
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number  :  0  521  841  A 1  

12 EUROPEAN  PATENT  A P P L I C A T I O N  

(2j)  Application  number  :  92850160.0 

(22)  Date  of  filing  :  29.06.92 

<&)  int.  ci.5  :  B29C  4 9 / 0 8  

(§)  Priority:  01.07.91  SE  9102090 

(43)  Date  of  publication  of  application  : 
07.01.93  Bulletin  93/01 

@  Designated  Contracting  States  : 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IT  LI  LU  MC  NL 
PT  SE 

(7i)  Applicant  :  PLM  AB 
Djaknegatan  16 
S-201  80  Malmo  (SE) 

(72)  Inventor  :  Quasters,  Mikael 
Fristilsvagen  26 
S-531  55  Lidkoping  (SE) 

(74)  Representative  :  Wallin,  Bo-Goran  et  al 
AWAPATENT  AB  Box  5117 
S-200  71  Malmo  (SE) 

00 

CM 
If) 

(54)  Method  for  making  a  container  of  plastic,  and  container  made  by  means  of  the  method. 

(57)  A  container  (20),  especially  a  bottle,  is  made 
from  a  blank  or  preform  (10)  of  polyethylene 
terephthalate  (PET),  where  the  blank  (10)  has  a 
mouth  portion  (11),  a  substantially  conical  up- 
per  portion  (12)  extending  from  the  mouth  por- 
tion  (11),  and  a  cylindrical  portion  (13) 
extending  from  the  conical  portion  (12)  towards 
the  bottom  of  the  blank  and  having  a  substan- 
tially  uniform  wall  thickness.  When  reshaping 
the  blank  (10),  the  shoulder  (22)  of  the  container 
(20)  is  formed  substantially  only  of  material 
which  in  the  blank  (10)  is  located  in  the  conical 
upper  portion  (12)  of  the  blank,  while  the  cylin- 
drical  portion  (23)  of  the  container  (20)  is  for- 
med  substantially  only  of  material  which  in  the 
blank  (10)  is  located  in  the  cylindrical  portion 
(1  3)  of  the  blank.  The  expansion  of  the  material 
in  the  conical  portion  (12)  of  the  blank  (10)  and 
of  the  material  in  the  cylindrical  portion  (13)  of 
the  blank  (10)  is  selectively  controlled  in  such  a 
manner  that  the  material  in  the  respective  por- 
tion  undergoes  stretching  in  the  axial  direction 
of  the  blank  (10),  defined  by  the  quotient  of  the 
axial  length  of  the  conical  portion  (12)  of  the 
blank  (10)  and  the  axial  length  of  the  cylindrical 
portion  (13)  of  the  blank  (10)  having  values  in 
the  range  0.25-0.35,  and  by  the  quotient  of  the 
axial  length  of  the  shoulder  (22)  and  the  axial 
length  of  the  cylindrical  portion  (23)  of  the 
container  (20)  having  values  in  the  range 
0.60-0.80. 

Fig.  1. 
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The  present  invention  is  directed  to  the  manufac- 
ture  of  plastic  containers,  and  more  specifically  re- 
lates  to  a  method  of  the  type  stated  in  the  preamble 
of  appended  claim  1.  The  invention  also  relates  to  a 
container  produced  by  means  of  this  method. 

Plastic  containers  offer  many  advantages,  e.g.  by 
being  lightweight,  having  a  high  capacity  to  withstand 
mechanical  stresses  (can  be  dropped  without  break- 
ing  also  when  filled),  and  by  involving  a  low  total  en- 
ergy  consumption,  especially  if  the  containers  are  re- 
cycled.  Recycling  can  be  brought  about,  either  by 
washing  the  containers  and  refilling  them  or  by  recov- 
ering  the  container  material  and  reshaping  it  into  new 
articles,  such  as  containers.  Plastic  containers  are 
well  suited  to  be  used  from  environment  aspects,  if 
they  are  made  of  plastics  which  do  not  contain  any 
substances  that  are  harmful  to  man,  animals  or  the 
environment.  One  example  of  such  plastics  is  poly- 
ethylene  terephthalate  (PET). 

Polyethylene  terephthalate,  hereinafter  generally 
referred  to  as  PET,  is  advantageous  in  that  it  can  be 
oriented  so  as  to  be  given  improved  mechanical  prop- 
erties.  Such  orientation  enhances  the  capacity  of  the 
material  to  withstand  stretching  as  well  as  external 
stresses  in  the  form  of  e.g.  mechanical  impacts.  Thus, 
the  amount  of  material  required  in  the  containers  can 
be  reduced,  which  of  course  contributes  to  cutting  the 
overall  costs  for  making  containers  or  bottles  of  PET 
suited  for  containing  e.g.  beverages. 

Relevant  background  art  is  disclosed  in  US-A- 
4,264,558,  US-A-4,380,526  and  GB-A-2,1  24,543, 
describing  different  techniques  for  making  plastic 
containers  from  a  blank  (preform). 

One  drawback  of  oriented  PET  is  that  it  will  shrink 
if  subjected  to  elevated  temperatures.  By  elevated 
temperatures  is  here  meant  temperatures  exceeding 
the  glass  transition  temperature  (Tg)  of  the  material, 
which  for  current-grade  amorphous  material  is  about 
80°C.  In  oriented  material,  the  softening  temperature 
is  however  about  10°C  higher.  The  tendency  to  shrink 
can  however  be  eliminated  in  that  the  material  is 
stretched  at  least  1.5  times  in  the  stretching  direction 
concerned.  In  this  manner,  the  properties  of  the  ma- 
terial  are  so  altered  that  if  the  material  is  maintained 
at  an  elevated  temperature  and  at  the  same  time  is 
prevented  from  shrinking,  the  tendency  of  the  material 
to  shrink  is  reduced  and  at  best  completely  eliminated 
in  a  temperature  range  whose  upper  limit  is  slightly 
below  the  temperature  at  which  the  material  is  heat- 
treated.  In  the  heat  treatment,  the  material  is  relieved 
of  stresses  resulting  from  the  stretching  of  the  mate- 
rial,  which  also  undergoes  a  certain  thermal  crystal- 
lisation  at  a  suitable  temperature.  To  achieve  such 
thermal  crystillisation,  the  temperature  must  exceed 
about  110°C. 

In  the  amorphous  state,  PET  exhibits  no  tendency 
to  shrink  when  heated,  but  at  a  temperature  exceed- 
ing  Tg  by  at  least  30°C,  the  material  starts  to  crystal- 

lise  thermally.  If  the  thermal  crystallisation  is  allowed 
to  proceed  such  that  the  material  attains  too  high  a  de- 
gree  of  crystallinity,  the  material  becomes  brittle  and 
hence  unsuitable  for  use  in  containers. 

5  Containers  of  PET  withstanding  repeated  heating 
to  elevated  temperatures  are  well  suited  for  use  sev- 
eral  times.  PET  is  in  itself  resistant  to  the  detergents 
normally  used  for  cleaning  e.g.  glass  bottles,  and  so 
one  of  the  problems  to  be  solved  to  permit  using  PET 

10  containers  in  the  making  of  reusable  containers,  such 
as  returnable  bottles,  amounts  to  eliminating  the  ten- 
dency  of  stretched  PET  to  shrink  when  heated.  In 
practice,  this  means  that  the  containers  must  with- 
stand  washing  or  cleaning  at  a  maximum  temperature 

15  of  90°C,  generally  at  most  80°C,  and,  in  most  appli- 
cations,  at  a  maximum  temperature  of  70°C.  Also  at 
such  a  low  temperature  as  70°C,  the  cleaning  result 
is  fully  satisfactory  to  permit  refilling  the  containers. 

One  object  of  the  present  invention  therefore  is  to 
20  provide  a  method  for  making  containers  of  plastic,  es- 

pecially  PET,  which  have  a  reduced  tendency  to 
shrink,  such  that  the  containers  can  be  reused  at  least 
five  times,  as  a  rule  at  least  10  times. 

Another  object  of  the  invention  is  to  provide  a  con- 
25  tainer  of  plastic  which  satisfies  the  above-indicated 

criteria  regarding  the  tendency  to  shrink  and  reusabil- 
ity. 

These  and  other  objects,  which  will  appear  from 
the  following  description,  have  now  been  achieved  ac- 

30  cording  to  the  invention  by  a  method  which  is  of  the 
type  described  by  way  of  introduction  and  which  ad- 
ditionally  comprises  the  steps  recited  in  the  character- 
ising  clause  of  appended  claim  1.  Preferred  variants 
of  the  method  according  to  the  invention  are  recited 

35  in  appended  claims  2  and  3. 
The  objects  of  the  invention  are  also  achieved  by 

means  of  a  container  as  recited  in  appended  claim  4. 
The  effect  aimed  at  in  the  invention  is  achieved 

by  selectively  controlled  stretching  (elongation)  of  the 
40  material  when  forming  the  blank  or  preform  into  a  con- 

tainer,  which  means  that  the  temperature  of  the  ma- 
terial  of  the  blank  immediately  before  the  expansion 
of  the  blank  into  the  container  is  conformed  to  the  de- 
sired  stretching  (elongation)  of  the  material.  Accord- 

45  ing  to  the  invention,  this  is  achieved  by  adjusting  the 
temperature  of  the  different  portions  of  the  blank  ma- 
terial  such  that  the  shoulder  of  the  container  or  bottle 
during  the  expansion  is  formed  substantially  only  of 
material  which  in  the  blank  is  located  at  the  upper  con- 

50  ical  part  of  the  blank.  In  this  manner,  the  small  expan- 
sion  of  the  material  in  the  circumferential  direction  is 
compensated  for  by  an  increased  elongation  in  the  ax- 
ial  direction  of  the  blank,  such  that  the  total  stretch  of 
the  material,  which  is  defined  as  the  relative  elonga- 

55  tion  in  one  direction  multiplied  by  the  relative  elonga- 
tion  in  the  other  direction  (biaxial  stretch),  amounts  to 
values  above  2.5.  At  such  a  value  of  the  biaxial 
stretch,  the  material  has  been  given  sufficient  orien- 
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tation  to  eliminate  the  tendency  of  the  stretched  ma- 
terial  to  return  to  its  initial  shape. 

The  invention  will  now  be  described  in  more  detail 
in  some  non-restrictive  embodiments  with  reference 
to  the  accompanying  drawings,  in  which  Fig.  1  is  an 
axial  section  of  a  preform,  and  Fig.  2  is  an  axial  sec- 
tion  of  a  container  made  from  the  preform. 

Fig.  1  shows  a  blank,  also  termed  preform,  of  a 
substantially  amorphous  thermoplastic  material,  pre- 
ferably  PET,  having  a  mouth  portion  1  1  ,  a  substantial- 
ly  conical  portion  12  extending  from  the  mouth  por- 
tion,  a  substantially  cylindrical  portion  13,  and  a  re- 
gion  of  material  14  which,  when  forming  the  blank  10 
into  a  container  20,  forms  the  bottom  24  of  the  con- 
tainer  (see  Fig.  2).  The  blank  10  has  a  central  cavity 
33  with  a  substantially  cylindrical  upper  portion  18 
and  a  substantially  cylindrical  lower  portion  19,  whose 
circumference  is  smaller  than  that  of  the  upper  portion 
18.  The  transition  between  the  upper  and  lower  por- 
tions  18,  1  9  of  the  central  cavity  is  a  substantially  con- 
ical  transition  portion  30.  The  cylindrical  lower  portion 
19  is  closed  at  its  bottom,  which  is  bulging  outwards. 

The  blank  10  thus  serves  as  starting  material  in 
the  making  of  the  container  20,  which  especially  is  a 
reusable  bottle  for  beverages. 

The  mouth  portion  11  has  a  threaded  portion  16 
and  an  annular  gripping  portion  17.  The  material 
forming  the  mouth  portion  11  is  designated  A  in  Fig. 
1.  The  conical  portion  12  encloses  the  substantially 
cylindrical  upper  portion  18  of  the  central  cavity  of  the 
blank  10.  The  conicity  of  the  conical  portion  12results 
from  an  increase  of  the  thickness  of  this  portion  to- 
wards  the  bottom  of  the  blank  1  0.  The  material  of  the 
blank  10  forming  the  conical  portion  12  is  designated 
B  in  Fig.  1. 

The  proximal  part,  with  respect  to  the  bottom  of 
the  blank  10,  of  the  substantially  cylindrical  upper  por- 
tion  18  of  the  cavity  33  of  the  blank  10  is  defined  by 
a  wall  having  a  substantially  uniform  wall  thickness  in 
all  parts  of  the  cylindrical  portion  13  of  the  blank  10. 
The  region  of  the  substantially  cylindrical  portion  13 
of  the  blank  10  is  marked  C  in  Fig.  1. 

The  region  of  material  14,  which  after  reshaping 
of  the  blank  10  is  intended  to  constitute  the  bottom  of 
the  container  20,  has  an  increased  wall  thickness  in 
the  region  of  the  transition  portion  30  of  the  cavity  of 
the  blank  10,  and  maintains  this  wall  thickness  sub- 
stantially  throughout  the  entire  region  of  the  substan- 
tially  cylindrical  lower  portion  1  9  of  the  cavity.  The  wall 
thickness  of  the  blank  10  thereafter  decreases  in  the 
closed  bottom  of  the  blank  to  have  its  minimum  thick- 
ness  in  a  central  region  of  material  15  in  the  bottom 
of  the  blank  10.  Reference  D  indicates  the  material  of 
the  blank  10  which  in  the  resulting  container  20  is  re- 
shaped  to  form  part  of  the  bottom  of  the  container, 
while  reference  E  indicates  the  material  of  the  blank 
1  0  which  substantially  retains  its  shape  when  forming 
the  container  20. 

Fig.  2  shows  an  embodiment  of  a  container  20 
formed  by  expansion  of  the  blank  10.  In  Fig.  2,  A1,  B1, 
C1,  D1,  E1  indicate  portions  of  material  correspond- 
ing  to  the  portions  designated  A,  B,  C,  D  and  E  in  Fig. 

5  1. 
The  container  20  has  a  mouth  portion  21  ,  a  shoul- 

der  22,  a  substantially  cylindrical  central  portion  23, 
and  a  bottom  24.  The  mouth  portion  21  has  a  shape 
which  substantially  agrees  with  that  of  the  mouth  por- 

10  tion  11  of  the  blank  10. 
The  shoulder  22  is  extended  as  compared  with 

the  length  of  the  substantially  conical  portion  12  of  the 
blank  10,  the  quotient  of  the  axial  length  of  the  conical 
portion  12  of  the  blank  10  and  the  axial  length  of  the 

15  cylindrical  portion  13  of  the  blank  10  having  values  in 
the  range  0.25-0.35,  while  the  quotient  of  the  axial 
length  of  the  shoulder  22  and  the  axial  length  of  the 
cylindrical  portion  23  of  the  container  20  has  values 
in  the  range  0.60-0.80.  When  formed  into  the  contain- 

20  er  20,  the  material  is  expanded  in  the  circumferential 
direction  of  the  blank  10  in  such  a  manner  that,  in  the 
resulting  container  20,  the  material  in  the  region  clos- 
est  to  the  central  cylindrical  portion  23  of  the  container 
20  has  a  total  biaxial  stretch  in  the  range  of  about  7- 

25  15  times. 
The  material  which  in  the  shoulder  22  is  located 

adjacent  the  mouth  portion  21  of  the  container  20  will 
have,  when  forming  the  blank  1  0  into  the  container  20, 
a  total  biaxial  stretch  in  the  range  2.5-3.6,  preferably 

30  2.7-3.4.  In  the  region  between  the  shoulder  22  and  the 
closed  bottom  24  of  the  container  20,  i.e.  in  the  sub- 
stantially  cylindrical  central  portion  23  of  the  container 
20,  the  material  has  undergone,  when  forming  the 
blank  10  into  the  container  20,  a  stretch  (elongation) 

35  both  axially  and  circumferentially,  which  means  that 
the  material  will  have  a  biaxial  orientation  corre- 
sponding  to  a  total  biaxial  stretch  in  the  range  7-15 
times. 

The  closed  bottom  24  of  the  container  20  has  a 
40  central  bottom  portion  25  corresponding  to  the  central 

portion  of  material  15  at  the  bottom  of  the  blank  10, 
which  is  designated  E  in  Fig.  1  .  Further,  the  bottom  24 
consists  of  material  which  in  Fig.  1  pertains  to  the  por- 
tion  D.  The  central  bottom  portion  25  has  substantially 

45  the  same  shape  in  the  container  20  as  in  the  blank  1  0. 
However,  the  material  designated  D  in  Fig.  1  has  un- 
dergone,  when  forming  the  blank  1  0  into  the  container 
20,  a  certain  deformation  without  being  stretched  in 
this  connection  to  such  a  high  degree  as  to  impair  the 

so  capacity  of  the  material  to  withstand  shrinkage  upon 
heating.  In  Fig.  2,  reference  numeral  28  designates 
the  bearing  surface  of  the  container  20. 

The  combination  described  above  of  oriented  and 
non-oriented  material  in  the  container  20  is  achieved 

55  by  a  forming  process  which  is  controlled  to  a  great  ex- 
tent  by  the  temperature  of  the  substantially  amor- 
phous  material  in  the  blank  1  0  when  starting  the  form- 
ing  thereof  into  the  container  20.  Thus,  the  mouth  por- 

3 



5 EP  0  521  841  A1 6 

tion  21  of  the  container  20  consists  of  material  which 
has  not  undergone  any  stretching.  As  to  the  material 
in  the  bottom  24  of  the  container  20,  the  stretch  is  so 
small  that  it  is  of  minor  importance  to  the  tendency  of 
the  container  20  to  shrink  when  heated  to  the  temper- 
atures  stated  by  way  of  introduction. 

As  indicated  above,  the  remaining  parts  of  the 
container  20  consist  of  biaxially  oriented  material  ex- 
hibiting  stretch  ratios  well  above  the  limit  at  which  the 
tendency  of  the  material  to  shrink  can  be  eliminated 
by  temperature  stabilisation. 

To  attain  the  temperature  stability  aimed  at,  at 
least  the  biaxially  oriented  material  has  been  engaged 
with  hot  mould  surfaces  while  pressurising  the  interior 
of  the  container.  As  a  result,  stresses  inherent  in  the 
biaxial  material  have  been  relieved  and  generally,  a 
certain  thermal  crystallisation  has  taken  place,  and 
the  aimed-at  thermal  stability  of  the  biaxially  oriented 
material  has  been  achieved. 

To  conclude,  it  should  be  pointed  out  that  the  in- 
vention  is  by  no  means  restricted  to  the  embodiments 
described  in  the  foregoing,  but  several  modifications 
are  conceivable  within  the  scope  of  the  inventive  con- 
cept  as  recited  in  the  appended  claims.  Especially,  it 
should  be  mentioned  that  other  thermoplastic  materi- 
als  can  be  used,  provided  the  forming  of  the  blank  into 
the  container  can  be  brought  about  in  line  with  the 
method  of  the  invention.  Examples  of  such  plastic  ma- 
terials  are  polyethylene  nitrile  (PEN),  polyacrylnitrile 
(PAN)  and  polyamide  plastic  (PA).  Also,  it  should  be 
pointed  out  that  minor  deviations  from  the  ranges  stat- 
ed  in  the  foregoing  and  in  the  appended  claims  are 
conceivable  without  departing  from  the  inventive  con- 
cept. 

Claims 

of  material  which  in  the  blank  (10)  is  located  in  the 
cylindrical  portion  (13)  of  the  blank,  and  that  dur- 
ing  said  forming  the  expansion  of  the  material  in 
the  conical  portion  (12)  of  the  blank  (10)  and  of 

5  the  material  in  the  cylindrical  portion  (13)  of  the 
blank  (10)  is  selectively  controlled  in  such  a  man- 
ner  that  the  material  in  the  respective  portion  un- 
dergoes  stretching  in  the  axial  direction  of  the 
blank,  defined  by  the  quotient  of  the  axial  length 

10  of  the  conical  portion  (12)  of  the  blank  (10)  and 
the  axial  length  of  the  cylindrical  portion  (13)  of 
the  blank  (10)  having  values  in  the  approximate 
range  of  0.25-0.35,  and  by  the  quotient  of  the  ax- 
ial  length  of  the  shoulder  (22)  and  the  axial  length 

15  of  the  cylindrical  portion  (23)  of  the  container  (20) 
having  values  in  the  approximate  range  of  0.60- 
0.80. 

2.  Method  as  claimed  in  claim  1,  in  which  when 
20  forming  the  blank  (1  0)  into  the  container  (20),  the 

material  in  the  conical  portion  (12)  of  the  blank  is 
expanded  in  the  circumferential  direction,  where- 
by  the  material  is  given  a  total  biaxial  stretch 
which  in  the  region  closest  to  the  cylindrical  cen- 

25  tral  portion  (23)  of  the  container  (20)  is  in  the  ap- 
proximate  range  of  7-1  5. 

3.  Method  as  claimed  in  claim  1  or  2,  in  which  when 
forming  the  blank  (1  0)  into  the  container  (20),  the 

30  material  in  the  conical  portion  (12)  of  the  blank  is 
given  a  total  biaxial  stretch  which  in  the  region 
closest  to  the  mouth  portion  (21)  of  the  container 
(20)  is  in  the  range  of  2.5-3.6,  preferably  2.7-3.4. 

35  4.  Container,  characterised  in  that  it  is  made  in  ac- 
cordance  with  any  one  of  the  preceding  claims. 

1  .  A  method  for  making  a  container  (20),  especially 
a  bottle,  by  forming  a  blank  or  preform  (10)  of  40 
plastic,  in  particular  substantially  amorphous 
polyethylene  terephthalate  (PET),  said  blank  (10) 
comprising  a  mouth  portion  (11),  a  substantially 
conical  upper  portion  (12)  extending  from  the 
mouth  portion  (11),  and  a  substantially  cylindrical  45 
portion  (13)  extending  from  said  upper  portion 
(12)  towards  the  bottom  of  the  blank  (1  0)  and  hav- 
ing  a  substantially  uniform  wall  thickness,  said 
container  (20)  comprising  a  mouth  portion  (21),  a 
substantially  cylindrical  central  portion  (23),  and  so 
a  shoulder  (22)  connecting  the  cylindrical  portion 
(23)  and  the  mouth  portion  (21),  characterised  in 
that  when  forming  the  blank  (1  0)  into  the  contain- 
er  (20),  the  shoulder  (22)  of  the  container  (20)  is 
formed  substantially  only  of  material  which  in  the  55 
blank  (10)  is  located  in  the  conical  upper  portion 
(12)  of  the  blank  while  the  cylindrical  portion  (23) 
of  the  container  (20)  is  formed  substantially  only 
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