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(54)  A  process  and  a  device  for  headspace  inertization  of  bottles  filled  with  carbonated 
beverages 

(57)  The  invention  relates  to  a  process  for  the  inerti- 
zation  of  the  headspace  of  bottles  (18)  filled  with  car-  <C>\ 
bonated  beverages,  in  which  a  jet  (17)  of  supercooled,  X  \  
liquid  nitrogen  is  introduced  into  the  headspace  of  the  ^m^^\  \ n  
bottle,  which  is  not  filled  with  the  beverage,  in  a  metered  \   \ J  
and  pressure-controlled  fashion  at  a  foaming  means,  **  n V ^  
the  gas  volume  previously  contained  in  the  headspace  TLB 
being  displaced  from  it  by  the  resultant  foaming,  and  a  "JnOZZ 
device  for  carrying  out  the  process.  [ 
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Description 

The  invention  relates  to  a  process  for  headspace 
inertization  of  bottles  filled  with  carbonated  beverages 
or  beer,  in  which  the  beverage  is  foamed  in  the  bottle  s 
after  filling  so  that  the  gas  volume  previously  contained 
in  the  headspace  is  displaced  from  it  due  to  the  arising 
foaming,  and  a  device  for  carrying  out  this  process. 

In  bottling  plants,  beer  is  filled  into  bottles  in  such  a 
fashion  that  a  residual  gas  volume  remains  in  the  head-  10 
space  of  the  containers.  This  residual  volume  is  at  first 
filled  with  carbon  dioxide  in  the  case  of  beers  containing 
C02.  Since  the  bottles  are  exposed  to  ambient  air  dur- 
ing  transfer  from  the  bottling  station  to  the  sealing  sta- 
tion,  there  is  a  risk  of  oxygen  entering  the  headspace  15 
during  this  transfer,  which  promotes  germ  formation  in 
such  beverages  and  thus  greatly  reduces  their  storage 
stability. 

For  the  aformentioned  reason,  beer  is  convention- 
ally  foamed  during  transfer  from  the  bottling  station  to  20 
the  sealing  station  by  means  of  introducing  a  gaseous 
or  liquid  medium  into  the  headspace  onto  the  surface  of 
the  beer  so  that  the  resultant  foam  expels  the  gas  vol- 
ume,  and  thus  also  the  oxygen  that  has  entered,  from 
the  headspace.  Thus,  the  oxygen  content  in  the  head-  25 
space  can  be  reduced  at  the  moment  the  bottle  is 
sealed. 

One  example  of  such  a  foaming  device  is  disclosed 
in  German  Utility  Model  No.  91  16  815  U1  .  A  jet  of  liquid, 
here  in  particular  water,  is  introduced  into  the  head-  30 
space  of  the  filled  bottles  at  a  pressure  of  40  bar  by 
means  of  the  device  described  therein.  The  impulse  of 
the  water  jet  can  be  regulated. 

It  is  in  particular  disadvantageous  in  such  proc- 
esses  and  devices  according  to  the  prior  art  that  the  35 
beverage  foam  becomes  relatively  large-pored  after  the 
high-pressure  water  injection  so  that,  despite  larger 
overfoam  volumes  (2  to  5  ml/bottle),  the  average  oxygen 
values  that  can  be  achieved  in  the  headspace  are  no 
better  than  0.018  to  0.1  mg  per  liter.  The  disadvanta-  40 
geous  large  overfoaming  results  in  a  high  waste  water 
pollutant  load  and  thus  substantial  liquid  waste  disposal 
costs;  also,  the  large  overfoam  volumes  are  equivalent 
to  net  beverage  losses  which,  of  course,  are  expensive 
per  se.  45 

A  filling  height  correction  for  bottling  liquids  is 
described  in  DE-OS  4018660  A1.  Here,  an  inert  gas  is 
used  to  build  up  an  exactly  defined  pressure  in  the 
headspace  of  a  bottle,  by  means  of  which  an  excess  liq- 
uid  volume  is  expelled  from  the  bottle.  The  disadvan-  so 
tage  is  that  the  desired  foaming  does  not  take  place 
here;  the  oxygen  already  contained  in  the  headspace  of 
the  bottle  remains  there,  and  reduces  the  storage  stabil- 
ity  of  the  beverage. 

The  object  of  the  present  invention  is  to  create  a  55 
method  and  a  device  for  headspace  inertization  of  bot- 
tles  filled  with  carbonated  beverages  or  beer,  which 
overcome  the  aforementioned  disadvantages  of  the 

prior  art.  In  particular,  the  invention  is  intended  to 
achieve  a  good  storage  stability  of  the  bottled  bever- 
ages  and  as  few  foaming  losses  as  possible. 

This  object  is  achieved  according  to  the  invention 
by  injecting  at  the  foaming  means  a  jet  of  supercooled, 
liquid  inert  gas,  in  particular  nitrogen,  in  a  metered  and 
pressure-controlled  manner  into  a  bottle's  headspace 
which  is  not  filled  with  the  beverage,  said  beverage 
being  preferably  beer.  To  achieve  this,  a  foaming  means 
with  a  means  for  injecting  a  jet  of  supercooled  and  liquid 
inert  gas,  in  particular  nitrogen,  in  a  metered  and  pres- 
sure-controlled  manner  is  provided.  In  the  following,  the 
term  beer  shall  be  used  to  represent  carbonated  bever- 
ages  in  general. 

The  advantage  of  foaming  the  beer  according  to  the 
invention  is  firstly  that  the  foam  arising  from  liquid  nitro- 
gen  foaming  has  much  finer  pores  than,  for  instance, 
that  arising  from  water  injection,  and  thus  becomes  sub- 
stantially  more  gas-tight.  The  amount  of  oxygen  remain- 
ing  in  the  headspace  after  foaming  is  very  low,  and  in  a 
range  that  conventional  high-pressure  injection  systems 
with  comparable  overfoaming  losses  cannot  even  come 
close  to.  Another  advantage  is  that  the  microporous 
foam  arising  from  liquid  nitrogen  injection  can  be  regu- 
lated  very  well  with  regard  to  the  resultant  foam  quantity, 
so  foaming  losses  can  be  minimized.  Thus,  the  over- 
foam  volumes,  which  are  expensive  per  se  and  waste 
water  polluting,  can  be  greatly  reduced.  There  is  no 
longer  a  gas  exchange  with  the  ambient  air  in  the  head- 
space  of  the  filled  bottle,  but  only  with  the  inert  nitrogen. 

A  further  advantage  of  the  foaming  according  to  the 
invention  consists  in  the  fact  that  special  plant  technolo- 
gies  for  preparing  germ-free  water  are  no  longer 
required  since,  as  a  matter  of  course,  no  water  is  used 
any  more  as  a  foaming  agent. 

The  independent  claims  define  the  subject  matter 
of  the  present  invention.  Advantageous  embodiments 
are  described  by  means  of  the  sub-claims. 

According  to  a  preferred  embodiment  of  the  present 
invention,  the  bottles  pass  along  a  bottling  conveyor,  a 
transfer  conveyor  and  a  sealing  conveyor,  with  the  injec- 
tion  point  for  the  liquid  nitrogen  being  located  after  the 
transfer  point  of  the  containers  from  the  bottling  con- 
veyor  to  the  transfer  conveyor.  According  to  such  a 
development,  the  foaming  of  the  beer  is  already  carried 
out  shortly  after  bottling,  i.e.  there  is  little  time  for  the 
oxygen-containing  ambient  air  to  enter  the  headspace. 
This,  too,  reduces  the  oxygen  percentage  in  the  head- 
space  yet  again. 

Advantageously,  the  liquid  nitrogen  to  be  intro- 
duced  into  the  headspace  of  the  bottle  is  metered  in 
pulsed  fashion  or  as  a  permanent  flow  at  one  or  several 
points  of  a  metering  means  contained  in  the  foaming 
means.  The  metering  quantity  and  the  charging  mode 
can  be  adjusted  in  each  case  as  a  function  of  the  size 
and  the  speed  of  the  containers  that  pass  through. 

Preferably,  the  liquid  nitrogen  to  be  introduced  into 
the  headspace  is  high-purified  in  a  purification  means 

2 



3 EP  0  827  936  A1 4 

contained  in  the  foaming  means  prior  to  its  being  intro- 
duced  into  the  headspace.  The  use  of  high-pure,  sterile 
nitrogen  results  in  only  very  small  amounts  of  impurities 
entering  the  beer  and/or  the  headspace  so  that  this 
measure  also  improves  storage  stability.  5 

According  to  a  preferred  embodiment  of  the  present 
invention,  the  amount  of  the  liquid  nitrogen  entering  the 
headspace  is  adjusted  by  means  of  a  controller  in  the 
foaming  means  to  a  value  at  which  no  excessive  over- 
pressure  is  built  up  in  the  containers,  so  that  damage  to  10 
the  containers  can  be  avoided. 

The  liquid  supercooled  nitrogen  is  advantageously 
injected  into  the  headspace  onto  the  surface  of  the  beer 
at  a  regulatable  overpressure  ranging  from  about  2  to 
20  bar.  The  foaming  of  the  beer  is  brought  about  by  the  15 
kinetic  energy  of  the  hard  jet  of  the  liquid  nitrogen.  Since 
different  beers  also  foam  differently,  the  overpressure 
with  which  the  liquid  nitrogen  is  introduced  into  the 
headspace  can  in  each  case  be  adjusted  so  accurately 
that  foaming  losses  are  minimized  while,  at  the  same  20 
time,  the  greatest  possible  amount  of  oxygen  is 
expelled. 

In  order  to  prevent  ambient  air  from  being  entrained 
with  the  introduction  of  the  jet  of  liquid  nitrogen  into  the 
headspace,  a  means  is  provided  in  a  preferred  embodi-  25 
ment  of  the  present  invention  which  surrounds  the  nitro- 
gen  jet  with  a  haze  of  gaseous  nitrogen.  Thus,  if  it  is  not 
possible  to  prevent  ambient  gas  from  being  entrained, 
the  gas  entering  the  headspace  in  this  fashion  will  again 
only  be  inert  nitrogen.  30 

In  the  device  according  to  the  invention  the  foaming 
means  comprises  a  pressure  control  means  which 
brings  the  nitrogen  to  be  injected  into  the  headspace 
onto  the  surface  of  the  beer  to  a  liquid  supercooled  con- 
dition  at  a  controllable  overpressure  ranging  from  about  35 
2  to  20  bar. 

The  foaming  means  of  the  device  according  to  the 
invention  comprises  preferably  a  feeder  for  gaseous 
nitrogen,  a  feeder  for  liquid  nitrogen,  a  pressure  control 
and  metering  means  for  the  liquid  nitrogen  to  be  deliv-  40 
ered,  a  charging  pipeline  for  feeding  the  liquid  nitrogen 
to  the  injection  point,  a  capillary  tube  and  an  exhaust 
pipe. 

The  capillary  tube  for  the  supercooled,  pressurized 
liquid  nitrogen  has  a  diameter  of  0.3  to  0.7  mm,  prefera-  45 
bly  of  about  0.5  mm. 

The  outer  diameter  of  the  capillary  tube  ranges 
from  1.3  to  1.9  mm  in  an  embodiment  of  the  device 
according  to  the  invention  and  is  preferably  1  .6  mm.  In 
the  thus  defined  range  for  the  line  and/or  nozzle  cross-  so 
section,  suitable  heat  exchange  takes  place  through  the 
tube  cross-section,  so  that  the  nozzle  does  not  clog  due 
to  icing. 

The  charging  pipeline  can  extend  horizontally,  while 
the  nozzle  at  its  end  extends  vertically  after  a  portion  55 
that  is  bent  downwards.  However,  the  entire  foaming 
means  is  preferably  arranged  in  such  a  fashion  that  the 
charging  pipeline  and  the  nozzle  extend  vertically  in  one 

line  so  that  disadvantageous  effects  caused  by  deflec- 
tion  of  the  liquid  nitrogen  jet  can  be  avoided. 

According  to  a  preferred  embodiment  of  the  device 
according  to  the  invention,  the  capillary  tube  consists  of 
stainless  steel  or  advantageously  of  a  material  with  a 
low  heat  conductivity,  in  particular  of  polytetraf  luoroeth- 
ylene.  This  choice  of  material,  as  well,  enables  advanta- 
geous  heat  flow,  thus  avoiding  nozzle  icing. 

The  inner  diameter  of  the  capillary  tube  and  the 
pressure  of  the  delivered  nitrogen  must  be  adapted  to 
each  other  in  order  to  be  able  to  set  the  optimum 
amount  of  liquid  nitrogen  for  foaming  in  each  case.  The 
advantages  described  above  can  be  achieved  as  a 
result  of  the  interaction  of  all  setting  measures  to  be 
taken,  i.e.  pressure  control  of  the  liquid  nitrogen,  suita- 
ble  metering  and  suitable  design  of  the  capillary  tube. 
Foaming  losses  can  in  particular  be  reduced  by  50%  or 
more  as  compared  with  the  prior  art. 

The  invention  is  explained  in  the  following  by  means 
of  the  appended  Figs. 

Fig.  1  shows  an  elevation  of  a  device  according  to 
the  invention  for  headspace  inertization,  in  particu- 
lar  a  foaming  means, 

Fig.  2  shows  a  cross-section  through  a  capillary 
tube  for  supercooled,  pressurized  liquid  nitrogen, 
which  is  used  in  the  device  according  to  the  inven- 
tion, 

Fig.  3  shows  a  top  view  of  a  headspace  inertization 
means  according  to  the  invention  and  its  arrange- 
ment  with  respect  to  a  bottling  conveyor,  a  transfer 
conveyor  and  a  sealing  conveyor  for  bottles,  and 

Fig.  4  shows  a  schematic  view  of  the  pressure 
and/or  temperature  control  and  metering  means  in 
the  foaming  means  according  to  the  invention. 

Fig.  1  shows  an  elevation  of  an  embodiment  of  a 
device  according  to  the  invention  for  headspace  inerti- 
zation.  The  foaming  means  of  this  device  is  designated 
in  general  with  the  reference  numeral  10.  It  comprises  a 
pressure  and/or  temperature  control  and  metering 
means  15  which  is  firmly  anchored  to  the  floor  next  to  a 
transfer  conveyor  33  indicated  in  dash-dotted  lines.  The 
transfer  conveyor  33  conveys  bottles  1  8  already  filled 
with  beer  from  a  bottling  conveyor  31  to  a  sealing  con- 
veyor  32  (cf.  Fig.  3). 

A  feeder  1  1  for  gaseous  nitrogen  is  represented  as 
a  connection  at  the  upper  part  of  the  pressure  and/or 
temperature  control  and  metering  means  1  5.  A  manom- 
eter  12  is  attached  to  this  connection  with  which  the 
pressure  of  the  inflowing  gaseous  nitrogen  can  be  mon- 
itored.  Moreover,  the  connection  13  for  the  feeding  of 
liquid  nitrogen  (also  called  LIN  in  the  following)  is  affixed 
at  the  upper  part  of  the  pressure  and/or  temperature 
control  and  metering  means  15.  Finally,  the  third  com- 
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ponent,  a  flue  pipe,  which  is  located  at  the  upper  part  of 
the  means  15,  is  designated  with  the  reference  numeral 
14. 

The  pressure  control  and  metering  means  15  pre- 
pares  a  flow  of  liquid  nitrogen  flowing  in  pulsed  or  per-  s 
manent  fashion  from  the  infed  nitrogen  flows,  which  is 
introduced  into  the  charging  pipeline  16.  This  flow  of  liq- 
uid  nitrogen  is  subcooled  and  is  at  a  pressure  level  of  2 
to  20  bar  overpressure  when  it  leaves  the  bent  capillary 
tube  17  which  adjoins  the  charging  pipeline  16,  and  is  10 
injected  as  a  jet  into  the  headspace  of  a  bottle  18  onto 
the  surface  of  the  beer  contained  therein.  The  pressure, 
the  temperature  and  the  amount  of  the  supercooled  liq- 
uid  nitrogen  jet  to  be  delivered  are  adjusted  in  the  pres- 
sure  control  and  metering  device  1  5  in  such  a  fashion  is 
that  a  nitrogen  jet  is  always  injected  for  a  specific  type  of 
beer  with  a  predetermined  carbonization  and/or  a  pre- 
determined  C02  content  which  effects  a  foaming  in  the 
beer,  but  does  not  result  in  high  foaming  losses.  The 
aforementioned  parameters  of  the  liquid  nitrogen  jet  are  20 
always  adjusted  in  such  a  fashion  that  the  jet  still 
remains  in  liquid  condition  upon  its  exit  from  the  capil- 
lary  tube  1  7  (cf.  Fig.  2),  i.e.  also  in  the  case  of  an  expan- 
sion  to  ambient  pressure.  Thus,  a  "hard"  liquid  nitrogen 
jet  impinges  onto  the  surface  of  the  beer  filled  into  the  25 
bottle  and  induces  foaming  due  to  its  kinetic  energy.  In 
the  optimum  case,  the  nitrogen  jet  impinges  onto  a 
black  surface. 

The  foaming  of  the  bottled  beer  results,  if  a  nitrogen 
jet  is  used,  in  a  highly  microporous  foam  which  dis-  30 
places  the  gas  volume  contained  in  the  bottle  up  to  then 
due  to  its  rising  in  the  headspace  of  the  bottles  18. 
Because  of  its  microporosity,  the  resultant  foam  is  highly 
gas-tight  and  effects  a  type  of  piston  flow  in  the  bottle- 
neck.  Due  to  this,  only  a  very  small  amount  of  the  origi-  35 
nal  gas  volume  remains  in  the  headspace;  the  gas 
tightness  of  the  microporous  foam  alone  prevents  air 
from  the  environment  from  entering  the  headspace.  As 
a  result  of  this  process,  the  oxygen  content  in  the  head- 
space  is  brought  to  a  very  low  value  when  the  bottles  1  8  40 
are  sealed,  a  result  that  conventional  high-pressure 
water  injections  in  which  large-pore  foam  is  formed  do 
not  even  get  close  to  achieving.  With  such  a  small 
amount  of  oxygen  in  the  headspace,  the  risk  of  germ 
formation  is  minimized.  The  storage  stability  of  the  filled  45 
beer  is  greatly  improved.  Due  to  the  exact  metering  and 
the  adjustability  of  the  values  for  the  pressure  and/or  the 
temperature  of  the  injected  nitrogen  jet,  an  exactly  con- 
trollable  foaming  takes  place,  and  overfoaming  losses 
are  largely  prevented  so  that  high  pollutant  loads  in  the  so 
waste  water  can  also  be  prevented. 

In  Fig.  2,  the  end  of  the  capillary  tube  17  is  repre- 
sented  in  its  cross-section.  Stainless  steel  tubes  with  a 
small  wall  thickness  can  be  used;  plastic  materials  such 
as  polytetrafluoroethylene  are  also  used  with  prefer-  55 
ence. 

Suitable  wall  thicknesses  for  the  capillary  wall  21 
are  an  inner  diameter  ranging  from  0.3  to  0.7  mm,  pref- 

erably  of  0.5  mm.  The  outer  diameter  range  for  the  tube 
wall  21  can  be  defined  as  1  .3  to  1  .9  mm,  preferably  1  .6 
mm. 

A  top  view  of  the  headspace  inertization  means 
according  to  the  invention  is  again  shown  in  Fig.  3.  The 
arrangement  of  the  foaming  means  1  0  with  the  pressure 
control  and  metering  means  15,  the  charging  pipeline 
1  6  and  the  capillary  tube  1  7  in  relation  to  the  conveying 
facilities  for  the  bottles  18  is  made  clear  in  this  view. 
Filled  bottles  18  are  delivered  by  a  bottling  conveyor  31 
that  rotates  clockwise,  and  is  partially  shown  at  the 
lefthand  side,  to  a  transfer  conveyor  which  rotates  coun- 
ter-clockwise.  Just  behind  the  transfer  point,  the  sub- 
cooled,  pressurized  liquid  nitrogen  is  injected  into  a 
bottle  18  positioned  on  the  transfer  conveyor  33.  This 
injection  takes  place  that  shortly  after  the  filling  of  the 
bottles  18  so  that  as  little  ambient  air  as  possible  can 
enter  the  headspaces  of  the  bottles  18  during  transfer. 
The  injection  takes  place  according  to  the  functional 
principle  described  above.  During  transport  on  the 
transfer  conveyor  33,  the  beverage  liquid  contained  in 
the  bottles  18  foams,  so  that  no  ambient  air  can  enter 
the  headspace  of  the  bottles  18  until  the  bottles  are 
sealed  in  the  sealing  conveyor  33  which  adjoins  the 
transfer  conveyor  33. 

At  this  point,  further  possibilities  of  nitrogen  injec- 
tion  which  are  not  shown  will  be  explained. 

One  possibility  consists  in  arranging  the  foaming 
means  10  in  such  a  fashion  that  it  is  located  directly 
above  the  injection  point  so  that  the  charging  pipeline 
and  the  adjoining  capillary  tube  extend  in  a  straight  line. 
This  avoids  disadvantageous  effects  due  to  deflection  of 
the  jet  of  liquid  nitrogen. 

A  further  development  possibility  consists  in  provid- 
ing  a  means  at  the  injection  point  which  surrounds  it 
with  a  haze  of  gaseous  nitrogen.  This  prevents  atmos- 
pheric  oxygen  from  the  environment  from  being 
entrained  by  the  jet  of  liquid  nitrogen  into  the  headspace 
of  the  bottles  18. 

A  pressure  control  and  metering  means  15  for  the 
liquid  nitrogen  to  be  delivered  is  schematically  repre- 
sented  in  Fig.  4.  At  the  upper  lefthand,  two  feeding 
means  for  liquid  nitrogen  13  and  gaseous  nitrogen  11 
are  represented.  These  lead  into  the  means  15  with  the 
interposition  of  pressure  and/or  temperature  control 
means  41  ,  42,  43,  44,  46,  47. 

Furthermore,  the  metering  and/or  pressure  control 
is  implemented  by  control  elements  40,  45,  48,  49  which 
are  located  in  the  intermediate  pipelines.  As  shown  at 
the  lower  side,  a  jet  of  liquid  subcooled  nitrogen  (LIN), 
which  is  at  an  overpressure  of  2  to  20  bar,  depending 
upon  the  requirements  to  be  met  by  foaming,  exits  from 
the  pressure  control  and  metering  means  15.  This  is  the 
nitrogen  flow  which  is  introduced  into  the  charging  pipe- 
line  16  (cf.  Figs.  1  and  3).  As  indicated  at  the  upper  side 
of  the  means,  gaseous  nitrogen  N2  exits  which  is  deliv- 
ered  to  the  exhaust  pipe  15  shown  in  Fig.  1  and  is  blown 
off. 

4 



7 EP  0  827  936  A1 8 

As  already  mentioned,  the  metering  and  the  pres- 
sure  of  the  nitrogen  jet  to  be  delivered  are  adjusted,  also 
in  relation  to  the  dimensions  of  the  capillary  tube  1  7  and 
the  charging  pipeline,  by  means  of  the  control  system 
shown  in  Fig.  4  in  such  a  fashion  that  an  optimum  jet  of 
liquid  nitrogen  can  be  injected  in  each  case  for  different 
foaming  applications. 

Although  the  invention  has  been  described  so  far 
with  regard  to  bottling  and  beer  foaming,  it  is  under- 
stood  that  the  process  and  the  device  according  to  the 
invention  can  also  be  used  for  headspace  inertization 
and  the  foaming  of  other  beverages,  e.g.  soft  drinks, 
etc.,  in  particular  carbonated  beverages. 

Claims 

1.  A  process  for  the  inertization  of  the  headspace  of 
bottles  (18)  filled  with  carbonated  beverages,  pref- 
erably  with  beer,  comprising  the  following  steps: 

a)  after  the  filling  of  the  beverages,  in  particular 
beer,  into  the  bottles  (18),  the  bottles  are  trans- 
ferred  to  a  foaming  means  (10), 

b)  a  jet  of  subcooled,  liquid  inert  gas,  in  partic- 
ular  nitrogen,  is  introduced  in  a  metered  and 
pressure-regulated  fashion  into  the  headspace 
of  the  bottle  (18),  which  is  not  filled  with  the 
beverage, 

c)  due  to  the  resultant  foaming,  the  gas  volume 
previously  contained  in  the  headspace  is  dis- 
placed  from  it,  and 

d)  the  bottles  (18)  are  sealed. 

2.  A  process  according  claim  1  ,  characterized  in  that 
the  bottles  (18)  pass  through  a  bottling  conveyor 
(31),  a  transfer  conveyor  (33)  and  a  sealing  con- 
veyor  (32,  the  introduction  point  for  the  liquid  nitro- 
gen  being  located  after  the  transfer  point  of  the 
bottles  (18)  from  the  bottling  conveyor  (31)  to  the 
transfer  conveyor  (33). 

3.  A  process  according  to  any  of  claim  1  or  2,  charac- 
terized  in  that,  for  the  introduction  of  the  liquid  nitro- 
gen  into  the  headspace  of  the  bottle  (18),  the  liquid 
nitrogen  is  metered  at  one  or  several  points  of  a 
metering  means  (15)  in  pulsed  fashion  or  as  a  per- 
manent  flow. 

4.  A  process  according  to  any  of  claims  1  to  3,  charac- 
terized  in  that  the  liquid  nitrogen  to  be  introduced 
into  the  headspace  is  high-purified  prior  to  introduc- 
tion. 

5.  A  process  according  to  any  of  claims  1  to  4,  charac- 
terized  in  that  the  amount  of  the  liquid  nitrogen  to  be 

introduced  into  the  headspace  is  adjusted  to  a 
value  at  which  no  excessive  overpressure  is  formed 
in  the  sealed  bottles  (18). 

5  6.  A  process  according  to  any  of  claims  1  to  5,  charac- 
terized  in  that  liquid  subcooled  nitrogen  is  injected 
into  the  headspace  onto  the  surface  of  the  bever- 
age  at  a  controllable  overpressure  ranging  from 
about  2  to  20  bar. 

10 
7.  A  process  according  to  any  of  claims  1  to  6,  charac- 

terized  in  that  the  jet  of  the  liquid  nitrogen  is  sur- 
rounded  by  a  haze  of  gaseous  nitrogen  in  order  to 
avoid  the  entraining  of  ambient  air  into  the  head- 

15  space. 

8.  A  device  for  inertization  of  the  headspace  of  bottles 
filled  with  carbonated  beverages,  preferably  with 
beer,  comprising: 

20 
a)  a  means  (31)  for  filling  the  beverage  into  the 
bottles  (18), 

b)  a  foaming  means  (10)  to  which  the  bottles 
25  (18)  are  transferred  after  having  been  filled  and 

by  means  of  which  the  gas  volume  previously 
existing  in  the  headspace  of  the  bottles  (18)  is 
displaced  from  it  due  to  the  resultant  foaming, 
and 

30 
c)  a  sealing  means  (32)  for  the  bottles  (18), 
characterized  in  that 

d)  the  foaming  means  (1  0)  comprises  a  means 
35  (15,  16,  17)  for  the  metered  and  pressure-reg- 

ulated  introduction  of  a  jet  of  supercooled  liquid 
inert  gas,  in  particular  nitrogen,  into  the  head- 
space  of  the  bottles  (18)  not  filled  with  the  bev- 
erage. 

40 
9.  A  device  according  to  claim  8,  characterized  by  a 

bottling  conveyor  (31),  a  transfer  conveyor  (33)  and 
a  sealing  conveyor  (32),  the  introduction  point  for 
the  liquid  nitrogen  being  located  behind  the  transfer 

45  point  of  the  bottles  (18)  from  the  bottling  conveyor 
(31)  to  the  transfer  conveyor  (33). 

10.  A  device  according  to  any  of  claims  8  or  9,  charac- 
terized  by  a  metering  means  (1  5)  for  introducing  the 

so  liquid  nitrogen  into  the  headspace  of  the  bottles 
(18)  with  which  the  liquid  nitrogen  is  metered  in 
pulsed  fashion  or  as  a  permanent  flow  at  one  or 
several  points. 

55  11.  A  device  according  to  any  of  claims  8  to  10,  charac- 
terized  by  a  purification  means  by  means  of  which 
the  liquid  nitrogen  to  be  introduced  into  the  head- 
space  is  high-purified  prior  to  its  introduction. 

25 

5 
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1  2.  A  device  according  to  any  of  claims  8  to  1  1  ,  charac- 
terized  by  a  controller  which  adjusts  the  amount  of 
the  liquid  nitrogen  to  be  introduced  into  the  head- 
space  to  a  value  at  which  no  excessive  overpres- 
sure  is  formed  in  the  sealed  bottles  (18).  5 

13.  A  device  according  to  any  of  claims  8  to  12,  charac- 
terized  by  a  pressure  control  means  (1  5)  by  means 
of  which  the  nitrogen  to  be  injected  into  the  head- 
space  onto  the  surface  of  the  beverage  is  brought  10 
to  a  liquid  subcooled  condition  at  a  controllable 
overpressure  ranging  from  about  2  to  20  bar. 

14.  A  device  according  to  any  of  claims  8  to  13,  charac- 
terized  by  a  foaming  means  (1  0)  comprising  15 

a  feeder  (1  3)  for  gaseous  nitrogen, 
a  feeder  (1  1)  for  liquid  nitrogen, 
a  pressure  and/or  temperature  control  and 
metering  means  (15)  for  liquid  nitrogen  to  be  20 
delivered, 
a  charging  pipeline  (15)  for  feeding  the  liquid 
nitrogen  to  the  injection  point, 
a  capillary  tube  (1  7)  at  the  end  of  the  charging 
pipeline  (16)  for  delivering  the  liquid  nitrogen,  25 
and 
an  exhaust  pipe  (14). 

15.  A  device  according  to  claim  14,  characterized  in 
that  the  charging  pipeline  (16)  and/or  the  capillary  30 
tube  (20)  have  an  inner  diameter  of  0.3  to  0.7  mm, 
preferably  about  0.5  mm,  and  an  outer  diameter  of 
1  .3  to  1  .6  mm,  preferably  about  1  .6  mm. 

1  6.  A  device  according  to  any  of  claims  1  4  to  1  5,  char-  35 
acterized  in  that  the  charging  pipeline  (16)  and/or 
the  capillary  tube  (20)  consist  of  stainless  steel  and 
preferably  of  a  material  with  low  heat  conductivity,  in 
particular  of  polytetraf  luoroethylene. 

40 
17.  A  device  according  to  any  of  claims  8  to  16,  charac- 

terized  by  a  hazing  means  by  means  of  which  the 
jet  of  the  liquid  nitrogen  is  surrounded  by  a  haze  of 
gaseous  nitrogen  in  order  to  prevent  the  entraining 
of  ambient  air  into  the  headspace.  45 

6 
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