of  the  circumstances  affecting  use  of  a 
substance  as  a  propellent  gas  in  a  non-barrier  dispenser,  the  substance  may  be  substantially  inert  with 

75  respect  to  one  product  but  react  unfavourably  with  another  product  (unless  isolated  by  a  barrier). 
For  many  years  the  substances  collectively  known  as  CFC's  (chlorofluorocarbons)  were  popular  for  use 

as  propellents  in  pressure  pack  dispensers  owing  to  favourable  pressure  characteristics  combined  with  non- 
flammability  and  apparent  non-toxicity,  but  CFC's  are  now  perceived  as  extreme  environmental  hazards  and 
are  the  subject  of  international  sanctions;  CFC's  are  no  longer  acceptable  as  propellent  substances  in 

20  pressure  pack  dispensers.  Although  some  readily  available  gases  are  free  of  hazards  and  are  substantially 
unreactive  (for  example,  nitrogen),  gases  per  se  are  generally  unsuitable  for  use  as  propellents  in  pressure 
pack  dispensers  because  of  unacceptably  rapid  fall-off  of  propellent  pressure  during  use  of  the  pressure 
pack  dispenser.  Elaborations  of  construction  and  use  may  reduce  the  unwanted  effects  of  these  adverse 
pressure  characteristics,  but  at  the  expense  of  increased  complexity  and  cost,  and  possibly  an  increased 

25  hazard  arising  from  increased  initial  internal  pressure  in  the  pressure  pack  dispenser. 
Two-phase  gas/liquid  pressure  pack  propellent  systems  may  give  more  acceptable  pressure  char- 

acteristics  in  terms  of  an  acceptably  low  fall-off  of  propellent  pressure  during  use  of  the  pressure  pack 
dispenser,  in  comparison  to  a  single-phase  gas-only  system,  where  the  liquid  in  a  two-phase  gas/liquid 
pressure  pack  propellent  system  is  a  pressure-liquefied  form  of  the  propellent  gas.  However  the  requisite 

30  pressure  at  ambient  temperature  may  be  unacceptably  high  in  the  context  of  conventional  pressure  pack 
dispensers;  additional  or  alternative  disadvantages  of  two-phase  gas/liquefied-gas  propellent  systems  are 
that  they  tend  to  employ  gases  which  are  flammable  and  potential  substances  of  abuse,  such  as  propane, 
butane  and  propane/butane  mixtures.  (It  should  be  noted  that  such  two-phase  gas/liquefied  gas  propellent 
systems  are  essentially  single-material  propellent  systems,  where  the  single  propellent  material  is  present 

35  in  both  gas  and  liquid  phases;  this  'single  material'  nature  is  not  altered  by  the  propellent  being  a  mixture 
such  as  butane  and  propane,  since  the  components  of  such  mixtures  change  phase  together,  and  a 
chemically  distinct  liquid  is  not  present  in  such  systems.) 

To  summarise  the  main  considerations  for  the  adoption  of  a  given  propellent  system  in  a  pressure  pack 
dispenser,  the  propellent  system  should  be:- 

40  (a)  free  of  toxicity  over  any  length  of  time  and  in  any  feasible  concentration; 
(b)  free  of  environmental  hazard  over  any  length  of  time; 
(c)  free  of  other  hazards,  including  but  not  restricted  to  hazards  of  fire  and  explosion; 
(d)  maintain  adequate  dispensing  pressure  on  the  product  throughout  use  of  the  pressure  pack 
dispenser,  without  excessive  pressure  at  any  time; 

45  (e)  at  least  in  non-barrier  dispensers,  be  compatible,  and  preferably  non-reactive,  with  the  product  to  be 
dispensed;  and 
(f)  be  reasonably  economic. 
The  above  list  of  desiderata  for  a  propellent  system  is  only  a  general  indication  and  is  in  no  way 

definitive  to  the  exclusion  of  any  other  factors;  further,  the  desiderata  are  not  mutually  exclusive  in  the 
50  sense  that  a  characteristic  of  a  selected  propellent  may  satisfy  two  or  more  desiderata  simultaneously  (for 

example,  a  hypothetical  inert  substance  may  be  both  non-toxic  and  non-flammable,  as  in  the  case  of 
nitrogen). 

GB-A-1  303378  discloses  a  fuel  gas  composition  which  comprises  a  flammable  and  explosive  mixture  of 
acetylene  and  oxygen.  This  document  discloses  storing  the  acetylene  and  oxygen  mixture  in  a  solvent  in  a 

55  container  packed  with  a  porous  material  in  order  to  minimise  the  explosive  hazard  of  the  gas  mixture  during 
storage,  transportation  and  use.  The  porous  material  is  used  to  increase  the  safety  of  the  stored  gas. 

EP-A-0385773  discloses  a  pressure  pack  dispenser  having  a  propellent  system  in  which  a  propellent 
gas  is  sorbed  into  a  liquid  solvent  of  the  gas  and  the  liquid  occupies  microvoids  within  the  molecular 
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structure  of  a  suitable  material. 
According  to  a  first  aspect  of  the  present  invention  there  is  provided  a  pressure  pack  dispenser  for 

dispensing  a  product  therefrom  by  means  of  pressure  of  a  propellent  gas  within  the  dispenser,  the  pressure 
pack  dispenser  comprising:- 

5  a  pressurisable  container  having  a  valve  for  dispensing  product  from  the  container  and  a  barrier  which 
divides  the  container  into  a  product  chamber  and  a  propellent  chamber,  the  propellent  chamber  enclosing  a 
gas  storage  and  dispensing  system  for  the  substantially  reversible  storage  of  the  propellent  gas; 

the  gas  storage  and  dispensing  system  comprising:-a  liquid;  and 
a  propellent  gas,  the  liquid  being  a  solvent  of  the  propellent  gas; 

io  wherein  the  gas  storage  and  dispensing  system  sorbs  increasing  quantities  of  fluid  in  increasing  ambient 
gas  pressure  and  desorbs  previously  sorbed  gas  in  decreasing  ambient  gas  pressure,  the  gas  storage  and 
dispensing  system  providing  a  source  of  the  pressurised  propellent  gas,  the  barrier  transmitting  the 
pressure  of  the  gas  to  the  product  to  dispense  the  product  from  the  pressure  pack  dispenser  and  the 
barrier  being  substantially  impermeable  to  the  non-gaseous  components  of  the  gas  storage  and  dispensing 

is  system;  and 
characterised  in  that  the  gas  storage  and  dispensing  system  also  comprises  a  material  having  open  voids, 
the  liquid  occupying  the  open  voids  in  the  material,  and  the  occupation  of  the  open  voids  by  the  liquid,  with 
the  propellent  gas  dissolved  in  the  liquid,  forming  the  gas  storage  and  dispensing  system. 

The  material  may  be  a  porous  material,  for  example  a  foam  such  as  a  polymeric  foam,  having  an  open 
20  pore  structure  and  in  this  example  the  open  voids  comprise  the  pores  of  the  material.  Alternatively,  the 

material  may  comprise  a  fibrous  material  wherein  the  open  voids  comprise  the  spaces  between  the  fibres  of 
the  material. 

Preferably,  the  material  is  a  solid  and  the  material  will  in  general  be  a  non-rigid  solid,  preferably,  with 
substantially  elastic  mechanical  properties,  and  the  total  mass  of  the  material  involved  in  any  given  gas 

25  storage  system  may  be  mechanically  subdivided  into  a  substantial  plurality  of  fragments.  However,  it  is 
possible  the  material  could  be  a  liquid-type  foam  or  other  suitable  liquid-type  material. 

Without  prejudice  to  the  generality  of  the  definitions  of  the  present  invention,  it  is  believed  that  the  open 
voids  in  the  material  function  as  small  scale  stores  for  the  liquid  solvent  of  the  gas,  said  material  functions 
as  a  form  of  "sponge"  which  indirectly  holds  the  gas  by  the  gas  being  in  solution  in  the  liquid.  The  analogy 

30  to  a  sponge  is  supported  by  the  tendency  of  certain  suitable  materials  (detailed  below)  to  swell  when 
storing  gas,  where  a  liquid  is  also  present. 

Throughout  the  general  and  specific  description  of  the  present  invention,  references  to  "gas"  and  to 
"propellent  gas"  include  elemental  gases  which  may  be  atomic  (for  example,  argon)  or  molecular  (for 
example,  nitrogen)  and  further  include  gaseous  compounds  (for  example,  carbon  dioxide),  or  any  mixture  of 

35  such  gases;  whatever  the  physical  form  of  a  gas  when  sorbed,  it  is  substantially  gaseous  when  desorbed  in 
contexts  where  the  potential  energy  of  the  desorbed  gas  is  required  to  be  converted  to  useful  mechanical 
work  by  any  known  thermodynamic  principle,  for  example  by  adiabatic  or  isothermal  expansion  of  an 
initially  pressurised  gas. 

A  preferred  form  of  the  material  consists  of  granulated  upholstery-grade  polymeric  foams  (which  may 
40  be  recycled  scrap  foam),  which  granulated  foams  are  preferably  bound  into  a  coherent  mass  by  a 

polystyrene  adhesive,  which  is  itself  preferably  foamed.  Typically,  the  foam  is  a  4.09kg  (9  lb)  density 
Reconstituted  Chip  Foam. 

The  material  may  be  treated  with  a  swelling  promoter  to  enhance  the  gas  sorption  capacity  of  the 
material. 

45  Further,  while  in  certain  respects,  most  liquids  can  be  considered  as  solvents  for  one  or  more  gases,  at 
least  to  a  limited  extent,  a  liquid  solvent  for  a  gas  should  preferably  dissolve  a  substantial  amount  of  the 
selected  propellent  gas  (or  gas  mixtures)  within  the  range  of  pressures  at  which  the  gas  storage  system  is 
intended  to  work,  but  substantially  without  dissolution  or  other  disruptive  effect  on  the  material,  and 
preferably  without  any  substantive  effect  beyond  swelling  (if  any)  of  the  material.  Moreover,  such  a  liquid 

50  solvent  for  a  gas  should  also  meet  most  or  all  of  the  principle  desiderata  listed  above  in  respect  of 
propellent  systems  in  pressure  pack  dispensers,  including  non-toxicity  and  lack  of  environmental  hazard. 
Preferably,  the  liquid  is  acetone  where  the  gas  is  carbon  dioxide  and  the  above  polymeric  foam  is  used. 
However,  in  certain  other  embodiments  it  may  be  possible  to  use  water  or  any  other  suitable  liquid  which 
may  be  a  polar  solvent. 

55  The  liquid  may  comprise  a  single  compound,  or  a  mixture  of  compounds.  The  liquid  solvent  may  also 
admixed  with  a  gas  sorption  promoter. 

A  preferred  liquid  is  acetone  for  the  reversible  sorption  of  carbon  dioxide  or  of  a  propellent  gas  mixture 
comprising  carbon  dioxide  and  in  this  example  the  material  preferably  comprises  4.09kg  (9  lb)  density 
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reconstituted  chip  foam.  It  is  possible  that  the  acetone  may  be  admixed  with  a  promoter  of  carbon  dioxide 
sorption;  additionally  or  alternatively,  the  acetone  may  be  mixed  with  one  or  more  other  liquid  solvents  of 
carbon  dioxide  and/or  of  other  components  of  a  propellent  gas  mixture  comprising  carbon  dioxide. 

Alternatively  or  in  addition,  the  propellent  gas  could  comprise  nitrogen  or  oxygen  combined  with  a 
5  suitable  liquid  solvent,  or  indeed  any  other  gas  with  an  appropriate  liquid. 

The  barrier  may  comprise  a  flexible  bag  enclosing  one  of  the  product  to  be  dispensed  and  the  gas 
storage  and  dispensing  system  and  sealed  to  the  pressurisable  container  at  or  adjacent  to  the  valve; 
alternatively,  the  barrier  may  comprise  a  piston  or  piston-form  arrangement  slidingly  sealed  to  a  substan- 
tially  cylindrical  internal  surface  of  the  pressurisable  container  with  the  product  contained  between  one  side 

io  of  the  piston  or  piston-form  arrangement  and  the  valve,  the  gas  storage  and  dispensing  system  being 
housed  between  the  other  side  of  the  piston  or  piston-form  arrangement  and  the  non-valve  end  of  the 
pressurisable  container  such  that  the  pressure  of  the  propellent  gas  will  tend,  in  use  of  the  dispenser,  to 
drive  the  piston  or  piston-form  arrangement  towards  the  valve  end  of  the  pressurisable  container  so  as  to 
tend  to  discharge  the  product  through  the  valve. 

is  Typically,  the  barrier  is  substantially  impermeable  to  the  propellent  gas.  However,  the  barrier  could 
comprise  a  semi-permeable  barrier  enclosing  one  of  the  gas  storage  and  dispensing  systems  and  the 
product,  the  semi-permeable  barrier  being  micro-porous  or  otherwise  formed  to  be  permeable  to  propellent 
gas  but  impermeable  (or  substantially  impermeable)  to  the  open  void  material  and  to  the  liquid  solvent 
whereby  the  semi-permeable  barrier  passes  the  propellent  gas  to  pressurise  the  product  by  direct  contact 

20  while  maintaining  the  remaining  component  or  components  of  the  gas  storage  and  dispensing  system  out  of 
direct  contact  with  the  product.  The  semi-permeable  barrier  may  be  in  the  form  of  a  bag  or  envelope  sealed 
in  liquid-tight  manner  around  the  open-void  material  and  the  solvent;  the  bag  or  envelope  may  be  loose  or 
loosely  anchored  within  the  initial  mass  of  product  to  be  dispensed. 

According  to  a  second  aspect  of  the  present  invention,  there  is  provided  a  procedure  for  pressurising  a 
25  pressure  pack  dispenser  in  accordance  with  the  first  aspect  of  the  present,  said  procedure  comprising  the 

steps  of  inserting  a  substantially  predetermined  quantity  of  a  material  having  open  voids  into  the 
pressurisable  container,  adding  a  substantially  predetermined  amount  of  a  propellent  in  a  non-gaseous 
form,  and  sealing  the  pressurisable  container. 

The  substantially  non-gaseous  form  of  the  propellent  gas  may  comprise  the  propellent  gas  cryogenical- 
30  ly  cooled  to  a  temperature  at  which  the  propellent  gas  is  liquefied  or  solidified;  in  the  particular  case  of 

carbon  dioxide,  solid  carbon  dioxide  is  preferred.  Where  the  propellent  gas  is  solidified,  the  solidified  gas  is 
preferably  pelletised  or  in  particulate  form  for  greater  ease  of  separating  and  metering  the  substantially 
predetermined  amount  of  propellent  gas  from  a  bulk  supply  thereof.  The  polymeric  material  may  be  in  a 
unitary  mass  or  be  pelletised  or  in  particulate  form  for  greater  ease  of  separating  and  metering  the 

35  substantially  predetermined  quantity  thereof  into  the  pressurisable  container. 
However,  preferably  the  non-gaseous  form  of  the  propellent  gas  comprises  the  propellent  gas  dissolved 

in  the  liquid  under  pressure.  In  the  case  of  carbon  dioxide  and  acetone  this  is  between  7.03  bar  (100  psi)  to 
17.58  bar  (250  psi)  and  preferably  the  amounts  are  chosen  so  that  the  final  container  pressure  does  not  fall 
below  2.81  bar  (40  psi)  when  the  container  has  been  emptied  of  produce  and  preferably  does  not  fall  below 

40  3.87  bar  (55  psi).  Typically,  the  pressure  drop  between  a  full  and  empty  container  is  less  than  4.22  bar  (60 
psi). 

A  significant  advantage  of  the  pressurising  procedure  according  to  the  second  aspect  of  the  present 
invention  lies  in  the  ability  to  load  the  dispenser  with  the  essential  components  of  the  propellent  gas  storage 
and  dispensing  system  at  ambient  atmospheric  pressure,  with  the  subsequent  thawing  and  boiling  of  the 

45  initially  non-gaseous  form  of  the  propellent  gas  giving  rise  to  the  essential  gaseous  pressure  of  the 
propellent. 

The  product  may  have  been  inserted  into  the  pressurisable  container,  on  the  valve  side  of  the  piston  or 
the  piston-form  arrangement,  prior  to  the  above-described  pressurising  procedure,  either  by  backfilling 
through  the  valve  after  fitting  of  the  pressurisable  container  with  the  piston  or  the  piston-form  arrangement, 

50  or  by  insertion  of  the  product  into  the  pressurisable  container  through  the  open  non-valve  end  of  the 
container  prior  to  fitting  of  the  piston  or  the  piston-form  arrangement;  alternatively  the  product  may  be 
inserted  into  the  pressurisable  container  subsequent  to  the  above-described  pressurising  procedure,  and 
preferably  also  subsequent  to  post-pressurisation  safety  checks  and  quantity  assurance,  by  backfilling 
through  the  valve  against  whatever  pressure  has  developed  on  the  opposite  side  of  the  piston  or  the  piston- 

55  form  arrangement.  Loading  of  the  pressurisable  container  with  the  product  to  be  dispensed  may  utilise  the 
method  described  in  British  Patent  Specification  GB2032006. 

Examples  of  a  reversible  gas  storage  system  in  accordance  with  the  invention  will  now  be  described  by 
way  of  example,  with  reference  to  the  accompanying  drawings  in  which:- 

4 
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Fig  1  shows  a  first  example  of  a  pressurised  container  having  a  reversible  gas  storage  system;  and, 
Fig  2  shows  a  second  example  of  a  pressurised  container. 
Offcuts  and  scraps  of  polymeric  foam  from  the  upholstery  industry  were  cut  into  "chips"  or  granules, 

and  formed  into  a  unitary  mass  by  admixture  with  a  polystyrene  adhesive,  to  form  a  polymeric  foam  having 
5  an  open  pore  structure  and  a  nine  pound  density.  This  type  of  foam  is  commonly  known  as  an  open  cell, 

4.09kg  (9  lb)  density  reconstituted  chip  foam.  From  the  unitary  mass,  discs  were  cut  with  a  diameter  of 
about  17  millimetres  and  an  axial  thickness  of  about  16  millimetres.  Each  disc  was  further  sub-divided  into 
two  parts  by  a  coaxial  cut  through  its  complete  thickness,  to  form  a  27  millimetre  diameter  central  disc 
shaped  "hub"  surrounded  by  a  uniform  annulus  of  about  5  millimetres  radial  thickness,  the  annulus  initially 

io  being  left  in  place  on  the  "hub". 
A  pressure-pack  dispenser  container  1  is  provided  (see  Fig  1)  having  an  outlet  valve  10  for  dispensing 

a  product  11  from  the  container  1.  The  container  1  initially  minus  its  bottom  closure  7  and  empty  of 
dispensable  product  11  was  inverted.  A  barrier  piston  2  having  a  central  recess  3  was  inserted  into  the 
inverted  empty  container,  followed  by  a  two-part  foam  disc  4  as  described  in  the  preceding  paragraph,  the 

is  foam  disc  being  aligned  to  lie  flat  on  the  underside  of  the  piston  2.  A  measured  quantity  of  liquid  acetone 
(see  numerical  examples  below)  was  then  added,  so  as  to  soak  the  foam  disc  4  while  minimising  free  liquid 
acetone  not  soaked  up  by  the  foam.  The  container  is  a  hollow  cylinder  having  a  diameter  such  that  when 
the  foam  has  swollen  it  is  in  contact  with  the  interior  side  walls  of  the  container.  The  acetone-soaked  disc 
was  then  manipulated  to  press  the  hub  5  into  the  hollow  recess  of  the  piston  but  without  pulling  the  annulus 

20  6  off  the  hub  5,  to  form  a  shallow  cup  whose  bowl  comprised  the  upper  face  of  the  hub  5  surrounded  by 
the  annulus  6,  as  shown  in  Fig  1.  A  measured  quantity  of  granulated  solid-frozen  carbon  dioxide  (see 
numerical  examples  below)  was  then  placed  in  the  bowl  of  the  cup  formed  by  the  acetone-soaked  form 
disc,  the  container  base  7  next  being  promptly  located  on  the  open  lower  end  of  the  inverted  dispenser 
container  and  sealed  thereto. 

25  As  the  carbon  dioxide  evaporated  within  the  now-sealed  propellent  chamber  of  the  pressure-pack 
dispenser,  the  carbon  dioxide  became  dissolved  in  the  acetone,  which  liquid  was  dispersed  over  the  internal 
surfaces  of  the  open  voids  formed  by  the  open  porous  structure  of  the  foam  of  the  disc.  When  the  total 
contents  (foam,  acetone,  and  initially  orgogenic  carbon  dioxide)  of  the  propellent  chamber  warmed  to  and 
stabilised  at  ambient  temperature,  the  resultant  combination  formed  a  three-phase  reversible  sorption 

30  propellent  gas  storage  and  dispensing  system  with  the  carbon  dioxide  reversibly  dissolved  in  the  acetone, 
and  the  gas/liquid  mixture  having  a  relatively  high  surface  area  (compared  to  a  foamless  two-phase 
gas/liquid  system)  due  to  being  spread  over  the  substantial  surface  area  provided  by  the  open-void 
structure  of  the  foam. 

Various  possible  quantitative  variations  in  the  proportions  of  acetone  and  carbon  dioxide  will  now  be 
35  described,  along  with  the  operative  pressure  ranges  at  ambient  indoor  temperature  (ie  the  higher  propellent 

pressure  at  the  commencement  of  product  dispensing,  and  the  lower  propellent  pressure  at  product 
exhaustion).  It  is  to  be  noted  that  provided  a  certain  minimum  terminal  propellent  pressure  obtains  at 
product  exhaustion,  a  relatively  lower  pressure  range  indicates  a  relatively  superior  performance  of  the 
propellent  system  in  terms  of  lower  propellent  pressure  variation  and  lower  peak  pressure.  (In  the  following 

40  examples,  the  terminal  pressure  was  selected  to  be  approximately  3.87  bar  (55  psi  (pounds  square  inch))  in 
all  cases,  as  being  adequately  above  the  2.81  bar  (40  psi)  pr  thereabouts  at  which  carbon  dioxide  dissolves 
under  pressure  in  acetone). 

Example  Acetone  (grammes)  Carbon  dioxide  (grammes)  Peak  pressure  (bar  (psi)) 

No  1  7.4  2.8  7.74(110) 
No  2  10.0  3.0  7.45  (106) 
No  3  12.6  3.2  7.17  (102) 
No  4  14.9  3.2  6.68  (95) 
No  5  21  .9  3.7  6.26  (  89) 
No  6  26.5  4.0  5.91  (  84) 
No  7  30.7  4.2  5.63  (  80) 
No  8  42.3  4.9  5.27  (75) 

It  will  be  observed  that  performance  (in  terms  of  lower  pressure  range  and  lower  peak  pressure) 
improved  from  the  quantities  of  Example  No  1  progressively  up  to  Example  No  8,  but  at  the  expense  of 
requiring  progressively  increasing  quantities  of  material  to  achieve  such  performance.  Moreover  the  quantity 
of  acetone  in  Example  No  8  exceeded  the  liquid-holding  capacity  of  a  single  foam  disc. 
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Provided  the  foam  disc  could  be  held  flat  and  not  tipped  on  edge,  its  liquid-holding  capacity  was 
maximised,  and  the  pressure  performance  of  the  propellent  system  was  not  reduced  by  loss  of  liquid 
acetone  from  the  foam. 

Ideally,  the  entire  space  between  the  barrier  and  the  base  7  of  the  container  is  filled  with  foam. 
5  However,  one  practical  solution  to  this  ideal  condition  is  shown  in  Fig.  2  where  it  can  be  seen  that  the 

shaped  foam  4  extends  into  the  recesses  between  the  walls  of  the  container  1  and  the  base  7.  This 
minimises  the  volume  of  liquid  acetone  lying  in  the  recess  due  to  the  wicking  effect  of  the  foam  and  the 
depth  to  which  the  foam  penetrates  into  the  recesses. 

In  the  example  shown  in  Fig.  2  the  barrier  between  the  product  11  and  the  propellent  chamber  is 
io  formed  by  a  plastic  bag  12  which  contain  the  product  11.  The  foam  4  is  placed  adjacent  to  the  plastic  bag 

and  then  the  base  7  (without  plug  13)  is  fixed  onto  the  container  1.  At  a  later  time  the  propellent  gas  in 
solution  with  the  liquid,  for  example  carbon  dioxide  dissolves  in  acetone  at  a  pressure  of  15.82  bar  (225  psi) 
by  bubbling  carbon  dioxide  at  this  pressure  through  the  acetone,  may  be  inserted  into  the  container  1 
through  an  aperture  in  the  base  7  which  is  then  subsequently  sealed  by  a  plug  13.  The  solution  of  acetone 

is  and  carbon  dioxide  is  absorbed  into  the  foam  4,  causing  the  foam  to  swell  and  to  adopt  the  position  shown 
in  Fig.  2. 

By  using  this  method  of  pressurising  the  container  it  is  easier  to  regulate  the  concentrations  and 
volumes  of  acetone  and  carbon  dioxide  delivered  into  the  propellent  chamber. 

In  puncturing  tests  on  a  pressure  pack  dispenser  loaded  with  propellent  as  described  above,  the 
20  puncture  into  the  loaded  propellent  chamber  released  a  stream  of  substantially  non-inflammable  95% 

carbon  dioxide,  5%  acetone  in  the  case  of  an  unused  dispenser  and  89%  cardon  dioxide,  1  1  %  acetone  in 
the  case  of  an  exhausted  dispenser.  This  demonstrates  the  safety  of  the  present  invention  in  relation  to  an 
acetone/carbon  dioxide  propellent  system  not  employing  an  open-pre  foam  or  other  open-void  material, 
wherein  a  comparative  puncturing  test  released  a  highly  inflammable  stream  of  almost  pure  liquid  acetone. 

25  As  alternatives  to  the  use  of  a  polymeric  foam  as  described  above,  use  could  be  made  of  fibrous 
material,  either  natural  or  synthetic  fibres  (or  a  mixture  of  these),  eg  an  appropriately  sized  mass  of  cotton 
wool  (compacted  unspun  cotton  staple).  The  spaces  between  the  fibres  in  such  fibrous  material  constitute 
the  open  voids  of  this  form  of  the  material  for  carrying  the  invention. 

Without  prejudice  to  the  scope  of  the  invention,  it  is  theorised  that  the  beneficial  affects  of  utilising  an 
30  open-void  material  arise  from  an  induced  increase  in  the  Oswald  Coefficient,  from  6.5  in  the  two-phase 

gas/liquid  acetone/carbon  dioxide  of  the  prior  art,  up  to  about  9  in  the  three-phase  gas/liquid/open-void  solid 
acetone/carbon  dioxide  in  the  above-exemplified  form  of  the  invention.  The  very  open-void  material  is 
believed  to  spread  out  the  gas-containing  liquid  solvent,  and  so  improve  the  speed  of  gas  release  upon 
partial  depression. 

35 
Claims 

1.  A  pressure  pack  dispenser  for  dispensing  a  product  (11)  therefrom  by  means  of  a  propellent  gas  within 
the  dispenser,  the  pressure  pack  dispenser  comprising:- 

40  a  pressurisable  container  (1)  having  a  valve  (10)  for  dispensing  product  from  the  container  and  a 
barrier  (2)  which  divides  the  container  (1)  into  a  product  chamber  and  a  propellent  chamber,  the 
propellent  chamber  enclosing  a  gas  storage  and  dispensing  system  for  the  substantially  reversible 
storage  of  the  propellent  gas; 

the  gas  storage  and  dispensing  system  comprising:-a  liquid;  and 
45  a  propellent  gas,  the  liquid  being  a  solvent  of  the  propellent  gas; 

wherein  the  gas  storage  and  dispensing  system  sorbs  increasing  quantities  of  fluid  in  increasing 
ambient  gas  pressure  and  desorbs  previously  sorbed  gas  in  decreasing  ambient  gas  pressure,  the  gas 
storage  and  dispensing  system  providing  a  source  of  the  pressurised  propellent  gas,  the  barrier  (2) 
transmitting  the  pressure  of  the  gas  to  the  product  (11)  to  dispense  the  product  (11)  from  the  pressure 

50  pack  dispenser  and  the  barrier  (2)  being  substantially  impermeable  to  the  non-gaseous  components  of 
the  gas  storage  and  dispensing  system;  and 
characterised  in  that  the  gas  storage  and  dispensing  system  also  comprises  a  material  having  open 
voids,  the  liquid  occupying  the  open  voids  in  the  material,  and  the  occupation  of  the  open  voids  by  the 
liquid,  with  the  propellent  gas  dissolved  in  the  liquid,  forming  the  gas  storage  and  dispensing  system. 

55 
2.  A  pressure  pack  dispenser  according  to  claim  1,  wherein  the  material  comprises  a  porous  material. 

3.  A  pressure  pack  dispenser  according  to  claim  2,  wherein  the  porous  material  is  an  open  pore  structure. 
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4.  A  pressure  pack  dispenser  according  to  claim  2  or  claim  3,  wherein  the  porous  material  comprises  a 
foam. 

5.  A  pressure  pack  dispenser  according  to  claim  4,  wherein  the  material  comprises  a  polymeric  foam. 
5 

6.  A  pressure  pack  dispenser  according  to  claim  1  ,  wherein  the  material  comprises  a  fibrous  material  and 
the  open  voids  are  provided  by  spaces  between  the  fibres  of  the  material. 

7.  A  pressure  pack  dispenser  according  to  any  of  the  preceding  claims,  wherein  the  material  is  a  solid. 
10 

8.  A  pressure  pack  dispenser  according  to  any  of  the  preceding  claims,  wherein  the  material  is  treated 
with  a  swelling  promoter  to  enhance  the  gas  sorption  capacity  of  the  material. 

9.  A  pressure  pack  dispenser  according  to  any  of  the  preceding  claims,  wherein  the  barrier  (2)  is 
is  substantially  impermeable  to  the  propellent  gas. 

10.  A  pressure  pack  dispenser  according  to  any  of  the  preceding  claims,  wherein  the  barrier  (2)  comprises 
a  piston  movably  mounted  within  the  container  (1). 

20  11.  A  pressure  pack  dispenser  according  to  any  of  claims  1  to  9,  wherein  the  barrier  comprises  a  flexible 
bag  (12)  mounted  within  the  container,  the  bag  (12)  enclosing  one  of  the  gas  storage  and  dispensing 
system  and  the  product. 

12.  A  procedure  for  pressurising  a  pressure  pack  dispenser  in  accordance  with  any  of  claims  1  to  11,  said 
25  procedure  comprising  the  steps  of  inserting  a  substantially  predetermined  quantity  of  a  material  having 

open  voids  into  the  pressurisable  container,  adding  a  substantially  predetermined  amount  of  a 
propellent  in  a  non-gaseous  form,  and  sealing  the  pressurisable  container. 

13.  A  procedure  according  to  claim  12,  wherein  the  non-gaseous  form  of  the  propellent  gas  comprises  the 
30  propellent  gas  dissolved  in  the  liquid  under  pressure. 

Patentanspruche 

1.  Druckpackung-Spender  zur  Abgabe  eines  Produkts  (11)  mittels  eines  Treibgases  innerhalb  des  Spen- 
35  ders,  wobei  der  Druckpackung-Spender  besteht  aus: 

einem  unter  Druck  setzbaren  Behalter  (1)  mit  einem  Ventil  (10)  fur  die  Abgabe  eines  Produkts  von 
dem  Behalter  und  einer  Barriere  (2),  welche  den  Behalter  (1)  in  eine  Produktkammer  und  eine 
Treibmittelkammer  unterteilt,  wobei  die  Treibmittelkammer  einen  Gasspeicher  und  ein  Abgabesystem 
fur  die  im  wesentlichen  reversible  Speicherung  des  Treibgases  einschlieBt; 

40  wobei  der  Gasspeicher  und  das  Abgabesystem  besteht  aus:  einer  Flussigkeit;  und 
einem  Treibgas,  wobei  die  Flussigkeit  ein  Losungsmittel  des  Treibgases  ist; 

wobei  der  Gasspeicher  und  das  Abgabesystem  zunehmende  Fluidmengen  in  einem  zunehmenden 
Umgebungsgasdruck  sorbiert  und  zuvor  sorbiertes  Gas  in  einem  abnehmenden  Umgebungsgasdruck 
desorbiert,  der  Gasspeicher  und  das  Abgabesystem  eine  Quelle  des  unter  Druck  stehenden  Treibgases 

45  bereitstellen,  die  Barriere  (2)  den  Gasdruck  an  das  Produkt  (11)  ubermittelt,  urn  das  Produkt  (11)  von 
dem  Druckpackung-Spender  abzugeben,  und  die  Barriere  (2)  im  wesentlichen  undurchlassig  ist 
gegenuber  nicht  gasformigen  Komponenten  des  Gasspeichers  und  des  Abgabesystems;  und  dadurch 
gekennzeichnet,  dal3  der  Gasspeicher  und  das  Abgabesystem  auch  ein  Material  mit  offenen  Hohlrau- 
men  aufweisen,  wobei  die  Flussigkeit  die  offenen  Hohlraume  in  dem  Material  besetzt  und  die 

50  Besetzung  der  offenen  Hohlraume  durch  die  Flussigkeit  mit  dem  in  der  Flussigkeit  gelosten  Treibgas 
den  Gasspeicher  und  das  Abgabesystem  ausbildet. 

2.  Druckpackung-Spender  nach  Anspruch  1  ,  bei  welchem  das  Material  ein  poroses  Material  umfasst. 

55  3.  Druckpackung-Spender  nach  Anspruch  2,  bei  welchem  das  porose  Material  ein  Gebilde  mit  offenen 
Poren  ist. 
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4.  Druckpackung-Spender  nach  Anspruch  2  oder  Anspruch  3,  bei  welchem  das  porose  Material  einen 
Schaum  umfasst. 

5.  Druckpackung-Spender  nach  Anspruch  4,  bei  welchem  das  Material  einen  polymeren  Schaum  umfasst. 
5 

6.  Druckpackung-Spender  nach  Anspruch  1  ,  bei  welchem  das  Material  ein  Fasermaterial  umfasst  und  die 
offenen  Hohlraume  durch  Zwischenraume  zwischen  den  Fasern  des  Material  vorgesehen  sind. 

7.  Druckpackung-Spender  nach  einem  der  vorhergehenden  Anspruche,  bei  welchem  das  Material  ein 
io  Feststoff  ist. 

8.  Druckpackung-Spender  nach  einem  der  vorhergehenden  Anspruche,  bei  welchem  das  Material  mit 
einem  Quellungs-Promotor  behandelt  ist,  urn  das  Gas-Sorptionsvermogen  des  Materials  zu  vergroBern. 

is  9.  Druckpackung-Spender  nach  einem  der  vorhergehenden  Anspruche,  bei  welchem  die  Barriere  (2)  im 
wesentlichen  undurchlassig  gegen  das  Treibgas  ist. 

10.  Druckpackung-Spender  nach  einem  der  vorhergehenden  Anspruche,  bei  welchem  die  Barriere  (2)  einen 
Kolben  aufweist,  der  innerhalb  des  Behalters  (1)  beweglich  angeordnet  ist. 

20 
11.  Druckpackung-Spender  nach  einem  der  Anspruche  1  bis  9,  bei  welchem  die  Barriere  einen  flexiblen 

Beutel  (12)  aufweist,  der  innerhalb  des  Behalters  angeordnet  ist,  wobei  der  Beutel  (12)  eines  unter  dem 
Gasspeicher  und  dem  Abgabesystem  und  dem  Produkt  einschlieBt. 

25  12.  Verfahren  zur  Druckbeaufschlagung  eines  Druckpackung-Spenders  gemaB  einem  der  Anspruche  1  bis 
1  1  ,  wobei  das  Verfahren  die  Stufen  der  Einfugung  einer  im  wesentlichen  vorbestimmten  Materialmenge 
mit  offenen  Hohlraumen  in  den  unter  Druck  setzbaren  Behalter,  eine  Hinzufugung  einer  im  wesentli- 
chen  vorbestimmten  Menge  eines  Treibmittels  in  einer  nicht  gasformigen  Form  und  ein  Versiegeln  des 
unter  Druck  setzbaren  Behalters  umfasst. 

30 
13.  Verfahren  nach  Anspruch  12,  bei  welchem  die  nicht  gasformige  Form  des  Treibgases  das  in  der 

Flussigkeit  unter  Druck  geloste  Treibgas  umfasst. 

Revendicatlons 
35 

1.  Unite  integree  de  distribution  sous  pression  pour  distribuer  un  produit  (11)  hors  de  ladite  unite  au 
moyen  d'un  gaz  propulseur  contenu  a  I'interieur  de  ladite  unite,  I'unite  integree  de  distribution  sous 
pression  comprenant  : 

un  recipient  (1)  pressurisable  dote  d'une  valve  (10)  pour  la  distribution  du  produit  contenu  dans  le 
40  recipient  et  une  separation  (2)  divisant  le  recipient  (1)  en  un  compartiment  de  produit  et  un  comparti- 

ment  d'agent  propulseur,  ledit  compartiment  d'agent  propulseur  renfermant  un  systeme  de  stockage  et 
de  distribution  de  gaz  pour  le  stockage  essentiellement  reversible  du  gaz  propulseur  ; 

le  systeme  de  stockage  et  de  distribution  de  gaz  comprenant  : 
un  liquide  ;  et 

45  un  gaz  propulseur,  le  liquide  etant  un  solvant  du  gaz  propulseur  ; 
dans  lequel  le  systeme  de  stockage  et  de  distribution  de  gaz  adsorbe  des  quantites  de  fluide 

d'autant  plus  importantes  que  la  pression  de  gaz  ambiante  est  elevee  et  restitue  le  gaz  prealablement 
adsorbe  lorsque  la  pression  de  gaz  ambiante  diminue,  le  systeme  de  stockage  et  de  distribution  de  gaz 
procurant  une  source  de  gaz  propulseur  sous  pression,  la  separation  (2)  transmettant  la  pression  du 

50  gaz  au  produit  (11)  afin  d'assurer  la  distribution  dudit  produit  (11)  hors  de  I'unite  integree  de  distribution 
sous  pression  et  la  separation  (2)  etant  essentiellement  impermeable  aux  composants  non-gazeux  du 
systeme  de  stockage  et  de  distribution  de  gaz  ;  et  caracterisee  en  ce  que  le  systeme  de  stockage  et 
de  distribution  de  gaz  comprend  egalement  une  matiere  presentant  des  cavites  ouvertes,  le  liquide 
occupant  les  cavites  ouvertes  de  la  matiere  et  I'occupation  des  cavites  ouvertes  par  le  liquide,  dans 

55  lequel  est  dissous  I'agent  propulseur,  formant  le  systeme  de  stockage  et  de  distribution  de  gaz. 

2.  Unite  integree  de  distribution  sous  pression  selon  la  revendication  1  ,  caracterisee  en  ce  que  la  matiere 
comprend  une  matiere  poreuse. 
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3.  Unite  integree  de  distribution  sous  pression  selon  la  revendication  2,  caracterisee  en  ce  que  la  matiere 
poreuse  est  une  structure  a  pores  ouverts. 

4.  Unite  integree  de  distribution  sous  pression  selon  la  revendication  2  ou  3,  caracterisee  en  ce  que  la 
5  matiere  poreuse  comprend  une  mousse. 

5.  Unite  integree  de  distribution  sous  pression  selon  la  revendication  4,  caracterisee  en  ce  que  la  matiere 
comprend  une  mousse  polymere. 

io  6.  Unite  integree  de  distribution  sous  pression  selon  la  revendication  1  ,  caracterisee  en  ce  que  la  matiere 
comprend  une  matiere  fibreuse  et  en  ce  que  les  cavites  ouvertes  sont  constitutes  par  les  espaces 
situes  entre  les  fibres  de  la  matiere. 

7.  Unite  integree  de  distribution  sous  pression  selon  I'une  quelconque  des  revendications  precedentes, 
is  caracterisee  en  ce  que  la  matiere  est  un  solide. 

8.  Unite  integree  de  distribution  sous  pression  selon  I'une  quelconque  des  revendications  precedentes, 
caracterisee  en  ce  que  la  matiere  est  traitee  avec  un  agent  gonflant  en  vue  d'ameliorer  la  capacite  de 
sorption  de  gaz  de  la  matiere. 

20 
9.  Unite  integree  de  distribution  sous  pression  selon  I'une  quelconque  des  revendications  precedentes, 

caracterisee  en  ce  que  la  separation  (2)  est  essentiellement  impermeable  au  gaz  propulseur. 

10.  Unite  integree  de  distribution  sous  pression  selon  I'une  quelconque  des  revendications  precedentes, 
25  caracterisee  en  ce  que  la  separation  (2)  comprend  un  piston  monte  de  maniere  mobile  dans  le 

recipient  (1). 

11.  Unite  integree  de  distribution  sous  pression  selon  I'une  quelconque  des  revendications  1  a  9, 
caracterisee  en  ce  que  la  separation  comprend  une  poche  flexible  (12),  montee  a  I'interieur  du 

30  recipient,  la  poche  (12)  renfermant  soit  le  systeme  de  stockage  et  de  distribution  de  gaz,  soit  le  produit. 

12.  Procedure  de  mise  en  pression  d'une  unite  integree  de  distribution  sous  pression  selon  I'une 
quelconque  des  revendications  1  a  1  1  ,  ladite  procedure  comprenant  les  etapes  consistant  a  introduire 
dans  le  recipient  pressurisable  une  quantite  essentiellement  predeterminee  d'une  matiere  presentant 

35  des  cavites  ouvertes,  a  ajouter  une  quantite  essentiellement  predeterminee  d'un  agent  propulseur  sous 
une  forme  non-gazeuse  et  a  fermer  hermetiquement  le  recipient  pressurisable. 

13.  Procedure  selon  la  revendication  12,  caracterisee  en  ce  que  la  forme  non-gazeuse  du  gaz  propulseur 
comprend  la  forme  ou  le  gaz  propulseur  est  dissous  dans  le  liquide  sous  pression. 

40 
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