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Description 

The  present  invention  relates  to  articles  com- 
prising  containers,  intermediate  forms  or  parts 
thereof  having  oxygen  barrier  properties.  The  in- 
vention  further  relates  to  a  method  of  producing 
such  articles. 

Within  the  packaging  industry,  there  is  a  pro- 
gressive  change  towards  the  use  of  containers  of 
plastic  material.  This  relates  to  both  containers  for 
beverages,  including  carbonated  beverages,  and 
container  for  foods.  As  far  as  foods  are  concerned, 
there  is  an  express  desire  in  the  art  also  to  be  able 
to  employ  containers  of  plastic  material  for  the 
storage  of  preserved  foods.  In  all  of  these  fields  of 
application,  insufficient  barrier  properties  of  the 
plastic  material  -  and  in  particular  its  insufficient 
capacity  to  prevent  the  passage  or  gases,  for  ex- 
ample  oxygen,  vaporized  liquids  such  as  water 
vapor  etc  cause  the  shelf-life  and  durability  of  the 
products  stored  in  the  containers  to  be  insufficient. 

A  number  of  proposals  have  been  put  forward 
in  the  art  to  solve  the  above  problem,  but,  hitherto, 
the  proposed  techniques  have  failed  to  meet  estab- 
lished  demands  of  cost  in  combination  with  barrier 
properties  in  order  that  containers  of  plastic  ma- 
terial  may  successfully  be  employed  within  the 
above-outlined  sector.  Examples  of  solutions  pro- 
posed  in  the  art  are  laminates  in  which  two  or  more 
layers  of  plastic  material  are  employed  and  each 
layer  possesses  properties  by  which  for  instance, 
gas  penetration,  light  penetration  or  moisture  pene- 
tration  are  reduced.  Solutions  in  which,  for  exam- 
ple,  a  metal  such  as  aluminum  is  encapsulated 
between  the  plastic  materials  or,  for  instance,  forms 
the  inner  surface  of  the  container  have  also  been 
suggested  in  the  art.  Such  a  solution  is  expensive 
and  makes  it  difficult,  if  not  impossible,  to  apply 
molding  techniques  conventionally  employed  in  the 
plastic  industry.  Solutions  in  which  barrier  material 
other  than  metal  is  applied  interiorly  or  in  layers 
between  the  plastic  material  have  further  been 
proposed.  Such  solutions  suffer  from  the  drawback 
that  they  are  expensive  and,  in  addition,  reduce  the 
possibilities  of  recycling  and  reuse  of  the  material, 
unless  special  measures  are  adopted  in  conjunc- 
tion  with  the  recovery  process  to  remove  the  bar- 
rier  material  before  the  plastic  material  is  reused. 

Solutions  are  also  known  in  the  art  in  which 
plastic  materials  of  different  types  are  mixed  and 
thereafter  molded  to  form  containers  by  substan- 
tially  conventional  methods.  Thus,  for  example,  it  is 
previously  known  to  produce  containers  of  plastic 
material  in  which  the  plastic  material  consists  of  a 
mixture  of  PET  and  a  polyamide.  In  the  production 
of  such  containers  the  two  materials  are  thoroughly 
inter-mixed  in  isolation  from  the  outer  ambient  at- 
mosphere,  the  thus  mixed  material  is  fed  to  an 

injection  molding  machine  where  the  mixture  is 
melted,  and  the  molten  mixture  is  injection  molded 
to  form  a  preform  which  is  rapidly  cooled  for  the 
formation  of  amorphous  material,  whereupon  the 

5  preform,  after  heating,  is  expanded  to  form  a  con- 
tainer. 

In  the  technique  described  above  a  certain 
reduction  of  the  so-called  permeability  coefficient 
for  oxygen  will  be  achieved.  The  permeability  co- 

io  efficient  for  oxygen  is  employed  as  a  measure  of 
the  permeability  of  the  material  in  respect  of  gases. 
For  example,  for  containers  of  pure  PET  of  a 
storage  volume  of  33  cl,  a  permeability  coefficient 
for  oxygen  has  been  registered  of  the  order  of 

75  magnitude  of  between  3  and  4  when  the  containers 
are  manufactured  employing  generally  applied 
technology.  In  the  application  of  the  above  de- 
scribed  technology  a  slightly  lower  permeability 
coefficient  is  obtained  which,  nevertheless,  is  rela- 

20  tively  high  and  is  of  the  order  of  magnitude  of 
between  1  and  3,  depending  upon  the  amount  of 
admixed  polyamide.  In  practical  terms  this  implies 
a  prolongation  of  the  shelf-life  of,  for  example,  beer 
from  approximately  8  weeks  to  approximately  16 

25  weeks.  Even  though  a  prolongation  of  the  shelf-life 
to  16  weeks  may  be  of  considerable  importance,  it 
is,  nevertheless,  of  marginal  nature  in  many  fields 
of  application,  in  particular  in  applications  within  the 
food  industry. 

30  Chemical  abstracts,  Vol.  91,  1979,  no  58055s 
discloses  oxygen  absorbent  materials  having  the 
Schiff's  base  structure;  however,  there  is  no  men- 
tion  of  using  polyamides 

An  object  of  the  invention  is  to  provide  a  tech- 
35  nique  by  which  it  is  possible  to  achieve  a  still  lower 

permeability  coefficient  for  oxygen. 
The  invention  is  thus  related  to  an  article  hav- 

ing  oxygen  barrier  properties  in  accordance  with 
claim  1. 

40  Articles  of  the  type  above  present  very  high 
oxygen  barrier  properties,  i.e.  a  substantial  capacity 
to  withstand  the  passage  of  oxygen.  The  effect 
responsible  for  these  properties  and  this  capacity 
respectively  is  referred  to  as  the  "scavenger"-ef- 

45  feet.  This  will  be  described  below  with  reference  to 
such  expressions  as  "consume",  "destroy", 
"catch",  "eliminate",  "oxygen  bonding",  etc. 

Although  not  bound  by  any  theory  it  is  believed 
that  a  prerequisite  for  achieving  this  "scavenger"- 

50  effect  is  the  formation  of  an  active  metal  complex, 
which  is  only  possible  if  the  polymer  contains 
groups  and/or  atoms,  which  have  the  the  capacity 
to  coordinate  to  tie  metal  ion  and  the  polymer 
chain(s)  has  the  ability  to  occupy  a  conformation 

55  therein  the  groups  and/or  the  atoms  are  present  in 
the  correct  positions  in  relation  to  the  metal  ion. 
Another  prerequisite  is  that  the  metal  ion  is  present 
at  a  location  in  the  molecular  structure  where  for- 
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ming  of  the  complex  is  possible.  The  metal  com- 
plex  has  ligands  originating  from  groups  and/or 
atoms  present  in  the  polymer  or  formed  therefrom. 

It  is  believed  that  the  active  metal  complex 
acts  irreversibly  in  that  the  coordinating  oxygen 
molecule  is  converted  to  greatly  oxidizing  ions,  for 
example  ions  of  superoxides  or  peroxides,  which 
further  react  in  the  "organic",  plastic  phase  in 
which  they  are  present. 
irrespective  of  wether  the  theory  described  above 
is  correct  or  not,  it  may  be  noted  that  the  key 
feature  according  to  the  invention  is  the  capacity  of 
tie  polymer  composition  to  "scavenge"  oxygen  and 
as  a  consequence  thereof  its  capacity  to  provide 
improved  oxygen  barrier  properties  in  articles  pro- 
duced  from  the  polymer  composition. 

According  to  the  invention  a  "masterbatch",  i.e. 
the  second  polymer  composition  is  used  which 
prior  to  the  production  of  the  article  is  added  to 
another  polymer  or  other  polymers,  i.e.  the  first 
polymer  composition.  This  is  a  great  advantage 
since  the  possibilities  as  to  the  choice  of  material 
are  increased  and  containers  which  for  certain  rea- 
sons  are  manufactured  of  certain  plastic  materials 
may  be  given  oxygen  barrier  properties  by  a  mix- 
ture  of  a  relatively  small  amount  of  the  second 
composition  provided  of  course  that  the  compatibil- 
ity  is  not  jeopardized.  Another  advantage  according 
to  the  invention  is  that  said  second  composition 
can  be  used  for  an  optional  part  of  the  container, 
for  example  a  wall  which  is  to  have  oxygen  barrier 
properties.  When  the  container  is  formed  of  several 
layers,  at  least  one  of  the  layers  can  consist  of  or 
contain  the  polymer  composition.  In  the  case  of 
such  a  multiple  layer  structure,  it  is  often  appro- 
priate  that  such  layers  in  contact  with  or  subjected 
to  the  atmosphere  or  as  an  alternative  situated 
closest  to  the  goods  stored  in  the  container  consist 
of  or  contain  the  polymer  composition.  A  further 
advantage  is  that  little  or  no  changes  are  required 
in  the  technique  utilized  for  producing  the  con- 
tainer,  especially  for  packaging  purposes.  Further 
examples  of  the  use  of  the  polymer  composition  in 
the  production  of  containers  or  parts  or  intermedi- 
ate  forms  thereof  will  be  apparent  from  the  speci- 
fication  below..  However,  there  is  first  a  description 
of  preferred  embodiments  of  the  composition  itself. 

The  polymer  or  polymers  contained  in  the  sec- 
ond  compositon  are  polyamides  and  copolyamides 
the  latter  being  copolymers  of  polyamides  and 
other  polymers.  Both  aromatic  and  aliphatic 
polyamides  can  be  used.  A  preferred  group  of 
polyamides  are  MX  nylons.  These  are  polymers 
containing  at  last  70  mol%  of  structural  units  ob- 
tained  from  m-xylylenediamine  alone  or  a 
xylylenediamine  mixture  containing  m-xylylene-dia- 
mine  and  p-xylylenediamine  in  an  amount  of  less 
than  30  %  of  the  total  amount  and  an  a.co-aliphatic 

dicarboxylic  acid  having  6-10  carbon  atoms. 
Examples  of  these  polymers  include  the  homo- 

polymers  such  as  poly-m-xylylene  adipamide, 
poly-m-xylylene  sebacamide  and  poly-m-xylylene 

5  speramide,  copolymers  such  as  m-xylylene/p- 
xylylene  adipamide  copolymer,  m-xylylene/p- 
xylylene  pyperamide  copolymer  and  m-xylylene/p- 
xylylene  azelamide  copolymer,  and  copolymers  of 
these  homopolymer  or  copolymer  components  and 

io  aliphatic  diamines  such  as  hexamethylenediamine, 
cyclic  diamines  such  as  piperazine,  aromatic  dia- 
mines  such  as  p-bis(2-aminoethyl)benzene,  ar- 
omatic  dicarboxylic  acids  such  as  terephthalic  acid, 
lactams  such  as  e-caprolactam,  co-aminocarboxylic 

is  acids  such  as  co-amino-heptoic  acid  and  aromatic 
aminocarboxylic  acids  such  as  p-aminobenzoic 
acid. 

In  these  MX  nylons  there  may  be  incorporated 
polymers  such  as  nylon  6,  nylon  66,  nylon  610  and 

20  nylon  11.  An  especially  preferred  aromatic 
polyamide  is  the  polymer  formed  by  the  poly- 
merization  of  meta-xylylene-diamine  H2NCH2-m- 
CGm-CH2NH2  and  adipic  acid  H02C(CH2)+C02H, 
for  example  a  product  manufactured  and  sold  by 

25  Mitsubishi  Gas  Chemicals,  Japan  under  the  des- 
ignation  MXD6.  A  preferred  polyamide  of  aliphatic 
nature  is  nylon  6.6.  The  choice  of  polymer  is  not 
critical  as  long  as  there  are  groups  and/or  atoms  in 
the  polymer  which  have  the  capacity  to  contribute 

30  to  the  formation  of  the  metal  complex. 
The  metal  of  the  metal  compound  in  the  sec- 

ond  composition  is  a  transition  metal  selected  from 
the  first,  second  and  third  transition  series  of  the 
Periodic  Table,  e.g.  iron,  cobalt,  nickel,  copper, 

35  manganese  or  zinc  ;  ruthenium,  rodium,  palladium; 
and  osmium,  iridium  and  platinum. 

According  to  a  most  preferred  embodiment  of 
the  invention  which  has  proven  appropriate  for  the 
production  of  a  container  having  exceptionally  high 

40  oxygen  barrier  properties  polyamides  or 
copolyamides  are  used  together  with  ions  of  at 
least  one  of  the  metals  comprising  iron,  cobalt,  and 
nickel,  and  among  these  iron  and  cobalt  are  pre- 
ferred,  and  cobalt  is  most  preferred 

45  As  to  the  amount  of  metal  present  in  the  sec- 
ond  polymer  composition  this  amount  is  not  critical 
as  long  as  the  desired  effect  is  obtained.  One 
skilled  in  the  art  can  readily  determine  the  con- 
centration  appropriate  in  each  case,  but  in  general 

50  a  non  limiting  concentration  range  is  so  wide  as 
500-20,000  ppm  (based  on  weight).  The  lower  limit 
is  dictated  by  such  factors  as  the  attainable  barrier 
effect,  how  rapidly  this  is  intended  to  be  attained, 
which  polymer  material  or  materials  with  which  the 

55  composition  shall  be  mixed,  the  goods  to  be 
packed  in  the  container,  etc  and  the  upper  limit  is 
dictated  by  such  factors  as  economy  and  toxicity. 
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As  to  the  nature  and  the  proportion  of  the 
polymer  or  the  polymers  forming  the  first  composi- 
tion  to  be  admixed  into  the  second  polymer  com- 
position  the  following  may  be  noted.  As  to  the 
choice  of  material  the  only  requirement  to  be  met 
is  the  compatibility  of  the  materials.  In  other  words 
the  materials  must  be  compatible  both  from  a 
chemical  and  a  physical  point  of  view.  As  to  the 
rest  one  skilled  in  the  art  can  without  difficulty 
select  the  material  or  the  materials  appropriate  for 
the  purposes  intended.  However,  as  non-limiting 
examples  polyethylene,  polypropylene,  polyvinyl 
chloride,  polyethylenterephthalate  (PET), 
copolymers  thereof,  etc  may  be  mentioned.  Gen- 
erally,  but  not  necessarily,  the  polymer  which  is 
intended  to  be  admixed  in  the  second  polymer 
composition  differs  from  the  polymer  on  which  said 
polymer  composition  is  based.  The  proportions  be- 
tween  the  polymer(s)  admixed  into  the  second 
composition  and  the  second  polymer  composition 
vary  within  very  broad  limits  and  depend  on  such 
differing  factors  as  the  intended  barrier  effect,  use, 
intended  shelf-life  of  the  container,  economical  fac- 
tors,  reuse  aspects,  etc.  Thus,  the  proportions  may 
vary  widely.  As  a  general  rule  it  may  be  said  that  it 
has  proven  appropriate  to  use  a  second  polymer 
composition  which  is  relatively  concentrated  in  re- 
lation  to  the  metal  and  to  add  such  composition  in 
a  relatively  small  amount  to  the  polymer  or  the 
polymers  of  the  first  composition  selected  in  view 
of  the  factors  mentioned  above.  As  a  non-limiting 
example  is  a  mixture  comprising  PET  and  a  poly- 
mer  composition  based  on  a  polyamide  in  which 
case  the  amount  of  the  polymer  composition  is 
only  up  to  10  percent  by  weight.  In  this  case  it  is 
primarily  strength  properties  which  dictate  the 
amount  of  the  polymer  composition.  In  other  cases 
a  greater  amount  of  polymer  composition  for  ad- 
mixture  into  a  polymer  or  polymers  conventionally 
used  for  the  production  of  containers  is  permis- 
sible. 

Results  of  measurements  of  the  permeability 
coefficient  for  oxygen  in  the  case  of  containers 
produced  from  PET  and  a  polymer  composition 
based  on  nylon  6.6  in  the  proportions  of  96  %  PET 
and  4  %  of  the  polymer  composition  (having  a 
cobalt  content  of  about  5000  ppm)  have  revealed 
figures  below  the  lower  limit  of  the  registration 
capability  of  the  measurement  equipment  which 
corresponded  to  a  level  of  0.01-0.05.  These  figures 
should  be  compared  with  the  permeability  coeffi- 
cients  mentioned  previously  in  this  specification  of 
values  at  about  1-3  for  containers  produced  without 
the  polymer  composition  according  to  the  inven- 
tion.  A  plurality  of  measurements  have  shown  the 
same  tendency  for  considerably  improved  perme- 
ability  coefficients  for  oxygen. 

The  invention  also  contemplates  a  method  of 
producing  the  article  and  the  method  has  the  fea- 
tures  appearing  from  the  independent  method 
claim. 

5  In  producing  the  second  polymer  composition 
a  volatile  solvent  or  mixture  of  solvents  is  used,  in 
which  later  case  all  the  solvents  present  in  the 
mixture  need  not  be  volatile.  According  to  a  pre- 
ferred  embodiment  ethanol,  preferably  96  % 

io  ethanol  is  used  as  the  solvent. 
The  polymer  (polyamide  or  copolyamide),  pref- 

erably  in  the  form  of  granules  or  pellets,  is  refluxed 
with  a  transition  metal  compound  dissolved  or  sus- 
pended  as  a  slurry  in  a  volatile  solvent  or  mixture 

is  of  solvents  for  a  sufficient  time  period  to  form  the 
active  oxygen  consuming  component  of  the  com- 
position.  One  skilled  in  the  art  can  readily  deter- 
mine  the  length  of  the  time  period  during  which  the 
refluxing  takes  place  and  the  time  period  is  not 

20  critical  to  the  invention. 
According  to  a  preferred  embodiment  a  salt  is 

used  as  the  metal  compound,  the  salt  preferably 
comprising  halides,  especially  chlorides,  of  the 
metals  mentioned  above,  among  which  particularly 

25  iron,  cobalt  and  nickel  should  be  mentioned.  The 
choice  of  the  salt  to  be  used  depends  on  the 
solubility  thereof  in  the  solvent  or  mixture  of  sol- 
vents  and  the  time  that  it  takes  to  form  the  active 
component  is  proportionately  less  the  greater  the 

30  solubility  of  the  metal  salt  is.  The  anion  of  the 
metal  compound  can  be  inorganic,  for  example  a 
chloride,  or  organic,  for  example,  an  acetate  or 
stearate. 

The  invention  will  be  further  described  below  in 
35  detail  with  reference  to  working  examples, 

EXAMPLE  1 

500  g  nylon  6.6  ("Ultramid",  BASF)  in  the  form 
40  of  granules  were  refluxed  for  about  24  h  with  500 

ml  of  an  ethanolic  (96  %)  solution  of  cobalt  chloride 
(CoCI2«6H20)  at  a  concentration  of  0.24  g/ml.  After 
refluxing  during  said  time  period  the  granules  were 
dried  and  the  cobalt  content  was  found  to  be  7000 

45  ppm. 

EXAMPLE  2 

The  procedure  according  to  Example  1  was 
50  repeated  but  this  time  poly-meta-xylylene-ad- 

ipamide  (a  polymer  manufactured  and  sold  by  Mit- 
subishi  Gas  Chemicals  Co.,  Japan  under  the  des- 
ignation  "MXD6")  was  used  instead  of  nylon  6.6. 
The  cobalt  content  of  the  dried  granules  was  about 

55  4500  ppm  (mean  value).  By  increasing  the  con- 
centration  of  cobalt  chloride  in  the  solution  and  the 
proportion  between  the  amount  of  solution  and  the 
amount  of  polyamide,  granules  of  nylon  6.6  having 

4 
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a  cobalt  content  of  20,000  ppm  in  accordance  with 
example  1  and  in  accordance  with  Example  2  gran- 
ules  of  poly-meta-xylylene-adipamide  having  a  co- 
balt  content  of  9000  ppm  were  prepared.  Testing  of 
the  dried  granules  according  to  Examples  1  and  2 
revealed  that  the  actual  polymer  was  not  saturated 
with  metal  ions. 

EXAMPLE  3 

The  procedure  according  to  Example  2  was 
repeated  but  this  time  iron  chloride  and  nickel 
chloride  respectively  were  used  as  the  metal  com- 
pound  in  a  concentration  of  0.24  g/ml.  As  the 
polymer  "MXD6"  was  used.  By  varying  the  amount 
of  solution  in  relation  to  the  amount  of  polyamide 
granules,  various  metal  contents  were  obtained. 

EXAMPLE  4 

The  procedure  of  Example  1  was  repeated  but 
this  time  various  salts  of  metals  selected  from  the 
palladium  group  and  the  platinum  group  i.e. 
ruthenium,  rodium  and  palladium  and  osmium, 
iridium  and  platinum  respectively  were  used. 

Further  examples  of  preferred  embodiments 
will  be  described  below,  which  especially  relate  to 
preferred  techniques  according  to  the  invention  for 
manufacturing  articles  of  the  type  referred  to  above 
such  as  containers  (including  intermediates  or  parts 
thereof)  and  to  various  polymer  materials  in  apply- 
ing  such  techniques. 

Mixture  A:  98  percent  by  weight  of  PET  and  2 
percent  by  weight  of  the  polymer  composition 
according  to  Example  1  . 
Mixture  B:  96  percent  by  weight  of  PET  and  4 
%  by  weight  of  the  polymer  composition  ac- 
cording  to  Example  2. 
Mixture  C:  90  percent  by  weight  of  poly- 
propylene  and  10  percent  by  weight  of  the  com- 
position  according  to  Example  1  . 
Mixture  D:  96  percent  by  weight  of  LD-polyeth- 
ylene  and  4  percent  by  weight  of  the  composi- 
tion  according  to  Example  2. 

From  each  of  the  mixtures  described  above 
containers  and/or  parts  thereof  were  manufactured 
using  the  technique  described  below  by  way  of 
example.  For  the  sake  of  completeness  it  should 
be  mentioned  that  both  the  second  polymer  com- 
position  and  the  first  polymer  composition  intended 
to  be  mixed  therewith  were  present  in  the  form  of 
granules  and  that  they  were  subjected  to  drying 
conditions  before  feeding  for  example  into  an  injec- 
tion  molding  machine.  Said  drying  conditions  are 
such  adapted  to  the  properties  of  the  plastic  ma- 
terial  selected.  According  to  a  preferred  embodi- 
ment,  the  granules  were  dried  separately  prior  to 
being  mixed  together.  Reference  is  made  below  to 

Mixture  A,  but  experiments  have  been  made,  as 
mentioned  above,  using  mixtures  B-D  in  the  tech- 
nique  mentioned  below. 

After  having  been  dried,  for  example  at  a  tem- 
5  perature  of  100-1  40  °C  for  6-8  h,  granules,  in  a 

preferred  embodiment  comprising  PET  and  cobalt 
containing  "MXD6",  were  fed  into  an  injection 
molding  machine  where,  in  accordance  with  con- 
ventional  techniques,  they  were  melted  and  a 

io  preform  was  injection  molded  from  the  molten  ma- 
terial.  The  material  was  held  in  the  compression 
section  of  the  injection  molding  machine  at  a  tem- 
perature  within  the  range  of  between  255  and 
280  °  C,  preferably  within  the  range  of  between  260 

is  and  275  °C,  and  also  in  the  injection  nozzle  gen- 
erally  within  the  same  temperature  range,  The  ma- 
terial  of  the  preform  was  rapidly  cooled  so  as  to 
make  the  material  amorphous.  The  amorphous 
preform  was  subsequently  re-shaped  into  a  con- 

20  tainer.  In  certain  physical  applications,  this  was 
effected  by  expanding  the  preform  of  amorphous 
material  in  the  axial  direction  and/or  in  its  circum- 
ferential  direction  into  an  intermediate  preform 
which,  hence,  consisted  of  thinner  material  than  the 

25  preform  and  preferably  of  at  least  monoaxially  ori- 
ented  material.  The  intermediate  preform  was  sub- 
sequently  subjected  to  further  expansion  so  as  to 
form  the  final  shape  of  the  container.  In  other 
physical  applications,  the  preform  was  converted 

30  into  the  container  in  a  single  forming  stage. 
In  one  preferred  embodiment,  the  intermediate 

preform  was  formed  according  to  the  technique 
described  in  US  4,405,546  and  GB  2  168  315.  The 
technology  described  in  these  two  patent  specifica- 

35  tions  entails  that  the  material  in  the  walls  of  the 
preform  passes,  under  temperature  control,  through 
a  gap  by  means  of  which  the  material  thickness  is 
reduced  at  the  same  time  as  the  material  is 
stretched  in  the  axial  direction  of  the  preform. 

40  There  will  hereby  be  obtained  a  monoaxial  orienta- 
tion  of  the  material  in  the  axial  direction  of  the 
preform.  As  a  rule,  the  gap  width  is  sufficiently 
small  to  produce  material  flow  in  the  transition  zone 
between  amorphous  material  and  material  of  re- 

45  duced  wall  thickness,  i.e.  oriented  material.  A  man- 
drel  is  inserted  in  the  thus  formed  intermediate 
preform,  the  circumference  of  the  mandrel  in  its 
cross-section  being  greater  than  that  of  the  inter- 
mediate  preform,  whereby  the  intermediate  preform 

50  is  expanded  in  its  circumferential  direction.  By  this 
expansion,  there  will  be  obtained  favorably  close 
contact  between  the  material  wall  of  the  intermedi- 
ate  preform  and  the  outer  defining  surface  of  the 
mandrel.  In  experiments,  the  mandrel  had  a  surface 

55  temperature  in  excess  of  90  °  C,  preferably  exceed- 
ing  150°C,  which  caused  the  oriented  material  to 
undergo  shrinkage  in  the  axial  direction  of  the 
preform,  In  experiments,  it  surprisingly  proved  pos- 

5 
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sible  to  carry  out  material  shrinkage  within  a  very 
wide  temperature  range,  namely  between  90  and 
245  °  C,  As  a  result  of  heat  treatment,  the  material 
also  obtained  a  thermal  crystallization  in  addition  to 
the  crystallization  which  occurred  through  the  ori- 
entation  of  the  material.  Appropriately,  the  expand- 
ed  and  axially  shrunk  intermediate  preform  was 
thereafter  trimmed  so  as  to  form  a  uniform  edge  at 
its  discharge  opening  and  in  addition  the  mouth 
was  reshaped  as  necessary  to  become  adapted  to 
a  closure  or  seal. 

In  one  further  embodiment,  a  preform  was  pre- 
pared  with  the  use  of  a  so  called  multi-layer  injec- 
tion  molding  machine,  i.e.  an  injection  molding 
machine  having  a  multi  layer  nozzle,  the  flow  deliv- 
ered  by  the  nozzle  comprising  PET  and  the  poly- 
mer  composition  in  accordance  with  Example  1 
above.  A  preform  was  prepared  by  means  of  said 
machine,  the  preform  having  a  circular  cross  sec- 
tion  and  a  closed  bottom.  The  outside  layer  of  the 
preform  consisted  of  PET  and  the  inside  layer 
thereof  consisted  of  the  composition  according  to 
Example  1  . 

In  a  further  embodiment  granules  comprising 
mixture  B  above  were  fed,  after  drying,  into  an 
injection  molding  machine  of  conventional  type  to 
form  a  container  in  one  single  step. 

Certain  preferred  embodiments  have  been  de- 
scribed  above  concerning  the  application  of  the 
present  invention,  i.e.  in  manufacturing  containers, 
especially  for  packaging  purposes,  including  em- 
bodiments  where  multi  layer  structures  have  been 
used.  However,  the  invention  is  not  limited  to  these 
embodiments  but  it  is  within  the  competence  of 
one  skilled  in  the  art  to  apply  any  techniques 
previously  known  for  manufacturing  containers  of 
the  type  in  question. 

Containers  manufactured  from  the  mixtures  A- 
D  above  exhibited  permeability  coefficients  for  oxy- 
gen  of  between  0.1  and  0.01.  Thus,  these  contain- 
ers  are  especially  well  suited  to  those  cases  where 
the  contents  of  the  container  require  high  oxygen 
barrier  properties. 

In  summary,  according  to  one  aspect  of  the 
invention,  a  master  batch  is  provided,  which  after 
admixture  with  conventional  polymers  and  after 
shaping  to  containers,  intermediate  forms  or  parts 
thereof  provides  improved  oxygen  barrier  prop- 
erties  therefor  corresponding  to  a  factor  of  im- 
provement  exceeding  100.  This  represents  a  great 
progress  within  the  packaging  field. 

Throughout  the  specification  and  claims  "inter- 
mediate  forms"  means  preforms  and/or  intermedi- 
ate  preforms  of  containers,  said  preforms  being 
moldable  to  form  containers.  "Parts  thereof"  means 
for  example  a  wall  of  a  preform,  a  wall  of  a  con- 
tainer,  a  mouth  part,  a  layer  or  layers  of  a  con- 
tainer,  such  as  the  inner  and  outer  layers  of  a 

multilayer  container  or  those  of  a  preform,  etc. 

Claims 

5  1.  An  article  having  oxygen  barrier  properties 
comprising  at  least  partly  a  moulded  polymer 
composition  formed  by  melting  granules  of 
said  composition  and  moulding  the  melted 
composition  to  produce  the  article,  said  com- 

io  position  comprising  a  granular  mixture  of  (1)  a 
first  polymer  composition  providing  strength 
for  the  article,  and  (2)  a  second  polymer  com- 
position  compatible  with  said  first  polymer 
composition  and  obtainable  by  reacting  a 

is  polyamide  or  copolyamide  with  a  solution  of  a 
transition  metal  compound  in  a  volatile  solvent 
under  refluxing  conditions,  wherein  the  amount 
of  metal  in  said  second  polymer  composition  is 
at  least  500  ppm  (based  on  weight). 

20 
2.  An  article  as  claimed  in  claim  1,  wherein  the 

polymer  of  the  first  polymer  composition  is 
polyethylenterephthalate. 

25  3.  A  method  of  producing  an  article  having  oxy- 
gen  barrier  properties,  comprising  forming  a 
granular  mixture  of  (1)  a  first  polymer  composi- 
tion  providing  strength  for  the  article,  and  (2)  a 
second  polymer  composition  compatible  with 

30  said  first  polymer  composition  and  obtainable 
by  reacting  a  polyamide  or  copolyamide  with  a 
solution  of  a  transition  metal  compound  in  a 
volatile  solvent  under  refluxing  conditions, 
wherein  the  amount  of  metal  in  said  second 

35  polymer  composition  is  at  least  500  ppm 
(based  on  weight)  and  moulding  the  granular 
mixture  to  form  the  article. 

4.  A  method  as  claimed  in  claim  3,  wherein  said 
40  metal  of  the  metal  compound  is  iron,  cobalt, 

nickel,  platinum  metals,  palladium  metals,  cop- 
per  or  manganese. 

Patentanspruche 
45 

1.  Gegenstand  mit  Sauerstoffsperreigenschaften 
mit  mindestens  teilweise  einer  geformten  Poly- 
merzusammensetzung,  gebildet  durch  Schmel- 
zen  von  Granulaten  dieser  Zusammensetzung 

50  und  Formen  der  geschmolzenen  Zusammen- 
setzung  unter  Bildung  des  Gegenstandes,  wo- 
bei  die  Zusammensetzung  ein  granulares  Ge- 
misch  aus  (1)  einer  ersten  Polymerzusammen- 
setzung  fur  die  Festigkeit  des  Gegenstandes 

55  und  (2)  einer  zweiten  mit  der  ersten  Polymer- 
zusammensetzung  vertraglichen  Polymerzu- 
sammensetzung,  erhaltlich  durch  Umsetzung 
eines  Polyamids  oder  Copolyamids  mit  einer 

6 
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Losung  einer  Ubergangsmetallverbindung  in 
einem  fluchtigen  Losemittel  unter  RuckschluB- 
bedingungen,  umfaBt,  und  wobei  die  Menge 
des  Metalls  in  der  zweiten  Polymerzusammen- 
setzung  mindestens  500  ppm  (bezogen  auf  5 
Gewicht)  betragt. 

2.  Gegenstand  nach  Anspruch  1,  bei  dem  das 
Polymer  der  ersten  Polymerzusammensetzung 
Polyethylenterephthalat  ist.  10 

3.  Verfahren  zur  Herstellung  eines  Gegenstandes 
mit  Sauerstoffsperreigenschaften,  bei  dem  man 
ein  granulares  Gemisch  (1)  einer  ersten  Poly- 
merzusammensetzung  fur  die  Festigkeit  des  is 
Gegenstandes  und  (2)  einer  zweiten  mit  der 
ersten  Polymerzusammensetzung  vertragli- 
chen  Polymerzusammensetzung,  erhaltlich 
durch  Umsetzung  eines  Polyamids  oder  Copo- 
lyamids  mit  einer  Losung  einer  Ubergangsme-  20 
tall-Verbindung  in  einem  fluchtigen  Losemittel 
unter  RuckfluBbedingungen,  bildet,  wobei  die 
Menge  des  Metalls  in  der  zweiten  Polymerzu- 
sammensetzung  mindestens  500  ppm  (bezo- 
gen  auf  Gewicht)  betragt,  und  das  granulare  25 
Gemisch  unter  Ausbildung  des  Gegenstandes 
geformt  wird. 

Procede  pour  produire  un  article  ayant  des 
proprietes  de  barriere  a  I'oxygene  comprenant 
la  formation  d'un  melange  granulaire  de  (1) 
une  premiere  composition  de  polymere  don- 
nant  la  resistance  a  I'article  et  (2)  une  seconde 
composition  de  polymere  compatible  avec  la- 
dite  premiere  composition  de  polymere  et  ob- 
tenue  en  faisant  reagir  un  polyamide  ou  copo- 
lyamide  avec  une  solution  d'un  compose  de 
metal  de  transition  dans  un  solvant  volatil  dans 
les  conditions  de  reflux,  la  quantite  du  metal 
dans  ladite  seconde  composition  de  polymere 
etant  d'au  moins  500  ppm  (en  poids)  et  en 
moulant  le  melange  granulaire  pour  former  I'ar- 
ticle. 

Procede  selon  la  revendication  3,  dans  lequel 
ledit  metal  du  compose  metallique  est  le  fer,  le 
cobalt,  le  nickel,  un  metal  du  groupe  de  plati- 
ne,  un  metal  du  groupe  du  palladium,  le  cuivre 
ou  le  manganese. 

Verfahren  nach  Anspruch  3,  bei  dem  das  Me- 
tall  in  der  Metallverbindung  Eisen,  Cobalt,  Nik- 
kei,  ein  Platinmetall  oder  mehrere,  ein  Palladi- 
ummetall  oder  mehrere,  Kupfer  oder  Mangan 
ist. 

30 

Revendicatlons 35 

Article  ayant  des  proprietes  de  barriere  a  I'oxy- 
gene  comprenant  au  moins  en  partie  une  com- 
position  de  polymere  moulee,  forme  en  faisant 
fondre  des  granules  de  ladite  composition  et  40 
en  moulant  la  composition  fondue  pour  produi- 
re  I'article,  ladite  composition  comprenant  un 
melange  granulaire  de  (1)  une  premiere  com- 
position  de  polymere  donnant  la  resistance  a 
I'article  et  (2)  une  seconde  composition  de  45 
polymere  compatible  avec  ladite  premiere 
composition  de  polymere  et  obtenue  en  faisant 
reagir  un  polyamide  ou  copolyamide  avec  une 
solution  d'un  compose  de  metal  de  transition 
dans  un  solvant  volatil  dans  les  conditions  de  so 
reflux,  la  quantite  du  metal  dans  ladite  seconde 
composition  de  polymere  etant  d'au  moins  500 
ppm  (en  poids). 

2.  Article  selon  la  revendication  1,  dans  lequel  le 
polymere  de  la  premiere  composition  de  poly- 
mere  est  le  polyterephtalate  d'ethylene. 

55 
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