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DISPOSABLE ABSORBENT ARTICLES
WITH BIODEGRADABLE BACKSHEETS

IECHNJCAL FJELD

1 , The present i{nventifon relates to disposable absorbent
articles such as diapers, sanitary napkins, pantiliners, and the
Jike, which are especially adapted for absorbing various bodily
fluids. The articles herein comprise topsheet and/or backsheet
5 materials that are designed to enhance their biodegradability.
BACKGROUND OF THE INVENTION
A wide variety of absorbent structures designed to be
efficient for the absorption of body fluids such as blood, urine,
menses, and the like, are known. Disposable products of this

10 type generally comprise some sort of fluid-permeable topsheet
m_aterial, an absorbent core, and a fluid-impermeable backsheet
material.

Heretofore, such absorbent structures have been prepared

using, for example, topsheet materials prepared from woven,

15 nonwoven, or porous formed-film polyethylene or polypropylene
materials. Backsheet materials typically comprise flexible
polyethylene sheets. Absorbent core materials typically comprise

wood pulp fibers or wood pulp fibers in combination with

_ absorbent gelling materials.

20 One aspect of such sanitary products that has recently been
: considered is their disposability. Although such products
largely comprise materials that wou‘ld ‘be expected ultimately to

degrade, and although products of this type contribute only a

very small percentage of the total solid waste materials
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The present invention relates to disposabl e absorbent articles

such as diapers, sanitary napkins, pantiliners, and the i ke,

whi clkh are especially adapted for absorbing various bodily . fluids.
The -articles W&%ﬁfﬂ%lldérrpri se topsheet and/or backsheet 5 PCRES92/088138
t hat  are designed to enhance their biodegradability.

BACKGROUND OF THE | NVENTI ON A wide variety of absorbent
structures designed to be efficient foy the absorption of body
fluids such as bl ood, urine, menses, and the |ike, are known.

Di sposabl e products of this 10 type generally conprise sone sort of

flui d-perneabl e topsheeterated by comsaimers abachanyedrsorieverthedess, athtre is

f1uid-inpermeabl e backghe ﬁﬂg Berceiveﬁte@é | & devise such dis osqbTe
such absor bent structur es ve een prepared nP
topsheet materials pr&poR Baferi mMe‘?Fg"‘de rehtive‘m%lsbh éi!ﬁ"%l‘ﬂi& ning '

formed-film polyethyl ehelrorbubkj ypsdpxlseneincreasing "theratempostabilityBoefk stimet

materials typigcally &si bl e pol yet hyl ene sheets.
Absor bent core sErat eri g@%?“‘?gpaﬁop

o) wood | p fibers or
wood pul p fibers in combif mﬁ?ﬂt\lﬁ"{‘ﬁ ‘rﬂ)‘”s‘eme absexhent, prod QﬁqurﬂjWeF?é s.
20 One asfienje ektentcbicdegridable.pr Adtysical hdispossblecdéapery Peoren

considered is theirg g:i POS&PH&E bt%druli'oﬁw J%Uﬁhd“‘l@d'ﬁffﬂals, e.g.,
§

| argely conprise materi
degrade, and alt hough"’B‘P%HEM’t Eikers¢ HF% Q% ﬁ?‘?%ﬁ'ﬁs‘eé?ﬂ #apentioned above

10 there is a need for reducing the amount of non-biodegradable
materials in disposable absorbent articles. There 1{s a
particular need to replace polyethylene backsheets in absorbent
articles with 1iquid impervious films comprised of biodegradable
materials, because the backsheet 1is typically the largest

15 non-biodegradable component of an absorbent article.

BACKGROUND ART
Degradable mulch films comprising starch, poly (vinyl
alcohol) and glycerol are disclosed in U.S. Patent 3,949,145,
20 Otey and Mark, issued April 6, 1976. The degradability of the
films is controlled by application of a non-degradable water
resistant coating based on mixtures of polyol-toluene
diisocyanate prepolymers” with poly(vinylidene chloride-
acrylonitrile) copolymers or poly (vinyl chloride) resins mixed
25 with plastictizers. _
Degradable mulch films with improved moisture resistance and
comprising starch and ethylene/acrylic acid copolymers are
disclosed in U.S. Patent 4,133,784, Otey and Westhoff, issued
January 9, 1979, and U.S. Patent 4,337,181, Otey and MWesthoff,
30 issued June 29, 1982. The films disclosed in the latter patent
also include a neutralizing agent such as ammonfa, which allows
them to be processed by blown fiim technology with good '
properties. Polyethylene is specified as an optional component
in the films. Applications such as garbage bags and various
35 types of packaging are also contemplated in U.S. Patent
4,337,181.

This Sheet Hag

[ I"lll T



2 ' generated by consunmers each year, nevertheless, there is

currently a perceived need to devise such di sposabl e products fron1
matetials that degrade relatively qui ckly, thereby Iessening

bul k, and al sWQH&“@H&l ng the compostability of the 5 di sd’d%rdb’ﬁgz’%us
pr oducts. A conventional disposabl e absorbent product is
already to a | ar ge extent bi odegradable. A typical disposable

di aper, for exanpl e, consists of -about 8@% bi odegradabl e materi al s,
e.g., - . wood pulp fibers, and the like. Neverthel ess, as nentioned
above 10 there is a need for reduci ng the anmount of non-bi odegr adabl e

materials in disposabl e Intpenstienal Bateng| cAppligatden W090/10671 “discloses
particul ar need to repbiddegraainiet hyrEietedadasbbeton | BtaeAOr bem  particular,

destructurized starch and ethylene acrylic acid copolymer are

combined to form an interpenetrating network. It has also been

5 found that an ethylene vinyl alcohol copolymer can be used in

place of the ethylene acrylic acid copolymer, as will be
discussed hereinafter.

The interpenetrated networks of destructurized starch

described in the above reference are thermoplastic in nature and

10 can be processed by both cast film and blown film extrusion

processes into strong, tough films. These films can be employed

to make biodegradable backsheets for use in disposable absorbent

articles. However, such films tend to exhibit sensitivity to

_ ambient humidity, especially where the starch concentration is

15 greater than about S50% by volume of the total film. It has been

found, for example, that the modulus of films comprised only of

the interpenetrated network of destructurized starch and ethylene

vinyl alcohol copolymer decreases by about 50% as the relative

humidity changes from about 20% to about 90%. Although such

20 sensitivity to humidity is a reversible process, it makes the

' film inconsistent on a day-to-day basis to the degree that

converting operations and end user performance can be negatively

affected.
It has also been found that films comprised of the
25 interpenetrated network of destructurized starch are sensitive to

loss of plasticizers, water, urea, and other low molecular weight
components. Loss of these components can occur, for example,
when an absorbent batt of paper fibers is placed in contact with
the film. The 1loss of such components in this case is
30 irreversible, and greatly decreases the strength and toughness of
the film. The loss of strength and toughness can be great enough
to cause the film to fail even under the limited stresses applied

by end users of the absorbent article. -
Furthermore, films made from only the 1ntgrpenetrated
35 network are highly permeable to water vapor. This is beneficial
in some applications where breathability is desirable in the
e e - absorbent article. However, high water . vapor perméabiiity may

This Sheet Has Been Re: " not be desirable if the absorbent article is required to contain
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articles with liquid inpervious filnms conprised of biodegradable

mat eri al s, because the backsheet is typically the |argest 15

non-:bi odegr adabl e conponent of an absorbent article. . :

Degr adabl e mWEP3¥ealk& conprising starch, poly (vinyl aPEBAER/05AIB
glycerol are disclosed in U S. Patent 3,949, 145, 20 O ey and Mark,

i ssied April 6, 1976. The degradability of the films is controlled
by application of a non-degradabl e water resistant coating based

on m xtures of pol yol -t ol uene diisoﬁyanate prepol yners with
.pol y(vi nylidene chl ori de- acrylonitrile) copolyners or poly

(D\éi nyg glhl ori Fe% ][?lsi ﬁirdF;[ ﬁﬁﬂ:ﬁ@ies of"‘ﬂ,uﬁ?ﬂ' %khcd:li?rns-the case of a diaper.
gradabl e mul c [ | mproved, noistyre, resista

conprising starch an%@%ﬁbﬁfg?ﬂm‘?ﬁ"& M 335%6& fﬁﬁ??gﬁ'gr gg'n%ensation on the
disclosed in U S. Pat eutside 16f3, the4diapeey leaving/\ddt feekingi caldeand wet to the
January 9, 1979, and Yogep.Patent 4,337,181, Qrey and Westhoff, 3

0

56 1 nel ude a weutral 21 A8 SRNIngBie° FECsalo Ivant Bhy Tt KakoRdund that the
thémto be processed lagditiionoff othart dbemmoptassicinolymarsdand copolymgrsoter thees.
Pol yethyl ene is speci fipgshpafetpitedPinetibrk ©FMEERPIEturized stakdh tdhd GthyTEne
D on o R SR aqiaLcomsiipeor *¥ohytae vinyt B Ehpor S <28 "0
substantially reduce the humidity sensitivity, the loss of
properties due to the migration of low molecular weight
components, and the moisture vapor permeation rate. However, it
was also discovered that the addition of conventional
non-biodegradable polymers (e.g., polyethylene) invariably siows
down the rate of biodegradation, and hence the compostability of
films containing the non-biodegradable polymers. The present
invention involves the addition of biodegradable aliphatic
polyesters to the interpenetrated network of destructurized
starch to achieve absorbent articles with biodegradable
backsheets that are not overly sensitive to changes in ambient
humidity or contact with absorbent media, and that have
sufficiently low water permeation rates to prevent condensation
on the outside of the backsheet.

It is an object of the present invention to provide
absorbent articles having a liquid - impervious backsheet
comprising a mixture of biodegradable polymers. It is a
particular object of the present invention to provide such
products wherein the biodegradable polymers are derived from
combinations of interpenetrated networks of destructurized
starch, aliphatic polyesters, and optionally, polyolefins.

It is also an object of the present invention to provide a
biodegradable film which is suitable for a variety of product
applications such as agricultural mulch film, heat-sealable
packaging films, plastic garbage bags, etc.

\ 10
15
20
25

30

3 SUMMARY OF THE INVENTION
—— The present invention encompasses disposable absorbent
. " Tarticles comprising a 1iquid pervious topsheet, a liquid
This Sheet Has ce :
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4,337, 181. 3
International Patent Application -W90/10671 di scl oses

bi odégradable articles based on starch. In- part icular, .
destruct uri zeWQ@93P8H6and et hyl ene acrylic acid cdpol yner are PCT/US92/05138
combjned to forman interpenetrating network. It has also been 5 :
found that an ethyl ene vi nyl al cohol copolyner can be used in pl ace
of the et hyl ene acrylic acid copolynmer, as wll Ige di scussed

her ei nafter. The interpenetrated networks of destructurized
starch ' described in the above reference are thernoplastic in nature
and 10 can be proctapeeious/ backsheetasandf ak nabsncbebt ovaref ehaased t batweem the

processes into strong,tdpohedl dnd! tHe bddkSRcet|,! s sAiIchE B@Wgoé’ﬁhcterized in
that said backsheet comprises a flexible _biodegradable film
comprising a mixture of an interpenetrating network of
destructurized starch with ethylene/acrylic acid copolymers or
ethylene/vinyl alcohol copolymers, and an aliphatic polyester.
Optionally, the btodegradable film may further comprise a
polyolefin mater'lal. The biodegradable polymers are combined in
various ways to impart specific performance properties to the
backsheet. Examples of such absorbent articles {include
disposable diapers, adult incontinent pads, sanitary napkins and
pantiliners. The present invention also  encompasses
biodegradable films per se comprised of the above mentioned
mixture of components.

10

18

QETAILED DESCRIPTION OF THE INVENTION

The films used to prepare the backsheet materials employed
herein are’ derived from blends of two or wmore polymeric
components. The components are chosen so0 as to render the film
blends biodegradable. In 'generﬂ » the backsheet materials used
in the present invention comprise blends of an interpenetrated
network of destructurized starch with ethylene/acrylic acid
copolymers or ethylene/vinyl alcohol copolymers and an aliphatic
polyester. Optional {ingredients that also can be used in the
polymer blends of the present invention include certain
polyolefins. Each of these components is described in detail
below. ,

A. Destructurized Starch .

The backsheet materials of the present invention contain a
first component based on an interpenetrated network of
destructurized starch with an ethylene/acrylic acid copolymer or
an ethylene/ vinyl alcohol copolymer (hereinafter referred to as
the destructurized starch component). A detailed description of
these materials can be found in International Patent Application

35 WO 90/10671, Bastioli, et al., published September 20, 1990, and

European Patent Application 0 408 503 A2, Silbiger et al.,

e e —— published January 16, 1991, both of which are incorporated by
This Sheet Has Been Replaced - reference herein.  The - backsheet materials of the present
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to make bi odegradabl e backsheets for use in disposabl e absorbent

articles. However, such filnms tend to exhibit sensitivity to

anbi.ent hum dity, especi al I y where the starch concentration is

greater than 93/08 8% by 'vol utre of the total film It has beer""—""“ss’z"’su'8

found, for exanple, that the nodulus of filns conprised only of t he
i nt érpenetrated network of destructurized starch and ethyl ene Vi nyl
al cohol copol yner decreases by about 50% as the rél ative hum dity
changes from about 20%to about 90% Although such 20 sensitivity to
hum dity is a reversible process, it pakes th I nco nt on
a day-to-day basis to tads d@gFe@‘fPi"éPU' from ‘?R%véﬁ |ti‘ig3 o ve d theng
user performance can bealestrgoturigéd/starch compardenect ed. It has

al so been found that fil s (o ks ?{ME?J NRarch comqonépﬂ;t gﬁ#@fﬁﬁ{%ﬁgﬁﬁk

of destructurized starch are sensi ers
wat er, urea, and ot her 3 #hpsepPEdastrucirized starch in i@’mf r‘??s""tLSE%S &hch
t hese conponent s8 can Othaving awraveragephumber diametervﬂmrathanblsmibmmtbat b)m‘

paper fibers is placed dri]wgseccb?t QCEopiIM_H& of et.h_v‘lwih‘a anfi! & ﬁflicﬂ}@idl

such conponents in case rs|
decreases the strength"&ﬂﬂ’!‘%g?fne%‘i‘ﬂﬂ“e and "‘“ﬂh(;if:?'i ("@nFog p)‘iase

strength and toughness coagisténgyofain twtewpénetrated netwurlcawt) priodudt Irnlm.ing
fail even under the "W&ﬁdtﬁﬁrq‘iﬁﬁﬁﬁgﬁhﬁ(ﬁeﬁn starc aﬁdid}wem o] r”tt??]H

absor bent articlf\(!3 m on e
interpenetrated 35  COPPLYMARH ié“ﬁrﬁp‘ﬂPEﬂi"l Y p!?ti?éa fedf o"ﬂ}éﬂte oyer,than $%; s
i s beneficial preferably lower than 2% by weight with respect to the total

composition. One preferred material of this kind comprises from
10 to 90% by weight of a total destructurized starch; from 10 to
90% by weight of a total EAA copolymer having an acrylic acid

15 content ranging from 3 to 30% by weight and from 0 to 6% of
water, wherein less than 40% and preferably less than 20% by
weight of the total starch is free and in the form of particles
having an average number diameter below 1 micrometer, while the
remainirig starch .is bound to the EAA copolymer to form said IPN

20 product. '

Another preferred material of this kind comprises from 10 to
'90% by weight of a total destructurized starch; from 1 to 60% by
weight of a total ethylene vinyl alcohol copolymer having a vinyl
alcohol content ranging from about 50 to about 80 mole %; and

25 from 0 to 10% by weight of water, wherein less than 40% and
preferably less than 20% by weight of the total starch is free
and in the form of particles having an average number diameter
below 1 micrometer, while the remaining starch is bound to the
EVOH copolymer to form said IPN product.

30 An example of a commercially available destructurized starch
component suitable for use in the present invention is Mater-Bi,
marketed. by Novamont.

The destructurized starch component may also contain other
ingredients such as plasticizers, humectants, (e.g. urea) and

35 other low molecular weight compounds. Typical plasticizers

include polar organic compounds such as urea, glycerol, glycerol

monoesters, sorbitol, sorbitol esters and ethers, and glycols

This Sheet Has Been Rep laced
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in sone applications where breathability is desirable in the

absorbent article. However, high water vapor perneability may not
be desirable if the absorbent article is reqU|red to contain
4 - WO/t i ties of fluids, such as.in the case of RCH( /05138

H gh water perneation can | ead to excessive condensation on the

outside of the diaper leaving it feeling cold and wet to the

touch. 5 In achieving the present invention, it was found that
the addi ti on of other thernoplastic polyners and copolynmers to the
I nt erpenetrated network of destructurized starch and et hyl ene

acrylic acid copol yner or ethylene vinyl alcohol copol yner
such as propylene glycol, mono-, di- and triethylene glycols.

For a more detailed description of the types of additives that
may be added to starch, see m&m&w
Resins, Robert L. Davidson, Editor, McGraw Hi11 Company (1980)
5 Chapter 22, pages 68-69.
' B. Aliphatic Polyester
The backsheet materials of the present invention preferably
comprise from about S0% to about 90%, more preferably from about
55% to about 85%, and most preferably from about 60% to about 80%

10 of an aliphatic polyester. As used herein, the term aliphatic
polyester refers to the family of saturated polyesters which are
generally acknowledged as biodegradable. A detailed description
of the various types of aliphatic polyesters suitable for use in
the present invention is provided hereinafter.

15 Although some types of aliphatic polyesters can be procéssed
directly into thin water resistant films, their melting points
may be too low to be used alone as backsheets for disposable
absorbent articles. In other cases, the film’s mechanical
strength may not be sufficient for use as backsheets. In yet

20 other cases, the crystallization rate of aliphatic polyesters are
too slow to permit film processing from the melt state.

Polycaprolactone is an example of a preferred biodegradable
aliphatic polyester for use in the present invention. It is
produced via the ring  opening polymerization of

25 epsilon-caprolactone, a seven-membered - ring compound. As
described in Unfon Carbide Brochure F-60456 entitled “Tone
Polymers", the polymerization is initiated with a diol (HO-R-OH,
where R is an aliphatic segment) to produce polymers with the
following structure:

30

g
HO-R-0 [-C-(CH;)g-]n -OH

.where n is the degree of polymerization.
35 - Polycaprolactone polymers are available from Union Carbide
e tee———-— Corporation under the tradename TONE in a variety of molecular
This Sheet Has Been Replaced = Weight grades. For example, TONE polymers P-300 and P-700 have
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substantially reduce the humdity sensitivity, the loss of 10

properties due to the mgration of |low nolecular meight

conponents, a i sture vapor perneation rate. However,

was® al so "Q&gélg‘ﬁé that the addition of convent i onal pcTrusezvostss
non- bi odegr adabl e polynmers (e.g., polyethylene) invariably slows

dowh the rate of biodegradation, and hence the conpostability of 15

filnms containing the non-bi odegradabl e pol yners. g The present

i nvention involves the addition of biodegradable aliphatic

pol yesters to the interpenetrated network of destructurized starch
to achieve absorbentdegegesi of cpolymerization mfecrboutib®% and 400 reppeckivedy: s

tha{ a{e no: hove[) ly E%Bﬁ*ésb&tﬁlih@ ﬁha.guﬁ?um ﬁmfsnbf Aout m obolrandl mhooer
contact Wi absor an a ciently Low
wat er perneation rat e?B@% g%gzer‘f RRAE {rogna special hjigh t‘H’é’1 ¢ grade %

t he backsheet . caprolactane mopomer ¥ bas anfavenzgepmalecwiari weight iofnabout
provide absomb@ovo SYONECP-787 HasVamCeved highéitiiaVerag MARYI1AY Sweight

5
backsheet 25 nFr{bL? g m xture of biodegradable polyners.
It is a Har%en]ect of the present invention to provide
such pr oduct s whPotyaapraiactang cpajymersh havisg| natecwlanrweights wédabout m

c;mbi Eatiﬁnsh ?f 'n|t Q00600 tand! Qii'eat@?twlklse ﬁén ctﬁ-sééstssa U'lﬁt%gcktrong vater
starch alipnetlc ool Yetiaie A CELARE e ARIOL heitton Batnt of about
bi odegr adabl e f iy m whi6PL | bl%mﬂ,abﬂuﬂ orfib‘&/atltﬁ"édyfmt[wbd!ﬂ:tbleSheets for
applications such as a@sérbeht UarticTed.Ch Bechide hoft theR aldwe melting points,
backsheets consisting of 100% polycaprolactone would have
difficulty withstanding the high temperatures encountered when
_ hot glue is applied to the diaper during the manufacturing

15 process. In addition, during shipping and/or warehouse storage,
temperatures of 60°C are often reached. Backsheets consisting of
100% polycaprolactone would be difficult to stabilize in such an
environment and might distort, stick to one another, or even
melt.

20 -In the present invention, polycaprolactone polymers having
an average molecular weight of 40,000 or more are preferred for
blending with the starch interpenetrated network. Especially
molecular weight of about 80,000 grams per mole (e. g.T'TONE

25 pP-787).

Other types of aliphatic polyesters suitable for use in the
present invention are derived from the reaction of an aliphatic
dicarboxylic acid and a diol. As described in "An Overview of
Plastics Degradability®", by Klemchuk, published in MODERN

30 PLASTICS (August, 1989) and incorporated herein by reference,
many of these polyesters are biodegradable since they are
susceptible to enzymatic hydrolysis. Moreover, the acid and
alcohol fragments of the hydrolysis are also easily assimilated
by microorganisms. '

35 Such polyesters are prepared via the generalized reaction
shown below:

This Sheet 1.
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packaging filnms, plastic garbage bags, etc. 35

SUWARY- OF THE | NVENTI ON The present invention enconpasses
di sposabl e absorbent articles conprising a |liquid
topsheet, —a WOI93AI16 - pc?fué’dzgdﬁss

| npervi ous backsheet and:-an absorbent core encased between the

topsheet and the backsheet, said articles being characterized in

t hat” sai d backsheet conprises a flexible bi odegr gdabl e film

conprising a mxture of an interpenetrating network of

destructurized starch with ethylene/acrylic acid copolynmers or

et hyl ene/ vi nyl al cohol copol yners, gandgan al i phatic po yesterO 0

Optionally, the blodegradable fllnﬂnaylfurther conprlsE ]
0-Ry-0-C-Ry-C- | n-OH

DIoL DICARBOXYLIC ACID . ALIPHATIC POLYESTER

where R; is a 1inear methylene chain -(CH,-)x with 2 £ X < 10, R,
is also a linear methylene chain -(CH,-)y with 2 < ¥ < 10; and n
is the degree of polymerization. Examples of these types of
aliphatic polyesters include:

Polyethylene adipaie where x = 2 and y = 4;

Poly (1,3 propanediol adipate) where x =3 and y = 4;

Poly (1,4 butanediol adipate) where x = 4 and y = 4;

Polyethylene sebacate where x = 2 and y = 8;

Poly (1,4 butanediol sebacate) where x = 4 and y = 8;

Poly (1,3 propanediol succinate) where x = 3 and y = 2;

Poly (1,4 butanediol glutarate) where x = 4 and y = 3.

10

15

Biodegradable polyurethanes can be prepared from low
molecular  weight aliphatic polyesters . derived from
epsilon-caprolactone or the reaction products of a

20 diol-dicarboxylic acid condensation. In general, these
polyesters have molecular weights less than 10,000 grams per mole
and frequently as low as 1000 to 2000 grams per mole. Examples
of biodegradable polyester urethanes derived from
polyethylenegliycol adipate, poly (1,3-propanediol) adipate and
poly (1,4-butanediol adipate) are disclosed in "The Prospects for
Biodegradable Plastics” by F. Rodriguez (Chem Tech, July - 1971)
incorporated herein by reference. For purposes of the present
invention, biodegradable polyurethanes prepared from aliphatic
polyesters are considered to be aliphatic polyesters and are
30 suitable for use herein.

25

Another family of biodegradable aliphatic polyesters

includes those derived from alpha-hydroxy carboxylic acids. This

3B family of poly(alpha-hydroxy alkanoates) includes synthetic
polymers such as polylactates from lactic acid and naturally

This Sheet Has Been Replaced
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pol yolefin material. The bi odegradabl e polyners are conbined in
various ways to inpart specific performance-properties to the 10

backsheet . Exanpl es of such absorbent articles i ncl ude -

di sposabl e di WEIHMHEAUIt i ncontinent pads, sanitary napkins angCl‘/US92/05138
pantiliners. The pr esent invention also enconpasses

bi odegradabl e filnms per se conprised of the above nenti oned m xture
of conponents. 15 DETAI LED RESCRI PTI ON OF THE

| NVENTI ON ~ The filnms used to prepare the backsheet materials
enpl oyed herein are derived fromblends of two or nore polyneric

conponents. The corrporutﬂﬁedapelmbﬂsselctmsaﬁotwydmmyrm f(PHB) BOYymers and

bl ends bi odegradabl e. he ter d n
the present inventi on R W@b@*yra?%&f égél nt peﬁd@netéogbw&e Prefelt'r\ﬁg
of destructurized star%ﬂmeﬁh oft hMBW&&W‘M’@t&mWW‘m" asho P 1ahydraxy
et hyl ene/ vi nyl al cohol putgretey R eratad oapomemahm described pod yUSS.er Patent

Optional ingredgents t o] e VIR ! I

of the pr¢ esenF mve‘r} P%ﬂls§1 n@lﬂa#)%tcée kﬂureﬁ' Jﬁ; 12 13@# U sb Eggqi'tof
these conmponents is deb88059, | Martdahi pt ﬂ-- is%@ﬂom\'mb" 14. A1939a both
Destructurized Starch references incorporetdda tieplirctby arie€érente. OfPHBYIC copod smes

networkof o qdvp e S ea OO BRERb e SR ol 0, TV B 0

copol ynmer or

’ I 1 N
| cHy || I
s b

15 to |z L) I’ |
AN
l L 2

Hydroxyvalerate (HV) Hydroxybutyrate (HB) _

Such copolymers are commercially available from Imperial

Chemical Industries under the tradename BIOPOL. The BIOPOL

25 poiymers are produced from the fermentation of sugar by the
bacteriui_n Alcaligenes eutrophus. PHBV polymers are currently
produced with valerate contents ranging from about 5 to about 24
mole percent. Increasing valerate content decreases the melting
point, crystallinity, and stiffness of the polymer. An overview

30 of BIOPOL technology is provided in BUSINESS 2000+, (Winter,
1990), incorporated herein by reference.

Unfortunately, PHBV copolymers are difficult to process
directly into films because of their slow crystallization rate.
However, it is known that they blend well with some synthetic

35 = homopolymers containing polar groups such as polyvinylchloride
and polycarbonate and that the blends can be processed into
useful films. In achieving the current invention, it was
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an et hyl ene/ vinyl al cohol copolymer (hereinafter referred to as
the destructurized starch conponent). A detailed description of
these materials can be found in International Patent Application W
90+ 10671, BaW@8Bi001W: a| . published Septenber 20, 1990, and PCT/US92/05138
Eur opean Patent Application 0 408 503 A2, Silbiger et al.
pull i shed January 16, 1991, both of mhlch are |ncorporated by

ref'erence herein. The backsheet materials f the present
i nvention preferably- conprise fromabout 10%to "about 50%
6 and, nore preferably, fromabout 15%to 35% by wei ght of the

destructurized star chsurprisingTy .found that PHBV poilersiesivdialso be cilendedr aith
conponent preferably f‘.&rrpr t%Eéh 2) interpenetrited 238tk IC3hE UC RGeS SHRLCH

in the form of partlc
biodegradable films. PHBY copolymers containing from about 10 to

about 24 mole percent valerate are preferred because their

5 - melting points are low enough to permit melt processing of the

blends below the thermal degra_dation point of the starch
component which is about 160°C.

Sti11 another type of aliphatic polyester suitable for use

in the present inventidn are those derived from the oxidation

10 reaction of ethylene-carbon monoxide copolymers with peroxyacid

oxidizing agents. Preferred examples of these materials are

described in U.S. Patent No. 4,929,711, Chang et al., issued May

29, 1990 and U.S. Patent No. 4,957,997, Chang et al., issued

_ September 18, 1990, incorporated herein by reference.

15 C. Polyolefins .

Additional components based on polyolefins and polyolefin

copolymers may also be included in the film blends that comprise

the backsheet of the current invention. Preferred examples of

polyolefins for use herein include polyethylene, polypropylene,.

20 ethylene/propylene copolymers, ethylene/vinyl acetate copolymers,

ethylene/acrylic acid copolymers, ethylene/methacrylic acid

copolymers, ethylene/acrylic ester copolymers, ethylene/carbon

. monoxide copolymers, and ethylene/vinyl alcohol copolymers.

Other examples of suitable polyolefins include poly styrene, poly

25 (vinyl acetate), poly (1-butene), _po'ly (2-butene), poly
(1-pentene), poly (2-pentene), poly (3-methyl-l-pentene), poly
(4-methyl-1-pentene), 1,2-poly-1,3-butadiene,

1,4-poly-1,3-butadiene, polyisoprene, polychloroprene, and the
1ike. The backsheets of the present invention may contain from

30 1% to about 40% by weight of these polyolefins, and more
preferably from 1% to about 33% by weight of the polyolefin
materials.

: : Optional Components
© 35 In addition to the above-mentioned components, the backsheet

~___films of the present invention may contain other components as

|ay be, or later become, known in the art, including, but not
is Sheet Has Been Replaced |
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5 havi ng an average nunber dianmeter lower than 1 mcroneter; b) a
phase of a copolymer of ethylene and acrylic acid (EAA) or a .

copol ymer of ethylene and vinyl alcohol (EVOH); c) a phase

consi sting of W, x? H?’éﬁpenetrat ed network (IPN) product resulti nd)crmsgz-’%':’s

fromthe interaction between starch and the EAA or EVCH 10 copol yner;
and- optionally, water in an anount |ower than 6% preferably | ower
than 2% by weight with respect to the total 12 conposition. One
preferred material of this kind conprises from 10 to 90% by wei ght
of a total destructurized starch; from10 to 90% by wei ght of a

total EAA copol ymer haimitpdato aanyiblocking chgiits, antistnﬁientgenangish@ fagents3
10,30% by welght and IgegMede! Osbubhifizers, anuma?ms. FEloRidaRES RAABIELY0

and preferably less t an )4 t he ota starch I's frée
and in the formof park 9’!‘5'\@& plasticizersy; 5 an average number di aneter

bel ow 1 ni crometer, whil e Anbtblocking agentsractiitegpreventc ifiiles 1 iyers ofron stiekingA

copol yner to fogm sai ¢l ,.,A@grp r d
material of thi é Ki ndqcoﬁﬁﬁlg{s?oetshe rm(g'rerfi ng into a roll of whe bﬁ‘b 18 ﬁftﬂ?%te

destructurized star ch;arr BARk3aged, ipoepntgct with °"°mﬁ°§g?"ofn\éﬁfglt E‘ﬁ?‘f‘@ﬂe
vi nyl al cohol copol ynesubktances inchideytoncentrates af csifiita ovrtadatblendegi withf aom

Sherei n I eas ¢ han 400 Pu)merte Hierfids such s ¥i1jetny "&/“*’?“f%ﬂ“‘ﬂ e
the total starch is frReguction of b]&‘ﬂﬂ ?n“‘tﬁ'@/ ﬁ'ﬁf PT%‘I‘E! inxetign fan
aver age nunber gpanet exlso be obtainéﬂebpvhidﬂgcttanéﬂor sunface oithemaldnpanticies
starch is bound to they, nowders such as chalk, clay, silica, starch, and similar
materials. Powdered polymeric materials (e.g.

polytetrafluoroethylene) can also be used to reduce blocking when

applied to the surface of films of the present invention. Such

15 film surface treatments can be used to reduce blocking alone or

in combination with other antib'lock_ methods. The quantity of

powder antiblock substance commonly added to the surface of a

film, when used, is from about 0.5 g/m® to about 5 g/m?.

20 Antistatic agents may be incorporated in films of the
present {invention; examples of such agents include ethoxylated
amines and quarternary amine salts having organic constituents of
abut 12-18 carbon atoms in length. Agents of this type slowly
defuse to the surface of the film and, because of their ionic

25 character, form an electrical 1y conductive layer on the surface
of the film. Antistatic agents commonly constitute from about 1%
to about 5% of the weight of the films, when used.

Slip agents may be incorporated into the films of the

30 present invention to reduce drag over rollers and other forming

equipment. Examples of such agents are those commonly derived

from amides of fatty acids having about 12-22 carbon atoms. Such

agents may augment the antiblocking properties of the films of

_ the present invention. Such slip agents are commonly

35 incorporated in films from about 0.05% to about 3% of the weight
of the fiims when used.
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EVOH copol yrrer to formsaid I PN product. 30 An exanpl e of a

commercially avail abl e destructurized starch. conponent suitable
for wuse in the present invention is Mater-Bi, . mar ket ed by

Novanont . W0 93/00116 The destructurized starch conponent nay PEIT£US92/05138
contai n other I ngredi ents such as plasticizers, hunectants, (e.qg.
urea) and 35 other |ow nolecular weight conmpounds. Typical

pl astici zers i ncl ude pol ar organic conpﬁynds such as urea,

gl ycereol, glycerol nonoesters, sorbitol (" sorbitol esters and

et hers, and glycols ‘'such as propyl ene glycol, nono-,

di - and triethyl ene gl ycoli§. order to mfifimiZe WehiadeEion! b thdchicksRéetonitas éfe
types of additives th%‘ae'presmnt invention during processing by extrusion or other
techniques, heat stabilizers and antioxidants can be added to the
polymer formulations. However, these types of additives may
3 interfere with the biodegradatton and compostability of the fiims
if they are added at too high a level. Consequently, although
many types of heat stabilizers, - primary antioxidants, and
secondary antioxidants are available, preferably no additional
stabilizers are added to the blends of starch interpenetrated
10 networks with aliphatic polyesters used in the backsheets of the
present invention.

In cases where an optional polyolefin constituent is
included in the backsheets of the current invention a pro-oxidant
system may also be included to enhance the degradation of the

18 polyolefin. Pro-oxidant systems are designed to reduce the
molecular weights of polyolefins to a value of less than about
1000 whereupon the short oligomeric segments which remain can be
further biodegraded by micro-organisms. |

Pro-oxidant systems generally consist of multiple components

20 including an antioxidant, which is active over a relatively short
time period, and a latent pro-oxidant such as an organic salt of
a transition metal. Other rapidly degrading additives such as
chemically unsaturated polymers or copolymers or filler particles
derived from natural products such as starches, proteins,

25 cellulose, and sugars can also be included with the pro-oxidant
systea.

For example, U.S. Patent 4,983,651, Griffin, {ssued January
8, 1991, incorporated herein by reference, disclose degradable
plastic compositions based on polyolefins blended with an

30 antioxidant, starch, a styrene butadiene copolymer, and a
transition metal organic salt. The transition metal is selected
from the group Ca, In, Cu, Ag, Ni, Co, Fe, Mn, Cr, and V; and the
organic salt is selected from the group consisting of stearates,
oleates, behemates, myristates, erucates, linoleates,

35 napthenates, acetonyl acetonates, thydroxyquinolinates, and

' metalamine salt complexes. The transition metal salt complexes

This Sheet Has Been
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may be added to starch, see Handbook of Wt er- Sol ubl e Guns and
Resins, Robert L. Davidson, Editor, MG aw H |l Conpany (1980) 5

Chapter 22, pages 68-69. ~ B. Aliphatic Pol yester . The
backsheet matWO%Y®1I6 the present invention preferably PET992405138
from about 50%to about 90% nore preferably from about 55% to
about 85% and nost preferably from about 60%to about 80% 10 of an

al i phatic polyester. As used herein, the termaljphatic pol yest er
refers to the famly of saturated pol yesters whi¥h are general ly
acknow edged as bi odegradable. A detailed description of the

various types of aliphaf I.fg Oi.ﬁﬁﬂﬁ iwh?éf' Gﬂfioiar&ﬁaeif}'on abqut 0 0ldo®x to

present i nvention is prOVI some types

of aliphatic polyest el‘%""@aﬁ-oﬁe Jbl"&?;@@s%l the metal i'Uﬂ‘%GP'PRP"‘W("G thin water
resistant filns, their melfhe mge fi adtdoxidants togetherbwithotransition netalisalts

al one as_backsheet s f QL ?Pﬂr%?bh? polyolefinsa‘pssg'i?@%ﬁscﬁ:&&%ql tislk rl"in;gtither

cases, the films nec |C|en

use as backshedis. |RB bt"‘i(ﬁ‘l ssyedn to 'ﬂ‘&i’es‘"‘ Hae s()r Ja76y I‘F‘Qaﬂ‘i?ﬁ”"&?%d of
al i phatic pol yesters aenein by refepencel owPdlyolefimi todpolsitipnscarei dysdlooed

h I : P d
E)i ° dggr; dZE?tee coarpr‘l%intg 6. MC?WL%B?{EM < 0502- f%‘@*ﬂ#eaﬁﬁﬁn?m%eéoﬁ[)&e

I C_po ester [ese I nve 1 oOn.
It is pr oduceda! -vmﬂ 0.112% o rmgmnaﬁémwese- ,sehg}rterw‘zaf%ﬁﬂt
of 25 epsi | on- caphereatheneorgania geapcis meeieetedd fromnghe cgroppuolieates, As

described in Ur’ioon Cawvj“qga&rsgcm &ﬁv@&‘&?ﬁ entitled "Tone

In a preferred embodiment of the present invention, the
weight ratio of the aliphatic polyester to the destructurized
starch component is at least 1:1. Thus, for biodegradable films
comprising a binary mixture of the aliphatic polyester and

15 destructurized starch component, the films will contain at least
50% by weight of the aliphatic polyester, more preferably from
about 55% to about 85%, and most preferably from about 60% to
about 80%. Preferably, the films will also contain from about
10% to about 50X and, more preferably, froiu_. about 15% to about

20 35% of the destructurized starch component.

The films used as biodegradable backsheets in the absorbeat
articles of the present invention may be processed using
conventional procedures for producing films of blended polymers
on conventional film making equipment. Pellets of the above

25 described components can be first dry blended and then melt mixed
in the film extruder {tself. Alternatively, if insufficient
mixing occurs in the film extruder, the pellets can be first dry
blended and then melt mixed in a precompounding extruder followed
by repelletization prior to film extrusion.

30 The polymer blends can be melt processed into films using -
either cast or blown film extrusion methods, both of which are .
described in "Plastics Extrusion Technology - 2nd. Ed.” by Allan
A. Griff (Van Nostrand Reinhold - 1976), incorporated by

. reference herein. Cast film is extruded through a linear slot

35 . die. Typically, the flat web is cooled on a large moving

po'lished metal roll. It quickly cools, and peels of this first
e kro]l msses over one or more auxilary cooling rolls, then through

This Sheet Has B
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Pol ymers", the polynerization is initiated wth a diol (HO R OH
where Ris an aliphatic segnent) to produce polyners with the

fol kowi ng structure:

Uni on Car bi de

30 [err] where n is the degree
poliyneri zat i OWO 93480116

Pol ycaprol act one po|ymers are avai P‘&Ef‘és%z(%?”

Corporation under the tradenane TONE in a variety of

nol ecul ar wei ght grades. For exanple, TONE pol yners P-300 and

P- 700 have

10
15
20
25
30

35
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a set of rubber-coated pull or "haul-off" rolls, and finally to a
winder. A method of making a cast backsheet film for the
absorbent products of the current invention is described
hereinafter in Example I.

In blown film extrusion, the melt is extruded upward through
a thin annular die opening. This process is also referred to as
tubular film extrusion. Air is introduced through the center of
the die to inflate the tube and causes it to expand. A moving
bubble is thus formed which is held at constant size by control
of internal air pressure. The tube of film is cooled by air
blown through one or more chill rings surrounding the tube. The
tube is next collapsed by drawing it into a flattening frame
through a pair of pull rolls and into a winder. For backsheet
applications, the flattened tubular film is subsequently slit
open, unfolded and further slit into widths appropriate for use
in absorbent products.

film materials used as 1liquid impervious backsheets in
absorbent articles, such as disposable diapers, typically have a
thickness of from 0.01 mm to about 0.2 mm, preferably from 0.012
mm to about 0.051 mm.

In general, the liquid impervious backsheet is combined with
a liquid pervious topsheet and an absorbent core positioned
between the -topsheet and the backsheet, optionally elastic
members and tape tab fasteners. While the topsheet, the
backsheet, the absorbent core and elastic members may be
assembled in a variety of well known configurations, a preferred
diaper configuration is described generally in U.S. Patent
3,860,003, entitled "Contractible Side Portion for Disposable
Diaper® which issued to Kenneth B. Buell on January 14, 1975 and
which patent is :ncorporated herein by reference.

The topsheet is compliant, soft-feeling, and non- arritat1ng
to the wearer’s skin. Further, the topsheet is liquid pervious,
permitting liquids to readily penetrate through its thickness. A

“suitable topsheet may be manufactured from a wide range of

materials such as porous foams, reticulated foams, apertured
plastic films, natural fibers (e.g., wood or cotton fibers),
synthetic fibers (e.g., polyester or polypropylene fibers) or



degrees of polynerization of about 95 and 400 respectively,

correspondi ng to nol ecul ar wei ghts of about 10,000 and 40, 000. - TONE
P- %67 is pre om a special high purity grade of caprol act one
nononer and ﬁQQQQW“E erage nol ecul ar wei ght of about 5 43, US93BR138
P- 787 has an even hi gher average nol ecul ar wei ght of about 80, 000.
Pol'ycapr ol act one pol yners havi ng nol ecul ar wei ghts of about 40, 000
and greater can be nelt processed into strong mg&er resistant fil ns.
Except*for their low nelting point of about 10 60[err]C (140[err]F),
these filns could function as backsheets for absor bent

articles. —Because Gfron!NCuida®bn GP!fdsiar B Withetic FibefACkPRARHRIY

consi sting of 100% pol ycaprola

wi t hst andi ng the hi gﬁ@eﬁ?ﬁ‘ﬁ'&%hr‘és“‘é‘?ﬂ:cﬂfn?e?@d‘%‘?@# ""te""L'hG? éq]étq dhe
applied to the di aperwednen’ ugsl(ihefmnljhatdsutn the hbsorbentpcowess. In

addi tion, during shippin of
60[err] C are of?en rggchgehd aR'Ir< ﬁﬁf? g'&l st |°2%? conprises %&éﬁ&iﬁﬁ
pol ycapr ol act ofie woulR® 5@’°&¥1‘Q“PCJI persy t@ﬂ’ 13z ﬁ"sﬂﬁh‘g?\“t such as
envi ronment and m ghtHetca¥esr types t15¢ Kk polypropyleneomarketedr by \Hercules, Inc.noft .
20 In the prmﬁnh,ttb q%s% PQUsY GERY NeFin? "ehe” Yeki ¥ Stapféhfth
an average nol ecul ar wel g

bl ending with the stEibersS ﬁ?f@l"ﬁewetth%eﬁ‘mgrﬁie\hggﬁgpg %Egéégi%l ?'y‘e“t about

preferred are pol ycapyeomact one pol yners havi ng an average nmol ecul ar

vei ght of abouyg80, 000 grjghe Rire & Hubdr®of manufabfiring techniques which may be
used to manufacture the topsheet. For example, the topsheet may
be woven, nonwoven, spunbonded, carded, or the 1ike. A preferred
topsheet is. carded, and thermally bonded by means well known to
those skilled in the fabrics art. Preferably, the fopsheet has a

15 weight from about 18 to about 25 g/m?, a minimum dried temsile
strength of at Jeast about 400 g/cw in the machine direction, and
a wet tensile strength of at least about 55 g/cm in the
cross-machine direction. '

The topsheet and the backsheet are Jjoined together in any

20 suitable manner. As used herein the term “"joined" encompasses
configurations whereby the topsheet is directly Jjoined to the
backsheet by affixing the topsheet directly to the backsheet, and
configurations whereby the topsheet is indirectly joined to the
backsheet by affixing the topsheét to intermediate members which

28 in turn are affixed to the backsheet. In a preferred embodiment,
the topsheet and the backsheet are affixed directly to each other
in the diaper periphery by attachment means such as an adhesive
or any other attachment means as known in the art. For example,
a uniform, continuous layer of adhesive, a patterned layer of

30 adhesive, or an array of separate lines or spots of adhesive may
be used to affix the topsheet to the backsheet.

Tape tab fasteners are typically applied to the back
waistband region of the diaper to provide a fastening means for
holding the diaper on the wearer. The tape tab fasteners can be

35 any of those well known in the art, such as the fasten'ing tape
disclosed in U.S. Patent 3,848,594, issued to Kenneth B. Buell on
November 19, 1974, the disclosure of which is incorporated herein

. This Sheet 1.
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25 P-787) . O her types of -aliphatic polyesters suitable
for use in the present invention are derived fromthe reaction of
an aliphatic

: i carboxylic acid and a diol._  As described_ipn.,"
Ovefvi ew of W°93’°°'|5?a-stics Degradabi lity", by Kl enchuk, pSﬁﬁ(E’ﬁ@d"“Pﬁ
MODERN 30 PLASTI CS (August, 1989) and incorporated herein by )
ref erence, many of these polyesters are bi odegradabl e since they
are susceptible to enzymati ¢ hydrol ysis. Mor eover, the acid and
al cohol fragnents of the hydrolysis are aISO‘easlly assim |l ated by
m croorgani sns. 35 Such pol yesters are prepared via the

gege;ﬁg igg 6r eaction py peferencdOindie! iffe tab fasteners or other diaper fastening
means are typically applied near the corners of the diaper.

Preferred diapers have elastic members disposed adjacent the
periphery of the diaper, preferably along each longitudinal edge

5 so that the elastic members tend to draw and hold the diaper
against the legs of the wearer. The elastic members are secured
to the diaper in an elastically contractible condition so that in
a normally unrestrained configuration the elastic members
effectively contract or gather the diaper. The elastic members

10 can be secured in an elastically contractible condition in at
Jeast two ways. For example, the elastic members may be
stretched and secured while the diaper is in an uncontracted
condition. Alternatively, the diaper may be contracted, for
example, by pleating, an elastic member secured and connected to

15 the diaper while the elastic members are in their relaxed or
unstretched condition. _

The elastic members may take a multitude of configurations.
For example the width of the elastic members may be varied from
about 0.25 mm to about 25 mm or more; the elastic members may

20 comprise a single strand of elastic material or the elastic
members may be rectangular or curvilinear. Still further, the
elastic members may be affixed to the diapef in any of several
ways which are known in the art. For example the elastic members
may be ultrasonically bonded, heat and pressure sealed into the

25 diaper using a variety of bonding patterns, or the elastic
members may simply be glued to the diaper.

The absorbent core of the diaper is positioned between the
topsheet and backsheet. The absorbent core may be manufactured
in a wide variety of sizes and shapes (e.g., rectangular,

30 hour-glass, asymmetrical, etc.) and from a wide variety of
materials. The total absorbent capacity of the absorbent core.
should, however, be compatible with the designed 1iquid loading
for the intended use of the absorbent article or diaper.
Further, the size and absorbent capacity of the absorbent core

35 may vary to accommodate wearers .ranging from infants through
adults.

This Sheet Has Been f
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0 O 0 0 [err] DI OL DI CARBOXYLI C

ACID ALI PHATI C POLYESTER where Rlerr] is a linear
met-hyl ene ch rr]-)x with. 2 < X < 10, R2 is al

met hyl ene cha ﬁ”é‘@:{ﬁerr] )y with 2 <Y < 10; and n S W&%ﬁ?’généf
pol ymeri zation. Exanples of these types of al i phatic pol yesters

i ncl ude: _ Pol yet hyl ene adi pate where x - 2 and y * 4; 10

Poly (1,3 propanedi ol adi pate) where Xx 3 and yg* 4, Pol y
(1,4 butanedi ol adi pat e) where x - 4 and y = 4; Pol yet hyl ene
sebacate where x - 2 and y = 8; Poly (1,4 butanediol sebacate)

where x - 4 and y = 8; A preferred démbbginet 3 ofr cthenatiaper sheci Ratmodifiedr e
x - 3andy - 2, 15 poyp. \ass lSRAped (1ah‘sop+5n anechre! Ohié aradsevbenb e @re -ist
and y - 3. egra %uret hane:1 i n be regargc& fr?m
| ow nol ecul ar""fﬁré\bght t| mber, ondsing, i Oegbatt of 5y
epsi | on- caprol act one aunfelt,t voed plﬂeatthem. angri)mlﬂtisulatef absozbeénd polymeric :

di ol - di car boxyki ¢ acedhoﬁqm&?awthnereihn general,  these
pol yesters have nol ecul arqtgeb o S |ess

and frequently as |ow as Wk)fﬁ) §§aﬁ‘ ‘Hg?“trm?gigg}a cggmneg to the

present invention are sanitary napkins designed to receive and
contain vaginal discharges such as menses. Disposable sanitary
napkins are designed to be held adjacent to the human body

10 through the agency of a garment, such as an undergarment or a
panty or by a specially designed belt. Examples of the kinds of
sanitary napkins to which the present invention is 'readﬂy
adapted are shown in U.S. Patent 4,687,478, entitled "Shaped
Sanitary Napkin With Flaps" which issued to Kees J. Van Tilburg

15 on August 18, 1987 and in U.S. Patent 4,589,876, entitled
"Sanitary Napkin" which issued to Kees J. Van Tilburg on May 20,
1986, the disclosures of both patents being incorporated herein
by reference. It will be apparent that the polymeric compostable
films described herein may be used as the liquid impervious

20 backsheet of such sanitary napkins. On the other hand it will be
understood the present invention is not limited to any specific
sanitary napkin configuration or structure. '

In general, sanitary napkins comprise a liquid impervious
backsheet, a liquid pervious topsheet, and an absorbent core

25 placed between the backsheet and the topsheet. The backsheet
comprises one of the compostable films containing a blend of
polymeric components as described above. The topsheet may
comprise any of the topsheet materials discussed with respect to
diapers. '

30 Importantly, the absorbeat articles according to the present
invention are compostable to a greater extent than conventional
absorbent articles which employ a polyolefin, typically a
polyethylene backsheet.

' The term "compostable” as used herein means a material that

35 meets the following three requirements: (1) is capable of being
processed §n a composting facility for solid waste; (2) if so
processed will end up in the final compost; and (3) if the
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of bi odegr adabl e pol yest er ur et hanes derived from
polyethyleneglycol adi pate, poly (1, 3- propanediol)_adipate and 25 poly
(1, 4- but anedi ol | ate) are disclosed in 'The Prospects for

Bi odegr adabl e“ﬁ%’d?& by F. Rodriguez (Chen Tech, July - 1971}’("‘711592’“5138
I ncor porated herein by ref erence. For purposes of the present :
i nvéntion, biodegradabl e pol yurethanes prepared fromaliphatic

polyesters are considered to be aliphatic polyesters and are 30

suitable for use herein. Poly (al pha- hyd“bxy al kanoat es)

Another famly of biodegradable aliphatic polyesters I ncl udes

those d d f | b ASppg T f
pof);s/((aal S[lgvﬁyd“r);’y a pgﬁtﬁ: €r9§y used ?ﬁ‘y'thf ?&nl'tlhst[he Tatertin um %'i‘ﬂrm‘étesl oh

as pol yl actates from | btadegrade; ip ﬁhﬂjs%}t ural I y -
A polymer film material present in solid waste submitted to

a composting facility for processing does not necessarily end up
s in the final compost. Certain composting facilities subject the
solid waste stream to air classification prior to further
processing, in order to separate paper and other materials. A
polymer film would most probably be separated from the solid
waste stream in such an air classification and therefore not be
10 processed in the composting facility. Nevertheless, it may still
be a “"compostable" material according to the above definition
because it is “capable® of being processed in a composting

facility.
The requirement that the material ends up in the final
15 compost typically means that it undergoes a form of degradation

in the composting process. Typically, the solid waste stream

will be subjected to a shredding step in an early phase of the
composting process. As a result, the polymer film will be

. present as shreds rather than a sheet. In the final phase of the

20 composting process, the finished compost will be subjected to. a
screening step. Typically, the polymer shreds will not pass
through the screens {if they have vetained the size they had
immediately after the shredding step. The compostable materials

of the present invention will have lost enough of their integrity

25 during the composting process to allow semidegraded shreds to
pass through the screens. However, 1t is conceivable that a
composting facility might subject the solid waste stream to a

very rigorous shredding and a rather coarse screening, in which

case nondegradable polymers 1like polyethylene would meet

30 requirement (2). Therefore, meeting requirement (2) is not
enough for a material to be compostable within the present
definition.

What does distinguish the compostable material as defined

herein from materials like polyethylene is requirement (3) that

35 they ultimately biodegrade in the soil. This biodegradation
should be complete to (O, and water. This Modegradabﬂify

.. requirement 1s not essential to the composting process or the use
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10 derived pol yners such as pol yhydroxybutyrate (PHB) pol yners and
pol yhydroxybutyrat e-valerate (PHBV) copol yners. Preferred

exanpl es ol droxybutyrate honopol yner and pol yhydro

butyrate val‘%‘g é“’Y polyrrers are described in US. Paten US92/05138
4,393,167, Holmes et al., issued July 12, 1983 and U. S. Patent

4,880,592, Martini et .al. | ssued Novenber 14, 1989, both
references incorporated herei n by- reference. PHBV copol yners

have the generalized structure shown below. 10 20

of composting soil. Solid waste and the compost resulting
therefrom may contain all kinds of nonbiodegradable materials,
for example,sand. However, to l\qoid -a build up of man-made
materials in the soil, it is required herein that such materials
5 be fully biodegradable. By the same token, it is not at all
necessary that this biodegradation be fast. As long as the
material itself and intermediary decomposition products are not
toxic or otherwise harmful to the soil or the crops, it is fully
acceptable that their bfodegradation takes several months or even
10 years, since this requirement is present only to avoid an
accumylation of man-made materials in the soil.
~ The following examples illustrate the practice of the
present invention but are not intended to be limiting thereof.

15 EXAMPLE [

A 70:30 by weight dry blend of TONE P-787 polycaprolactone
to Mater-Bi Grade SA007 is prepared by adding 17.5 pounds of TONE
pellets to 7.5 pounds Mater-B{ in a Kelly Duplex Mixer and mixing
for 15 minutes.

20 - The dry blend 1is then melt compounded to 150°C in a
Brabender twin screw compounder equipped with an eight port
strand die. The molten strands are cooled and solidified in a
water bath prior to entering a Cumberland Quietizer Pelletizer
where each strand is chopped into pellets approximately 0.125
25 inches long.

The pellets are converted into a film approximately 0.0012
inches thick using a 30mm diameter single screw extruder
(Zahnradwerk Kollman) equipped with standard polyolefin-type
screw and a 24 inch wide coathanger die. The temperature of the

-30 extruder barrel varies from about 127°C in the feed zone to about
132°C at the discharge end near the die. The die temperature is
maintained at about 138°C. Film takeoff and winding is
accomplished on a Johnson takeoff system. The chill rolls on
which the film is cooled and solidified are maintained at about

' 35 21°C. After cooling, the thick edges of the film are siit off
and removed and the final film approximately 13.5 inches wide, is
e . collected on a 3 inch diameter cardboard core.

This Sheet Has Been Replace

T




20 [err] Hydr oxyval erat e

(HV) Hydr oxybut yrat e ( HB) Such copolyners are commercially
avaisl abl e from | nperi al Chemi cal Industries under the

Bl OPOL.  TheWQs? 1675 pol yners are produced fromthe fe?@ﬁgﬁﬂﬁlm
of sugar by the bacteri um Al cal i genes eutrophus. PHBV pol yners
are‘currently produced with val erate contents rangi ng from about 5
to about 24 nol e percent. Increasing val erate content decreases the
nel ting point, crystallinity, and stiffne8k of the polymer. An
overvi ew 30 of BIOPQL technology is provided in BUSINESS 2000+,
(Wnter, 1990), iRger el n

Unfortunately, PHBY copol '?ﬁneréb(}fxﬁiﬁﬁldﬁ'ﬁn 1? ¥1Js‘ﬁ|€ern% ‘iﬁd displays eéce'lleﬁy

into filns because of tﬂﬂq'\"e%% oMrﬁF’éﬂ"l‘F&at |SGY’P'}9& e. These Progefkins, “are
i's known that they bl emdintalihed\even after agywy Heta 6095 (~A loﬁmqu'ﬁlity)

cont ai ni ng pol ar group | Oride an
pol ycar bonat e and t hat ipﬁ%@régﬁd@cgﬁrfbg)eﬂogﬂocessed into usef ul
films. In aclli evi ng the current invention, it was

EXAMPLE 11

A 66:17:17 by weight dry blend of TONE P-787, Mater-Bi
'SA007, and an ethylene-acrylic acid copolymer (DOW PRIMACOR 3450)
is prepared by combining 16.5 pounds TONE, 4.25 pounds MATER-BI,

10 and 4.25 pounds PRIMACOR pellets in a Kelly Duplex Mixer and
mixing for 30 minutes. '

The dry blend is then melt compounded on a Brabender twin
screw compounder equipped with an eight port strand die. The
compounder barrel temperature {s maintained between 155 and

15 160°C, and the die maintained at about 145°C. The strands are
cooled in a water bath and pelletized as described in Example I.

The pellets are converted into a film ranging from about
.0012 to about 0.0014 inches thick using the same extruder and
takeoff equipment' described in Example 1. Die temperatures and

20 takeoff conditions are the same. The resulting film, after
slitting to about 13.5 inches wide, is wound onto a 3 inch
diameter cardboard core.

EXAMPLE 11X
28 A disposable baby diaper according to this invention is
prepared- as follows. The dimension listed are for a diaper
intended for use with a child in the 6-10 kilogram size range.
These dimensions can be modified proportionately for different
size children, or for adult incontinemnce briefs, according to
30 standard practice.

1. Backsheet: .020 - .038 mm film consisting of a 70:30
polycaprolactone to Mater-Bi blend (prepared as described in
Example I); width at top and bottom 33 cm; notched inwardly on
both sides to a width-at-center of 28.5 cm; length 50.2 cm.

35 2. Topsheet: carded and thermally bonded staple-length
polypropy‘lene fibers (Hercules type 151 polypropylene); width at

This Sheet 1.
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surprisingly found that PHBV polynmers could al so be blended with t he
starch I nterpenetrated network and extruded into

bi odegradabl e {i BV copol yners contai ning fromabout 10 to;

abodt 24 nole é@r@mﬁ alerate are preferred because their 5 P%V?Vﬁ?‘”

points are | ow enough to permt nelt processing of the bl ends bel ow
t he '_t her mal degradati on point of the starch conmponent which is

about 160'C. Still another type of al |z[2hat i c pol yester suitable
for use in the present inventi6n are those derived fromthe

oxi dation 10 reaction of ethyl ene-carbon nonoxide copol yners wth
peroxyaf:i d OXi dtepi rmdbaamtnsss Caef Rotched emmmrg u7nf1 1ﬁohlg;ﬁdes to a
materials are I el ©{kn ang et

al ., issued May @E Jf g%‘tgpcfvd'%ss %tét 9%0451%8‘57 997, .Chang et

al ., issued Sept enbbr &'SOVQ%OCWFFICGPWME%GB@S 9% caliul asecwoadc pulp
i's C.  Poyolefins and 4.9 g of abdgfbent Ogelfl iR mateenalls petieteso{commercial

P?: ?/nololefelngz ?Egt leo?/rglr | é&lgacry‘late £ro@ PRIDEEE " $hoklidai !} S8. £ Gml YRIHEC Lal EhdePéy;
width at top and bottom 28.6 cm; notched inuardly at both sides
 to a width-at-center of 10.2 cm; length 44.5 cm.

4. Elastic leg bands: four individual rubber strips (2 per
side); width 4.77 sm; Yength 370 mm; thickness 0.178 mm (all the
10 foregoing dimensions being in the relaxed state).
' The diaper is prepared in standard fashion by positioning

the core material covered with the topsheet on the backsheet and

gluing.
The elastic bands (designated “inner" and “outer",
18 corresponding to the bands closest to, and farthest from, the

core, respectively) are stretched to ca. 50.2 cm and positioned
between the topsheet/backsheet along each longitudinal side (2
bands per side) of the core. The inner bands along each side are
positioned ca. 55 mm from the narrowest width of the core

20 (measured from the inner edge of the elastic bank). This
provides a spacing element along each side of the diaper
comprising the flexible topsheet/backsheet material between the
inner elastic and the curved edge of the core. The inner bands
are glued down along their length in the stretched state. The

28 outer bands are positioned ca. 13 mm from the inner bands, and

' are glued down along their length in the stretched state. The
topsheet/backsheet assembly is flexible, and the glued-down bands
contract to elasticize the sides of the diaper.

30 ' EXAMPLE 1V
- A Tightweight pantiliner suitable for use between menstrual
periods comprises a pad (surface area 117 cm?; SSK air felt 3.0
g) containing 1.0 g of absorbent gelling material particles
{commercial polyacrylate; Nippon Shokubai); said pad being
3 interposed between a porous formed-film topsheet according to
—_— U S. Patent 4,463,045 and a backsheet which comprises a 0.03 mm

This Sheet Has
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t he backsheet of the current invention. Preferred exanples of

pol yol efins for use herein include pol yethylene, polypropylene, 20

et hyl ene/ propyl ene_copol ynmers, ethyl ene/vinyl acetate copolyner%mj

et hyl ene/ acr y%'pc&’gyﬁg copolynmers, ethylene/methacrylic acid /US92/05138
copolyners, ethylene/acrylic ester copolyners, ethylene/carbon

noroxi de copol yners, and et hyl ene/vi nyl al cohol copol yners. O her
exdanpl es of suitable polyolefins include poly stysgne, poly 25 (vi nyl
acetate), poly (1l-butene), poly (2-butene), poly (1- pentene),

poly (2-pentene), poly (3-nethyl-1-pentene), poly
(4-met hyl - 1- pent ene), thickness polycaprolactoné’MpteryBi, (F0L30 wefighhchasis) film, as
1, 4- pol y- 1, 3- but adi ene?r@gwd IR RIceIandP LY ERdne e, and the

| i ke. The backsheets ol the present 1nvention nay contain from 30 1%
to about 40% by weight of these polyolefins, and nore '
preferably from1%to about 33% by wei ght of EXAMLEAN yol efin

material s. 5 A catamenial product inPtNe’Paim 6P P SBMItaSy ndpkin hav_i?g
In addition to the above- :Entl onpopen fi

of the present inventiB¥ 9”%32?%\"%“%1“’* '&3%@22@3%@%% core i‘nﬂ‘)"ﬂ@?‘{m
or later becone, knownusingt hepa in thechamsencof [Ewamplet IV (surface area 117 cm?;
8.5 g SSK air felt), per the design of U.S. Patent 4,687,478, Van

Tillburg, August 18, 1987. The backsheet and topsheet materials '

10 are the same as described in Example IV.

EXAMPLE VI
The. diaper of Example III is modified by replacing the
backsheet with a backsheet consisting of a .020 to .038 mm
18 thickness fiIm comprising a 66:17:17 Tone:  Mater-Bi:
ethylene-acrylic acid copolymer blend (prepared as described in
Example II)..

From the foregoing specification, one skilled in the art can

20 easily ascertain the essential characteristics of this invention,

and without departing from the 'sp'lr'lt and scope thereof, may make

various changes and modifications to adapt the invention to

various usages and conditions not specifically mentioned herein.

_ The scope of this invention shall be defined by the claims which
25 follow.

35
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12 limted to, antiblocking agents, antistatic agents, slip

agents, pro-heat stabilizers, antioxidants, pr o- oxi dant -

addi ti ves, 6gman'c s, plasticizers, etc. Antp@i-msbyggmg
agents act tB“BPéﬁﬂﬁi fllnllayers fron1st|ck|ng 5 to one anot her when
wound into a roll or when disposable articles are packaged in
contact with one another. Typical anti bl ocking “subst-ances include
corffcentrates of silica or talc blended with a neric materiaks-
such as pol yet hyl ene or pol ycapr ol act one. ReducM

the filnms of the present invention can 10 al so be W@
the filmsurface with small particles 24 or powders sUchtasuc

clay, silica, starch, and simlar mat eri al s. Powder ed

pol yneric meg er A@'a%sorbent(ﬂ*tgcle charactepﬁleldtﬁ{ tRRL UQr Ediphyiége) can

al so be used to reduce bl ocki ng whe applied to the surface of
films of the present invention. Such 15 filmsurface treatnents can be

used to reduce bl ock) ngaalimguéd grervious topsheetzonbi nation with ot her
anti bl ock nmethods. The quantity of
b) a liquid impervious backsheet Jjoined  with said
topsheet; said backsheet comprising a blend of:

(i) an interpénetrated network of destructurized
starch and a copolymer selected from ethylene acrylic acid
copolymer and ethylene vinyl alcohol copolymef, preferably
ethylene vinyl alcohol copolymer; and

(ii1) an aliphatic polyester, the weight ratio of said
aliphatic polyester to said  interpenetrated
network of destructurized starch and copolymer
being at least 1:1; and

¢) an absorbent core positioned between said topsheet and
said backsheet.

2. The absorbent article of Claim 1 wherein the backsheet comprises
from 10% to 50%, preferably from 15% to 35% by weight of said
interpenetrated network of destructurized starch and copolymér, and
from 50% to 90%, preferably from 60% to B80% by weight of the
aliphatic polyester.

3. The absorbent article of Claim 1 or 2 wherein less than 40%,
preferably less than 20% of the starch in the backsheet is free and
in the form of particles having an average number diameter below 1
micrometer. |

4. The absorbent article of any of Claims 1-3 wherein the copolymer is
an ethylene/acrylic acid copoiymer havxng an acrylic acid content of
. from 3% to 30% by weight.
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powder anti bl ock substance conmmonly added to the surface of a film
when used, is fromabout 0.5 g/nferr] to about 5 g/rr[err]. 20

Anti static ageﬁ@qu be incorporated in filns of " the PCT/US2/05¢38

i nvent I on; f such agents include ethoxyl ated am nes and
quarternary am ne salts having organic constituents of ———____abut 12-18
carbon atons in length. Agents of this type slowy defuse to the —
surface of the filmand, because of their ionic 25 Hm,

el ectrical ly conductive |ayer on the surface® of ﬁﬂﬂmmmﬂm
Antistatic agents conmmonly constitute from about 1% ‘t otabbuts

the weight of the filnms, when used. Slip agents may be

i ncor oratedino e fi f_t.h % rﬁ'dﬁgﬁ r
over Pol |l ers ané H%r %8*%"% art1%]e of 8'&' .,?”@ﬁﬁmgé(% ﬁf@ﬂe‘?ﬂ {Hs%ucc efl139
are those comonly adeethyéelne/vmy] altehph amaiamerbfhawamq V@ ¥dpuk Hgehely C&Bbﬂtt

12-22 carbon at oms.,¢SHER s0% to 80 & §s may augnent the anti bl ocking
properties of the |fI ns ? ° gﬁ: pr esent i nventi on. Such slip

‘agents are commonly 35 i ncorporated in films fromabout 0.05%to
about 3% of thegweiTHEt absorbent atidtee offi ang ofhdlaimed -5 wherein the aliphatic

polyester is polycaprolactone.

7. The absorbent article of any of Claims 1-5 wherein the aliphatic
polyester is the oxidation product of an ethylene-carbon monoxide
" copolymer and a peroxyacid oxidizing agent.

8. The absorbent article of any of Claims 1-5 wherein the aliphatic
polyester is a polyhydroxybutyrate-valerate copolymer having a
valerate content from 10% to 24 mole %.

9. The absorbent article of any of Claims 1-8 in the form of a
disposable diaper, sanitary napkin or pantiliner.

10. The absorbent article of any of Claims 1-9 wherein said absorbent
core contains an absorbent gelling material.

This Sheet Has Been
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13

the present invention during processing by extrusion or other

t eéhni qu

pokymer formul ati However, these 'Mfed ByP additives may 5

|nLerfer

In order to mnimze degradation of the backshev g;ﬁlns of

es,  heat N | zer s awskisuNriLOtrGA RkarEOROBIZatdGed t o t
e Mrtmaltmenbmd aqrm@ahmnpmdsmmhmﬂ wmfr ddwakhimm TREATY (PCT)

I f they
types of
ant i oxi di
are adde)

C _ auucu ﬁt:Vl'.‘:l . ISCLIUEITLT d.l LTIUUgII
‘ﬁ’éé‘l“"?ﬁ%%@?@’?‘h "p'ﬁ mary anti 9D psematonal Byplication Number: secon(Y%)?ym“('
ant AGHL £5/08,a008B167/64 pr ef er abl y Ao @éiﬂiehhﬁﬂﬁhumm Date: St abhalnha?ﬁ%(ovm 93)

to the blends of starch |nteérpe etrate t\MMjQiJM

al i phatifc

i nventi d

S
pr o- oxi
of the 1
t he

Bolyesters used in the backsheets| of

Intemational Applicationl Wmtca.s es W.]I‘ép%”%l 36 Pﬂ)% WW&F F).iﬁlc mglé éﬁ{:ﬁ,é‘ﬁ Gsapn:lt:ll;

(22) IneSdadibil BilibgDatebl € Dac ks luaehm (Dfos.dHE  CUIGrR iveniky Einéinnak) OM 45217-1087 (US).

dant system may al so be inclluded to enhance the degradatlon

%)mouf}%)(ﬂ' efin. Pro-oxidant syst &ﬁlﬁsﬁgﬁm%ﬁ% gnﬂﬁﬂn B2 BRI ES §1, HU, IP,
oecUl ar weizghine199r2queby ol ef Uss t O KP, KRILKEMGMN,ASW, N&an, )RUSD, Eu-

ropean patent (AT, BE, CH, DE, DK, ES, FR, GB, GR,
IT, LU, MC, NL, SE), OAPI patent (BF, BJ, CF, CG,

(71) Applicant: THE PROCTER & GAMBLE COMPANY CI, CM, GA, GN, ML, MR, SN, TD, TG).
{US/US]: One Procter & Gamble Plaza, Cincinnati, OH
45202 (US).
' Published
(72) Inventors: TOMS, Douglas ; 4322 Tower Avenue, Cincin- With intemational search report.
nati, OH 45217 (US). WNUK, Andrew, Julian ; 450 Hid- Before the expiration of the time limit for amendmg the
den Valley Lane, Cincinnati, OH 45215 (US). clam’:sd and to be repubhshed in the event of the receipt of
amendments.

(54) Title: DISPOSABLE ABSORBENT ARTICLES WITH BIODEGRADABLE BACKSHEETS

(57) Abstract

Liquid impervious, biodegradable films are disclosed. In particular, the films comprise a blend of an interpenetrated ne-
twork of destructurized starch with ethylene/acrylic acid copolymers or ethylene/vinyl alcohol copolymers, and an aliphatic pol-
yester such.as polycaprolactone. Diapers, sanitary napkins, pantiliners, and the like, containing backshects prepared from the
foregoing materials are also disclosed.
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1000. wher eupon the short ol i gomeric segments which remain can be . Twss

further biodegraded by m cro-organi sns. . Pro-oxi
generally consist of nultiple OALAL-§—R0- - - i-Ret-ugi-Reg—
lfsqa]%.r‘t J IR MR iirsre pépl Od,

pased gt AH8FG Fon
" premet dalligedidgat
3} degived ¥ riogrhat.ur

which is active over a relativel

pr o- oxi dant such as an organi 035%
rapi dly degrading additives sugh¥a
or copolyners or filler particles :*awis
vhieetd

A

dant systens

\n ant i oxi dant,
and a | atent

metal. O her

urat ed pol yners

al products

such as starches, proteins, 25 v ul igse;d ghdf.>sugaﬁs:.caln al so be

i ncluded with the pro-oxidant ; system - For exanpl e,
U.S. Patent 4,983,651, Giffin/ jgsued:Januaryr . ..8 1991,

i ncor porat ed herein by refereneter-di sct-ose~degradable——— plastic
conposi tions based on pol yol efins bl ended with an 30 ant i oxi dant,
starch, a styrene butadiene copolyner, land . a transition netal
organic salt. The transition netal is selected fromthe group Ca,
Zn, Cu, Ag, Ni, Co, Fe, Mh, C, and V; and the organic salt is

behemntes, | uyriotates. erucat SSPOShEE stRanT apricLe® PRER
acetonyl  acetonates, hydroxyqui WoTH BEGOEGRADABLE BACKSHEETS met al ani ne sal t

conpl exes. The transition netal salt conpl exes

TECHNICAL FIELD

The present i{invention relates to disposable absorbent
articles such as diapers, sanitary napkins, pantiliners, and the

11ke, which are especially adapted for absorbing

various bodily

fluids. The articles herein comprise topsheet and/or backsheet
5 materials that are designed to enhance their biodegradability.

BACKGROUND OF THE INVENTION

A wide variety of absorbent structures designed to be
effictent for the absorption of body fluids such as blood, urine,

menses, and the like, are known. Disposable pr

oducts of this

10 type generally comprise some sort of fluid-permeable topsheet

material.
Heretofore, such absorbent structures have

material, an absorbent core, and a fluid-impermeable backsheet

been prepared

using, for example, topsheet materials prepared from woven,
15 nonwoven, or porous formed-fiim polyethylene or polypropylene .
materials. Backsheet materials typically comprise flexible
polyethylene sheets. Absorbent core materials typically comprise
wood pulp fibers or wood pulp fibers 4n combination with

absorbent gelling materials.

20 One aspect of such sanitary products that has recently been

considered {is their disposability. Although

such products

largely comprise materfals that would be expected ultimately to
degrade, and although products of this type contribute only a

very small percentage of the total solid w

aste materials
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14 are used in quantities which will provide Qut 0.001%to

about 1.0% by weight of the netal in the conposition. se
of antioxidants together with transition nmetal salts REPLACEN!‘.ENLSB es
in polyolefins is also disclosed in British Patent 5 @B 1,434,641

i ssued to Huels on May 5, 1976, and i ncor porated Ref AUG 1994
reference. Polyolefin conpositions are disclosed conpri sign

0. 01-1. 0% anti oxi dant, 0.02-1.0% of an organig copper salt, an
0.1-0. 2% of an organi c nmanganese, cobalt, or iron salk where the
organic group is selected fromthe group ol eates, 10 pal mtates, and
st ear at es. generatedn by profsumersd eadhodieamt véverithelesecetberenvénti on,
t he wei ght cirireh@lyOfa poRcetlddMabd Ctd UeX e8¢ SSuchO di kdsaftat préducti zed

o En S 6 s i S i O BT S essent
destructurized statbélrchwponennd altso fircneasing | tbentcamposiabilddyt of the
50% by wei ghg of t @espakibaagrodudtal yester, nmore preferably from
: A conventional disposablé absorbent product is already to a
large extent bfiodegradable. A typical disposable diaper, for
example, consists of about 80% biodegradable materials, e.qg.,
wood pulp fibers, and the 1ike. Nevertheless, as mentioned above
10 there is a need for reducing the amount of non-biodegradable
materials 1in disposable absorbent articles. There 1is a
particular need to replace polyethylene backsheets in absorbent
articles with 1iquid impervious films comprised of biodegradable
materials, because the backsheet s typically the largest
15 non-biodegradable component of an absorbent article.

BACKGROUND ART :

Degradable mulch films comprising .starch, poly (vinyl
alcohol) and glycerol are disclosed in U.S. Patent 3,949,145,

20 Otey and Mark, issued April 6, 1976. The degradability of the
films 1is controlled by application of a non-degradable water
resistant coating based on mixtures of polyol-toluene
ditsocyanate prepolymers® with poly({vinylidene chloride-

~ acrylonitrile) copolymers or poly (vinyl chloride) resins mixed

25 with plasticizers. -

Degradable mulch films with improved moisture resistance and
comprising starch and ethylene/acrylic acid copolymers are
disclosed in U.S. Patent 4,133,784, Otey and Westhoff, issued
Janvary 9, 1979, and U.S. Patent 4,337,181, Otey and Westhoff,

30 issued June 29, 1982. The films disclosed in the latter. patent
also include a neutralfzing agent such as ammonia, which allows
them to be processed by blown film technology with good
properties. Polyethylene is specified as an optional component
in the films. Applications such as garbage bags and various

35 types of packaging are also contemplated in U.S. Patent
4,337,181.



apout 55% to about 85% and nost preferably from about 60%to about

80% Preferably, the filnms will also contain from a'm.
about 50% and, nore preferably, from about 15%to ab he
destructurized starch conponent. The fillmf used as

bi odegr adabl e backsheets in the absorbent ar tfi 4| e JoAUG M9&r sgnt
I nvention may be processed using conventionall grocedures fo
producing filmnms of blended pol yners op convertional film makingg
equi.pment. Pellets of the above 25 descri bed co '
dry bl ended and then nelt m xed in the film extruder itself

Alternatively, if insintereitdanal Patent pjAephigabianyr HOPQ/1068 ¢ idiscloses uder,
the pellets can bep{ddegFaddble articlesb! piéad omd staech.rel tinni padiculas,

xirusion 300 - BetPloRiy Sharch, and e %‘EE%E*ESHJ%%QQE@%W o )1

il s
usi ng ei t heembined tor foymoam fnternesstrating wetwarkeoddt has Rlse beench
aAIrle Siescrl Poxhdi BhatPlans et eh t ¥ingd of ckslheopoymer Eand be Egsed ly

an

i ncor porat ed by ﬁicfe oévﬁkre%@gsgereacﬁ?%%a% f.$°r%°"é'sz7<?rudé'd’l hPBugh a

linear slot 35 dispussed heveipaftey. the flat web is cooled on a large

movi ng pol i shegheretiaterphetrated metwrky fol destructurdgids efarchi s
I H gfjgh roll 4RaSi6ed N StneClbovd’ réfeirEncaUite %Mﬁ’ﬂsiw nChdtire ta'&ﬁ n
10 can be processed by both cast film and blown film extrusion

processes into strong, tough films. These films can be employed

to make biodegradable backsheets for use in disposable absorbent
articles. However, such films tend to exhibit sensitivity to
ambient humidity, especially where the starch concentration is

15 greater than about 50% by volume of the total film. It has been
found, for example, that the modulus of films comprised only of

the interpenetrated network of destructurized starch and ethylene

-vinyl alcohol copolymer decreases by about 50% as. the relative
humidity changes from about 20% to about 90X%. Although such

20 sensitivity to humidity is a reversible process, it makes the
film inconsistent on a day-to-day basis to the degree that
converting operations and end user performance can be negatively

affected.
It has also been found that films comprised of the
25 interpenetrated network of destructurized starch are sensitive to

loss of plasticizers, water, urea, and other low molecular weight
components. Loss of these components can occur, for example,
when an absorbent batt of paper fibers {s placed in contact with
the film. The loss of such components 4n this case {is
30 jrreversible, and greatly decreases the strength and toughness of
the film. The loss of strength and toughness can be great enough
to cause the film to fail even under the limited stresses applied

by end users of the absorbent article.
Furthermore, films made from only the interpenetrated
35 network are highly permeable to water vapor. This is beneficial
in some applications where breathability ts desirable in the
absorbent article. However, high water vapor permeability may
not be desirable {f the absorbent article is required to contain



15. a set of rubber-coated pull or "haul-off"
finally to a wi nder. A nethod of maki ng
for the absorbent products of the cu
descri bed hereinafter in Exanple I. 5
filmextrusion, the nelt is extruded upward through
annul ar die opening. This process is also referred t
tubular filmextrusion. Air is introduced thrpugh the center of
the die to inflate the tube and causes it to eXpand. ' ;
bubble is thus fornmed which is held at constant size by control 10

of internal air pregager uantftigst ePor1aidd, Istth SaCaql @Fe DYasd! bf a diaper.

bl own t hrough one o re chill rlings_ Suigi?]?dl n’& tkﬁ t ube. ;I;Q?on on

tube is .next coll apétﬂoﬁéeﬁr BRFIOP G0 PBXCERIIYS FOdRR the

through a pair of postsideldfs theddiiapen teawingddt. fe¢ldng benldslandtwet to the
~ touch. '

In achieving the present invention, it was found that the
addition of other thermoplastic polymers and copolymers to the
interpenetrated network of destructurized starch and ethylene
acrylic acid copolymer or ethylene vinyl alcohol copolymer can
substantially reduce the humidity sensitivity, the 1loss of
properties due to the migration of 1low molecular 'weight
components, and the moisture vapor permeation rate. However, it
was also discovered that the addition of conventional
non-biodegéadab1e polymers (e.g., polyethylene) invariably slows
down the rate of biodegradation, and hence the compostability of
films containing .the non-biodegradable polymers. The present
invention involves the addition of biodegradable aliphatic .
polyesters to the interpenetrated network of destructurized
starch to achieve absorbent articles with biodegradable
backsheets that are not overly sensitive to changes in ambient
humidity or contact with absorbent media, and that have
sufficiently low water permeation rates to prevent condensation
on the outside of the backsheet.

It 1s an object of the present invention to provide
absorbent articles having a 1liquid impervious backsheet
comprising a mixture of blodegradable polymers. It s a
particular object of the present invention to provide such
products wherein the biodegradable polymers are derived from
combinations of intefpenetrated networks of destructurized
starch, aliphatic polyesters, and optionally, polyolefins.

It 1s also an object of the present invention to provide a
biodegradable film which {is suitable for a varfety of product
applications such as agricultural mulch fiim, heat-sealable
packaging films, plastic garbage bags, etc.
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3 SUMHARY OF THE INVENTION

Thé present {nvention encompasses disposable absorbent
articles comprising a 1iquid pervious topsheet, a 1liquid



appltcations, the flattened tubular filmis subsequently slit

open, unfolded and further slit into w dths appropriate &@Mﬁm SHEET

i n absorbent products. Filmmterials -

| mper vi ous backsheets in absorbent articles] s$uch as di spospb| e
di apers, typically have a t hi ckness of from|O0| 0]2 AU 19860 u

0.2 m preferably from0.012 20 mmto about 0. @5:

In general, the liquid inpervious backsheet ig conbined}jw n

| i qui d pervious topsheet and an absorbent core positiongd

bet ween the topsheet and the backsheet, optionally elastic

menmbers and tape impetvioisdacksheet andhiahecabsonbent: opeeh@pcased: betw2dn the

backsheet, the ab&agmmmac € badfleet! 38id qrtmabwng ERYrackerized in
assenbled in a vari

{ conf.i gur at 9 e
di aper configuratio ¥s ﬁcbé& gnr‘fg?'%riF i A lﬁ 5"“&%& giﬂjegrad%gle film
3, 860, 003, entitl ed:deIIrstinQictal bméxtlree ¢br tanon ihterpSretpatingl cnetwork of

Di aper O whi ch i ssuegbstruckeriaed stircPUpith @nIRRUACKIE. adRY TROTrmERs or
whi ch patent is 'ncﬂ.ﬁpra?ei%t o'lby eimr liphatic pol I
topsheet is conplia a5y eT‘icﬁB R0 Py ri"f’al’f'nb P polyesteg.,
wearer's skin. FurtOpsfonaily tﬂmhb&deﬂeldlablml fier sapusurther comprise a
gﬁlr {na}) f Ie ntgol IS ﬂgle fls pAy 613@?& |m‘3tﬂ§?ﬁ'; re The &1%%&:31&8;»61%&@@5@ cofbined in
materi al s ,pg h asma%ljg s %3 ba imp?'gt s@ﬁ?‘aﬁgdpe&?ﬁ&"%g g Ff'meédt" the
plastic films, nat Lhaé;kshqebers eqgmajes webd thoﬂbmbmtberisﬁﬂes include
synthetic fibers ( edBposabPe 3R apers, CddulP! HeoAPIMbRY Pals DRERItaPY napkins and
pantiliners. The  present invention also  encompasses
biodegradable films per se comprised of the above mentioned
' mixture of components.
15
DETAILED DESCRIPTION OF THE INVENTION
The films used to prepare the backsheet materials employed
herein are’ derived from blends of two or more polymeric
20 blends biodegradable. 1In 'genera'l, the backsheet materials used
in the present invention comprise blends of an {nterpenetrated
network of destructurized starch with ethylene/acrylic acid
copolymers or ethylene/vinyl alcohol copolymers and an aliphatic
polyester. Optional {ingredients that also can be used in the
polymer blends of the present {invention {include certain
polyolefins. Each of these components 1s described in detail
below.. .
A. Destructurized Starch
The backsheet materials of the present invention contain a
first component based on an interpenetrated network of
destructurized starch with an ethylene/acrylic acid copolymer or
an ethylene/ vinyl alcohol copolymer (hereinafter referred to as
the destructurized starch component).- A detailed description of
these materials can be found in International Patent Application
W0 90710671, Bastioli, et al., published September 20, 1990, and
European Patent Application 0 408 503 A2, Silbiger et al.,
published January 16, 1991, both of which are incorporated by
reference herein. The backsheet materials of the present
invention preferably- compﬂse from about 10% to aboyt S0%

30

35

t he

components. The components are chosen so as to render the film



16 froma conbinati on of natural and synthetic

fibhers Preferably -

the topsheet is made of a hydrophobic material to isola EPL!KCEMENT SHEET

wearer's skin fromliquids in the absorbent core.
particularly preferred topsheet conprises staple-length
pol ypropyl ene fibers having a denier of about 1.5

5
Her cul es type 151 pol ypropyl ene marketed by Hercul es, I%c

W m ngton, Del aware. As used herein, the ternﬁ"st'apl e-

L2 AUG 9%
of

engt h

fibers refers to those fibers having a length of at |ea

Used o manut act ur exTonrss SRERRRELSG ) eRB AeBGE (xS BEIRYWE
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destructurized starch component. 4

The destructurized starch component preferably comprises a)
a phase of destructurized starch in the form of particles each
having an average number diameter lower than 1 micrometer; b) a
phase of a copolymer of ethylene and acrylic acid (EAA) or a
copolymer of ethylene and vinyl alcohol (EVOH); c) a phase
consisting of an ‘interpenetrated network (IPN) product resulting
from the interactfon  between starch and the EAA or EVOH
copolymer; and optionally, water in an amount lower than 6%,
preferably lower than 2% by weight with respect to the total
composition. One preferred material of this kind comprises from
10 to 90% by weight of a total destructurized starch; from 10 to
80% by weight of a total EAA copolymer having an acrylic acid
content ranging from 3 to 30% by weight and from 0 to 6% of
water, wherein less than 40% and preferably less than 20% by
weight of the total starch is free and in the form of particles
having an average number diameter below 1 micrometer, while the
remaining starch .is bound to the EAA copolymer to form said IPN
product. '

Another preferred material of this kind comprises from 10 to
90% by weight of a total destructurized starch; from 1 to 60% by
weight of a total ethylene vinyl alcohol copolymer having a vinyl
alcohol content ranging from about 50 to about 80 mole %; and
from 0 to 10X by weight of water, wherein léss than 40X and
preferably less than 20% by weight of the total starch is free
and in the form of particles having an average number diameter
below 1 micrometer, while the remaining starch {s bound to the
EVOH copolymer to form said IPN product.

_ An example of a commercially available destructurized starch
component suitabie for use in the present invention is Mater-Bi,
marketed by Novamont.

The destructurized starch component may also contain other
ingredients such as plasticizers, humectants, (e.g. urea) and
other low molecular weight compoundk. Typical plasticizers
include polar organic compounds such as urea, glycerol, glycerol
monoesters, sorbitol, sorbitol esters and ethers, and glycols

Lt 16
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bhe woven, nonwoven, spunbonded, carded, or. the |ike. A
topsheet is carded, and thermally bonded by neans wel | kR
those skilled in the fabrics art. Preferably, the topshge BN %
wei ght from about 18 to about 25 g/nferr],a mnimum drigedf tensile

strength of at |east about 400 g/cmin the machine dir ctloﬂ7Aug 199

wet tensile strength of at I|east about 55 g/cmj i

cross-machi ne direction. _ The topsheet and{the bac

joi ned together in any 20 suitable manngr. As us :
"] oined" enconpasses configurations whereby the topsheet 1s
directly joined to the backsheet by affi xi the topsheet directly
to the backsheet, sugid as propylensyrglygok.atmoners \ﬂﬂeré’!ﬁ triethydenen gdycals.

I nfll recgI ! ytJ oi nﬁg FbP "fm lidre detailedbaﬁ@mﬁﬁfcnb«f ethé wpw amadamséueeﬂhato
i nt er redi at e nenbers i r ) 2
In a preferred en %l%ﬂﬁdeg?o sta":llt"n SeF opt '

‘affixed directly ResinschRapentsrl. Davidson;. dc"ﬁé“’di"a%ﬂ ﬂgﬂl [‘}IQEP%NYbﬂgBO)

attachnent §neans @Hmeaszzanp@dbeggwga or any other attachnment neans
as known in the art F?

a uniform continuous |ayer of
adhesi ve, a pattePned adhesi ve, or an array of separate
lines or spots of adhdbehackshget materialspof $he presentr inventios peaferabdy to

E hekbacks heet . comprise from Taesm 500 foiaboute9o%,ancre prefeeatly frml akitt o the
acC wai

d d v, t ans
for hol di %ga‘t% 5“(5'9 %SP 'F%t b\'xaae%hbthﬁéR dbg{?t %g%@?; ?@ene can
be 35 1050y ofoft Awsad ipkatic kmiwnsm t hAs dised '!Fa!u‘EH‘oa@Q Herpaatighatdg t ape-

: polyester refers to the family of saturated polyesters which are

generally acknowledged as biodegradable. A detailed description
of the various types of aliphatic polyesters suitable for use in
the present invention is provided hereinafter.

15 Although some types of aliphatic polyesters can be processed
directly into thin water resistant films, their meiting points
may be too low to be used alone as backsheets for disposable
absorbent articles. In other cases, the film’s mechanical
strength may not be sufficient for use as backsheets. In yet

20 other cases, the crystallization rate of aliphatic polyesters are:
too slow to permit film processing from the melt state.

Polycaprolactone is an example of a preferred biodegradable
aliphatic polyester for use in the present invention. It is
produced via the ring opening polymerization of

25 epsilon-caprolactone, a seven-membered ring compound. As

' described in Unton Carbide Brochure F-60456 entitled "Tone -
Polymers®, the polymerization is initiated with a diol (HO-R-OH
where R {s an aliphatic segment) to produce polymers with the

following structure:
30

=0

" HO-R-0 [-C-(CHy)s-]n -OH
where n is the degree of polymerization.

35 Polycaprolactone polymers are available from Union Carbide
Corporation under the tradename TONE in a variety of molecular
weight grades. For example, TONE polymers P-300 and P-700 have



di sclosed in U S. Patent 3,848,594, issued to Kenneth B]

Novenber 19, 1974, the disclosuré of which is incorpora | SHE&}‘
17 by reference. These tape tab fasteners or of her diaper ’
fast eni ng means are typically applied near the norzADR ﬁgg

di aper. Preferred di apers -have-elastic ne rs disposé

adj acent the - periphery of the diaper, preferablly alo

| ongi t udi nal edge 5 so that the elastic, nenbers fend to draw and hpld
t he di aper agai nst the |l egs of the welrer. The el astic menpars—are
secured to the diaper in an elastically contractible condition so
that in dbgrEdy '&f %ﬁﬁﬁ{ﬁﬂ(}nsﬁ SPnfabaw 2| Qg hsoeb&%tﬂvwbers
effectlvely contract or ther

correspo ing to mo eculapeaeiéxtg §¥ a% {:I%E and 40,000.
TONE P-767 1{s prepared from a special high purity grade of
caprolactone monomer and has an average molecular weight of about
5 43,000. TONE P-787 has an even higher average molecular weight
of about 80,000,
Polycaprolactone polymers having molecular weights of about
40,000 and greater can be melt processed into strong water
resistant films. Except for their low melting point of about
10 60°C (140°F), these films could function as backsheets for
absorbent articles. Because of their low melting points,
backsheets consisting of 100% polycaprolactone would have
difficulty withstanding the high temperatures encountered when
hot glue {is applied to the diaper during the manufacturing
15 process. In addition, during shipping and/or warehouse storage,
temperatures of 60°C are often reached. Backsheets consisting of
100% polycaprolactone would be difficult to stabilize in such an
environment and might distort, stick to one another, or even
melt.
20 In the present invention, polycaprolactone polymers having
an average molecular weight of 40,000 or more are preferred for
blending with the starch {nterpenetrated network. Espectally
preferred are. polycaprolactone polymers having an average
molecular weight of about 80,000 grams per mole (e.g., TONE
25 P-787). . .
Other types of aliphatic polyesters suitable for use in the
present invention are derived from the reaction of an aliphatic
dicarboxylic acid .and a diol. As described in "An Overview of
Plastics Degradability", by Klemchuk, published in MODERN
30 PLASTICS (August, 1989) and incorporated herein by reference,
many of these polyesters are biodegradable since they are
susceptible to enzymatic hydrolysis. Moreover, the acid and
alcohol fragments of the hydrolysis are also easily assimilated
by microorganisms.

3s Such polyesters are prepared via the generalized reaction
shown below:



10 can be secured in an elastically contractible condition in. at.a..—
l east two ways. For exanple, the elastic nenbers CRMENT SHEEL
stretched and secured while the diaper is in an uncontra .
condition. Alternatively, the diaper may be contracted for
exanpl e, by pleating, an elastic nmenber secured and conn cf e TAUG 1996
the diaper while the elastic nenbers are in their rel axedq ¢r :

© ettty o e e 3 e

unstretched condition. The el astig nmenbers rfay take a

mul titude of configurations. For exanpl e t he w dilb-gfmi-he—elastTT
menbers nmay be varied from about 0.25 mmto about 25 mm or nore;

the el astic nmenbers nay 20 %:om%iseasingles and of?el# i C :
material orf the el iC : s may be recta I réor ;L;/i i near.
Still further, the ﬁé&‘l'w ] gQTQ'g?' ’ﬁ%e‘r‘s—n'a'ﬁbe, é{‘ﬁ%d&t 'Rﬂé 'Qber in
any of several ys ' men in the ar he

el astic nenbers Dmwamay #e&ﬁéqx?g@om cal Iy bonded, R%Ie@?flggﬁp@ggﬁg” e

The elastic S0 P unere RedSnrsmear Hhthviste dhaln (ehohe iPbok £ o, 7"
The absorbent core b$ albke oilinear nethylese t¢hadmd- (i +)gcwithiz < ¥ < 10; and n
topsheet and backsh%ttmﬂlﬁgg fob‘i?iyuﬁﬂﬁtm. bexipred a6 Whase types of in
a wide variety of Slfe p S %Ees £, gﬁd Jectangular, 30 our - gl ass,
asymetrical, etc.} “’iﬂg c poyestersuingiudeiari ety  of material s.
The total absorbent cap&elyeghylene dipiteortieratx ez and y = 45  shoul d,
however, be d@npati bl e wpiy (1 e prpahetisy ddipated wHapdind 3 and y » 4;fOr the
'ntended use of the absgrpen} A Gediol adipebe) where x = ¢ and y = 4;
Polyethylene sebacate where x = 2 and y = 8;
Poly (1,4 butanediol sebacate) where x = 4 and y = 8;
' Poly (1,3 propanediol succinate) where x = 3 and y = 2;
15 Poly (1,4 butanediol glutarate) where x = 4 and y = 3.

Biodegradable polyurethanes can be prepared from Jow
molecular  weight aliphatic polyesters derived from
epsilon-caprolactone or the reaction products of a
20 diol-dicarboxylic acid condensation. In general, these
polyesters have molecular weights Yess than 10,000 grams per mole
and frequently as low as 1000 to 2000 grams per mole. Examples
of biodegradable polyester urethanes derived from
polyethyleneglycol adipate, poly (1,3-propanediol) adipate and
poly (1,4-butanediol adipate) are disclosed in *The Prospects for
Biodegradable Plastics” by F. Rodriguez (Chem Tech, July - 1971)
incorporated herein by reference. For purposes of the present
invention, biodegradable polyurethanes prepared from aliphatic
polyesters are considered to be aliphatic polyesters and are
suitable for use herein.

25

30

Poly (alpha-hydroxy alkanoates)

Another family of biodegradable aliphatic polyesters
includes those derived from alpha-hydroxy carboxylic acids. This
family of poly(alpha-hydroxy alkanoates) includes synthetic
polymers such as polylactates from lactic acid -and naturally

35



Further, the size and absorbent capacity of the absorbepl core..35

vary to acconmodate wearers ranging frominfants througﬁBPLACEMENa‘dSHEET

A preferred enbodi nent of the diaper has a nodified

shaped absorbent core. The absorbent core is ap
absorbent nenber conprising a web or batt of ai rJf
fibers, and a part I cul ate absorbent polyneric 5 . cd Le

t her ei n.

present invention are sanitary napkins designed to receiwe—anre
di scharges such as nenses. Disposable sanitary

contai n vagi nal
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O her exanpl es of absorbgent articlles according to t

derived polymers such as polyhydroxybutyrate (PHB) polymers and
polyhydroxybutyrate-valerate  (PHBV)  copolymers. Preferred
examples of polyhydroxybutyrate homopolymer and polyhydroxy
butyrate valerate copolymers are described in U.S. Patent
4,393,167, Holmes et al., issued July 12, 1983 and U.S. Patent
4,880,592, Martini et al., dissued November 14, 1989, both
references incorporated herein by- reference. PHBY copolymers
have the generalized structure shown below.

Hy
I

CH, CH,

| [ ol
\/\ollc\/\/l/-

L i

._._._....._._.|

Hydroxyvalerate (HV) Hydroxybutyrate (HB)

Such copolymers are commercially available from Imperial
Chemica‘l Industries under the tradename BIOPOL. The BIOPOL
polymers are produced from the fermentation of sugaf by the
bacterium Alcaligenes eutrophus. PHBY polymers are currently
produced with valerate contents ranging from about 5 to about 24
mole percent. Increasing valerate content decreases the melting
point, crystallinity, and stiffness of the polymer. An overview
of BIOPOL technology is provided in BUSINESS 2000+, (Winter,
1990), incorporated herein by reference.

Unfortunately, PHBV copolymers are difficult to process
directly into films because of their slow crystallization rate.
However, it is known that they blend well with some synthetic
homopolymers containing polar groups such as polyvinylchloride
and polycarbonate and that the blends can be processed into
useful films. In achieving the current invention, it was



napkins are designed to be held adjacent to the human MAQEMENT SHEFE gh

the agency of a garnent, such as an undergarnent or a

speci al |y designed belt. Exanples of the kinds of . 1 r a Ki ns
to which the present invention is readily ’ adapg ed ﬂai‘“bﬁ ‘W} . S.
Patent 4,687,478, entitled Shaped Sani tary Napki : ilch
I ssued to Kees J. Van Til burg 15 on August 18, 987. and in U S
Patent 4,589,876, entitled Sani tany Napki n" ‘whi-eh—t+ssted 10 Kees
J. Van Tilburg on May 20, 1986, the disclosures of both patents
bei ng .i ncor porated herein by reference. It wll be apparent that

the pol ymeric conpueprdbingly found thatiPHBN mbésmsbeaﬂﬁelbnnberﬂendsdm as

the liquid !rme_rv'teels s€drch 1&3?&%@@%&@“ RAWBrIE ANRAGT Y extalddS- 1nt9“ the
other hand it wl

ood .t he pres |nvent|
it e o any spligdeoradable £1185Cs bR Copol hor? cSaERning. FE0R Rt To To
structure. about 24 Im'lgermraent sealecatey amaplpm&rcedrpbemsa thejori d
Irmerw ous 5 DAGKPORRS . are hbatudaugwrt\sl aemtoeaftegi-ocea age afgor bent

gg;rgrl ses one 8:‘ a?’ﬁ%mge%en tﬂ\? bﬁ\%ﬁ‘q 9;5? thhe g eegf the hest?'?%kSheet
pol yneric conponenmponeat whdels dsi dbout léﬂmce The topsheet may
gormrlrse ag% of the t%msfne%ofmre&yﬁu %fdmsufcaed;t:w;'r&?wrlesmbw ;?g use
pr esent 1R 08 1 DRSRRE \nHRRIEN ot thoRes d5F it FraR, R, oxigafton | °
convent i onal0 reactiahsof mhﬂmet-cmem moxzﬂdeemodyma'spuivblpefomacid
typically a oxidizing agents. Preferred examples of these materials are

described in U.S. Patent No. 4,929,711, Chang et al., issued May

29, 1990 and U.S. Patent No. 4,957,997, Chang et al., {ssued

September 18, 1990, incorporated herein by reference.

15 C. Polvolefins
Additional components based on polyolefins and polyolefin

copolymers may also be included in the film blends that comprise

the backsheet of the current invention. Preferred examples of

polyolefins for use herein include polyethylene, polypropylene,

20 ethylene/propyiene copolymers, ethylene/vinyl acetate copolymers,
ethylene/acrylic acid copolymers, ethylene/methacrylic acid
copolymers, ethylene/acrylic ester copolymers, ethylene/carbon

. monoxide copolymers, and ethylene/vinyl alcohol copolymers.
Other examples of suitable polyolefins include poly styrene, poly

25 (vinyl acetate), poly (l-butene), poly (2-butene), poly
(1-pentene), poly (2-pentene), poly (3-methyl-l-pentene}, poly
(4-methyl-1-pentene), 1,2-poly-1,3-butadiene,

1,4-poly-1,3-butadiene, polyisoprene, polychloroprene, and the
1ike. The backsheets of the present invention may contain from

30 1% to about 40% by weight of these polyolefins, and more
preferably from 1% to about 33% by weight of the polyolefin
materials.

Optional Components
35 In addition to the above-mentioned components, the backsheet

films of the present invention may contain other components as
may be, or later become, known in the art, including, but not



pol yet hyl ene backsheet. The term "conposgak

méans a material that 35 meets the follow ng thrREPLS SHEET

i s capabl e" of being processed in a conposting fertTry—for—=sql i
waste; (2) if so processed will end up in the ffi ngl ; larn
(3) if the 27 308996
conpost is used in the soil the material will ultimt biodedr 3de
in the soil. - A polyner filmmterigl presgnt in solid waste
submitted to - a conposting facility for ‘grocessi ng—does—Tmot———
necessarily end up 5 in the final conmpost. Certain conposting

facilities subject ttjRfted to, anEfloekingSigents,’ aAtIstt Rt agétas S ip Gakhe)
prior to further oo neaR” OSERNY Mskrs) " SHeibk1chRes PIR ckiBe" adftioldle"
pigments, plasticizers, etc. ' '
Antiblocking agents act to prevent film layers from sticking
5 to one another when wound into a roll or when disposable articles
are packaged in contact with one another. Typical antiblocking
substances include concentrates of silica or talc blended with a -
polymeric materials such as polyethylene or polycaprolactone.
Reduction of blocking in the films of the present invention can
10 also be obtained by loading the film surface with small particles
or powders such as chalk, clay, silica, starch, and similar
materials. Powdered polymeric’  materials (e.g.
polytetrafluoroethylene) can also be used to reduce blocking when
applied to the surface of films of the present invention. Such
15 film surface treatments can be used to reduce blocking alone or
in combination with other antiblock methods. The quantity of
powder antiblock substance commonly added to the surface of a
film, when used, is from about 0.5 g/m? to about 5 g/m2.

20 Antistatic agents may be {ncorporated in films of the
present invention; examples of such agents include ethoxylated
amines and quarternary amine salts having organic constituents of
abut 12-18 carbon atoms in length. Agents of this type slowly
defuse to the surface of the film and, because of their ionic

25 character, form an electrically conductive layer on the surface
of the film. Antistatic agents commonly constitute from about 1%
to about 5% of the weight of the films, when used.

Sl1ip agents may be incorporated into the films of the

30 present invention to reduce drag over rollers and other forming

equipment. Examples of such agents are those commonly derived

from amides of fatty acids having about 12-22 carbon atoms. Such

agents may augment the antiblocking properties of the films of

the present {nvention. Such slip agents are commonly

3s incorporated in fiims from about 0.05% to about 3% of the weight
of the films when used. '



polymer filmwould nost probably be separated fromthe solid- wast e
streamin such an air classification and therefore n

in the conposting facility. Nevertheless, it may sti _
"conpost abl e” material according to the above définit}i dn uge it

I's "capabl e" of being processed in a conposting
The requirenent that the material ends up in the fingl QG’IAUQM

typically nmeans that it undergoes a form of dggradatiOH At f
conposting process. Typically, the solid waste strg¢am wil | b
subjected to a shredding step in an early phase of the comnposti ng

process. As a result, Bhﬁzr P@'rM izefdégﬂdﬁ‘twn o'?ethe backsheé)l.r FIO oS
shreds rat her than sheet hase o

process, the fini sﬁgﬁ B'('frfﬁBEtP'?Mef‘&"ﬂeg%ﬂﬂ?e&?%&’i‘é’ga% extrusiogcgg %I 5
step. Typically, tedhnigues,rbeatsistabddizers andmntpoxidants can be talddemgh thlee

ts;:]reeﬂs h‘:j theyt hayy 'F&?ﬁ\nta@?on%' ze![{mey,. hafese types bm&ﬁﬁf‘és\’ malyt er

e shredding step., eri

I nvention wi ?I have" Bres‘f %gétﬁ'&fmp "P‘?‘ﬁ?’ég‘!‘f‘tﬁ{“‘ﬁ%’“ i"&ﬁr‘ﬁlgh Eb“s
conposting process ifothéy aresaddedeat ddechighr adle Consequentdys althaughh t he

screens. However, iganys tSBWebYameﬁtt t3‘?.‘5!”412&"3. - prif@yP Ot dhmG, | 14
m ght subject the saolid, wa

and a rather coarsé §B'Pde‘€¥n ﬁ'bt“?‘{f’e‘ﬂg% cHe "‘1]ab1°6a§5°%5ﬂ% 3:“3335?‘315'& ;gr s
| i ke pol yet hyl ene vidabthizees @@ addedr dquthebiands (of) starpheriaterpenetratedt i ng
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In cases where an optional polyolefin constituent is
included in the backsheets of the current invention a pro-oxidant
system may also be included to enhance the degradation of the

15 polyolefin. Pro-oxidant systems are designed to reduce the
molecular weights of polyolefins to a value of less than about
1000 whereupon the short oligomeric segments which remain can be
further biodegraded by micro-organisms. ' :

Pro-oxidant systems generally consist of multiple components

20 including an antfoxidant, which is active over a relatively short
time period, and a latent pro-oxidant such as an organic salt of
a transition metal. Other rapidly degrading additives such as
chemically unsaturated polymers or copolymers or filler particles
derived from natural products such as starches, proteins,

25 cellulose, and sugars can also be included with the pro-oxidant
system.

For example, U.S. Patent 4.983 651, Griffin, {ssued January
8, 1991, incorporated herein by reference, disclose degradable
plastic compositfons based on polyolefins blended with an

30 antioxidant, starch, a styrene butadiene copolymer, and a
transition metal organic salt. The transition metal is selected
from the group Ca, Zn, Cu, Ag, Ni, Co, Fe, Mn, Cr, and V; and the
organic salt is selected from the group consisting of stearates,
oleates, behemates, myristates, erucates, 1inoleates,

15 napthenates, acetonyl acetonates, hydroxyquinolinates, and

: metalamine salt complexes. The transition metal salt complexes

D
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The use of antioxidan s together with transition metal sa]ts
as additives in polyolefins is also disclosed in British Patent
GB 1,434,641 {issued to Huels on May 5, 1976, and {incorporated
“herein by reference. Polyolefin compositions are disclosed
comprising 0.01-1.0% antioxidant, 0.02-1.0% of an organic copper
salt, and 0.1-0.2% of an organic manganese, cobalt, or iron salt
where the organic group is selected from the group oleates,
palmitates, and stearates.

In a preferred embodiment of the present invention, the
weight ratio of the aliphatic polyester to the destructurized
starch component is at least 1:1. Thus, for biodegradable films
comprising a binary mixture of the aliphatic polyester and
destructurized starch component, the films will contain at least
50% by weight of the aliphatic polyester, more preferably from
about 55% to about 85%, and most preferably from about 60% to
about 80%. Preferably, the films will also contain from about
10% to about S50% and, more preferably, from about 15% to about
35% of the destructurized starch component.

The films used as biodegradable backsheets in the absorbent
articles of the present invention may be processed using
conventional procedures for producing films of blended polymers
on conventional’ film making equipment. Pellets of the above
described components can be first dry blended and then melt mixed
in the film extruder {tself. Alternatively, if f{insuffictent
mixing occurs in the film extruder, the pellets can be first dry
blended and then melt mixed in a precompounding extruder followed
by repelletization prior to film extrusion.

The polymer blends can be melt processed into films using

20

for
s in

t hat

either cast or blown film extrusion methods, both of which are

described in "Plastics Extrusion Technology - 2nd. Ed."™ by Allan
A. Griff (Van Nostrand Reinhold - 1976), incorporated by
reference herein. Cast film is extruded through a linear slot
die. Typically, the flat web is cooled on a large moving
polished metal vroll. It quickly cools, and peels of this first
roll passes over one or more auxilary cooling rolls, then through
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bubble is thus formed which is held at constant size by control
0 of internal air pressure. The tube of film is cooled by air
- blown through one or more chill rings surrounding the tube. The
tube is next collapsed by drawing it into a flattening frame
through a pair of pull rolls and into a winder. For backsheet
applications, the flattened tubular film is subsequently slit
15 open, unfolded and further slit into widths appropriate for use
in absorbent products.
Film materials used as liquid impervious backsheets in
absorbent articles, such as disposab1e diapers, typically have a
thickness of from 0.01 mm to about 0.2 mm, preferabiy from 0.012
20 mm to about 0.051 mm.
' In general, the liquid impervious backsheet is combined with
a liquid pervious topsheet and an absorbent core positioned
between ‘the topsheet and the backsheet, optionally elastic
members and tape tab fasteners. While the topsheet, the
25 backsheet, the absorbent core and elastic members may be
assembled in a variety of well known configurations, a preferred
diaper configuration 1is described generally in U.S. Patent
3,860,003, entitled “Contractible Side Portion for Disposable
Diaper® which issued to Kenneth B. Buell on January 14, 1975 and
10 which patent is incofponated herein by reference.
The topsheet is compliant, soft-feeling, and non-irritating
to the wearer’s skin. Further, the topsheet is liquid pervious,
permitting liquids to readily penetrate through its thickness. - A
‘suitable topsheet may be manufactured from a wide range of
a5 materials such as porous foams, reticulated foams, apertured
plastic films, natural fibers (e.g., wood or cotton fibers),
synthetic fibers (e.g., polyester or polypropylene fibers) or




132[err]C at the discharge end near the die. The die tenperature is
mai ntai ned at about 138[err]C. Film takeoff and w ndin
acconpl i shed on a Johnson takeoff system The chil
the filmis cooled and solidified are maintai ned at
21[err]C. After cooling, the thick edges of the fil
and renoved and the final filmapproximately 13.5 in
collected on a 3 inch dianeter cardboard corq

21 - ' The resulting filmis transl
toughness and mechani cal st rengt h. These prop

mai ntai ned even afggh @Qicﬁﬂlniaﬂitﬁl oPLRthrdY QhETsyhEMRL R | MBeFM Bhéfétably
environment for t %getgggﬂgeéiisSmade-of a hydrophobic material to 1solate the
wearer’s skin from liquids in the absorbent core.
A particularly preferred topsheet comprises staple-length
5 polypropylene fibers having a denier of about 1.5 such as
Hercules type 151 polypropylene marketed by Hercules, Inc. of
Wilmington, Delaware. As used herein, the term "staple-length
fibers" refers to those fibers having a length of at least about
16 mm. .
10 There are a number of manufacturing techniques which may be
used to manufacture the topsheet. For examplé, the topsheet may

be woven, nonwoven, spunbonded, carded, or the 1ike. A preferred

topsheet is carded, and thermally bonded by means well known to

those skilled in the fabrics art. Preferably, the topsheet has a
15 wefght from about 18 to about 25 g/m?, a minimum dried tensile
strength of at least about 400 g/cm in the machine direction, and
a wet B tensile strength of at least about 55 g/cm in the
cross-machine direction. ' '
The topsheet and the backsheet are joined together in any
20 suitable manner. As used herein the term "jJoined" encompasses
configurations whereby the topsheet 1is directly Jjoined to the
backsheet by affixing the topsheet directly to the backsheet, and
configurations whereby the topsheet is indirectly joined to the
backsheet by affixing the topsheet to intermediate members which
25 in turn are affixed to the backsheet. In a preferred embodiment,
the topsheet and the backsheet are affixed directly to each other
in the diaper periphery by attachment means such as an adhesive
or any other attachment means as known in the art. For example,
a uniform, continuous layer of adhesive, a patterned layer of
30 adhesive, or an array of separate lines or spots of adhesive may
be used to affix the topsheet to the backsheet. '
Tape tab fasteners are typically applied to the back
waistband region of the diaper to provide a fastening means for
holding the diaper on the wearer. The tape tab fasteners can be
K} 3 any of those well known in the art, such as the fastening tape

disclosed in U.S. Patent 3,848,594, issued to Kenneth B. Buell on -

November 19, 1974, the disclosure of which is incorporated herein

Bcent ursprays excel ljent



EXAMPLE | | . A 66:17:17 by weight dry blend of TONE P-787,
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PRI MACOR 3460) is prepared by conbining 16. 3Rk
pounds MATER-BI, 10 and 4. 25 pounds PRI MACOR pe¢l
M xer and m xing for 30 m nutes.

melt conpounded on a Brabender tw n screw cen

an eight port strand die. The conpounder pal _
mai nt ai ned bet ween 155 and 15 160[ err] CYand t §e: di e mai nt ai ned
about 145[err]C. The strands are cool ed i n "awater—battr-amd--
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di fferent - a normally unrestrained copfiguration the elastic’ members
effectively contract or’ gather the diaper. The elastic members
10 can be secured in an elastically contractible condition in at

least two ways. For example, the elastic members may be
stretched and secured while the diaper is in an uncontracted
condition. Alternatively, the diaper may be contracted, for
example, by pleating, an elastic member secured and connected to

15 the diaper while the elastic members are in their relaxed or -
unstretched condition. _

The elastic members may take a multitude of configurations.
For example the width of the elastic members may be varied from
about 0.25 mm to about 25 - mm or more; the elastic members may

20 comprise a single strand of elastic material or the elastic
members may be rectangular or curvilinear. Still further, the
elastic members may be affixed to the dfaper in any of several
ways which are known in the art. Ffor 'example the elastic members
may be ultrasonically bonded, heat and pressure sealed into the

25 diaper using a variety of bonding patterns, or the elastic
members may simply be glued to the diaper. )

The absorbent core of the diaper {is positioned between the
topsheet and backsheet. The absorbent core may be manufactured
in a wide variety of sizes and shapes (e.g., rectaﬁgu‘lav,

30 hour-glass, asymmetrical, etc.) and from a wide variety of
materials.. The total absorbent capacity of the absorbent core
should, however, be compatible with the designed 1iquid loading
for the intended use of the absorbent article or diaper.
Further, the size and absorbent capacity of the absorbent core

35 may vary to accommodate wearers ranging from infants through
adults. '



size children, or for adult incontinence briefs, according to 30
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JrgLf§§ 4£cc§gg§;6%hgj member comprising a web or batt of
airfelt, wood pulp fibers, and a particulate absorbent polymeric
composition disposed therein.

Other examples of absorbent articles according to the
present invention are sanitary napkins designed to receive and
contatn vaginal discharges such as menses. Disposable sanitary
napkins are designed to be held adjacent to the human body
through the agency of a garment, such as an undergarment or a
panty or by a specially designed belt. Examples of the kinds of
sanitary napkins to which the present i{nvention is 'readily
adapted are shown in U.S. Patent 4,687,478, entitled "Shaped
Sanitary Napkin With Flaps" which issued to Kees J. Van Tilburg
on Ahgust 18, 1987 and in U.S. Patent 4,589,876, entitled
"Sanitary Napkin® which issued to Kees J. Van Tilburg on May 20,
1986, the disclosures of both patents being incorporated herein
by reference. It will be apparent that the polymeric compostable
films described herein may be used as the liquid impervious
backsheet of such sanitary napkins. On the other hand it will be
understood the present invention is not limited to any specific
sanitary napkin configuration or structure.

In general, sanitary napkins comprise a liquid impervious
backsheet, a liquid pervious topsheet, and an absorbent core
placed between the backsheet and the topsheet. The backsheet
comprises one of the compostable films containing a blend of
polymeric components as described above. The topsheet may
comprise any .of the topsheet materials discussed with respect to
diapers.

Importantly, the absorbent articles according to the present
invention are compostable to a greater extent than conventional
absorbent articles which employ a polyolefin, typically a
polyethylene backsheet.

The term "compostable® as used herein means a material that
meets the following three requirements: (1) is capable of being
processed in a composting facility for solid waste; (2) if so
processed will end up in the final compost; and (3) if the



5 " polyacrylate from N ppon Shokubai); 8.4 mm

ehdered
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of the diaper. be a "compostable” material according to the above definition
because it §s "capable® of being processed in a composting

facility.
The requirement that the material ends up in the final
15 compost typically means that it undergoes a form of degradation

in the composting process. Typically, the solid waste stream
will be subjected to a shredding step in an early phase of the
composting process. As a result, the polymer film will be
present as shreds rather than a sheet. In the final phase of the
20 composting process, the finished compost will be subjected to a
screening step. Typically, the polymer shreds will not pass
through the screens if they have retained the size they had
immediately after the shredding step. The compostable materials
of the present inventfon will have lost enough of their integrity
25 during the composting process to allow semidegraded shreds to
pass through the screens. However, it {s conceivable that a
composting facility might subject the solid waste stream to a
very rigorous shredding and a rather coarse screening, in which
case nondegradable polymers T1ike polyethylene would meet

30 requirement (2). Therefore, meeting requirement (2) is not
enough for a materfal to be compostable within the present
definition.

What does distinguish the compostable material as defined

herein from materials like polyethylene is requirement (3) that

35 they ultimately biodegrade in the sofl. This biodegradation
should be complete to CO, and water. This biodegradability
requirement is not essential to the composting process or the use
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of composting soil. Solid waste and the compost resulting
therefrom may contain all kinds of nonbiodegradable materials,
for example,sand. However, to avoid -a build up of man-made
materials in the soil, it is required herein that such materials
be fully biodegradable. By the same token, it is not at ali
necessary that this biodegradation be fast. As long as the
material itself and intermediary decompositibn products are not

. toxic or otherwise harmful to the soil or the crops, it is fully

acceptable that their biodegradation takes several months or even
years, since this requirement i{s present only to avoid an
accumulation of man-made materials in the soil.

The following examples {llustrate the practice of the
present invention but are not intended to be limiting thereof.

EXAMPLE ]

A 70:30 by weight dry blend of TONE P-787 polycaprolactone
to Mater-Bi Grade SA007 1s prepared by adding 17.5 pounds of TONE
pellets to 7.5 pounds Mater-B{ in a Kelly Duplex Mixer and mixing
for 15 minutes.

The dry blend is then melt compounded to 150°C in a
Brabender twin screw compounder equipped with an eight por;t
strand die. The molten strands are cooled and solidified in a
water bath prior to entering a Cumberland Quietizer Pelletizer
where each strand 'ls chopped into pellets approximately 0.12%5
inches long.

The pellets are converted into a film approximately 0.0012
inches thick using a 30mm diameter  single screw extruder
(Zahnradwerk Kollman) equipped with standard polyolefin-type
screw and a 24 inch wide coathanger die. The temperature of the
extruder barrel varies from about 127°C in the feed zone to about
132°C at the discharge end near the die. The die temperature is
maintained at about 138°C. Film  takeoff and winding fis
accomplished on a Johnson takeoff system. The chill rolls on
which the film s cooled and solidified are maintained at about
21°C. After cooling, the thick edges of the fiim are slit off
and removed and the final film approximately 13.5 inches wide, is
collected on a 3 inch diameter cardboard core.



EXAMPLE V 5 A catanenial product in the formof a sanitary

napki n havi ng two flaps extending outward fromits absorbent core
is prepared - using a pad in the manner of Exanple face area
117 cnferr]; 8.5 g SSK air felt), per the design

4,687,478, Van Till burg, August 18, 1987. The bag¢k

topsheet materials 10 are the sane as described I n

EXAMPLE VI The di aper of Exanple k is nmodgiffi e

t he backsheet with a backsheet con3|§ ing of af. 5

t hi ckness film conprising a 66:17:17 Tone: ) ~—t
E’;hw ?nel i'i;?r)” ic acid Q'ﬁéol'é’s'gﬁffin@ ¢NTh (13" eP@isIdcait Ckiﬁcﬂlhﬂ‘dyrnemenkerﬂtL /
anpl e r,0 e peci e Skid.le
in the art can 20 tough"3§§| laydagaeeé:ﬁfrgcgf %glrg&téhtl fﬂeg pﬁ’?%r%gilcag €of
this invention, maintained aven sfientagiapdn: 2 59 ¢ rioerii0® ‘sﬁamvg humdd £tydpe
t hereof, may make environmentvﬂiﬂ ChreeChibatpes and nodifications to adapt the

i nvention t vari ous usages and conditions not specifically
ment i oned hérein. The scope of this invention shall be defined by
the clainms which 25 fol | ow. EXAMPLE II

A 66:17:17 by wefght dry blend of TONE P-787, Mater-Bi
_SA007, and an ethylene-acrylic acid copolymer (DOW PRIMACOR 3460)
is prepared by combininy 16.5 pounds TONE, 4.25 pounds MATER-BI,

10 and 4.25 pounds PRIMACOR pellets in a Kelly Duplex Mixer and
mixing for 30 minutes.

The dry blend is then melt compounded on a Brabender twin
screw compounder equipped with an eight port strand die. The
compounder barrel temperature {is maintained between 155 and

15 160°C, and the die maintained at about 145°C. The strands are
cooled in a water bath and pelletized as described in Example I.

The pellets are converted into a film ranging from about
.0012 to about 0.0014 inches thick using the same extruder and
takeoff equipment' described in Example I. Die temperatures and

20 takeoff conditions are the same. The resulting film, after
slitting to about 13.5 inches wide, is wound onto a 3 inch
diameter cardboard core.

25 A disposable baby diaper according to this invention is
prepared as follows. The dimension listed are for a diaper
intended for use with a child in the 6-10 kilogram size range.
These dimensions can be modified proportionately for different
size children, or for adult incontinence briefs, according to

30 standard practice. '

1. Backsheet: .020 - .038 mm film consisting of a 70:30
polycaprolactone to Mater-Bf blend (prepared as described in
Example I); width at top and bottom 33 cm; notched inwardly on
both sides to a width-at-center of 28.5 cm; length 50.2 cm.

35 2. Topsheet: carded and thermally bonded staple-length
polypropylene fibers (Hercules type 151 polypropylene); width at
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top and bottom 33 cm; notched inwardly on both sides to a
width-at-center of 28.5 cm; length 50.2 cm. ,

3. Absorbent core: comprises 28.6 g of cellulose wood pulp
and 4.9 g of absorbent gelling material particles (commercial
polyacfy'late from Nippon Shokubai); 8.4 mm thick, calendered;
width at top and bottom 28.6 cm: notched inwardly at both sides
to a width-at-center of 10.2 cm; length 44.5 cm.

4. Elastic leg bands: four individual rubber strips (2 per
side); width 4.77 mm; length 370 wm; thickness 0.178 mm (all the
foregoing dimensions being in the relaxed state).

The diaper is prepared in standard fashion by positioning
the core material covered with the topsheet on the backsheet and
gluing. - )

The elastic bands (designated “inner®* and “outer®,
corresponding to the bands closest to, and farthest from, the
core, respectively) are stretched to ca. 50.2 ¢cm and positioned
between the topsheet/backsheet along each longitudinal side (2
bands per side) of the core. The inner bands along each side are
bositioned ca. 55 mm from the narrowest width of the core
(measured from the inner edge of the elastic bank). This
provides a spacing element along each side of the diaper
comprising the flexible topsheet/backsheet material between the
inner elastic and the curved edge of the core. The inner bands
are glued down along their length in the stretched state. The
outer bands are positioned ca. 13 mm from the inner bands, and
are glued down along their length in the stretched state. The
topsheet/bicksheet assembly is flexible, and the gliued-down bands
contract to elasticize the sides of the diaper.

. EXAMPLE IV
- A 1ightweight pantiliner suitable for use between menstrual
periods comprises a pad (surface area 117 cm?; SSK air felt 3.0
g) containing 1.0 g of absorbent gelling material particles
(commercial polyacrylate; Nippon Shokubai); said pad being
interposed between a porous formed-film topsheet according to
U.S. Patent 4,463,045 and a backsheet which comprises a 0.03 mm



1. An absorbent article characterized in that it conpris

i quid pervious topsheet; by a liquid i nper v Rﬂ!LACEM%T I FT
j oi ned with said t opsheet; sai d backsheet ‘¢ 3rT§Tﬁ§—3_ET€hd§
of : (1) an i nt er penetrat ed net wor k f

destructuri zed starch and a copol yner sel eft ad%?cergae?gr?gl enel
acrylic acid copol yner and et hyl ene vinyl &l ,
preferably et hyl ene vinyl al coh copolyne ; and

(ii) an aliphatic polyester, the weight atlo sardT

al i phatic pol yest er to sai d interpenetrated

network of  destyhy€kne’ss zR0ycaprotatone/MaterdBi (70:80 wewght basis) film, as

being at |east 1:1; n b t, core positioned between
said topsheet d;r%'ﬂ'ed in ac&)rdanc% with ?ﬁwf‘?

EXAMPLE ¥
A catamenial product in the form of a sanitary napkin having
two flaps extending outward from its absorbent core is prepared
using a pad in the manner of Example IV (surface area 117 cmt?;
8.5 g SSK air felt), per the design of U.S. Patent 4,687,478, Van
Ti{llburg, August 18, 1987. The backsheet and topsheet materials
10 are the same as described in Example IV.

. EXAMPLE VI
The diaper of Example III is modified by replacing the
backsheet with a backsheet consisting of a .020 to .038 mm
15 thickness film comprising ‘a 66:17:17 Tone:  Mater-Bi:

ethylene-acrylic acid copolymer blend (prepared as described in
Example II).

From the foregoing specification, one skilled in the art can

20 easily ascertain the essential characteristics of this invention,
and without departing from the spirit and scope thereof, may make

various changes and modifications to adapt the invention to

various usages and conditions not specifically mentioned herein.

The scope of this invention shall be defined by the claims which
28 follow.
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sai d backsheet. 2. The absorbent article of daim1l wherein the
backsheet conprises from10%to 50% preferably from 15%to 35% by
wei ght of sai Wm ed network of destructurlﬁd—stﬁﬁeh -and

copol ynmer, an 0% preferably fron160@6to wei ght of :
t he al i phatifp polyester. 3.} The absorbent article I ﬁuuﬂ“m,m

2 wherein |esh |t2ahAUBORI6 preferably |ess than 20% o m

t he backsheet }s]free and i f the formof particles haV|ng an avera e
nunber di ametef bel ow | m crionet er . 4. The absorbent article of any

of Cainms 1-3 | ner is an ethylene/acrylic acid

copol yner having an acrylic acid contept of from3%to 30% by wei ght.

1. An absorbent article characterized in that it comprises:
a) a liquid pervious topsheet;

b) a liquid impervious backsheet joined  with said
topsheet; said backsheet comprising a blend of:

(i) an interpenetrated network of destructurized
starch and a copolymer selected from ethylene acrylic acid
copolymer and ethylene vinyl alcohol copolymer, preferably
ethylene vinyl alcohol copolymer; and

~(i1) an aliphatic polyester, the weight ratio of said
aliphatic polyester to said interpenetrated
network of  destructurized starch and copolymer
being at least 1:1; and

c) an absorbent core positioned between said topsheet and
said backsheet.

2. The absorbent articie of Claim 1 wherein the backsheet comprises
from 10% to 50%, preferably from 15% to 35% by weight of said
interpenetrated network of destructurized starch and copolymer, and
from 50% to 90%, preferably from 60% to 80% by weight of the
aliphatic polyester.

3. The absorbent article of Claim 1 or 2 wherein less than 40%,
preferably less than 20% of the starch in the backsheet is free and
in the form of particles having an average number diameter below 1
micrometer.

4. The absorbent article of any of Claims 1-3 wherein the copolymer is
an ethylene/acrylic acid copolymer having an acrylic acid content of
from 3% to 30% by weight.



25 5. The absorbent article of any of Clains 1-3 wherein the copolyner is

an et hyl ene/ vi nyl al cohol copol yner having a vinyl al cohol content of
from50%to 80 nole % 6. The absorbent article of—any of _Clains 1-5
wherein the aliphatic pol yester is polycaprol act one. 7. The absorbent

article of any of Clains 1-5 wherein the aliphatic “m he
oxi dati on product of an ethyl ene-carbon nonoxi de mm"m'w HLE
peroxyaci d oxidizing agent. 8. The absorbgnt articl e*of¢ aty of

wherein the aliphatic pol yester is pol yhydr oxybut yr at e- val erat e

copolynmer having a val erate content from10%to 24 nmole % 9. The
absorbent article of any of Cdainms 1-8 in the formof a

di sposabl e di gperne Sijibkgnt JRARIEIE ¥ aRFYF Chifls 1-3 wherein the copolymer is

an ethylene/vinyl alcohol copolymer having a vinyl alcohol content
of from 50% to 80 mole %.

6. The absorbent article of any of Claims 1-5 wherein the aliphatic
polyester is polycaprolactone.

7. The absorbent article of any of Claims 1-5 wherein the aliphatic
polyester is the oxidation product of an ethylene-carbon monoxide
" copolymer and a peroxyacid oxidizing agent.

8. The absorbent article of any of Claims 1-5 wherein the aliphatic
-polyester 1is a polyhydroxybutyrate-valerate copolymer having. a
valerate content from 10% to 24 mole %.

9. The absorbent article of any of Claims 1-8 in the form of a
disposable diaper, sanitary napkin or pantiliner.

10. The absorbent article of any of Claims 1-9 wherein said absorbent
core contains an absorbent gelling material.
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10. The absorbent article of any of Clainms 1-9 wherein said absorbent
core contains an absorbent gelling material.
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ABSTRACT
DISPOSABLE ABSORBENT ARTICLES WITH BIODEGRADABLE BACKSHEETS

Liquid impervious; biodegradable films are disclosed. In particular, the films comprise
a blend of an interpenetrated network of destructurized starch with ethylene/acrylic acid
copolymers or ethylene/vinyl alcohol copolymers, and an aliphatic polyester such as
polycaprolactone. Diapers, saﬁitary napkins, pantiliners, and the like, containing backsheets

prepared from the foregoing materials are also disclosed.




