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©  Compostable  disposable  films. 
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©  Layered  film,  and  same  comprised  in  disposable 
personal  care  articles,  such  as  diapers,  can  be  ren- 
dered  compostable  by  utilizing  a  backsheet  compris- 
ing  a  layered  film  material  which  is  water-resistant 
for  a  period  of  time  sufficient  to  prevent  wetting  of 
the  user's  skin,  yet  which  breaks  down  in  a  com- 
posting  environment.  Layered  film  materials  suitable 
for  this  purpose  include  films  having  a  polyvinyl 
alcohol  base  layer,  an  outer  coating  of  e.g.  poly- 
vinylidene  chloride  which  is  adhered  to  the  polyvinyl 
alcohol  base  layer  with  an  intermediate  primer  ma- 
terial  layer.  Suitable  primer  materials  include  cross- 
linked  polyesters  or  polyurethanes. 
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The  present  invention  relates  to  compostable 
films  and  disposable  personal  care  articles,  com- 
prising  compostable  films. 

Disposable  personal  care  articles,  such  as  dis- 
posable  diapers,  utilize  a  variety  of  materials,  in- 
cluding  an  absorbent  core  material  for  absorbing 
and  retaining  targeted  body  fluids,  such  as  urine,  a 
liner  material  which  contacts  the  body  of  the  user 
and  permits  transfer  to  the  absorbent  core  material 
of  the  body  fluids  to  be  absorbed,  and  a  backsheet 
which  prevents  leakage  and  confines  the  absorbed 
body  fluids  within  the  article.  The  function  of  the 
backsheet  requires  materials  which  can  withstand 
fluid  insults  during  normal  use  of  the  articles.  A 
typical  diaper  backsheet  material  is  polyethylene, 
which  is  an  economical  waterproof  material  which 
functions  very  well  for  its  intended  purpose. 

However,  increasing  emphasis  today  is  being 
placed  on  making  products  which  are  more  envi- 
ronmentally  friendly.  Biodegradable,  flushable, 
compostable,  or  otherwise  recoverable  materials 
are  being  sought  as  replacements  for  conventional 
materials.  In  the  case  of  products  such  as  dispos- 
able  diapers,  finding  a  backsheet  material  to  re- 
place  polyethylene  could  be  environmentally  ad- 
vantageous  if  such  a  material  would  render  the 
diaper  compostable  without  sacrificing  the  aqueous 
barrier  properties  required  of  the  material  in  use. 
It  is  therefore  the  object  of  the  present  invention  to 
provide  films  and  care  articles  without  the  above 
mentioned  drawbacks.  This  object  is  solved  by  the 
films  and  care  articles  according  to  independent 
claims  1,  8  and  9  and  the  method  of  producing 
same  according  to  independent  claim  13.  Further 
advantageous  features,  aspects  and  details  of  the 
invention  are  evident  from  the  dependent  claims, 
the  description  and  the  examples.  The  claims  are 
to  be  understood  as  a  first  non-limiting  approach  of 
defining  the  invention  in  general  terms. 
According  to  the  invention,  there  are  provided  com- 
postable  personal  care  articles  having  a  functionally 
waterproof  backsheet  without  significant,  if  any, 
loss  in  performance  which  can  be  made  with  a 
backsheet  comprising  a  layered  film  material  which 
is  waterproof  for  a  time  sufficiently  long  to  perform 
its  intended  purpose,  but  which  disassociates  and 
degrades  when  subjected  to  composting  condi- 
tions. 
Accordingly,  in  one  aspect  the  invention  resides  in 
a  compostable  layered  film  comprising  a  base  lay- 
er  of  polyvinyl  alcohol  and  an  outer  layer  of  a 
water-resistant  material,  such  as  hereinafter  de- 
scribed,  which  is  sufficiently  adhered  to  the  poly- 
vinyl  alcohol  layer  to  provide  adequate  integrity  for 
its  intended  purpose.  A  coating  or  layer  of  a  primer 
material  on  the  surface  of  the  polyvinyl  alcohol 
base  layer  is  necessary  to  provide  sufficient  adhe- 
sion  of  the  water-resistant  materials  to  the  polyvinyl 

alcohol  base  layer.  Preferred  are  embodiments 
where  the  water-resistant  layer  is  polyvinylidene 
chloride. 

In  another  aspect,  the  invention  resides  in  a 
5  disposable  personal  care  article  suitable  for  com- 

posting  comprising  a  body-side  liner,  a  layered 
backsheet,  and  an  absorbent  core  sandwiched  be- 
tween  the  liner  and  the  backsheet,  wherein  the 
layered  backsheet  comprises  a  base  layer  or  film 

io  of  polyvinyl  alcohol  having  a  water-resistant  layer 
disposed  on  the  surface  of  the  backsheet  facing  or 
in  contact  with  the  absorbent  core  and  adhered  to 
the  polyvinyl  alcohol  film  sufficiently  by  means  of  a 
primer  material  to  pass  the  Adhesion  Test 

75  (hereinafter  defined).  Preferably  the  water-resistant 
coating  or  layer  is  on  both  sides  of  the  polyvinyl 
alcohol  base  layer.  A  suitable  means  for  providing 
adequate  adhesion  is  the  addition  of  a  layer  of  a 
primer  material  to  the  polyvinyl  alcohol  film.  A 

20  water-resistent  layer  of  polyvinylidene  chloride  ad- 
hered  with  a  primer  to  at  least  one  side  of  the 
polyvinyl  alcohol  layer  is  preferred. 

Disposable  personal  care  articles  within  the 
scope  of  this  invention  include  disposable  diapers, 

25  feminine  pads,  incontinence  garments,  training 
pants,  and  the  like.  Such  articles  having  a  back- 
sheet,  an  absorbent  core  and  a  body-side  liner  are 
common  commercial  products  well  known  in  the 
art.  The  specific  product  constructions  do  not  form 

30  a  part  of  this  invention  other  than  to  the  extent  that 
they  have  the  three  elements  set  forth  herein. 

The  polyvinyl  alcohol  (PVOH)  film  or  base  lay- 
er  useful  for  purposes  herein  must  have  sufficient 
strength  properties  to  perform  the  intended  function 

35  of  the  layered  film  of  this  invention.  Suitable  char- 
acteristics  include:  a  tensile  strength  of  at  least 
about  500  grams  per  2.54  cm  (about  500  grams 
per  inch)  of  width  in  both  the  cross-machine  direc- 
tion  (CD)  and  the  machine  direction  (MD)  orienta- 

40  tion,  preferably  at  least  about  700  grams,  and  more 
preferably  from  about  700  to  about  3000  grams;  an 
elongation-at-break,  as  measured  by  ASTM  test  D 
882,  of  at  least  about  25  percent,  preferably  from 
about  25  to  about  200  percent;  and  a  minimum  dart 

45  impact  strength,  as  measured  by  ASTM  test  meth- 
od  D  1709-85,  Method  A,  of  about  40  grams  or 
greater,  preferably  about  60  grams  or  greater.  In 
general,  a  preferred  polyvinyl  alcohol  resin  for  mak- 
ing  films  for  use  in  accordance  with  this  invention 

50  has  a  relatively  high  molecular  weight  in  order  to 
obtain  better  sheet  formation.  Such  resins  also 
preferably  contain  a  plasticizer,  such  as  glycerin,  to 
provide  a  more  flexible,  less  brittle  film.  The  thick- 
ness  of  the  PVOH  film  can  be  from  about  12.7  to 

55  about  76.2  urn  (about  0.5  to  about  3  mils),  prefer- 
ably  the  thickness  is  about  25.4  urn  (about  1  mil  ( 
0.001  inch)).  Suitable  commercially  available  PVOH 
film  materials  include  solution  cast  PVOH  film 

2 
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made  by  Mono-Sol  Inc.,  Gary,  Indiana  and  film 
from  melt-processable  extruded  PVOH  resin  made 
by  Air  Products,  Inc.,  Allentown,  Pennsylvania, 
such  as  Vinex  2034  resin  or  modifications  thereof. 

The  water-resistant  coating  or  layer  must  be 
pin  hole-free,  crack  and  abrasion  resistant,  and 
able  to  form  a  moisture  barrier  on  the  PVOH  film  or 
layer.  It  can  be  applied  to  the  PVOH  film  from 
solutions  or  dispersions  (suspensions),  such  as  by 
printing.  The  thickness  of  the  water-resistant  coat- 
ing  can  be  from  about  1.27  to  about  25.4  urn 
(about  0.05  mil  to  about  1  mil),  preferably  from 
about  2.54  to  about  12.7  urn  (about  0.1  to  about 
0.5  mil).  Any  liquid  and  moisture  barrier  coating  for 
film  application  with  acceptable  performance  prop- 
erties  can  be  used,  including  polyvinylidene  chlo- 
ride,  polyvinyl  chloride,  polyvinyl  dichloride,  poly- 
ethylene,  cellulose  nitrate,  ethylene  acrylic  acid, 
and  ethylene  vinyl  alcohol,  including  combinations 
and  copolymers  thereof.  Copolymers  may  possess 
less  crystallinity  and  thus  be  less  stiff  or  more 
flexible  and  easy  to  dissolve,  which  can  enhance 
their  processability.  Preferred  water-resistant  coat- 
ings  are  the  saran-type  polyvinylidene  chlorides 
such  as  F-239,  F-278  and  F-310,  available  from 
Dow  Chemical  Company,  Midland,  Michigan. 

The  primer  film  or  coating  must  have  suitable 
adhesion  to  the  PVOH  film  or  base  layer  and  to  the 
water-resistant  layer  as  measured  by  the  Adhesion 
Test.  The  primer  film  should  also  be  crack  resistant 
and  preferably  be  biodegradable.  Preferable  ma- 
terials  to  be  used  to  make  the  primer  film  or 
coating  include  crosslinkable  polyurethanes  or 
crosslinkable  polyesters,  including  aliphatic  polyes- 
ters  such  as  polycaprolactone,  which  have  the  ap- 
propriate  surface  energy  characteristics  to  adhere 
to  the  polyvinyl  alcohol  substrate  when  formed  into 
a  coating  or  layer.  Commercially  available  primer 
materials  include  Adcote  710  polyester  from  Mor- 
ton  International,  Chicago,  Illinois,  or  Bostik  7650 
polyurethane,  a  crosslinkable  polyester  which  can 
be  cross-linked  using  an  isocyanate  crosslinking 
agent,  from  Bertek,  Inc.,  St.  Albans,  Vermont.  The 
primer  material  can  be  applied  by  coating  from 
solution  with  subsequent  drying  and  curing  steps  to 
yield  as  close  to  a  monomolecular  layer  as  possi- 
ble.  Suitable  means  include  gravure,  flexographic, 
lithographic,  spray,  or  extrusion  coating  methods. 
The  thickness  of  the  primer  coating  can  be  mini- 
mal,  provided  it  is  continuous,  preferably  from 
about  1.27  to  about  2.54  urn  (about  0.05  to  about 
0.1  mil). 

The  Adhesion  Test  is  a  measure  of  the  degree 
of  adhesion  between  the  polyvinyl  alcohol  film  and 
the  water-resistant  layer.  In  order  to  have  suitable 
adhesion  to  pass  the  Adhesion  Test,  there  must  be 
sufficient  adhesion  to  retain  integrity  during  use.  In 
particular,  the  Adhesion  Test  is  determined  by  ap- 

plying  standard  Scotch  Brand  #610  tape  to  the 
water  repellant  coating  and  peeling  the  tape  off 
rapidly  to  determine  if  any  separation  of  the  coat- 
ing  has  taken  place.  The  Adhesion  Test  method 

5  used  to  determine  if  the  coating/primer  has  the 
necessary  bond  strength  to  the  base  PVOH  film  is 
a  modified  ASTM  D3330-90  standard  test  using 
Method  A.  Samples  are  prepared  according  to  the 
procedure,  using  the  following  modifications:  a 

io  Scotch  Brand  #610  test  tape  available  from  3M 
Company,  St.  Paul,  Minnesota,  a  test  specimen  of 
coated  film  10.16  cm  by  15.24  cm  (four  inches  by 
six  inches)  where  the  longer  dimension  is  the  ma- 
chine  direction  of  the  film,  and  no  test  panel.  The 

is  test  procedure  is  modified  to  have  a  piece  of  test 
tape  cut  75  mm  long  and  19  mm  wide  with  a  kraft 
paper  leader  strip  attached  to  one  end  of  the  test 
tape  with  about  25  mm  of  the  kraft  paper  in  contact 
with  the  test  tape.  The  exposed  50  mm  of  test  tape 

20  is  placed  on  the  coated  surface  of  the  test  sample, 
the  test  tape  being  centered  on  the  sample  with  the 
longer  edge  of  the  test  tape  parallel  to  the  machine 
direction  (longer  dimension)  of  the  sample.  The 
test  tape  is  rolled  down  according  to  ASTM  D3330- 

25  90.  A  high-speed  peel  separation  rate  of  6.1  m/min 
(240  in./min.)  is  used  to  determine  if  any  delamina- 
tion  occurs  between  the  coating  and  the  PVOH 
film.  The  test  method  is  a  pass/fail  procedure  and 
does  not  measure  a  peel  force.  Tests  should  be 

30  performed  to  determine  adequate  bonding  in  both 
in  the  machine  and  cross  machine  directions.  If 
there  is  any  separation,  the  coating  fails  the  test.  If 
there  is  no  separation,  the  coating  passes  the  test. 

35  Examples 

Comparative  Example:  (Polyvinylidene  Chlo- 
ride/PVOH) 

40  A  composite  film  of  polyvinylidene  chloride  and 
PVOH  was  prepared  by  using  a  25.4  urn  (one  mil) 
solution  cast  PVOH  base  film  from  Specialty  Pro- 
ducts  (McAdoo,  Pennsylvania),  and  a  Dow  F-310 
saran  by  coating  through  an  MEK  (methylethyl 

45  ketone)  solution  using  a  gravure  cylinder  on  a 
commercial  coating  line  to  give  an  approx.  2.54  urn 
(approximate  .1  mil)  coating.  The  coating  was  dried 
in  an  in-line  hot  air  oven  at  37.8  to  48.9  °C  (100- 
120°F)  for  about  twenty  seconds.  The  composite 

50  film  was  allowed  to  cool  to  ambient  and  samples 
were  then  taken  for  coating  adhesion  testing.  The 
composite  film  was  subjected  to  the  Adhesion  Test 
as  described  above  and  failed. 

55  Example  1  :  (Polyvinylidene  Chloride/Primer/PVOH) 

A  composite  film  consisting  of  a  PVOH  base,  a 
tie  coating  of  a  cross-linked  polyurethane  primer, 

3 
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and  a  top  coat  of  polyvinylidene  chloride  was  pre- 
pared  by  using  a  25.4  urn  (1  mil)  solution  cast 
PVOH  base  film  from  Specialty  Products  and  first 
coating  it  with  a  primer  consisting  of  a  Bostik  7650 
crosslinked  polyurethane  made  by  mixing  Bostik 
7650  and  1  percent  Boscodure  22  isocyanate,  with 
an  MEK/toluene  mix  as  a  solvent,  and  applying  it  to 
the  base  PVOH  film  by  a  gravure  cylinder  and  then 
drying  it  in  an  in-line,  hot  air  oven  at  37.8  to  48.9 
•C  (100-1  20  •F)  for  about  twenty  seconds.  Film 
material  was  then  wound  up  on  a  roll.  Subse- 
quently,  the  saran  (polyvinylidene  chloride)  coating 
was  applied  to  the  primer-coated  film  in  the  same 
manner  described  above  yielding  a  polyvinylidene 
chloride/primer/PVOH  composite.  The  composite 
film  was  subjected  to  the  Adhesion  Test  as  de- 
scribed  above  and  passed. 

Example  2:  (Composting) 

The  foregoing  sample  films  were  subjected  to 
composting  conditions  to  determine  their  com- 
postability.  More  specifically,  the  composite  film 
produced  in  Example  2  was  subjected  to  a  dispos- 
able  diaper  manufacturing  process  and  as  a  result 
several  products  were  produced.  Representative 
products  were  then  placed  into  a  commercial  in- 
vessel  composting  process  in  St.  Cloud,  Minnesota 
at  Recomp,  Inc.  for  composting.  The  samples  were 
put  inside  a  heavy  gauge  mesh  polyester  bag  of 
about  1.3  cm  (about  one-half  inch)  mesh  which 
permits  moisture  and  compost  to  mix  with  the 
sample  and  allow  for  easy  identification.  Product 
samples  were  recovered  following  three  days  of  in- 
vessel  composting  and  analyzed  for  degradation. 
Results  showed  approximately  80  percent  total 
degradation  of  the  composite  film  after  this  rela- 
tively  short  duration.  Composting  conditions  were 
typical  for  mixed  municipal  solid  waste  commercial 
composting  operations. 

It  will  be  appreciated  that  the  foregoing  exam- 
ples,  given  for  purposes  of  illustration,  are  not  to  be 
construed  as  limiting  the  scope  of  this  invention, 
which  is  defined  by  the  following  claims  and  all 
equivalents  thereto. 

Claims 

1.  A  compostable  layered  film  comprising  a  base 
layer  of  polyvinyl  alcohol  and  an  outer  layer  of 
a  water-resistant  material  selected  from  the 
group  consisting  of  polyvinylidene  chloride, 
polyvinyl  chloride,  polyvinyl  dichloride,  cellu- 
lose  nitrate,  polyethylene,  ethylene  acrylic 
acid,  ethylene  vinyl  alcohol,  and  combinations 
and  copolymers  thereof,  and  an  intermediate 
layer  of  a  primer  material,  wherein  the  water- 
resistant  layer  is  sufficiently  adhered  to  the 

base  layer  to  pass  the  Adhesion  Test. 

2.  The  film  of  Claim  1  wherein  the  outer  layer  is 
polyvinylidene  chloride. 

5 
3.  The  film  of  Claim  1  or  2  wherein  the  intermedi- 

ate  layer  of  primer  material  is  selected  from 
the  group  consisting  of  crosslinked  polyester 
and  cross-linked  polyurethane. 

10 
4.  The  film  of  one  of  the  preceding  claims 

wherein  the  thickness  of  the  outer  layer  of 
water-resistant  material  is  from  .27  to  25.4  urn 
(0.05  mil  to  1  mil),  preferably  2.54  to  12.77  urn 

15  (0.1  mil  to  0.5  mil). 

5.  The  film  of  one  of  the  preceding  Claims 
wherein  the  polyvinyl  alcohol  base  layer  is 
coated  on  both  sides  with  a  layer  of  maleic 

20  anhydride-grafted  polyethylene. 

6.  A  compostable  layered  film  comprising  a  base 
layer  of  polyvinyl  alcohol  having  a  thickness  of 
from  12.7  to  76.2  urn  (0.5  mil  to  3  mils),  an 

25  outer  water-resistant  layer  of  polyvinylidene 
chloride  having  a  thickness  of  from  2.54  to 
12.7  urn  (0.1  mil  to  0.5  mil),  and  an  intermedi- 
ate  layer  of  a  crosslinked  polyurethane  primer 
having  a  thickness  of  from  1.27  to  2.54  urn 

30  (0.05  mil  to  0.1  mil),  wherein  the  polyvinylidene 
chloride  layer  is  sufficiently  adhered  to  the 
polyvinyl  alcohol  layer  to  pass  the  Adhesion 
Test. 

35  7.  A  disposable  personal  care  article  suitable  for 
composting  comprising  a  body-side  liner,  a 
backsheet,  and  an  absorbent  core  sandwiched 
in  between  the  liner  and  the  backsheet, 
wherein  the  backsheet  comprises  a  layered 

40  film  having  a  base  layer  of  polyvinyl  alcohol,  a 
layer  of  a  water-resistant  material  disposed  on 
the  surface  of  the  backsheet  facing  or  in  con- 
tact  with  the  absorbent  core,  and  an  intermedi- 
ate  layer  of  a  primer  material  said  layer  of 

45  water-resistant  material  being  adhered  to  the 
polyvinyl  alcohol  layer  sufficiently  to  pass  the 
Adhesion  Test  and  selected  from  the  group 
consisting  of  polyvinylidene  chloride,  polyvinyl 
chloride,  polyvinyl  dichloride,  cellulose  nitrate, 

50  polyethylene,  ethylene  acrylic  acid,  ethylene 
vinyl  alcohol,  and  combinations  and 
copolymers  thereof. 

8.  The  article  of  Claim  7  wherein  the  water-resis- 
55  tant  layer  of  the  backsheet  is  polyvinylidene 

chloride. 

4 
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9.  The  article  of  one  of  Claims  7  or  8  wherein  the 
intermediate  layer  of  a  primer  material  is  se- 
lected  from  the  group  consisting  of  crosslinked 
polyesters  and  cross-linked  polyurethanes. 

10.  The  article  of  one  of  Claims  7  to  9  wherein  the 
thickness  of  the  water  resistant  layer  of  the 
backsheet  is  from  1  .27  to  25.4  urn  (0.05  mil  to 
1  mil),  preferably  2.54  to  12.7  urn. 

10 
11.  The  article  of  one  of  Claims  7  to  10  wherein 

the  backsheet  comprises  a  three-layered  film 
having  a  base  layer  of  polyvinyl  alcohol  and 
two  outer  layers  of  maleic  anhydride-grafted 
polyethylene.  is 

12.  A  disposable  personal  care  article  suitable  for 
composting  comprising  a  body-side  liner,  a 
backsheet,  and  an  absorbent  core  sandwiched 
between  the  liner  and  the  backsheet,  wherein  20 
the  backsheet  comprises  a  layered  film  having 
a  base  layer  of  polyvinyl  alcohol  having  a 
thickness  of  from  12.7  to  76.2  urn  (0.5  mil  to  3 
mils),  a  water-resistant  outer  layer  of  poly- 
vinylidene  chloride  facing  or  in  contact  with  the  25 
adsorbent  core  and  having  a  thickness  of  from 
2.54  to  12.7  urn  (0.1  mil  to  0.5  mil),  and  an 
intermediate  layer  of  a  crosslinked  polyure- 
thane  primer  having  a  thickness  of  from  1  .27  to 
2.54  urn  (0.05  mil  to  0.1  mil),  said  layer  of  30 
polyvinylidene  chloride  being  adhered  to  the 
polyvinyl  alcohol  layer  sufficiently  to  pass  the 
Adhesion  Test. 

13.  A  method  for  making  a  compostable  film  com-  35 
prising: 

(a)  coating  a  polyvinyl  alcohol  film  with  a 
primer  material; 
(b)  drying  the  coated  film  to  form  a  two- 
layered  film;  40 
(c)  coating  the  primer  material  with  a  layer 
of  polyvinylidene  chloride;  and 
(d)  drying  the  resulting  layered  film. 

14.  The  method  of  claim  13  wherein  the  coating  of  45 
primer  material  is  applied  by  gravure  printing. 

15.  The  method  of  claim  13  or  14,  wherein  the 
primer  material  is  selected  from  the  group 
consisting  of  crosslinked  polyurethane  and  50 
crosslinked  polyester. 
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