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Description 

This  invention  relates  to  a  cap  for  a  container 
having  a  linerless  or  integral  seal,  to  a  method  of 
forming  said  cap,  and  to  a  container  comprising 
such  a  cap. 

The  function  of  a  closure  cap  to  adequately 
seal  the  contents  of  a  container  against  leakage 
from  or  into  the  container  traditionally  has  been 
met  by  incorporating  a  soft  liner  to  effect  a  seal 
between  the  under  portion  of  the  cap  lid  and  the 
upper  face  of  the  bottle  neck  rim.  The  liner  may  be 
preformed  from  sheet  or  formed  in  place  and  is 
produced  from  materials  or  laminar  combinations  of 
materials  which  provide  easy  cold  formability  to 
enable  the  liner  to  conform  to  the  individual  con- 
figuration  of  the  neck  rim,  including  manufacturing 
aberrations  and  defects.  Because  or  the  special- 
ized  sealing  function  of  a  liner,  it  is  typically  made 
from  softer  polymers  than  those  selected  to  Per- 
form  the  more  structural  cap  functions  of  providing 
a  strong  resilient  enclosure  for  the  neck  opening 
with  a  strong  mechanical  engagement  therewith.  In 
some  instances  stiffer  and  stronger  polymers,  in- 
cluding  some  which  are  suitable  for  producing 
threaded  caps,  may  be  foamed  to  produce  an 
expanded,  less  dense  sheet  having  a  softer,  more 
flexible  characteristic  and  liners  may  be  made 
therefrom. 

An  important  characteristic  sought  for  liners 
and  not  generally  met,  especially  by  plastic  caps 
where  the  cap  lid  geometry  and  dimensions  may 
be  affected  in  time  by  internal  pressure  and/or  heat 
exposure,  is  the  ability  to  adjust  to  such  dimen- 
sional  changes  without  undue  loss  of  sealing  pres- 
sure.  This  calls  for  a  liner  with  a  high  level  of 
springiness  and  resistance  to  cold  flow,  particularly 
for  carbonated  and/or  pasteurized  foods  and  bev- 
erages  employing  plastic  caps,  to  offset  the  large 
amounts  of  cold  flow  or  creep  which  can  result  in  a 
dome  shape  lid.  Most  soft,  conformable  liners  by 
their  nature  will  cold  flow  to  adapt  to  the  initial  cap 
geometry  but  do  not  have  the  elasticity  or  resil- 
ience  to  adapt  to  such  changing  cap  geometry  and 
can  lose  their  sealing  engagement.  An  ideal  liner, 
therefore,  would  possess  a  soft,  easily  conformable 
sealing  surface,  backed  by  a  springy  and  resilient 
supporting  structure  contributing  the  good  resis- 
tance  to  plastic  creep  to  assure  a  good  sealing 
engagement  at  all  times  under  all  conditions.  Such 
an  ideal  liner  could  be  vulcanized  rubber  which  can 
possess  both  softness  and  resiliency  over  long 
time  periods.  However,  the  cost  of  such  seals  pre- 
cludes  their  use  in  most  applications.  On  the  other 
hand,  plastics  which  are  suitably  soft  exhibit  poor 
long  term  creep  resistance  and  resilience.  An  alter- 
native  approach  in  popular  use  is  a  laminate  of  a 
springy  paperboard  substrate  with  a  soft  conform- 

able  sealing  surface  such  as  wax  or  plastic.  This 
approach  is  good  in  theory  but  has  performance 
limitations  especially  when  moisture  is  present. 

In  any  event,  all  cap  liners  add  another  compo- 
5  nent  to  the  closure  and  significantly  add  to  its  cost. 

Because  of  an  economic  advantage,  attention 
has  been  devoted  in  recent  years  to  developing 
caps  which  have  an  integral,  "linerless"  seal.  The 
availability  of  such  semi-rigid  plastics  as  poly- 

io  propylene  and  polyethylene,  which  combine  a 
moderate  level  of  strength  and  resilience  with  a 
moderate  level  of  softness  and  conformability,  has 
made  possible  popular  use  of  caps  with  linerless 
seals.  Typically,  such  caps  employ  a  circular 

75  flange  under  the  cap  lid  having  a  wedge  shape 
cross  section  intended  to  abut  the  top  surface  of 
the  bottle  neck  rim  in  a  compressive  action  for 
sealing.  The  wedge  shape  flange  generally  is  verti- 
cal  and  provides  a  sealing  area  restricted  to  the 

20  width  of  the  narrower  portion  of  the  wedge  shape. 
Such  features  provide  a  very  limited  sealing  area 
resulting  in  reduced  sealing  integrity. 

Other  linerless  caps  employ  circular  flanges 
which  present  an  angular  cross  section  from  the 

25  vertical  so  that  capping  will  cause  the  flanges  to 
flex  and  slide  out  over  the  top  surface  of  the  neck 
rim  thereby  creating  a  somewhat  larger  sealing 
area  than  obtainable  with  vertical  flanges  in  straight 
compression.  While  the  larger,  though  still  limited 

30  sealing  area  has  advantages,  such  cantilevered 
configurations  concentrate  the  capping  stresses  in 
specific  portions  of  the  seal  with  resultant  high 
localized  creep  and  loss  of  sealing  pressure.  An- 
other  important  limitation  of  such  slanted  linerless 

35  features  is  the  difficulty  of  removing  such  features 
from  an  injection  mold.  This  results  in  more  com- 
plex  and  costly  mold  construction  and  operation 
and  also  excludes  the  more  rigid  plastics  from  use. 

Still  other  linerless  caps  employ  circular 
40  flanges  with  cross  sections  at  an  angle  from  the 

vertical  which  engage  the  corners  of  the  neck  rim 
with  the  underside  of  the  flange.  Such  features  rely 
on  the  use  of  very  high  sealing  pressure  directed 
against  a  restricted  line  contact  at  the  rim  corners 

45  to  obtain  sealing  integrity.  Again,  however,  capping 
stresses  are  concentrated  and  high  with  resultant 
high  localized  creep  and  loss  of  sealing  pressure. 
Also,  to  the  extent  that  the  cross  sections  of  such 
flanges  approach  the  vertical,  their  sealing  integrity 

50  is  affected  by  out-of-round  or  other  dimensional 
variations  of  the  container  manufacturing  process 
or  variations  between  manufacturers  resulting  from 
the  fact  that  inside  neck  dimensions  typically  are 
not  specified.  And  to  the  extent  that  the  cross 

55  section  of  the  flanges  depart  from  the  vertical, 
more  complex  and  costly  mold  construction  and 
operation  result. 
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Still  another  type  of  linerless  cap  employs  a 
plug  configuration  in  sealing  contact  with  the  inside 
wall  of  the  container  neck.  This  type  of  seal  has  the 
advantage  of  engaging  that  surface  of  the  bottle 
neck  which  is  freest  from  manufacturing  defects 
and  most  protected  from  incidental  marring  in  han- 
dling  thereafter.  However,  wide  manufacturing  di- 
mensional  tolerances  and  the  industry-wide  prac- 
tice  of  not  specifying  the  neck  bore  dimension 
impose  severe  limitations  in  trying  to  obtain  consis- 
tent  sealing  engagement  and  integrity.  As  a  result, 
tapered  plug  seals  can  push  the  cap  lid  up  to 
varying  degrees  of  undesirable  dome  shapes.  Or 
plug  seals  can  yield  unacceptably  wide  variations 
in  sealing  engagement  and  pressures.  Efforts  to 
overcome  such  deficiencies  have  led  to  proposed 
designs  with  flanges  extending  radially  from  gen- 
erally  cylindrical  plugs  wherein  the  outer  rim  of  the 
flange  makes  a  narrow  sealing  contact  with  the 
neck  bore  and  is  supported  by  a  cantilevered  flex- 
ing  action.  (See,  for  example,  US-A-4  090  631,  US- 
A-4  016  996,  US-A-4  210  251,  GB-A-1  024  762  and 
GB-A-930  866.).  Such  designs  also  concentrate 
sealing  stresses  in  restricted  localized  areas  result- 
ing  in  high  localized  creep  and  loss  of  sealing 
pressure  in  time.  An  additional  problem  has  been 
encountered  with  this  type  of  linerless  seal  in  that 
the  lip  or  rim  of  the  flange  may  be  distorted  by  the 
neck  rim  during  capping  leading  to  imperfect  seals. 
Efforts  to  eliminate  this  problem  can  introduce  oth- 
er  problems  specific  to  pressurized  containers 
wherein  blow-off  or  missiling  of  the  caps  can  occur 
during  uncapping.  Another  effort  to  avoid  distortion 
of  the  lip  or  rim  of  such  a  seal  is  a  cap  design  and 
method  of  producing  it  wherein  a  radially  extending 
flange  having  a  downward  orientation  as  molded  is 
hingedly  "bent",  "folded"  or  otherwise  oil-canned 
into  an  upward  orientation  before  it  is  applied  to  the 
container.  (See  US-A-4  210  251).  This  is  accom- 
plished  with  extra  mold  portions  and  actions  during 
part  removal  or  subsequently  in  an  appropriate 
fixture  to  hingedly  evert  the  flange.  This  effort, 
therefore,  requires  the  molding  of  a  seal  of  com- 
plex  shape  utilizing  a  complicated  and  costly  mold 
construction  and  molding  operations  followed  by 
everting  the  sealing  portion  of  the  seal  hingedly  to 
alter  its  orientation  but  not  its  shape. 

Moreover,  an  inherent  limitation  to  heretofore 
available  linerless  caps  is  that  the  sealing  surface 
has  the  same  plastic  in  the  same  physical  state  as 
the  structural  portion  of  the  cap.  This  has  called  for 
a  compromise  in  the  softness  and  conformability  of 
the  sealing  surface  or  in  the  strength  of  the  struc- 
tural  cap  portions,  or  most  frequently  both,  with 
consequent  limitations  in  the  cap  usefulness. 

Thus,  known  caps  with  linerless  seals  are  beset 
with  drawbacks  and  problems  associated  with  their 
need  to  perform  with  container  necks  having  imper- 

fect  sealing  surfaces  and  wide  dimensional  toleran- 
ces;  their  limited  sealing  integrity  based  on  re- 
stricted  sealing  area  and  loss  of  sealing  pressure 
over  extended  periods  of  time  especially  at  ele- 

5  vated  temperatures  or  with  internal  pressure  or 
vacuum;  the  fact  that  sealing  surface  softness  and 
conformability  are  limited;  the  fact  that  the  use  or 
more  rigid  plastics  are  not  feasible;  and  the  cost 
and  complexity  of  mold  construction  and  operation 

io  for  a  number  of  the  proposed  sealing  designs. 
It  is  an  object  of  the  present  invention  to  pro- 

vide  a  new  and  unique  cap  with  a  linerless  or 
integral  seal  which  develops  and  maintains  a  posi- 
tive  sealing  pressure  and  engagement  with  a  con- 

15  tainer  opening  throughout  the  shelf  life  of  the  con- 
tained  product  and  upon  opening  and  resealing  the 
container. 

This  object  is  achieved  by  the  method  and  cap 
according  to  the  claims.  The  cap  is  substantially 

20  rigid  and  includes  plastic  material  and  generally 
has  a  top  wall  or  lid  which  covers  the  container 
opening.  The  cap  has  a  depending  skirt  which 
engages  the  finish  of  a  container  or  bottle  for 
opening  and  closing  thereof.  The  seal  is  made  from 

25  plastic  and  depends  from  the  top  wall  of  the  cap. 
The  seal  is  internally  spaced  from  the  peripheral 
skirt  and  includes  an  upper  end  integral  with  and 
depending  from  the  top  wall  and  a  lower  end  with  a 
highly  resilient  and  compressible  curled  portion 

30  which  preferably  has  a  relatively  soft  and  conform- 
able  sealing  surface.  As  the  cap  is  applied  to  the 
container  for  closing,  a  curvilinear  portion  of  the 
seal  engages  the  container  finish  and  readily  com- 
presses  to  provide  a  relatively  large  sealing  area  to 

35  seal  the  contained  product. 
In  a  preferred  embodiment,  the  linerless  seal 

includes  a  substantially  annular  upper  portion  in- 
tegral  with  and  depending  from  the  lid  and  a  sub- 
stantially  annular  highly  compressible  curled  lower 

40  portion  which  defines  a  hollow  "O"  or  coiled  ring. 
The  hollowness  of  the  curled  "O"  shape  imparts  a 
high  degree  of  compressibility  as  well  as  the  ability 
to  recover  from  such  compression.  Additionally,  the 
coiled  configuration  of  the  hollow  "O"  shape,  which 

45  is  affixed  to  the  top  wall  of  the  cap  at  one  end  and 
free  at  its  other  end,  imparts  a  further  degree  of 
compressibility  and  recovery.  Preferably  the  curled 
"0"  shape  includes  an  arc  of  from  270  to  360 
degrees. 

50  The  compressibility  of  the  hollow  annular  "0" 
ring  is  highly  advantageous  in  its  ability  to  adjust  to 
neck  dimension  variations  and  out-of-round  con- 
ditions  prevalent  in  container  or  bottle  manufactur- 
ing  processes.  The  "0"  ring  shape  of  the  seal  not 

55  only  accommodates  to  such  manufacturing  vari- 
ability  but  does  so  without  excessive  variations  in 
sealing  pressure  and  associated  capping,  uncap- 
ping  and  sealing  difficulties.  Because  of  the  low 
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variation  in  sealing  pressure  possible  with  the 
present  invention,  lower  levels  of  sealing  pressure 
may  be  employed  while  maintaining  an  adequate 
minimum  pressure  to  assure  a  proper  seal.  Such 
low  sealing  pressure  allows  the  plastic  material  to 
operate  more  within  its  elastic  limits  thereby  contri- 
buting  directly  to  a  relatively  low  loss  of  such 
pressure  over  long  shelf  life  periods  or  through 
accelerated  conditions,  such  as  pasteurization  pro- 
cesses,  which  cause  creep,  i.e.,  plastic  cold  flow. 

Also,  because  of  the  compressibility  of  the  "0" 
ring  shape,  its  sealing  surface  can  increase  signifi- 
cantly  resulting  in  improved  seal  integrity.  This  in 
turn  allows  lower  sealing  pressure  and  resulting 
sealing  pressure  losses  as  already  noted. 

Additionally,  the  high  compressibility  of  the 
seal  presents  the  advantage  of  being  able  to  use  a 
single  cap  for  different  bottles  of  the  same  nominal 
size  and  engagement  means  even  though  different 
bottle  materials  (glass,  various  plastics)  and  asso- 
ciated  neck  bore  diameters  may  be  used. 

Another  aspect  of  the  present  invention  is  the 
location  of  the  curled  or  curvilinear  portion  of  the 
seal  at  or  near  the  sealing  contact  area.  The  curled 
portion  in  the  shape  of  an  "0"  ring,  coil  or  other 
similar  shapes,  such  as  a  "U"  or  a  shape  including 
an  arc  of  at  least  50  degrees,  of  the  invention 
enables  the  sealing  surface  to  adjust  to  the  con- 
tainer  both  radially  and  axially.  In  turn,  this  contri- 
butes  to  lower  localized  stress  and  deformation 
with  the  desirable  result  of  lowering  plastic  creep. 

In  each  of  the  foregoing  embodiments  of  the 
integral  seal  of  the  invention,  whether  it  includes  an 
"0"  ring  or  other  curl  shape  within  the  scope  of  the 
invention  the  seal  includes  a  relatively  large  sealing 
area  and  high  levels  of  resilience,  compressibility 
and  resistance  to  plastic  creep. 

A  further  contribution  of  the  invention  toward 
maintaining  sealing  integrity  under  use  conditions 
comes  from  the  extensive  use  of  curvilinear  cross 
sections  in  the  seal  supporting  structure  which  re- 
sults  in  more  uniform  distribution  of  sealing  stress- 
es  over  larger  areas,  including  portions  well  re- 
moved  from  sealing  contact,  and  the  resultant  re- 
duction  in  localized  stresses  which  cause  localized 
plastic  creep. 

Moreover,  the  integral  seals  of  the  invention 
can  be  a  rim  seal  which  engages  the  top  surface  or 
rim  of  the  neck  finish,  a  plug  seal  which  abuts  and 
seals  the  bore  of  the  container  neck,  or  a  corner 
seal  which  engages  the  rim  and  adjacent  depend- 
ing  surface  of  the  container  neck.  In  each  of  the 
described  seals  of  the  invention,  the  curled  portion 
can  face  outwardly  or  inwardly. 

In  addition,  the  seals  of  the  present  invention 
can  include  a  relatively  soft  and  conformable  plas- 
tic  scaling  surface  and  a  substrate  or  supporting 
portion  of  the  same  plastic  which  is  relatively  stron- 

ger,  more  resilient  and  creep  resistant.  This  can  be 
achieved  by  producing  and  controlling  stresses 
within  the  plastic  of  the  integral  seal  itself.  Prefer- 
ably  the  stresses  in  the  outer  sealing  surface  of  the 

5  seal  are  in  a  state  of  tension  while  the  stresses  in 
the  inner  or  supporting  substrate  are  in  a  state  of 
compression. 

In  forming  the  cap  and  integral  seal  of  the 
invention,  the  cap  preferably  is  formed  first  by 

io  conventional  molding  techniques,  such  as  injection 
molding,  with  an  internal  preform  for  the  integral 
seal.  The  preform  includes  a  cylindrical  or  annular 
wall  which  is  spaced  inwardly  from  the  peripheral 
skirt  and  which  is  integral  with  and  depends  from 

is  the  lid  in  an  essentially  vertical  manner.  Thereafter, 
the  curled  portion  of  the  integral  seal  is  formed  by 
forming  means  which  engage  and  define  both  the 
lower  and  inner  and/or  outer  curved  sealing  sur- 
faces. 

20  In  the  preferred  method  of  the  invention,  the 
integral  seal  is  formed  by  a  curling  tool  which 
engages  the  lower  free  end  of  the  cylindrical 
preform,  and  turns  it  outwardly  toward  or  inwardly 
from  the  skirt  and  then  upwardly  channeling  and 

25  gradually  altering  the  direction  of  such  movement 
over  curved  working  surfaces.  Preferably  the  initi- 
ation  of  the  curling  action  is  facilitated  by  providing 
a  taper  to  the  lower  free  end  of  the  cylindrical 
preform.  The  curling  action  at  this  point  produces  a 

30  "J"  shape  in  such  free  end.  After  leaving  the  work- 
ing  surface  of  the  tool,  the  free  end  takes  an 
upward  and  inward  or  outward  direction  relative  to 
itself,  which  results  from  the  continuing  compres- 
sion  and  the  stresses  imposed  by  its  plastic  mem- 

35  ory,  to  complete  the  formation  of  a  hollow  "0"  ring. 
In  another  embodiment,  the  compression  of  the 
cylindrical  portion  can  proceed  beyond  this  point 
and  produce  a  more  fully  coiled  ring.  To  facilitate 
the  curling  operation  or  to  alter  the  dimensions, 

40  shape  or  character  of  the  resultant  linerless  seal, 
the  curling  tool  can  be  heated,  spun  or  rolled  along 
the  free  end  of  the  cylindrical  portion  during  its 
shaping.  The  periphery  of  the  free  end  of  the 
cylindrical  portion  may  be  curled  simultaneously  or 

45  sequentially.  In  other  embodiments,  the  liner  less 
seal  can  be  exposed  to  elevated  temperatures  for 
short  periods  before  capping  to  alter  its  dimen- 
sions,  shape  or  character  or  the  preform  for  the 
linerless  seal  can  be  heat  treated  for  the  same 

50  purpose. 
Another  feature  of  the  invention  is  that  the 

curling  operation  of  the  invention  may  be  per- 
formed  in  sequence  with  or  as  part  of  other  steps 
taken  in  the  manufacture  of  the  cap.  That  is,  it  may 

55  be  performed  during  or  consequent  to  removal 
from  production  molds  or  during  or  consequent  to 
cap  finishing  operations  such  as  liner  insertion  or 
lid  decoration.  It  also  can  be  performed  simulta- 
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neously  with  or  consequent  to  a  curling  operation 
to  produce  the  tamper  evident  separable  or  break- 
away  ring  of  WO  87/03561  .  Also  the  curling  opera- 
tion  has  been  demonstrated  to  be  non-critical  in 
respect  to  unusual  control  or  conditions  so  that 
automatic  operation  to  produce  uniform  product 
can  be  used  to  achieve  high  quality  at  low  cost. 

Another  feature  of  the  invention  is  that  the  cap 
and  preform  for  the  integral  seal  are  first  produced 
in  injection  molds  employing  widely  accepted  and 
used  mold  design  and  technology.  The  simple 
shape  of  the  cylindrical  preform  imposes  no  signifi- 
cant  concern,  limitation  or  expense  in  mold  design 
and  operation.  Low  cost  molds  employing  tradi- 
tional  stripper  ejection  mechanisms  may  be  used 
because  of  the  absence  of  undercuts  which  other- 
wise  could  distort  or  tear.  This  also  assures  short 
cooling  cycles  in  the  mold. 

Yet  another  feature  of  the  invention  is  that 
relative  height  and  diameter  of  the  curled  seal  is 
determined  in  a  separate  reforming  operation  so 
that  a  single  cap  as  molded,  may  be  used  to 
produce  caps  which  will  fit  a  variety  of  bottle  neck 
designs  where  dimensions,  such  as  thread  or  lock- 
ing  ring  heights,  wall  thickness  or  internal  diameter 
varies.  The  costs  of  the  curling  tools  and  the  curl- 
ing  operation  affect  overall  cap  costs  very  little, 
enabling  the  cap  manufacturer  to  take  advantage  of 
the  economies  of  larger  scale  production  for  a 
number  of  customers  or  users  from  fewer  and 
larger  production  molds. 

In  addition,  the  curling  methods  of  the  present 
invention  also  can  produce  linerless  caps  which 
include  a  relatively  soft  and  conformable  sealing 
surface  of  plastic  and  a  substrate  or  supporting 
portion  of  the  same  plastic  which  is  relatively  stron- 
ger,  more  resilient  and  creep  resistant.  This  is 
achieved  by  the  curling  methods  of  the  present 
invention  which  produce  stresses  in  the  plastic  of 
the  curled  portion,  wherein  the  stresses  in  the  outer 
sealing  surface  are  in  a  state  of  tension  or  exten- 
sion  and  the  stresses  in  the  inner  supporting  sub- 
strate  are  in  a  state  of  compression. 

Additionally,  because  of  the  ease  of  cap  ejec- 
tion  from  the  production  mold  and  because  of  the 
highly  compressible  "0"  ring  shape  with  its  atten- 
dant  advantages  for  distributing  applied  stress, 
stronger  and  more  rigid  plastics  can  be  used  for 
performance  or  economic  reasons. 

In  another  feature  of  the  invention  as  a  plug 
seal  potential  blow-off  of  the  cap  during  opening 
when  used  to  contain  products  under  pressure  can 
be  avoided  by  assuring  that  the  seal  comes  out  of 
engagement  with  the  container  substantially  before 
loss  of  the  threaded  or  other  attachment  engage- 
ment.  This  can  be  accomplished  without  the  con- 
current  risk  of  distortion  of  the  seal  during  capping 
which  can  occur  in  other  designs  which  employ 

such  serial  engagement  and  disengagement  of  the 
sealing  feature  and  threads.  This  results  from  the 
full  roundedness  of  the  bottom  of  the  seal  and  its 
ability  to  adjust  to  cap-to-neck  misalignment  by 

5  floating  in  the  horizontal  plane  because  of  its  curled 
shape  and  the  relative  displacement  of  its  lid  at- 
tachment  and  sealing  planes. 

Another  feature  of  the  invention  is  to  locate  the 
"0"  ring  shape  seal  or  other  shape  having  a  cur- 

io  vilinear  or  curled  sealing  contact  portion  in  such  a 
relationship  to  the  rim  of  the  bottle  neck  that  upon 
its  compression  by  the  neck  during  capping  it 
forms  a  sealing  surface  on  the  inside  corner  of  the 
rim  and  the  surface  adjacent  to  it  on  the  neck  rim 

is  and  inside  wall.  In  this  manner  a  very  positive  seal 
is  achieved. 

Another  embodiment  of  the  invention  is  to 
shape  the  seal  into  a  shape  including  an  arc  of  at 
least  50  degrees,  such  as  a  "J"  shape  by  abbre- 

20  viating  the  extent  to  which  the  depending  cylin- 
drical  cap  portion  is  curled,  wherein  the  sealing 
surface  is  the  curved  or  curled  lower  extremity  and 
the  attachment  site  to  the  lid  is  its  upper  annular 
extremity. 

25  In  another  embodiment  of  the  invention,  the  top 
surface  of  the  bottle  neck  rim  is  employed  for  the 
sealing  engagement  using  a  cap  having  a  "U" 
shaped  or  semi-circular  cross  sectioned  integral 
seal,  wherein  one  leg  is  attached  to  the  cap  lid  and 

30  the  other  is  unattached  but  adjacent  the  lid  while 
the  lower  curvilinear  portion  serves  to  provide  the 
sealing  surface.  Such  a  shape  can  be  wide  enough 
in  relation  to  the  neck  thickness  so  that  after  tor- 
quing  up  the  cap  the  highly  compressible  "U" 

35  shape  feature  can  overlap  one  or  both  edges  of  the 
neck  rim.  Also,  the  seal  can  be  more  fully  curled  so 
as  to  form  an  "0"  ring  shape  or  less  fully  curled  to 
form  a  shape  including  an  arc  of  at  least  50  de- 
grees,  such  as  a  "J"  or  quarter-round  shape, 

40  wherein  their  lower  curvilinear  or  curled  portions 
engage  the  neck  rim  top  surface. 

In  another  embodiment,  a  quarter-round  seal 
can  be  provided,  wherein  its  free  end  is  in  engage- 
ment  with  coacting  restraining  means  located  on 

45  the  interior  wall  of  the  cap  skirt  while  the  curvilinear 
portion  engages  the  exterior  corner  of  the  neck  rim. 

Still  further,  a  more  fully  curled  seal  can  be 
provided  so  that  a  coiled  ring  is  achieved  which 
produces  added  resilience. 

50  Moreover,  the  bottle  neck  rim  can  be  produced 
with  a  concave  surface  between  its  inside  and 
outside  diameters  to  minimize  ovaling  of  the  curled 
seal  to  further  reduce  localized  deformation  and 
plastic  creep. 

55  In  still  another  embodiment,  the  described  bot- 
tle  neck  rim  can  be  used  as  the  curling  tool  to 
post-form  the  curled  portion  of  the  seal,  thereby 
combining  the  curling  operation  with  the  capping 

5 



9 EP  0  248  890  B1 10 

operation. 
An  important  feature  of  the  invention  is  that  it 

provides  a  conformable,  resilient,  integral  cap  seal 
with  superior  ability  to  conform  to  the  neck  configu- 
ration  of  individual  containers  including  those  with  5 
typical  manufacturing  defects  and  aberrations. 

Another  feature  of  the  invention  is  that  it  as- 
sures  high  sealing  integrity  even  when  used  with 
container  necks  hating  wide  manufacturing  dimen- 
sional  tolerances.  10 

Yet  another  feature  of  the  linerless  seal  of  the 
invention  is  that  it  provides  high  sealing  integrity 
over  long  shelf  life  periods  with  products  which  are 
pressurized  or  under  vacuum  and/or  those  sub- 
jected  to  elevated  temperatures  such  as  when  pas-  is 
teurized. 

Another  feature  of  the  invention  is  the  use  of 
the  seal  reforming  method  to  alter  and  enhance  the 
physical  properties  of  the  plastic  to  provide  opti- 
mum  sealing  characteristics.  20 

Another  feature  of  the  invention  is  that  it  can 
employ  more  rigid  plastics  than  other  linerless  seal 
designs. 

An  additional  important  feature  of  the  invention 
is  its  low  cost  manufacturing  method  using  low  cost  25 
molds  and  molding  operations,  fewer  and  larger 
molds  and  an  integrated  curling  operation. 

The  following  is  a  detailed  description  together 
with  accompanying  drawings  of  illustrative  embodi- 
ments  of  the  invention.  It  is  to  be  understood  that  30 
the  invention  is  capable  of  modification  and  vari- 
ation  apparent  to  those  skilled  in  the  art  within  the 
spirit  and  scope  of  the  invention. 

FIGURE  1  is  a  top  perspective  view  of  a  cap  of 
the  invention,  partially  broken  away  to  show  a  35 
preferred  embodiment  of  the  integral  or  linerless 
seal; 
FIGURE  2  is  a  bottom  perspective  view  of  the 
cap  of  FIGURE  1,  also  partially  broken  away  to 
show  the  linerless  seal;  40 
FIGURE  3  is  a  longitudinal  sectional  view  of  the 
cap  of  FIGURES  1  and  2  after  molding  and  with 
a  preform  for  the  linerless  seal  about  to  be 
engaged  by  a  curling  tool  of  the  invention  to 
produce  an  outward  curl  which  provides  the  "0"  45 
ring  seal  shown  in  FIGURES  1  and  2; 
FIGURE  4  generally  is  the  same  as  FIGURE  3, 
except  that  the  curling  tool  has  engaged  the 
preform  for  the  seal  and  initiated  curling  thereof; 
FIGURE  5  generally  is  the  same  as  FIGURE  3,  so 
except  that  the  completed  outward  curl  of  the 
linerless  seal  has  been  formed; 
FIGURE  6  is  a  longitudinal  sectional  view  of  the 
cap  and  "0"  ring  liner  less  seal  of  FIGURES  1 
and  2  ready  for  engaging  the  neck  finish  of  a  55 
bottle  for  closing  the  bottle  and  sealing  the 
contained  product; 

FIGURE  7  is  the  same  as  FIGURE  6,  except  that 
the  bottle  has  been  closed  and  sealed  by  the 
cap  and  the  linerless  seal  which  is  in  the  form  of 
a  plug  seal; 
FIGURE  8  is  an  enlarged  sectional  view  of  the 
linerless  seal  and  adjacent  cap  portion  shown  in 
FIGURE  6  schematically  illustrating  the  stresses 
in  the  seal  in  the  direction  of  the  curl; 
FIGURE  9  is  a  graph  schematically  illustrating 
the  balance  of  stresses  illustrated  in  FIGURE  8; 
FIGURE  10  is  a  stress  strain  graph  for  the 
stresses  in  the  linerless  seal  shown  in  FIGURE 
8; 
FIGURE  11  is  the  same  as  FIGURE  8,  except 
the  illustrated  stresses  are  in  the  hoop  direction; 
FIGURE  12  is  a  plan  view  of  the  seal  of  FIGURE 
11; 
FIGURE  13  schematically  illustrates  what  occurs 
to  the  seal  of  FIGURE  11  upon  release  of  the 
hoop  stress; 
FIGURE  14  schematically  illustrates  what  occurs 
to  the  seal  of  FIGURE  8  upon  release  of  the 
stresses  in  the  direction  of  curl; 
FIGURE  15  is  a  longitudinal  view  of  a  snap  cap 
with  a  preform  for  the  linerless  seal  about  to  be 
engaged  by  a  curling  tool  of  the  invention  to 
produce  an  inward  curl  which  provides  an  "0" 
ring  linerless  seal  of  the  invention; 
FIGURE  16  generally  is  the  same  as  FIGURE 
15,  except  that  the  inward  curl  of  the  linerless 
seal  has  been  completed; 
FIGURE  17  is  a  longitudinal  sectional  view  of 
the  completely  formed  snap  cap  of  FIGURE  16 
snapped  on  the  neck  finish  of  a  bottle  to  close 
and  seal  the  bottle; 
FIGURE  18  is  a  longitudinal  sectional  view  of  a 
threaded  cap  and  linerless  seal  of  another  em- 
bodiment  of  the  invention  in  capping  sealing 
engagement  with  a  neck  of  a  bottle,  wherein  the 
seal  comprises  an  inward  curl  having  an  "0" 
ring  shape; 
FIGURE  19  is  a  longitudinal  sectional  view  of 
another  embodiment  of  the  seal  of  the  present 
invention,  wherein  the  seal  generally  has  a 
shape  including  an  arc  of  at  least  50  degrees, 
such  as  a  "J"  or  "U"  shape  and  is  used  as  a 
plug  seal; 
FIGURE  20  is  a  longitudinal  sectional  view  of  a 
cap  and  linerless  seal  of  still  another  embodi- 
ment  of  the  present  invention,  wherein  the  "0" 
ring  is  used  as  an  interior  corner  seal; 
FIGURE  21  is  a  longitudinal  sectional  view  of  a 
portion  of  a  cap  illustrating  the  sealing  engage- 
ment  between  a  linerless  "0"  ring  seal  of  the 
present  invention  and  the  rim  of  the  illustrated 
neck  finish; 
FIGURE  22  is  similar  to  FIGURE  21,  except  that 
it  illustrates  the  sealing  engagement  between  a 
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"U"  shaped  linerless  seal  of  the  present  inven- 
tion  and  the  rim  of  the  illustrated  neck  finish; 
FIGURE  23  is  a  longitudinal  sectional  view  of  a 
portion  of  the  cap  and  linerless  seal  of  another 
embodiment  of  the  invention  illustrating  the  use 
of  a  coiled  ring  as  a  rim  seal; 
FIGURES  24  and  25  are  longitudinal  sectional 
views  of  a  portion  of  the  cap  and  neck  finish, 
illustrating  the  post-forming  of  a  linerless  seal  of 
the  invention  by  the  neck  finish  during  the  cap- 
ping  operation; 
FIGURES  26  and  27  are  longitudinal  sectional 
views  of  a  portion  of  the  cap  of  the  invention 
illustrating  the  post-forming  of  a  corner  seal  by 
the  illustrated  curling  tool; 
FIGURE  28  is  a  longitudinal  sectional  view  of 
the  cap  and  formed  corner  seal  of  FIGURES  26 
and  27  illustrating  the  sealing  engagement  of 
the  seal  with  a  corner  of  the  illustrated  neck 
finish; 
FIGURE  29  is  a  longitudinal  sectional  view  of  a 
portion  of  a  cap  of  the  invention  showing  the 
formation  of  a  linerless  corner  seal  of  the 
present  invention  where  the  seal  has  a  quarter- 
round  shape; 
FIGURE  30  is  a  longitudinal  sectional  view  of 
the  cap  and  formed  quarter-round  linerless  seal 
of  FIGURE  29  in  sealing  engagement  with  the 
exterior  corner  of  the  illustrated  neck  finish;  and 
FIGURE  31  is  a  longitudinal  sectional  view  of  a 
portion  of  the  cap  illustrating  the  postforming  of 
the  quarter-round  linerless  seal  of  FIGURE  29 
by  the  neck  finish  during  the  capping  operation. 

Referring  to  FIGURES  1  and  2,  there  is  shown 
a  semi-rigid,  threaded,  plastic  cap  10,  having  a  lid 
12,  a  depending  peripheral  internally  threaded  skirt 
14  and  an  internal  integral  or  linerless  seal  16.  The 
illustrated  integral  seal  16  includes  a  cylindrical  or 
annular  vertical  wall  18  having  an  upper  end  20 
integral  with  the  lid  12  and  a  free  curved  lower  end 
22.  As  shown,  the  end  22  of  the  integral  seal  16  is 
curled  outwardly  and  forms  a  hollow  annular  "0"  or 
coiled  ring  24. 

Referring  to  FIGURES  3-5,  there  is  shown  a 
preferred  method  of  forming  the  curled  portion  24 
of  the  seal  16.  In  FIGURE  3  the  cap  10  already  has 
been  formed  by  conventional  molding  techniques, 
such  as  injection  molding,  with  a  vertical  cylindrical 
or  tubular  wall  18  having  its  upper  end  20  integral 
with  the  lid  12  and  with  its  lower  free  end  22  ready 
for  curling  by  the  illustrated  curling  tool  26.  As 
shown  in  FIGURE  3,  there  is  a  taper  in  lower  end 
22  extending  from  the  rim  30  which  facilitates  the 
initiation  of  the  curl  24.  The  taper  preferably  ex- 
tends  from  rim  30  for  a  distance  sufficient  to  as- 
sure  a  full  round  curve  to  the  curl  28  adjacent  its 
rim  30.  For  a  typical  curl  24  of  the  invention  having 
a  width  of  0.100  inches  (2.54  mm)  and  a  thickness 

of  about  0.015  inches  (0.38  mm),  the  taper  may 
extend  a  distance  or  about  0.050  to  0.075  inches 
(1.27  to  1.90  mm)  from  the  rim  30.  As  shown  in 
FIGURES  3-5,  the  wall  18  and  the  curl  24  are  free 

5  of  abrupt  changes  in  thickness. 
The  curled  portion  24  of  the  seal  16  is  formed 

with  a  curling  tool  26,  which  in  FIGURE  3  has  been 
positioned  within  the  cap  10  ready  to  engage  the 
preformed  wall  18  at  its  lip  or  rim  30.  The  curling 

io  tool  26  includes  a  circular  or  annular  groove  28  of  a 
concave  cross  section  suitable  for  shaping  and 
dimensioning  the  curled  portion  24. 

As  shown  in  FIGURE  4,  the  forming  operation 
is  accomplished  by  pressing  the  groove  28  of  the 

is  tool  26  against  the  rim  30  of  the  wall  18.  In  this 
embodiment  the  deepest  portion  33  of  the  groove 
28  representing  the  center  of  its  concavity  is  lo- 
cated  outwardly  of  the  cylindrical  plane  of  the  wall 
18.  This  is  illustrated  by  the  dotted  lines  35  of 

20  FIGURE  3.  Also  the  groove  28  has  a  slanted  por- 
tion  39  inwardly  and  tangent  to  its  concavity  to 
facilitate  centering  of  the  tool  and  cap.  As  move- 
ment  of  tool  26  relative  to  the  wall  18  continues 
toward  the  lid  12,  the  cylindrical  sides  of  the  wall 

25  18  are  centered  within  groove  28  by  the  slanted 
portions  39  and  are  then  forced  outwardly  and  then 
upwardly  to  assume  an  interim  "J"  shape  as  shown 
in  FIG.  4.  As  this  relative  movement  continues,  the 
rim  30  is  forced  upwardly  out  of  groove  28,  and  at 

30  the  same  time  is  pulled  inwardly  in  response  to  the 
stresses  developed  therein  while  being  shaped  by 
the  tool  26,  thereby  producing  the  desired  "O"  ring 
curl  24  with  an  attachment  site  20  to  the  lid  12 
close  to  the  plane  of  the  inside  diameter  of  its 

35  horizontal  cross  section. 
To  facilitate  the  curling  operation,  in  the  case 

of  polypropylene,  the  tool  26  may  be  heated  to  a 
temperature  of  about  100°F  (38  °C)  to  about 
300  °  F  (1  49  °  C)  but  preferably  about  1  00  °  F  (38  °  C) 

40  to  about  150°F  (66  °C)  for  curling  cycles  of  one  to 
three  seconds.  Lower  temperatures  are  preferred  to 
maximize  the  desired  stresses  of  the  invention  im- 
posed  by  the  curling  operation  on  the  curl  24  as 
discussed  hereinafter  with  respect  to  Figures  8  to 

45  14. 
After  formation  of  the  curl  24  the  curling  tool  26 

is  withdrawn  from  the  cap  10  and  the  cap  10  is 
ready  for  capping  and  recapping.  The  "O"  ring 
seal  16  includes  a  bottom  sealing  portion  32,  an 

50  inside  sealing  portion  34  and  an  outside  sealing 
portion  36.  Depending  on  whether  a  rim,  corner  or 
plug  seal  is  desired  one  or  more  of  these  surfaces 
are  designed  for  sealing  engagement  with  the  ap- 
propriate  portion  of  a  container  or  bottle  neck.  In 

55  each  embodiment  a  curled  or  curved  portion  of  the 
seal  16  is  used  as  a  sealing  surface. 

Referring  to  FIGURES  6  and  7  there  is  illus- 
trated  the  use  of  the  "O"  ring  linerless  seal  16  of 

7 



13 EP  0  248  890  B1 14 

FIGURES  1-5  as  a  plug  type  seal  for  a  bottle  37 
(partially  shown)  having  an  externally  threaded 
neck  38,  a  rim  40  and  an  opening  or  bore  42.  As 
the  cap  10  is  threaded  onto  the  bottle  neck  38  the 
curled  bottom  portion  32  of  the  seal  16  meets  the 
interior  annular  corner  44  of  the  rim  40  and  the 
intersecting  internal  neck  wall  46  which  forms  the 
bore  42.  Thereafter,  the  seal  16  seats  itself  within 
the  bore  42  with  the  external  side  sealing  portion 
36  in  sealing  engagement  with  the  wall  46  of  the 
bore  42.  This  is  accomplished  because  of  the 
rounded  bottom  portion  32  and  the  ready  compres- 
sibility  of  the  "0"  ring  shape,  wherein  the  com- 
pressed  side  sealing  portion  36  of  the  ovalized  seal 
16  forms  a  firm  engagement  with  the  wall  46  defin- 
ing  the  bore  42. 

A  contribution  to  low  localized  stresses  and 
creep  by  the  "O"  ring  shape  24  of  the  invention 
lies  in  the  fact  that  the  curved  side  portion  36  used 
for  the  sealing  engagement  with  the  neck  inner  wall 
46  lies  between  and  is  supported  by  both  lower 
and  upper  curl  portions  32  and  29.  In  this  manner 
the  level  of  sealing  stress  transferred  to  each  sup- 
porting  portion  is  about  half  what  it  would  be  if  only 
one  supporting  portion,  typical  of  other  linerless 
seals,  were  employed. 

The  side  portion  36  adjusts  to  the  constraint  of 
wall  46  with  resultant  compression,  the  stresses  of 
which  are  transmitted  to  and  distributed  throughout 
the  "0"  ring  24.  The  "0"  ring  24  responds  to  such 
stress  by  a  reduction  in  both  its  external  and  inter- 
nal  diameters  of  its  horizontal  cross  section  in 
conjunction  with  an  ovaling  of  its  radial  cross  sec- 
tion.  For  example,  an  "0"  ring  curl  24  having  an 
external  diameter  of  0.900  inch  (22.86  mm)  and  an 
internal  diameter  of  0.707  inch  (17.96  mm)  when 
seated  in  the  bore  of  a  neck  having  an  internal 
diameter  or  0.846  inch  (21.49  mm)  produced  an 
immediate  reduction  of  6  percent  in  its  external 
diameter  and  a  reduction  of  1.2  percent  in  its 
internal  diameter,  demonstrating  a  significant  dis- 
tribution  or  sealing  stresses  throughout  the  "O" 
ring  seal  of  the  invention.  Such  extensive  distribu- 
tion  of  stress  throughout  the  "0"  ring  24  derives 
from  its  hollow  "0"  ring  shape  and  the  displace- 
ment  of  attachment  site  20  from  the  sealing  sur- 
faces  between  the  side  portion  36  and  wall  46  of 
the  bore  42.  This  results  in  an  advantageous  reduc- 
tion  in  stress  concentration,  creep  and  loss  of  seal- 
ing  pressure  over  time.  Additionally  there  occurs  an 
improvement  in  sealing  engagement  and  integrity 
derived  from  flattening  of  the  curved  side  portion 
36  as  it  adjusts  to  the  constraint  of  the  wall  46, 
which  increases  the  sealing  area.  Also  even  though 
a  large  amount  of  compression  occurs  in  the  "0" 
ring  24,  torque  levels  required  to  seat  the  cap  10 
and  to  remove  it  remain  in  a  normal  range. 

The  preferred  curling  method  of  the  invention 
illustrated  by  Figures  3-5  produces  a  linerless  seal 
16  which  possesses  the  desired  large  sealing  area, 
a  high  level  of  resilience  and  elasticity  and  a  high 

5  level  of  resistance  to  plastic  creep.  In  addition,  the 
reforming  method  modifies  the  physical  properties 
of  the  plastic  in  such  a  way  as  to  further  enhance 
its  sealing  characteristics.  That  is,  the  plastic  at  the 
sealing  surface  of  the  seal  16  is  made  softer  and 

io  more  conformable  and  at  the  substrate  and  sup- 
porting  portions  is  made  stronger  and  more  resil- 
ient  and  creep  resistant  as  a  result  of  the  stresses 
imposed  on  the  plastic  during  the  curling  operation. 
This  enhancement  will  now  be  explained  in  con- 

15  junction  with  reference  to  FIGURES  8-14. 
The  curling  operation,  by  imposing  an  alter- 

native  shape  on  the  preformed  cylindrical  wall  18 
of  the  cap  10,  introduces  two  sets  of  stresses  and 
stress  differentials  to  the  resultant  shape  in  the  seal 

20  16.  That  portion  of  the  seal  16  which  is  stretched  is 
in  extension  or  a  state  of  tension  and  that  portion 
which  is  compressed  is  in  a  state  of  compression. 
The  level  of  stress  varies  with  the  degree  of  exten- 
sion  or  compression  and,  as  in  any  static  condition, 

25  the  total  amount  and  direction  of  each  kind  of 
stress  balances  one  another. 

One  set  of  balanced  stresses  occurs  in  the 
direction  of  curl  as  a  result  of  the  extension  and 
compression  of  the  preformed  cylindrical  wall  18  of 

30  the  cap  10  to  form  the  "0"  ring  or  coiled  ring 
shape  24  as  shown  in  FIGURE  8.  The  convex 
exterior  surface  (sealing  surface)  represented  by 
points  B  or  Y  is  stretched  in  the  direction  of  the 
curl  and  is  in  a  state  of  high  tension.  The  opposite 

35  concave  interior  surface,  represented  by  points  A 
or  Z,  is  compressed  in  the  direction  of  the  curl  and 
is  in  a  state  of  high  compression.  FIGURE  9  shows 
the  direction,  sum  and  distribution  of  these  stress- 
es  across  the  thickness  of  the  plastic  including  the 

40  neutral  point  0.  The  sum  of  the  compressive  stress 
defined  by  points  AOC  equals  that  of  the  tensile 
stress  defined  by  the  points  BOD. 

In  FIGURE  10  there  is  shown  a  typical  stress- 
strain  curve  for  a  semi-rigid  plastic  (e.g.,  poly- 

45  propylene)  suitable  for  the  practice  of  the  invention. 
The  conditions  of  stress  in  the  direction  of  curl  at 
points  B  and  A  in  Figure  8  are  shown  on  the  curve 
at  typical  locations  for  the  practice  of  the  invention 
(5%  elongation  and  beyond  and  the  corresponding 

50  level  of  compression).  The  dotted  lines  define  that 
portion  of  the  stress-strain  curve  wherein  point  B, 
representing  the  sealing  surface  of  the  invention, 
will  typically  be  found  near  to  or  well  beyond  the 
tensile  yield  point  R.  Also  shown  in  FIGURE  10  is  a 

55  typical  stress-strain  curve  for  a  much  softer  plastic 
such  as  ethylene-vinyl  acetate  copolymers  or  poly- 
vinyl  chloride  plastisol  which  are  popularly  used  for 
cap  liners  because  of  their  soft  conformable  nature. 
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When  the  portion  of  the  curve  for  the  semi-rigid 
plastic  defined  by  the  dotted  lines  is  compared  to 
the  curve  for  the  softer  plastic,  a  similarity  is  noted 
wherein  small  amounts  of  stress  result  in  large 
amounts  of  deformation  which  equates  to  the  desir- 
able  sealing  quality  of  easy  conformability. 

Thus,  it  can  be  seen  that  the  curling  process  of 
the  invention  used  to  create  the  desired  shape  for 
superior  sealing  performance  also  modifies  the 
physical  properties  of  the  plastic  at  the  sealing 
surface  from  those  of  a  more  rigid,  unyielding 
material  suitable  for  overall  cap  strength  and  integ- 
rity  to  those  of  a  softer,  more  yielding  and  con- 
formable  material  suitable  for  improved  sealing 
characteristics. 

From  the  location  of  point  A  in  FIGURE  10  it 
can  be  seen  that  the  same  curling  action  which 
modifies  the  properties  of  the  sealing  surface  re- 
presented  by  points  B  or  Y  in  Figure  8  beneficially 
modifies  the  properties  of  the  supporting  substrate 
represented  by  points  A  or  Z  oppositely,  but  also 
beneficially.  Because  the  substrate  at  points  A  and 
Z  is  highly  compressed  its  elastic  modulus  is  maxi- 
mized  and  the  amount  that  it  can  be  deformed 
before  any  plastic  or  permanent  deformation  oc- 
curs  is  significantly  increased  (proportional  to  the 
ratio  of  AE  to  OE  of  FIGURE  10).  These  factors  are 
highly  beneficial  towards  maximizing  the  ability  of 
the  supporting  substrate  at  point  A  to  generate  the 
maximum  amount  of  sealing  pressure  on  its  sealing 
surface  (e.g.,  at  point  B)  and  to  resist  decay  of 
such  pressure  over  long  time  periods  resulting 
from  plastic  creep. 

At  the  same  time,  a  second  set  of  balanced 
stresses  occurs  normal  to  the  first  set  as  a  result  of 
the  increase  and  decrease  of  the  hoop  diameter  of 
the  cylindrical  cap  portion  18  of  FIGURE  3  when  it 
is  postformed  or  reformed  into  the  "0"  ring  24  or 
other  shape  of  the  seal  of  the  invention  as  shown  in 
Figures  4  and  5.  If  it  is  considered  that  the  cylin- 
drical  portion  18  is  composed  of  an  integrated 
stack  of  hoops,  each  of  which  must  be  expanded 
radially  (stretched)  or  compressed  to  produce  the 
reformed  shape,  then  a  condition  of  tension  or 
compression  will  be  imposed  on  each  of  the  hoops 
in  the  resultant-shape  as  shown  in  FIGURES  11 
and  12  (respectively  a  radial  cross  section  and  a 
horizontal  plan  view  of  the  seal  16).  The  level  of 
stress  is  relative  to  the  amount  the  hoops  have 
been  expanded  or  compressed  and  tension  is  high- 
est  at  point  Y,  compression  is  highest  at  point  X 
and  stresses  are  nil  at  the  intermediate  location  of 
the  original  cylindrical  preform  18,  points  C  and  D. 

Since  two  unidirectional  sets  of  stresses  op- 
erating  normal  to  one  another  are  imposed  by  the 
curling  operation  of  the  invention,  their  effect  on  the 
various  portions  of  the  seal  16  are  additive.  The 
states  of  compression  reinforce  one  another  be- 

cause  the  coil  shape  of  the  seal  16  operates  in 
flexure  during  use.  The  states  of  tension  also  re- 
inforce  one  another.  Additional  softness  and  confor- 
mability  derive  from  the  microvoids  created  during 

5  the  curling  operation  of  the  invention.  Where  ten- 
sions  in  the  hoop  direction  is  imposed  at  the  same 
location  as  tension  in  the  curl  direction  (e.g.,  point 
Y),  the  plastic  will  further  increase  in  softness  and 
conformability.  Where  hoop  compression  is  im- 

io  posed  at  thee  same  location  as  tension  in  the  curl 
direction  (e.g.,  point  X),  the  plastic  will  exhibit  a 
lesser  increase  in  softness,  perhaps  even  a  de- 
crease  in  softness  and  an  increase  in  strength  and 
resiliency  when  the  level  of  compression  is  higher 

is  than  the  level  of  tension.  Where  the  plastic  is  in 
compression  in  both  the  hoop  and  curl  directions 
(point  Z)  the  greatest  increase  in  strength  and 
resiliency  occur.  At  points  C  and  D  hoop  stresses 
are  nil  so  there  is  no  additive  effect.  Therefore  the 

20  development  of  a  high  state  of  tension  in  both  the 
hoop  and  curl  direction  at  point  Y  favors  the  use  of 
the  outwardly  directed  sealing  surface  36  in  a  plug 
type  seal.  The  development  of  a  high  state  of 
tension  in  the  curl  direction  at  point  B  favors  the 

25  use  of  the  downwardly  directed  sealing  surface  32 
in  a  rim  seal.  The  fact  that  point  X  is  in  the  lowest 
state  of  tension  is  not  detrimental  to  the  practical 
application  of  the  stresses  of  the  invention  since 
the  inside  sealing  surface  34  is  not  ordinarily  used. 

30  However,  since  this  portion  of  the  seal  16  serves  to 
support  the  lower  and  outer  sealing  surfaces  32 
and  36,  the  high  state  of  compression  at  point  Z 
and  throughout  most  of  the  seal  wall  at  that  loca- 
tion  is  highly  beneficial.  Thus,  it  can  be  seen  that 

35  the  distribution  of  stresses  imposed  by  the  curling 
operation  of  the  invention  is  optimal  for  the  highest 
performance  of  the  seal  16  resulting  in  enhanced 
softness  and  conformability  of  the  plastic  at  the 
sealing  surfaces  32  and  36  and  in  enhanced 

40  strength  and  resilience  of  the  plastic  of  the  sub- 
strate  and  supporting  portions  represented  by 
points  A  and  Z  of  the  seal  16. 

That  the  stresses  described  in  the  above  analy- 
sis  do  in  fact  exist  and  are  distributed  in  the 

45  manner  described  is  demonstrated  by  annealing 
tests  to  observe  the  changes  in  shape  which  de- 
velop  as  such  stresses  are  relieved.  For  such  tests 
0.020  inch  (0.51  mm)  thick  cylindrical  walls  18  of 
polypropylene  were  curled  in  the  manner  of  the 

50  invention  to  yield  "O"  ring  shapes  24  having  a  ring 
outside  diameter  of  1.230  inches  (31.2  mm),  inside 
diameter  of  1.030  inches  (26.2  mm)  and  a  curl 
outside  diameter  of  0.100  inches  (2.54  mm).  The 
"O"  ring  24  was  then  split  radially  to  facilitate  the 

55  full  release  of  imposed  stresses  and  then  exposed 
to  a  temperature  of  about  300  °F  (149°C),  some- 
what  under  the  plastic's  melting  point,  for  five  min- 
utes.  Under  these  conditions  the  "O"  ring  24 
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opened  up  in  the  hoop  direction  to  a  radius  of  2.5 
inches  (63.5  mm),  a  four-fold  increase,  demonstrat- 
ing  the  presence  of  very  high  levels  of  hoop  stress- 
es  and  hoop  stress  differentials.  At  the  same  time 
"0"  ring  24  opened  up  in  the  curl  direction  to  a 
radius  of  about  0.150  inches  (3.81  mm),  a  three- 
fold  increase,  demonstrating  the  presence  of  very 
high  levels  of  stresses  and  stress  differentials  in 
the  direction  of  the  curl.  The  dramatic  nature  of 
these  results  illustrated  in  Figures  13  and  14,  sub- 
stantiate  the  preceding  analysis  of  the  contribution 
of  the  stresses  imposed  by  the  curling  operation  to 
the  development  of  the  high  levels  of  sealing  integ- 
rity  of  the  invention  through  the  alteration  and  en- 
hancement  of  the  physical  properties  of  the  plastic 
used  to  manufacture  the  cap  10. 

Another  feature  of  the  invention  is  that  from  a 
single  design  of  molded  cap  and  seal  preform,  the 
kind  of  seal  and  its  dimensions  can  be  varied  to 
adapt  to  a  variety  of  bottle  neck  dimensions  and 
bottle  materials.  For  instance,  a  molded  cap  with  a 
cylindrical  preform  suitable  to  be  used  for  a  plug 
seal  for  a  plastic  bottle  can  also  be  used  to  pro- 
duce  a  rim  seal  for  the  same  or  other  plastic  bottle 
or  a  rim  seal  for  a  glass  bottle  simply  by  employ- 
ing  alternate  curling  tools.  In  the  same  manner  the 
seal  height  for  a  rim  seal  can  be  readily  altered  in 
the  curling  operation  to  permit  its  use  on  bottles 
having  a  variety  of  thread  heights.  In  this  manner  a 
single  injection  mold  can  be  used  to  produce  caps 
to  fit  a  variety  of  bottle  dimensions  producing 
economies  or  scale  in  the  cap  molding  and  manu- 
facturing  operation. 

Still  another  feature  of  the  invention  is  that  the 
caps  and  linerless  seals  of  the  invention  can  be 
removed  and  unsealed  without  blow-off  when  the 
contents  of  the  container  are  under  pressure.  For 
example,  in  a  plug  seal  of  the  invention  the  dis- 
tance  between  the  under  part  of  lid  12  and  the 
sealing  engagement  or  outside  sealing  surface  36 
should  equal  no  more  than  1/2  the  pitch  of  the  cap 
threads  -  so  that  at  least  1/2  turn  of  thread  engage- 
ment  remains  after  the  outside  sealing  surface  36 
clears  the  inside  wall  46  of  the  bore  42  during 
uncapping.  For  most  caps  this  dimension  would  be 
about  0.060  to  0.090  inches  (1.52  to  2.29  mm).  In  a 
rim  seal  the  amount  of  compression  of  seal  16 
should  be  no  more  than  1/2  the  pitch  of  the  cap 
threads  -  so  that  at  least  1/2  turn  of  thread  engage- 
ment  remains  after  the  lower  sealing  surface  32  of 
seal  16  clears  the  rim  40  of  bottle  neck  38.  This 
dimension  also  would  be  expected  to  range  typi- 
cally  between  0.060  to  0.090  inches  (1.52  to  2.29 
mm). 

In  the  case  of  a  28  mm  polypropylene  cap 
typical  dimensions  of  the  "O"  ring  curl  24  of  seal 
16  are  about  0.050  to  0.150  inches  (1.27  to  3.81 
mm)  for  the  curl  diameter  and  about  0.010  to  0.030 

inches  (0.25  to  0.76  mm)  in  wall  thickness  and  the 
radial  cross  section  preferably  forms  an  arc  or  a 
continuous  curve  of  about  270  to  about  360  de- 
grees.  As  a  plug  seal  it  typically  will  have  an 

5  outside  diameter  at  its  sealing  surface  36  which  is 
0.020  to  0.060  inches  (0.51  to  1  .52  mm)  larger  than 
the  inside  wall  46  of  neck  38  for  28mm  size  caps 
with  larger  ranges  applicable  to  larger  size  caps. 
Preferred  dimensions  for  the  curl  24  to  provide 

io  maximum  plastic  property  enhancement  through 
imposed  stresses  by  practice  of  the  present  inven- 
tion  call  for  maximum  wall  thickness  and  minimum 
curl  diameter. 

Cap  sizes  typically  range  from  about  20mm  to 
is  120mm  and  bottle  and/or  jar  sizes  range  from 

about  2  ounce  (56.7g)  to  128  ounces  (3  629g) 
capacity.  Larger  capacity  containers  such  as  drums 
or  kegs  are  also  suitable  for  the  practice  of  the 
invention  as  are  smaller  vials  and  other  containers. 

20  Useful  plastics  which  can  be  used  for  forming 
the  caps  and  linerless  seals  of  the  invention  include 
polypropylene,  polyethylene,  polystyrene,  ac- 
rylonitrile  -  styrene  -  butadiene  polymers,  and  other 
semi-rigid  to  rigid  plastic  materials. 

25  The  linerless  seals  of  the  present  invention  can 
be  used  in  a  wide  variety  of  caps  including  com- 
binations  with  other  materials  (e.g.,  caps  having 
metal  lid  portions  or  portions  utilizing  a  different 
plastic  than  that  used  for  the  seal).  Such  linerless 

30  seals  may  be  used  to  close  and  seal  a  wide  variety 
of  containers  for  a  wide  variety  of  foods,  including: 

beverages,  including  carbonated  soft  drinks 
and  pasteurized  beverages  such  as  beer; 

foods,  especially  those  where  container  sealing 
35  performance  is  critical,  including  oxygen  sensitive 

ones  such  as  mayonnaise,  peanut  butter  and  salad 
oil,  and  including  corrosive  ones  such  as  vinegar, 
lemon  juice;  and 

household  chemicals,  including  bleaches  and 
40  detergents,  drugs  and  cosmetics  and  other  pro- 

ducts  requiring  the  highest  integrity  seal  and  reseal 
under  the  widest  range  of  distribution  and  use 
conditions. 

Further,  the  linerless  seals  of  the  present  in- 
45  vention  can  be  used  in  conjunction  with  other  types 

of  linerless  seals  including  other  type  seals  of  the 
invention  and  may  employ  various  or  all  surfaces  of 
the  neck  38.  Moreover,  the  linerless  seals  of  the 
present  invention  can  be  used  with  a  wide  variety 

50  of  caps,  including  snap  caps  and  threaded  caps 
with  or  without  breakaway  rings.  Specifically,  the 
linerless  seals  of  the  present  invention  can  be  used 
with  the  caps  having  the  breakaway  or  separable 
rings  disclosed  in  WO  87/03561  . 

55  Referring  now  to  other  illustrative  embodiments 
of  the  invention,  there  is  shown  in  Figure  15-17  a 
snap  cap  10  and  an  integral  plug  seal  16a  wherein 
the  curl  24a  is  formed  by  curling  tool  26  inwardly 
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and  upwardly  so  that  the  outside  sealing  surface  36 
is  contiguous  with  the  upper  end  and  attachment 
site  20  of  seal  16a.  The  inward  direction  of  the  curl 
24a  is  achieved  by  locating  the  center  of  concavity 
33  of  the  curling  groove  28  inwardly  of  the  cylin- 
drical  plane  of  wall  18  as  illustrated  by  the  dotted 
lines  35  of  Figure  15.  In  this  embodiment  to  de- 
velop  the  maximum  compressibility  and  adaptabil- 
ity  of  seal  16a  to  the  neck  wall  46,  the  plane  of 
attachment  site  20  must  be  displaced  as  much  as 
possible  from  the  plane  of  the  neck  wall  46.  There- 
fore,  it  is  necessary  to  develop  the  maximum  cur- 
vature  to  the  outside  sealing  surface  36  which  is 
now  contiguous  to  the  attachment  site  20.  This  is 
accomplished  by  locating  the  center  of  concavity 
33  of  groove  28  as  close  as  possible  to  the  plane 
of  wall  18,  which  is  facilitated  by  tapering  the  lower 
free  end  30  of  wall  18  away  from  the  center  of 
concavity  33  and  by  removing  any  restraints  to  the 
free  outward  displacement  of  surface  36  resulting 
from  the  stresses  imposed  during  the  curling  op- 
eration  by  providing  ample  free  space  in  the  out- 
ward  slanted  portion  39  of  groove  28.  This  results 
in  locating  the  plane  of  sealing  surface  36  further 
from  the  attachment  site  20  as  shown  in  Figure  17. 
Preferably  the  radial  cross  section  of  the  curled 
portion  of  seal  16a  includes  an  arc  or  curved  por- 
tion  of  from  about  90  to  about  450  degrees. 

In  FIGURE  18,  there  is  shown  a  threaded  cap 
10  and  integral  plug  seal  16b  wherein  the  curl  24b 
has  been  formed  by  a  curling  tool  26  (not  shown) 
inwardly  and  upwardly.  As  a  result,  the  hollow 
interior  48  of  the  "O"  ring  is  in  communication  with 
the  interior  of  the  partially  shown  container  37.  In 
this  manner  internal  pressure  50  (indicated  by  ar- 
rows)  within  container  37  is  directed  toward  the 
inside  surface  52  of  side  sealing  portion  36  thereby 
using  this  pressure  to  reinforce  the  sealing  engage- 
ment  developed  by  the  forced  fit  of  the  seal  16b 
within  the  wall  46  of  the  bore  42.  Thus,  the  internal 
pressure  50  acting  to  separate  the  sealing  portion 
36  from  the  wall  46  at  their  interface  is  offset  by 
the  same  pressure  50  acting  to  force  the  sealing 
portion  36  against  the  wall  46  of  the  bore  42.  This 
embodiment  of  the  invention  has  particular  advan- 
tages  for  containers  holding  pressurized  products. 

FIGURE  19  illustrates  an  embodiment  of  the 
invention  wherein  the  integral  seal  16c  has  a  "J" 
shaped  curl  including  an  arc  of  at  least  50  degrees 
which  is  formed  as  shown  in  FIGURE  4.  The  seal 
16c  is  used  as  a  plug  seal  in  sealing  engagement 
with  the  wall  46  of  the  bore  42  of  the  bottle  neck 
38.  The  J  shape  seal  16c  possesses  the  advan- 
tages  of  the  present  invention  including  the  curled 
or  curvilinear  side  sealing  portion  36,  a  bottom 
curled  portion  32,  and  substantial  inward  displace- 
ment  of  the  attachment  site  20  from  the  sealing 
surfaces  between  the  curled  side  portion  36  and 

wall  46.  In  this  embodiment  the  sealing  stresses 
are  distributed  over  the  bottom  portion  32  having  a 
half  round  or  semicircular  cross  section  so  that 
localized  stress  levels  and  plastic  creep  may  be 

5  higher  in  comparison  with  the  "O"  ring  embodi- 
ment  of  the  invention,  but  still  well  within  the  de- 
sired  improved  performance  of  the  invention.  Pref- 
erably  the  radial  cross  section  of  the  curled  portion 
of  the  seal  16c  includes  an  arc  of  about  90  to  180 

io  degrees. 
In  FIGURE  20  there  is  shown  an  "O"  ring 

integral  seal  16d  which  is  similar  to  the  seal  16  of 
FIGURES  5  to  7  but  with  a  larger  diameter  so  that 
when  the  cap  10  is  applied  to  the  bottle  neck  38, 

is  the  seal  16d  will  not  seat  itself  completely  within 
the  bore  42  but  will  be  compressed  by  the  interior 
corner  44  of  the  neck  rim  40  in  such  a  way  as  to 
provide  a  sealing  engagement  at  corner  44  and  its 
adjacent  surfaces  on  rim  40  and  the  wall  46  of  the 

20  bore  42.  Such  a  sealing  engagement  employs  the 
high  compressibility  of  the  hollow  "O"  ring  24d 
advantageously  to  enhance  the  seal  integrity  of  the 
seal  16d  by  providing  large  scaling  areas  on  the 
rim  40  and  wall  46  in  addition  to  a  high  localized 

25  sealing  pressure  at  the  corner  44  while  retaining 
much  of  the  resilience  contributed  by  its  curvilinear 
cross  section  and  freedom  to  float  in  the  horizontal 
plane. 

In  FIGURE  21  the  "O"  ring  seal  16e  is  similar 
30  to  seal  16  shown  in  FIGURES  5  and  7  and  seal 

16d  shown  in  FIGURE  20  except  that  its  larger 
diameter  in  the  horizontal  plane  positions  it  directly 
above  bottle  neck  rim  40  where  it  is  employed  as  a 
purely  vertical  compressive  seal  using  the  advanta- 

35  geous  hollow  "O"  ring  shape  24e.  A  recess  53  is 
provided  in  lid  12  above  "O"  ring  24e  to  closely 
conform  to  its  convex  exterior  surface.  As  a  result, 
the  performance  of  seal  16e  is  similar  to  that  of 
seal  16  except  that  its  sealing  engagement  is  with 

40  rim  40,  it  does  not  move  in  the  horizontal  plane 
and,  where  desired,  sealing  pressures  can  be  in- 
creased  to  much  higher  levels  depending  on  the 
level  of  torque  applied  during  capping. 

In  FIGURE  22  the  seal  16f  is  formed  into  a 
45  semi-circular  or  "U"  shape  24f.  This  shape  is  pro- 

duced  in  the  same  manner  as  the  "J"  shape  16c 
as  illustrated  in  FIGURE  4  except  that  the  vertical 
leg  of  wall  18  is  eliminated.  Bumpers  54  and  56 
have  been  incorporated  into  the  underside  of  lid  12 

50  to  fix  the  lip  30  into  position  and  to  restrain  its 
movement  during  use.  The  performance  of  seal  16f 
compares  to  the  "O"  ring  shape  of  seal  16e  of 
FIGURE  21  in  most  respects  except  that  its  smaller 
cross  section  yields  a  higher  level  of  stress  con- 

55  centration  and  plastic  creep,  although  well  within 
the  desired  improved  performance  levels.  Option- 
ally,  bumper  54  may  be  extended  in  height  to 
provide  further  reinforcement  to  lower  portion  32  of 
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seal  16f. 
FIGURE  23  illustrates  a  linerless  seal  16g  hav- 

ing  an  "0"  ring  shape  with  a  highly  coiled  cross 
section  24g  which  abuts  a  concave  surface  53 
located  in  lid  12.  In  sealing  engagement  the  seal 
16g  also  abuts  a  concave  surface  58  located  on  the 
neck  rim  40.  The  seal  16g  is  produced  by  more 
fully  curling  the  "0"  ring  shape  of  seal  16e  of 
FIGURE  21.  The  concave  surfaces  53  and  58  are 
dimensioned  to  conform  to  the  curvature  of  the  curl 
24g  of  seal  16g  so  that  when  the  cap  10  is  torqued 
up  during  application  to  the  neck  38,  the  seal  16g 
is  restrained  from  thereby  ovalizing  and  therefore 
more  fully  translates  the  compressive  sealing 
stresses  into  the  further  coiling  of  feature  16g.  As  a 
result,  the  compressive  sealing  stresses  are  even 
more  uniformly  distributed  than  with  seal  16e  of 
FIGURE  21  with  resultant  enhanced  creep  resis- 
tance  and  maintenance  of  seal  integrity. 

FIGURES  24  and  25  illustrate  an  embodiment 
of  the  invention  wherein  the  bottle  neck  38  of 
FIGURE  23  with  its  concave  surface  58  can  be 
used  to  curl  the  as-molded  preform  cylindrical  wall 
18  of  the  cap  10  shown  in  FIGURE  3.  In  FIGURE 
24  the  wall  18  is  as  molded  (preformed)  with  con- 
cave  rim  58  of  the  bottle  neck  38  ready  to  engage 
and  curl  the  wall  18  as  the  cap  10  is  applied. 
FIGURE  25  shows  the  results  of  fully  seating  the 
cap  10  onto  bottle  neck  38  with  the  downward 
thrust  of  wall  18  into  the  concave  surface  58  result- 
ing  in  a  seal  16h  of  the  invention  having  an  "0" 
ring  shape  24h. 

FIGURES  26  and  27  illustrate  the  formation 
and  sealing  engagement  or  an  "0"  ring  24j  of  the 
invention  on  the  underside  of  the  cap  lid  12  in  such 
a  way  as  to  engage  the  exterior  annular  corner  60 
of  the  neck  rim  40. 

In  FIGURE  26  the  curling  tool  26  includes  an 
annular  forming  groove  31a  located  at  its  top  out- 
ermost  location  with  transitional  seal  16i  curled 
outwardly  and  slightly  upwardly.  As  the  end  30  of 
the  transitional  shape  24i  leaves  forming  groove 
31a,  it  is  directed  both  outwardly  and  upwardly 
resulting  in  a  completed  "0"  ring  shape  24j  which 
extends  beyond  the  perimenter  of  curling  tool  26 
well  into  the  interior  corner  63  of  cap  10,  as  shown 
in  FIGURE  27.  In  this  location  it  will  engage  the 
exterior  corner  60  and  the  contiguous  rim  40  and 
depending  surface  64  of  bottle  neck  38  in  sealing 
engagement  as  shown  in  Figure  28.  The  perfor- 
mance  of  the  seal  16j  compares  in  most  ways  to 
that  of  seal  16d  of  FIGURE  20. 

FIGURES  29  ant  30  illustrate  the  use  of  a  seal 
having  a  cross  sectional  shape  including  an  arc  of 
at  least  50  degrees,  namely  a  quarter  round  curled 
seal  16k  of  the  invention  restrained  at  its  free  end 
to  increase  its  sealing  strength  and  to  distribute  its 
sealing  stresses  more  uniformly. 

FIGURE  29  shows  the  quarter  round  seal  16k 
is  curled  to  engage  and  be  restrained  by  a  shelf  66 
in  the  interior  wall  of  the  cap  skirt  14.  As  shown  in 
FIGURE  30,  engagement  by  exterior  or  outer  cor- 

5  ner  60  of  the  neck  rim  40  compresses  the  seal  16k. 
In  doing  so  the  sealing  stresses  are  resisted  by 
both  the  attachment  site  20  and  the  engagement  of 
rim  30  and  shelf  66.  As  a  result,  the  stresses  are 
more  uniformly  distributed.  Preferably  the  radial 

io  cross  section  of  the  curled  portion  of  the  seal  16k 
includes  an  arc  of  about  60  to  90  degrees. 

FIGURE  31  illustrates  how  the  bottle  neck  38 
can  be  used  to  postform  the  quarter  round  seal  16k 
of  FIGURE  29.  In  this  embodiment  the  outer  corner 

is  60  of  neck  38  has  a  beveled,  slightly  concave 
surface  to  engage  end  30  of  the  preform  wall  18 
(not  shown)  during  capping.  FIGURE  31  shows  the 
results  of  fully  seating  the  cap  10  onto  bottle  neck 
38  with  the  downward  thrust  of  wall  18  onto  the 

20  beveled  outer  corner  60  resulting  in  a  seal  16k  of 
the  invention  having  a  quarter  round  shape  24k. 
Optionally,  the  inner  corner  44  of  the  bottle  neck  38 
may  be  similarly  beveled  and  shaped  to  engage 
and  curl  the  preform  wall  18  during  capping  to  form 

25  a  modified  plug  seal. 

Claims 

1.  A  method  of  forming  a  cap  for  a  container 
30  having  a  linerless  or  integral  plastic  seal,  said 

cap  comprising  a  top  wall  and  a  peripheral 
skirt  and  an  annular  wall  internally  spaced  from 
the  peripheral  skirt,  said  annular  wall  including 
an  upper  end  integral  with  and  depending  from 

35  said  top  wall  and  a  free  lower  end,  said  meth- 
od  comprising  the  step  of  molding  said  cap, 
and  the  further  step  of  curling  said  free  lower 
end,  characterized  in  that  said  free  lower  end 
is  engaged  with  an  essentially  concave  surface 

40  of  a  curling  tool  to  curve  said  end  into  a 
curvilinear  compressible  and  resilient  free  end 
having  a  cross  sectional  shape  of  a  U,  O  or 
coil,  or  wherein  the  lower  portion  thereof  is 
curvilinear  and  each  of  said  shapes  includes 

45  an  arc  of  at  least  50  degrees  in  radial  cross 
section  to  provide  a  curved  sealing  portion 
within  said  arc  prior  to  and  during  sealing 
engagement  with  the  container. 

50  2.  The  method  according  to  claim  1  ,  wherein  said 
free  lower  end  is  progressively  curled  as  it 
moves  along  said  curling  tool. 

3.  The  method  according  to  claim  2,  wherein  said 
55  free  lower  end  of  said  depending  walk  includes 

a  rim,  and  wherein  said  essentially  concave 
surface  of  said  curling  tool  engages  said  rim  in 
axial  compression  to  progressively  curl  said 
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free  end  as  it  moves  along  said  essentially 
concave  surface  away  from  said  depending 
wall  and  upwardly  and  outwardly  from  said 
essentially  concave  surface  whereupon  said 
rim  and  adjacent  free  end  continue  to  curl  in 
response  to  stresses  developed  therein  while 
in  contact  with  said  essentially  concave  sur- 
face  to  provide  said  curved  sealing  portion. 

4.  The  method  according  to  claims  1  to  3, 
wherein  the  curling  of  said  free  lower  end 
produces  stresses  therein,  wherein  its  outer 
curvilinear  sealing  surface  is  relatively  soft  and 
conformable  for  sealing  engagement  and  its 
adjacent  curvilinear  substrate  is  relatively 
strong  and  resilient. 

5.  The  method  according  to  claim  4,  wherein  the 
stresses  in  said  outer  curvilinear  sealing  sur- 
face  are  in  a  state  of  tension,  and  wherein  the 
stresses  in  said  adjacent  curvilinear  substrate 
are  in  a  state  of  compression. 

6.  The  method  of  claims  1  to  5,  comprising  mold- 
ing  the  cap  with  a  continuous  plastic  top  wall. 

7.  The  method  of  claims  1  to  6,  comprising  open- 
ing  the  mold  prior  to  curling  said  free  end. 

8.  The  method  of  claims  1  to  7,  comprising  re- 
moving  said  molded  cap  from  the  mold  prior  to 
curling  said  free  end. 

9.  The  method  according  to  claim  1  ,  wherein  said 
free  lower  end  is  curled  by  engaging  said  free 
lower  end  with  a  curling  tool  for  stretching  and 
compressing  the  surface  thereof,  wherein  said 
stretched  portion  of  said  curved  free  end  is 
relatively  softer  and  more  conformable  than 
contiguous  unstretched  portions. 

10.  The  method  of  claim  9,  wherein  said  stretched, 
softened,  sealing  surface  is  in  a  state  of  ten- 
sion. 

11.  The  method  of  claims  10  or  11,  wherein  said 
stretched,  softened,  sealing  surface  includes 
microscopic  voids. 

12.  A  cap  formed  by  the  method  of  claims  1  to  11. 

13.  A  cap  (10)  for  a  container  having  a  linerless  or 
integral  plastic  seal  (16),  said  cap  (10)  com- 
prising  a  top  wall  (12)  and  a  peripheral  skirt 
(14)  and  an  annular  wall  (18)  internally  spaced 
from  the  peripheral  skirt  (14),  said  annular  wall 
(18)  including  an  upper  end  (20)  integral  with 
and  depending  from  said  top  wall  (12)  and  a 

free  lower  end,  the  free  lower  end  (24)  being 
curled  and  extending  away  from  the  depending 
annular  wall  (18),  characterized  in  that  the  free 
lower  end  provides  a  curvilinear  compressible 

5  and  resilient  free  end  (24)  having  a  cross  sec- 
tional  shape  of  a  U,  O  or  coil,  or  wherein  the 
lower  portion  thereof  is  curvilinear  and  each  of 
said  shapes  includes  an  arc  of  at  least  50 
degrees  in  radial  cross  section  to  provide  a 

io  curved  sealing  portion  within  said  arc  prior  to 
engagement  and  which  upon  engagement  with 
the  container  is  adapted  to  compress  and  seal 
while  substantially  maintaining  its  curvilinear 
cross  sectional  shape. 

15 
14.  The  cap  of  claim  13,  wherein  said  sealing 

portion  comprises  a  curvilinear  outer  sealing 
surface  which  is  in  tension  and  is  relatively  soft 
and  conformable  for  sealing  engagement,  and 

20  an  inner  adjacent  curvilinear  substrate  which  is 
in  compression  and  is  relatively  strong  and 
resilient. 

15.  The  cap  of  claim  13  or  14,  wherein  said  curled 
25  free  end  is  a  plug  seal,  rim  seal  or  corner  seal. 

16.  The  cap  according  to  claim  13,  wherein  said 
curled  sealing  portion  of  said  free  lower  end 
(22)  comprises  a  stretched  portion  and  a  com- 

30  pressed  portion,  wherein  said  stretched  portion 
is  relatively  softer  and  more  conformable  than 
contiguous  unstretched  portions. 

17.  The  cap  of  claim  16,  wherein  said  stretched, 
35  softened,  sealing  surface  is  in  a  state  of  ten- 

sion. 

18.  The  cap  of  claim  16  or  17,  wherein  said 
stretched,  softened,  sealing  surface  includes 

40  microscopic  voids. 

19.  The  cap  of  claims  13  to  18,  wherein  said  cap 
is  a  twist  cap. 

45  20.  The  cap  of  claims  13  to  18,  wherein  the  cap  is 
a  snap  cap. 

21.  A  container  comprising  the  cap  of  claims  13  to 
20. 

50 
22.  The  container  of  claim  21,  wherein  said  con- 

tainer  comprises  plastic  or  glass. 

Patentanspruche 
55 

1.  Verfahren  zur  Ausbildung  eines  Verschlusses 
fur  einen  Behalter,  mit  einer  belaglosen  oder 
einstuckigen  Kunststoffdichtung,  wobei  der 
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VerschluB  aufweist:  eine  obere  Wand  und  ei- 
nen  AuBenrand  und  eine  Ringwand,  die  vom 
AuBenrand  nach  innen  beabstandet  ist,  wobei 
die  Ringwand  ein  oberes  Ende,  das  einstuckig 
ist  mit  der  oberen  Wand  und  sich  von  dieser  5 
nach  unten  erstreckt,  und  ein  freies  unteres 
Ende  aufweist,  wobei  das  Verfahren  den 
Schritt  des  Formens  des  Verschlusses  und 
den  weiteren  Schritt  des  Rollens  des  freien 
unteren  Endes  umfaBt,  dadurch  gekennzeich-  10 
net,  daB  das  freie  untere  Ende  in  Eingriff  ge- 
bracht  wird  mit  einer  im  wesentlichen  konka- 
ven  Flache  eines  Rollwerkzeugs,  urn  das  Ende 
zu  einem  krummlinigen,  zusammendruckbaren 
und  elastischen  freien  Ende  mit  einer  Quer-  is 
schnittsform  eines  U,  0  oder  Rings  zu  biegen, 
oder  wobei  dessen  unterer  Abschnitt  krummli- 
nig  ist  und  jede  der  Formen  einen  Bogen  von 
mindestens  50  Grad  im  radialen  Querschnitt 
aufweist,  urn  einen  gebogenen  dichtenden  Ab-  20 
schnitt  innerhalb  des  Bogens  vor  und  wahrend 
des  dichtenden  Ineingriffstehens  mit  dem  Be- 
halter  herzustellen. 

Verfahren  nach  Anspruch  1,  wobei  das  freie  25 
untere  Ende  zunehmend  gerollt  wird,  wahrend 
es  sich  entlang  dem  Rollwerkzeug  bewegt. 

Verfahren  nach  Anspruch  2,  wobei  das  freie 
untere  Ende  der  sich  nach  unten  erstrecken-  30 
den  Wand  einen  Rand  aufweist  und  wobei  die 
im  wesentlichen  konkave  Flache  des  Rollwerk- 
zeugs  mit  dem  Rand  unter  axialem  Druck  in 
Eingriff  gebracht  wird,  urn  das  freie  Ende  zu- 
nehmend  zu  rollen,  wahrend  es  sich  entlang  35 
der  im  wesentlichen  konkaven  Flache  weg  von 
der  sich  nach  unten  erstreckenden  Wand  und 
nach  oben  und  nach  auBen  von  der  im  wesent- 
lichen  konkaven  Flache  bewegt,  woraufhin  der 
Rand  und  das  angrenzende  freie  Ende  fortfah-  40 
ren,  sich  als  Reaktion  auf  die  Spannungen  zu 
rollen,  die  sich  in  ihnen  wahrend  der  Beruh- 
rung  mit  der  im  wesentlichen  konkaven  Flache 
entwickelten,  urn  den  gebogenen  dichtenden 
Abschnitt  herzustellen.  45 

Verfahren  nach  Anspruch  1  bis  3,  wobei  das 
Rollen  des  freien  unteren  Endes  Spannungen 
in  ihm  erzeugt,  wobei  seine  auBere  krummlini- 
ge  dichtende  Flache  relativ  weich  und  forman-  so 
paBbar  zum  dichtenden  Eingriff  und  sein  an- 
grenzendes  krummliniges  Tragermaterial  rela- 
tiv  fest  und  elastisch  ist. 

Verfahren  nach  Anspruch  4,  wobei  die  Span-  55 
nungen  in  der  auBeren  krummlinigen  dichten- 
den  Flache  Zugspannungen  sind  und  die 
Spannungen  in  dem  angrenzenden  krummlini- 

gen  Tragermaterial  Druckspannungen  sind. 

6.  Verfahren  nach  Anspruch  1  bis  5,  wobei  der 
VerschluB  mit  einer  kontinuierlichen  oberen 
Kunststoffwand  geformt  wird. 

7.  Verfahren  nach  Anspruch  1  bis  6,  wobei  die 
Form  vor  dem  Rollen  des  freien  Endes  geoff- 
net  wird. 

8.  Verfahren  nach  Anspruch  1  bis  7,  wobei  der 
geformte  VerschluB  vor  dem  Rollen  des  freien 
Endes  aus  der  Form  herausgenommen  wird. 

9.  Verfahren  nach  Anspruch  1,  wobei  das  freie 
untere  Ende  gerollt  wird,  indem  es  mit  einem 
Rollwerkzeug  zum  Dehnen  und  Zusammendru 
ken  seiner  Flache  in  Eingriff  gebracht  wird, 
wobei  der  gedehnte  Abschnitt  des  gebogenen 
freien  Endes  relativ  weicher  und  formanpaBba- 
rer  ist  als  angrenzende  nichtgedehnte  Ab- 
schnitte. 

10.  Verfahren  nach  Anspruch  9,  wobei  die  gedehn- 
te,  weich  gewordene  dichtende  Flache  unter 
Zugspannung  steht. 

11.  Verfahren  nach  Anspruch  10  oder  11,  wobei 
die  gedehnte,  weich  gewordene  dichtende  Fla- 
che  mikroskopische  Hohlraume  aufweist. 

12.  VerschluB,  der  nach  dem  Verfahren  nach  An- 
spruch  1  bis  1  1  ausgebildet  worden  ist. 

13.  VerschluB  (10)  fur  einen  Behalter  mit  einer 
belaglosen  oder  einstuckigen  Kunststoffdich- 
tung  (16),  wobei  der  VerschluB  (10)  aufweist: 
eine  obere  Wand  (12)  und  einen  AuBenrand 
(14)  und  eine  Ringwand  (18),  die  vom  AuBen- 
rand  (14)  nach  innen  beabstandet  ist,  wobei 
die  Ringwand  (18)  ein  oberes  Ende  (20),  das 
einstuckig  ist  mit  der  oberen  Wand  (12)  und 
sich  von  dieser  nach  unten  erstreckt,  und  ein 
freies  unteres  Ende  aufweist,  wobei  das  freie 
untere  Ende  (24)  gerollt  ist  und  sich  von  der 
sich  nach  unten  erstreckenden  Ringwand  (18) 
weg  erstreckt,  dadurch  gekennzeichnet,  daB 
das  freie  untere  Ende  ein  krummliniges,  zu- 
sammendruckbares  und  elastisches  freies 
Ende  (24)  mit  einer  Querschnittsform  eines  U, 
O  oder  Rings  bildet,  oder  wobei  dessen  unter- 
er  Abschnitt  krummlinig  ist  und  jede  der  For- 
men  einen  Bogen  von  mindestens  50  Grad  im 
radialen  Querschnitt  zur  Ausbildung  eines  ge- 
bogenen  dichtenden  Abschnitts  innerhalb  des 
Bogens  vor  dem  Eingriff  aufweist  und  der  nach 
dem  Eingriff  mit  dem  Behalter  geeignet  ist, 
sich  zusammenzudrucken  und  zu  dichten, 
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wahrend  er  seine  krummlinige  Querschnitts- 
form  im  wesentlichen  beibehalt. 

14.  VerschluB  nach  Anspruch  13,  wobei  der  dich- 
tende  Abschnitt  aufweist:  eine  krummlinige 
dichtende  AuBenflache,  die  unter  Zugspannung 
steht  und  relativ  weich  und  formanpaBbar  zum 
dichtenden  Eingriff  ist,  und  ein  inneres  angren- 
zendes  krummliniges  Tragermaterial,  das  unter 
Druckspannung  steht  und  relativ  fest  und  ela- 
stisch  ist. 

15.  VerschluB  nach  Anspruch  13  und  14,  wobei 
das  gerollte  freie  Ende  eine  Stopseldichtung, 
eine  Randdichtung  oder  eine  Kantendichtung 
ist. 

16.  VerschluB  nach  Anspruch  13,  wobei  der  geroll- 
te  dichtende  Abschnitt  des  freien  unteren  En- 
des  (22)  einen  gedehnten  Abschnitt  und  einen 
zusammengedruckten  Abschnitt  aufweist,  wo- 
bei  der  gedehnte  Abschnitt  relativ  weicher  und 
formanpaBbarer  ist  als  angrenzende  nichtge- 
dehnte  Abschnitte. 

17.  VerschluB  nach  Anspruch  16,  wobei  die  ge- 
dehnte,  weich  gewordene  dichtende  Flache 
unter  Zugspannung  steht. 

18.  VerschluB  nach  Anspruch  16  oder  17,  wobei 
die  gedehnte,  weich  gewordene  dichtende  Fla- 
che  mikroskopische  Hohlraume  aufweist. 

19.  VerschluB  nach  Anspruch  13  bis  18,  wobei  der 
VerschluB  ein  DrehverschluB  ist 

20.  VerschluB  nach  Anspruch  13  bis  18,  wobei  der 
VerschluB  ein  SchnappverschluB  ist. 

21.  Behalter  mit  dem  VerschluB  nach  Anspruch  13 
bis  20. 

22.  Behalter  nach  Anspruch  21,  wobei  der  Behal- 
ter  Kunststoff  oder  Glas  aufweist. 

Revendicatlons 

1.  Procede  de  fagonnage  d'un  bouchon  pour  un 
recipient  qui  a  un  joint  d'etancheite  en  matiere 
plastique  sans  doublure  ou  d'une  piece,  le 
bouchon  comprenant  une  paroi  superieure  et 
une  jupe  peripherique  et  une  paroi  annulaire 
ecartee,  a  I'interieur,  de  la  jupe  peripherique, 
la  paroi  annulaire  comprenant  une  extremite 
superieure,  d'une  piece  avec  et  pendant  vers 
le  bas  a  partir  de  la  paroi  superieure,  et  une 
extremite  inferieure,  le  procede  comprenant 
une  etape  de  moulage  du  bouchon  et  une 

etape  suivante  de  courbement  de  ladite  extre- 
mite  libre  inferieure,  caracterise  en  ce  que 
ladite  extremite  libre  inferieure  est  saisie  par 
une  surface  essentiellement  concave  d'un  outil 

5  de  courbement  afin  de  courber  I'extremite 
sous  forme  d'une  extremite  libre  curviligne, 
compressible  et  elastique  qui  presente  en  sec- 
tion  transversale  une  forme  de  U,  de  0  ou 
d'enroulement  ou  pour  laquelle  sa  partie  infe- 

io  rieure  est  curviligne  et  chacune  des  formes 
susdites  comporte  un  arc  d'au  moins  50  °  ,  en 
section  transversale  radiale,  pour  fournir  une 
partie  d'etancheite  courbee  dans  ledit  arc 
avant  et  pendant  un  contact  d'etancheite  avec 

is  le  recipient. 

2.  Procede  suivant  la  revendication  1,  caracterise 
en  ce  que  I'extremite  libre  inferieure  est  pro- 
gressivement  courbee  a  mesure  qu'elle  est 

20  deplacee  le  long  de  I'outil  de  courbement. 

3.  Procede  suivant  la  revendication  2,  caracterise 
en  ce  que  I'extremite  libre  inferieure  de  la 
paroi  qui  pend  vers  le  bas  comporte  un  rebord 

25  et  en  ce  que  la  surface  essentiellement  conca- 
ve  susdite  de  I'outil  de  courbement  entre  en 
prise  avec  le  rebord,  dans  une  compression 
axiale,  pour  courber  progressivement  I'extremi- 
te  libre  a  mesure  qu'elle  est  deplacee  le  long 

30  de  la  surface  essentiellement  concave  preci- 
tee,  a  I'ecart  de  la  paroi  qui  pend  vers  le  bas, 
et  vers  le  haut  et  vers  I'exterieur  a  partir  de  la 
surface  pratiquement  concave  precitee  sur  la- 
quelle  le  rebord  et  I'extremite  libre  adjacente 

35  continuent  a  etre  courbees  en  reponse  a  des 
contraintes  qui  y  sont  developpees  tout  en 
etant  en  contact  avec  la  surface  essentielle- 
ment  concave  precitee  afin  de  fournir  ladite 
partie  d'etancheite  courbee. 

40 
4.  Procede  suivant  I'une  quelconque  des  revendi- 

cations  1  a  3,  caracterise  en  ce  que  le  courbe- 
ment  de  I'extremite  libre  inferieure  y  produit 
des  contraintes  et  en  ce  que  sa  surface  d'etan- 

45  cheite  curviligne  externe  est  relativement  sou- 
pie  et  adaptable  pour  un  contact  d'etancheite 
et  en  ce  que  son  substrat  curviligne  contigu 
est  relativement  rigide  et  elastique. 

50  5.  Procede  suivant  la  revendication  4,  caracterise 
en  ce  que  les  contraintes  dans  la  surface  pre- 
citee  d'etancheite  curviligne  externe  sont  dans 
un  etat  de  tension  et  en  ce  que  les  contraintes 
dans  le  substrat  curviligne  contigu  sont  dans 

55  un  etat  de  compression. 

6.  Procede  suivant  I'une  quelconque  des  revendi- 
cations  1  a  5,  caracterise  en  ce  qu'il  comprend 
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un  moulage  du  bouchon  avec  une  paroi  supe- 
rieure  continue  en  matiere  plastique. 

7.  Procede  suivant  I'une  quelconque  des  revendi- 
cations  1  a  6,  caracterise  en  ce  qu'il  comprend 
une  ouverture  du  moule  avant  le  courbement 
de  ladite  extremite  libre. 

8.  Procede  suivant  I'une  quelconque  des  revendi- 
cations  1  a  7,  caracterise  en  ce  qu'il  comprend 
un  retrait  du  bouchon  moule  du  moule  avant  le 
courbement  de  ladite  extremite  libre. 

9.  Procede  suivant  la  revendication  1,  caracterise 
en  ce  que  I'extremite  libre  inferieure  susdite 
est  courbee  en  saisissant  ladite  extremite  libre 
inferieure  avec  un  outil  de  courbement  afin 
d'en  etirer  et  comprimer  la  surface  et  en  ce 
que  la  partie  etiree  de  ladite  extremite  libre 
courbee  est  relativement  plus  souple  et  plus 
adaptable  que  les  parties  contigues  non  eti- 
rees. 

10.  Procede  suivant  la  revendication  9,  caracterise 
en  ce  que  la  surface  d'etancheite  etiree  et 
assouplie  est  dans  un  etat  de  tension. 

11.  Procede  suivant  I'une  ou  I'autre  des  revendica- 
tions  10  et  11,  caracterise  en  ce  que  la  surface 
d'etancheite  etiree  et  assouplie  comporte  des 
cavites  microscopiques. 

12.  Bouchon  forme  suivant  le  procede  de  I'une 
quelconque  des  revendications  1  a  1  1  . 

13.  Bouchon  (10),  pour  un  recipient,  qui  a  un  joint 
d'etancheite  (16)  en  matiere  plastique  sans 
doublure  ou  d'une  piece,  le  bouchon  (10)  com- 
prenant  une  paroi  superieure  (12)  et  une  jupe 
peripherique  (14)  et  une  paroi  annulaire  (18) 
ecartee,  a  I'interieur,  de  la  jupe  peripherique 
(14),  la  paroi  annulaire  (18)  comportant  une 
extremite  superieure  (20),  formee  d'une  piece 
avec  et  pendant  vers  le  bas  depuis  la  paroi 
superieure  (12),  et  une  extremite  libre  inferieu- 
re,  I'extremite  libre  inferieure  (24)  etant  cour- 
bee  et  s'etendant  a  I'ecart  de  la  paroi  annulaire 
qui  pend  vers  le  bas  (18),  caracterise  en  ce 
que  I'extremite  libre  inferieure  procure  une  ex- 
tremite  libre  (24)  curviligne,  compressible  et 
elastique  qui  a  une  forme  de  section  transver- 
sale  en  U,  en  O  ou  en  enroulement  ou  dont  la 
partie  inferieure  est  curviligne  ou  en  ce  que  sa 
partie  inferieure  est  curviligne  et  chacune  des 
formes  susdites  comporte  un  arc  d'au  moins 
50  °  ,  en  section  transversale  radiale,  afin  de 
procurer  une  partie  d'etancheite  courbee  a  I'in- 
terieur  de  Tare  avant  un  contact  et  qui,  lors 

d'une  prise  de  contact  avec  le  recipient,  est 
adaptee  pour  se  comprimer  et  former  I'etan- 
cheite  tout  en  maintenant  sensiblement  sa  for- 
me  de  section  transversale  curviligne. 

5 
14.  Bouchon  suivant  la  revendication  13,  caracteri- 

se  en  ce  que  la  partie  d'etancheite  susdite 
comprend  une  surface  d'etancheite  curviligne 
externe  qui  est  en  tension  et  qui  est  relative- 

io  ment  souple  et  adaptable  pour  un  contact 
d'etancheite,  et  un  substrat  curviligne  contigu 
interne  qui  est  en  compression  et  qui  est  relati- 
vement  rigide  et  elastique. 

75  15.  Bouchon  suivant  I'une  ou  I'autre  des  revendi- 
cations  13  et  14,  caracterise  en  ce  que  I'extre- 
mite  libre  courbee  est  un  joint  d'etancheite  en 
bouchon,  un  joint  a  bordure  ou  un  joint  en 
coin. 

20 
16.  Bouchon  suivant  la  revendication  13,  caracteri- 

se  en  ce  que  la  partie  d'etancheite  courbee  de 
I'extremite  libre  inferieure  (22)  comprend  une 
partie  etiree  et  une  partie  comprimee  et  en  ce 

25  que  la  partie  etiree  est  relativement  plus  sou- 
ple  et  plus  adaptable  que  les  parties  non  eti- 
rees  contigues. 

17.  Bouchon  suivant  la  revendication  16,  caracteri- 
30  se  en  ce  que  la  surface  d'etancheite  etiree  et 

assouplie  est  dans  un  etat  de  tension. 

18.  Bouchon  suivant  I'une  ou  I'autre  des  revendi- 
cations  16  et  17,  caracterise  en  ce  que  la 

35  surface  d'etancheite  etiree  et  assouplie  com- 
porte  des  cavites  microscopiques. 

19.  Bouchon  suivant  I'une  quelconque  des  reven- 
dications  13  a  18,  caracterise  en  ce  que  le 

40  bouchon  est  un  bouchon  a  visser. 

20.  Bouchon  suivant  I'une  quelconque  des  reven- 
dications  13  a  18,  caracterise  en  ce  que  le 
bouchon  est  un  bouchon  a  accrochage  elasti- 

45  que. 

21.  Recipient  comprenant  le  bouchon  suivant  I'une 
quelconque  des  revendications  13  a  20. 

50  22.  Recipient  suivant  la  revendication  21  ,  caracteri- 
se  en  ce  que  le  recipient  comprend  de  la 
matiere  plastique  ou  du  verre. 

55 
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