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10 The present invention relates to 1liquid impervious films
Y comprising multilayer structures of biodegradable thermoplastic

polymers. The films are especially suitable for use as backsheets in
articles such as diapers, sanitary napkins, pantiliners, and the
like, which are adapted for absorbing various bodily fluids. The

15 films herein may also be used in a sealable packaging film, plastic
garbage bags, etc.

BACKGROUND OF THE INVENTION

A wide variety of absorbent articles designed to be efficient

20 for the absorption of body fluids such as blood, urine, menses, and
the like, are known. Disposable products of this type generally

comprise some sort of fluid-permeable topsheet material, an absorbent

core, and a fluid-impermeable backsheet material. Heretofore, such

absorbent structures have been prepared using, for example, topsheet

25 materials prepared from woven, non-woven, 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. One aspect of such

30 absorbent articles that has recently been considered is their
disposability. Although such products largely comprise materials

which would be expected ultimately to degrade, and although products

of this type contribute only a very small percentage of the total

solid waste materials generated by consumers each year, nevertheless,

35 there is currently a perceived need to devise such disposable
products from materials which are compostable.
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articles such as diapers, sanitary napkins, pantiliners, and the |iKke,
whi ch are adapted for absorbing various bodily fluids. The filns herein

may al d in a seal abl e packaging film plastic H?ﬂﬁ , etc.’
BACKGR’%@%H%g'HE | NVENTI ON A wide yvariety of absorgggn af({g?%ises
designed to be efficient for the absorption of body fluids such as bl ood,

urine, nenses, and the like, are known. D sposable products of this type
generally conprise sone sort of fluid-perneable topsheet material, an
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typically co ' fLexl bl polye I et s, At cor

mat eri gl s typirrg{'ﬂe??’ cagbrp??egéq\%%bd %lm Eé/fﬂﬁl@g?ssﬁgg .éﬂ’%c?&s%ﬁﬁgg?‘%ﬁé%ps“?%‘%
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material s gener@hRdcRY CRARSHTRESpIRALS. year, nevertheless, there is
currenypy a perceiyved need to devi se such disposable  products from
mat erial s whi ch ar Heves &Sy Lhere is a need for reducing the amount of

non-compostable materials in disposable absorbent articles. There is
a particular need to replace polyethylene backsheets in absorbent
articles with liquid impervious films of biodegradable material,
because the backsheet is typically one of the largest non-compostable
components of a conventional disposable absorbent article.

In addition to being biodegradable, the fiims employed as
backsheets for absorbent articles must satisfy many other performance
requirements. For example, the resins should be thermoplastic such
that conventional film processing methods can be employed. These
methods include cast film and blown film extrusion of single layer
structures and cast or blown film coextrusion of multilayer
structures. Other methods include extrusion coating of one material

on one or both sides of & compostable substrate such as another film,
a non-woven fabric, or a paper web.

15
20

25 Sti1l1 other properties are essential in product converting

operations where the films are used to fabricate absorbent articles.
Properties such as tensile strength, tensile modulus, tear strength,
and thermal softening point determine, to a large extent, how well a
film will run on converting lines.

30 In addition to the aforementioned properties, still other
properties are needed to meet the end user requirements of the
absorbent article. Film properties such as impact strength, puncture
strength, and moisture transmission are important since they
influence the absorbent article’s durability and containment while

35 being worn.
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2 A conventional disposable absorbent product is already to a | arge
extent conpostable. A typical disposable diaper, for exanple, consists of

about 8%leogﬁgpost able materials, e.g., wood pul p fiberger/eR93/08617! 1 ke.
In the comnposting process soil ed di sposabl e absorbent articles are shredded

and comm ngl ed with organic waste prior 3o the conposting per se. After
conposting is conplete, the non-conpostable particles are screened out.
In this manner even today's absorbent articles can successfully be

processed in conmercial conposting planﬁg., . Nevertheless, there is a
need for reduci ng 9158 dM8urAbsBrbeRdn-Hdipst bl diseaser; Afs ppf drRiEsSat e

absorbent articdmpsstiferecdss, aotpar tiropbetiencrdote inppitane. pabyethesseat
D ot - VLRGP Sbortn | hsE8 14 fbelh oy SPREY! OHS o iiBorehne that
the film or large film fragments undergo an initial breakup to much
smaller particles during the initial stages of composting.
Otherwise, the films or large fragments may be screened out of the
compost stream and may never become part of the final compost.

During the initial stages of composting, for example where a
Daneco drum is employed, the film is exposed to mechanical action,
elevated temperatures, and moisture, in addition to microorganisms.
Any one or two or all three of these elements can be used to promote

the initial breakup of the film or large film fragments toc much
smaller fragments.

5

10

Many biodegradable polymers exist which are sensitive to
mechanical action or elevated temperatures, or moisture. Many would
individually meet the requirements for composting. However, few if
any, can meet all processing, converting, end user, and disposal
requirements of films suitable for backsheets of absorbent articles.
To meet all these requirements simultaneously in a single film,
various biodegradable polymers must be combined in ways which
overcome their individual deficiencies and do not compromise the

beneficial properties associated with the individual biodegradable
polymers.

15

20

1t is, therefore, an object of the present invention to provide
liquid impervious films comprising biodegradable poiymers and
suitable for use in absorbent articles such as disposable diapers,
catamenials, and the like. It is a particular object of the present
invention to provide such films wherein the properties of the films
meet the requirements outlined below:

a) a machine direction (MD) tensile modulus from about 10,000 to
about 100,000 1bs./sq. in. (6.895x108 dynes/sq. cm. to 6.895x109
dynes/sq. cm.);

b) a MD tear strength of at least 70 grams per 25.4 microns of
thickness;

c) a cross machine direction (CD) tear strength of at least 70
grams per 25.4 microns of thickness:

25
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because the backsheet is typically one of the |argest non-conpostable
conponents of a conventional disposable absorbent article. In addition

to bei&g%@gwradabl e, the filns enployed as backsheet pciaisoaserent
articl satisfy many ot her performance requirenents. For exanple, the

resins should be thernoplastic such that conventional film processing

net hods can be enpl oyed. These nethods include cast filmand blown film
extrusion of single |layer structures and cast or blown film
coextrusion of nmultilayer structures. O her nethods include extrusion
coating of qfje MRt ehdark OfreRReh Af ROt NeShkdep Aim.aasaiEROF@bbE RYPHrat e
such as anot her féig@ a non-woven fabric, or a paper web. Stil'l  other
properties are b3 APial in product converting operations where the
filnms are usad to Modbtureatteandmot beate ardsisclthan aByudpdr 001ds gramsh pe tensil e

strength, tensil ”gﬂggk#ﬁme{SaEE§H%ewﬁhg‘ and thermal softening point
deteg m ne, to a large_extent ow we a filnlmAIJ run on converting

i nes. flin 2 aprdiuivonat (8P Comd  adf Jreanbnfi el HFEHEGi €8. (840 | |
other propertiesaysy.neededaddo neet the end user requirenents of the

absorbent art,cle. Fi s rtl [ r punct ure
strength, aan) mot S’fpgéri!é\g}fﬁgﬁj%&ﬁgﬁgﬁgr?ﬁs‘o&%@%@t :%Snggk%ﬂsé'y I nfl uence the
absorbent article's durability and contai nment while being worn.

BACKGROUND ART

Degradable mulch films comprising starch, polyvinylalceohol, and
glycerol are disclosed in U.S. Patent 3,939,145, issued to Otey and
Mark on 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 with plasticizers.

10

15

Degradable mulch films with improved moisture resistance and
comprising starch and ethylene/acrylic acid copolymers are discliosed
in U.S. Patent 4,133,784, issued to Otey and Westhoff on January 9,
1979, and U.S. Patent 4,337,181, issued to Otey and Westhoff on June
29, 1982. The films disclosed in the latter patent also include a
neutralizing 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 types of packaging are also contemplated
in U.S. Patent 4,337,181.

International Patent Application W090/10671, discloses
biodegradable  articles based on  starch. In  particular,
destructurized starch and ethylene/acrylic acid copolymer are
combined to form an interpenetrated network. It has also been
disclosed that an ethylene/vinyl alcohol copolymer can be used in
place of the ethylene/acrylic acid copolymer. Procedures for
extruding sheets and films are also disclosed.

European Patent Application 89810373.4, discloses polymer
compositions obtained from a melt «comprising at ‘teast one
water-containing destructurized hydrophilic polymer and at least one

20
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Once the absorbent article is disposed of and enters a conposting
process, other properties become inportant. Regardless of mhether I ncom ng

wast e | dded or not, it is inportant that the fil Pogg7 film
fr agrren\%?o{iﬁ@g&go an initial breakup to nmuch smaller partic es %UI’I ng
the initial stages of conposting. O herwise, the filns or |arge

fragnments may be screened out of the. cgnpost stream and may never becone
part of the final conpost. During the initial stages of conposting,
for exanple where a Daneco drumis enployed, the filmis exposed to

mechani cal action, elevated tenperatures, and noisture, in addition to
M croor gani smgy nﬁﬂ!x@n@sﬁﬁxtia/‘}Qyorwa&éﬂ 1h§‘tﬂ@81@ftﬁehﬁﬁﬂa@t&freﬁﬁ'l?m@ran lrge used
;(r)ralplrg?D;E fa‘éﬂgﬁ{g‘#& S al arer esaa%'pt bé hsﬁ'\afplatgl@ %rndér r&%d“wns Of Qtrc?nteg mich
water content and pressure into bottles, sheets, films, packaging
materials, sacks, bags, and other articles.

U.S. Patent 5,095,054, issued to Lay et al., on March 10, 1992,
discloses thermoplastic polymer compositions comprising a (1)
destructurized starch componént, (2) a second component selected from
one of twelve groups of polymers bearing various types of chemically
functional moieties, or (3) at least one substantially
water-insoluble thermoplastic polymer. Combinations of (1), (2), and
(3) are also disclosed.

10

A biodegradable, liquid impervious sheet laminate is described
in British Patent Application GB 2,243,327 A . The laminate
comprises a layer of biodegradable thermoplastic polymer, preferably
copolymers of hydroxybutyric acid and other hydroxy acids, and at
least one layer of a biodegradable woven or non-woven fibrous
substrate, preferably a rayon non-woven fabric. The tensile strength
of sheet laminates suitable for backsheets of absorbent articles such
as diapers, is at least 4 Newtons, preferably at least 5 Newtons.

Disposable sanitary articles comprising biodegradable film and
fiber components derived from polymers based on dioxanone are
disclosed in U.S. Patent 5,026,589, issued to Schechtman on June 25,
199]. Also disclosed are copolymers of dioxanones with other
monomers such as caprolactone, lactic acid, glycolic acid, and the

like. Specific copolymer compositions providing properties essential
to backsheet use are not given.

15

20

25

U.S. Patent 4,873,270, discloses a substance based on

- polyurethane from which biodegradable materials can be obtained by
rolling or calendering. The substance comprises a homogeneous mixture
of a thermoplastic polyurethane resin, a carbohydrate, a second
thermoplastic resin to make the substance calenderable which
comprises polyvinyl chloride (PVC), and an additional biodegradable
resin which is a biodegradable aliphatic polyester, preferably of the
came nature as the polyurethane resin. For example, the substance

could contain a polycaprolactone-based polyurethane, starch, PVC,
and polycaprolactone.

30
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Many bi odegradable polynmers exist which are sensitive to mechanical
action or elevated tenperatures, or noisture. Many would individually neet

the requirenents for conposting. However, fewif any, I
proces MY O¥33verting, end user, and di sposal requi remgﬁ?6¥a+

suitable for backsheets of absorbent articles. To neet all these

requi rements sinultaneously in a singl éfilm various bi odegr adabl e

pol ymers nust be conbined in ways which overcone their individual
deficiencies and do not conprom se the beneficial properties associated

wth the i ndivi dughbisodags adabl & PAUXRLRI0n | wo  hiddy LhSEENSLE:

obj ect of the present I nvent i
conprising Biiedeaypdabdsl @eemeNéF%"esah%FEd %’UPP%ﬁj‘I éUletr“aGS% q0ﬁt%§®?rfbent

articl es suchs aratdk smahjbee@ueameySdmedcauwemmaks:owdsébeal ickBloiddlt s a
particul ar

f th fii | wh
Phe. pr oper 1 cushinsthy 1 RS Bl ces bk Ronc RORESY LR BHERt obt * oy
machihe di r ectiicdegratadl et enspoll gmerbdul sech romsabomﬂlb.yd)wywjtyrate about

100, 000 Ibs / hydPoxybBt 18Fide QY A@q cm to 6.895x10[err]
dynes/ sq. ‘?qy}l ox)(b % ear setre&ﬁ h of at |east 70 grans per 25.4

m crons of E‘”'P a@knesga ent ) GFB‘§§ mack 11438 hect i $iscleery)  tear
strength of adon-emshopl@stic blendyr apE p@t’lhl’ﬁ:sé Mydrores ofith hienansad

polyurethanes prepared by mixing viscose with the polyurethane,
gelling the mixture at ‘above 40°C with an acidic coagulant and
regenerating agent, treating the gel with plasticizers, and finally
drying the film. The films are said to be useful as packaging films,
refuse sacks, mulch films, diaper covers, and the like.

U.S. Patent 5,037,410, discloses diaper backsheets composed of
20-80% by weight unvulcanized C4-C6 diene elastomer, for example
natural rubber, 5-20% modifier such as starch, 1-40% inorganic
fillers, 0-40% styrene-based resin, plus waxes, and other
ingredients. The backsheets are reported to have tensile strengths
above 200 grams per inch of width.

European Patent Application 81106627.2, discloses a
biodegradable latex web material suitable for diaper backsheets and
mulch films. The materials are prepared by impregnating a cellulose
fiber or paper. web with a carboxylated latex comprising both
synthetic polymers such as siyrene-butadiene rubber and PVC, and
natural polymers such as starch, proteins and natural rubber.
Tensile strengths ranging from 189 to 304 kg./sq. cm. are cited.

U.S. Patent 3,952,347, discloses a biodegradable barrier film
comprising a non-biodegradable and water-insoluble film-forming
material having a biodegradable material homogenecusly dispersed
throughout its structure. Water-insoluble polyvinyl alcochol and
polyethylene are used for the film forming materials, while starch,
dextrin, and collagen are used for the biodegradable components.

U.S. Patent 4,964,857, discloses biodegradable diapers based on
multiple layers of moisture resistant paper interspersed with layers
of absorbent materials. The moisture resistant paper is specified as
one coated with a naturally occurring wax such as beeswax.
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4 d) an inpact strength of at least 12 cm as neasured by falling
bal |l drop; e) a noisture transport rate |less than about 0.0012 grans

per square centineter per 16 hours; f) a nodul us ,Ugej/ggm]yc of
at | eaNO 940892107 dynes/sg. cm (800 | bs./sq. in.); and

t hi ckness from about 12 microns to about 775 i crons.
BACKGROUND ART Degradabl e mulch filnms conprising starch
pol yvi nyl al cohol, and glycerol are disclosed in U S. Patent 3,939, 145,

i ssued to Qtey and SUMMARY OF THE INVENTION

The present invention encompasses flexible biodegradable films
comprising multilayer combinations of biodegradable polymers. The
biodegradable polymers are selected from the categories of moisture
sensitive polymers, thermally sensitive polymers, mechanically
limited polymers, polymers difficult to process into films,
hydrolytically cleavable aromatic/aliphatic polyester copolymers,
oxidized ethylene/carbon monoxide copolymers, high melting aliphatic
polyesters, and degradable elastomers. The films of the present
invention comprise two or more components selected from the
above-mentioned categories. Optionally, the multilayer films may
further comprise additional adhesive tie layers. The biodegradable
polymers are combined in various ways to overcome the deficiencies of
the individual components, yet at the same time to impart specific
performance properties to the film. The films are suitable for use
in disposable absorbent products including diapers, adult incontinent
pads, sanitary napkins, and pantiliners.

As will be discussed in detail hereinafter, the biodegradable,
1iquid impervious multilayer films of the present invention have:

a) a machine direction (MD) tensile modulus from about 10,000 to
about 100,000 1bs./sq. in. (6.895x108 dynes/sg. cm. to 6.895x109
dynes/sq. ¢m.);

b) a MD tear strength of at least 70 grams per 25.4 microns of
thickness;

¢) a cross machine direction (CD) tear strength of at least 70
grams per 25.4 microns of thickness;

d) an impact strength of at least 12 cm. as measured by falling
ball drop;

e) a moisture transport rate less than about 0.0012 grams per
square centimeter per 16 hours;

f) a modulus at 60°C of at least 5.52x107 dynes/sq. cm. (800
1bs./sq. in.}: and

g) a thickness from about 12 microns to about 75 microns.

The present invention also encompasses disposable absorbent
articles comprising a liquid pervious topsheet, a liquid impervious
backsheet, and an absorbent core encased between the topsheet and the
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Mark on April 6, 1976. The degradability of the filnms is controlled by
application of a non-degradable water resistant coating based on m xtures
of polyol-toluene .diisocyanate prepolynmers wth po | i dene
chl or i WOY%A92PHni tril e) copolymers  or  pol y(vinyl k’ﬁf‘ﬁ’?&f" resins
m xed wth plasticizers. Degradapl e mulch filnms with inproved noisture
resi stance and conprising starch and ethyl ene/acrylic acid copolyners are
disclosed in U S. Patent 4,133,784, issued to ey and West hoff on January
9, 1979, and U. S. Patent 4,337,181, issued to ey and Westhoff on June 29,

1982.  The {ifidhedt SCa98ephtiMekNGe ingt tRiraR8EENkd AlnSRniNGh e Rk MRk al i zi ng

agent such as anmoni a, fy'}hlﬁug al I,(ggs tggg\tg_ﬁe Erqceqsm?d by bl,zcj)wn film

technol ogy CAPRMSe§0dd FIsxiBier Divdearadadle, & f | derdveq s Fegiecyitdlavges an

optional corpsiantions tofiebfddegmadablapploil gredrisonsd shiehdsaso fgdribageabatge and

various typ a ' I ted in U S Patent 4,337, 181.
551 s Er 91 M'le HeRe RS AR IR

| nt @r nati on 10671, di scl oses
bi odegr adabl e articles based on starch. In parti cul ar,

destructurized starch pmdiLretdrscrRITE/108QF THE INVERTION copol yner are
conbined to for interp net r at ed as alsg Pbeen

n network. Tt _h

di scl osed t hat aﬂ‘]eet stenuéFQH %/Iprzg%'b%oﬁhecc?ﬁﬁ‘;%‘ﬁﬁ MRSl 5|28 Herp| ace
of the et iyibdemradablel produetsi émploppdlharein are Rfaydwetlifesn coobinaékdrmsudi ng
sheets and fyel fhy f-EncHeSBiolbgraliI8dpolymers. FUIGEORAAN, tREUABHeqABRYCAL T ON
89813373. 4, " discl Ofes ol?ﬁrrer %oy OSi ti ong obt ai neJﬁ ?gr_c?m%]ae mel t
conpri si ng pai ymgrs, aionegf meet all the performance standards required of

backsheet materials. The films of the current invention may comprise

multilayer combinations of various biodegradable polymers, selected

and compounded such that the deficiencies of the individual

components are overcome.

15 The individual polymers are thermoplastic and may be combined

into multilayer structures by coextrusion, extrusion coating,
lamination, or other techniques. The individual polymers in each
layer may be present in their pure state or blended with other
biodegradable components such that the entire structure meets the
performance standards required of backsheet materials.

The individual polymers selected for the films of the current
invention are biodegradable polymers obtained from many sources, both
natural and synthetic. Each polymer has certain attributes which
render it biodegradable. However, many of these attributes prevent
the polymer from being used singularly as a backsheet material.

20

25

For example, some biodegradable polymers are very water
sensitive and lose significant strength or even dissolve when exposed
to aqueous media. Examples include interpenetrated networks of
destructurized starch, polyvinyl alcohol and related derivatives,
various hydroxy propyl cellulose derivatives, and polyethylene oxide.

Other biodegradable polymers are thermally sensitive due to
their low melting points or glass transition temperatures, generally
65°C or lower. The Vicat softening temperatures of such materials can
occur at temperatures much lower than 65° C, often below 45* C.

30

35 Examples include many aliphatic polyesters such as polycaprolactone,
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wat er - cont ai ni ng destructurized hydrophilic polyner and at | east one
synthetic essentially water-insoluble thernoplastic polyner. The
materials are said to be shapabl e under conditions of co

M9 er
cont ent WhP¥83sure into bottles, sheets, filns, packaging g%?ﬂ?*@?s,
sacks, bags, and other articles. U S. Patent 5,095,054, issued to Lay

et al., on March 10, 1992, discloses th®rnoplastic polynmer conpositions
conprising a (1) destructurized starch conponent, (2) a second conponent

sel ected fromone of twelve groups of polyners bearing various types of
chem cally functjonal, noieties, r 3 t east on '
subst ant i g|| y polyethylene adipate, pa?ybutygege g?utarake. and po?&propy]ene

succinate.

Still other polymers have mechanical deficiencies and may be too
stiff, too soft, or suffer from poor tensile and/or tear strengths.
The elongational properties of some polymers are also insufficient to
meet backsheet performance standards. Examples include cellulosic
materials such as cellophane, cellulose esters, and blends of
cellulose esters with aliphatic polyesters.

Other polymers are ‘difficult to process by conventional means
into films suitable for backsheet applications. In some cases, the
crystallization rates of the polymers are too. slow or the flow
properties of the polymers make film processing difficult. Examples
include polyhydroxyalkanoates 1ike polyhydroxybutyrate or
polyhydroxybutyrate/valerate copolymers.

Some biodegradable polymers meet many or all the physical
property requirements of backsheet applications alone but do not
degrade fast enough to break up into small fragments in the early
stages of composting. Hence, there is a strong likelihood such
polymers would be screened out of the compost stream and not become
part of the final compost. Examples of such components include
hydrolytically cleavable. - polyesters such as certain
aromatic/aliphatic polyester copolymers, oxidized ethylene/carbon

monoxide copolymers, and high melting aliphatic polyesters with
melting points above 65°C.

10

15

20

25 The biodegradable polymers used to fabricate the films of the

current invention may also be combined with optional ingredients such
as biodegradable elastomers, tie layers, pigments, processing aids
" and the like. Each of these polymers is described in detail below.

30 1. MOISTURE SENSITIVE POLYMERS

A. DESTRUCTURIZED STARCH COMPOSITIONS
Thermoplastic, biodegradable compositions based on

interpenetrated networks of starch with a synthetic component such as
an ethylene/vinyl alcohol (EVOH) copolymer are described in

35
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wat er -i nsol ubl e thernopl astic polyner. Conbinations of (1), (2), and (3)
are al so di scl osed. A bi odegradabl e, 1iqui d | npervi ous sheet | am nate

i s des British Patent Application The
I'am na edg@gmll”l ses a | ayer of biodegradable ther m)pl as?’%ﬁéé?y%”
preferably copol yners of hydroxybutyril¢ acid and ot her hydroxy acids, and
at |east one | ayer of a biodegradabl e woven or non-woven fi brous
substrate, preferably a rayon non-woven fabric. The tensile strength of
sheet | am nates suitable for backsheets of absorbent articles such as

di apers, is ainteenasionplingatedts APplicpbions) W0a80 10821, SHONGRY b1P969.3, WO

Di sposabl e sagi/bz028, anwm csllmoizorrpwmssm,g)zloes)degmdam ePitiehtn aa@ucgtmlr g
conponent s p on ijoxapone are C ose
in US. Pat eggt%gdlsggG |Us§ue sgg gggqsf‘rana]oﬁ 'ﬁéﬁ 2‘5‘“”%9&& Sb

di scl osed arr@fempal yrﬁyﬁ% maéﬁﬂadﬁomencawes\ab\l\pmmmgtmﬂly rﬁb‘n@rfmvsm@uch as

capr o act one, und@et tie a@#a‘éen&leVQﬂ"Lbﬁ-B&C'a@d ?P&n ttﬁf’rnel" Kﬁmbeff‘i’e%haérc @pol yner
conposi tions tDtaﬁVI di

cope e DR eSS S RTY i gBESE B B B
on poI yur etwedgkt fandranehi thusbivedpgseadabive bameistairs \apor blevehs dhngd by
v o a5 VBV 5 lspllS 381 PSSO RAED G ER A MTVRAT Y X1 e o
t her rrﬁgl astic rékilfis ¢o@pPrifdRe °"t1hethesub%etrah’t°éra%&él éhﬁi@fbmfestmhctnd _
conprtses polalvsymheﬁm Qohghen VEIN tﬁtndeﬁlﬂu@adlvhltﬁmaér)blm&ghaﬂﬁlﬂl\@a] resin
which is a bl Or%% gab 1t'ﬁ1| ﬂhat hgweF\)r(e)rl'yet%\te% prporp%;ﬁre%blvgry cotngwerably
with humidity. For example, the modulus of a Mater-Bi film (Type
AFOSH) decreases by about 50% as the relative humidity changes from
about 20% to 90%. Although such 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 are negatively affected.

Mater-Bi films also absorb water to a high degree, typically
about 30% of their initial weight. In addition to lowering the
strength of the film significantly, the high water absorption also
leads to very high moisture transmission through the film, for
example about 0.0024 crams/sq. cm./16 hours through a 30 micron
film. This 1s beneficial in some applications where breathability is
desired. However, high moisture transmission may not be desirable if
the film is expected to contain large quantities of fluids, as in the
case of a diaper backsheet. High water permeation can lead to
excessive condensation on the outside of the backsheet leaving it
cold and wet feeling to the touch.

Novon films can also be extruded with good initial properties.
Some, however, like Novon grade MOOl4 are so sensitive to water they
quickly fall apart, disperse into smaller particlies, and virtually
dissolve when contacted or immersed in liquid water,
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Destructurized starch compositions find use in the present
invention as internal core layers in multilayer films obtained by
coextrusion or lamination with moisture resistant polymers selected
from the group «consisting of thermally sensitive polymers,

35
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sanme nature as the pol yurethane resin. For exanple, the substance coul d
contain a pol ycaprol actone-based pol yuret hane, starch, PVC, and

pol ycap
I nter nat é&ﬁ%gﬂgat ent application W 91/13207, di scll,%lggggy()%”

bi odegr adabl e sheet structures based on paper substrates coated with a

| at ex and subsequently dried. The latex ddnprises a colloidal suspension
in water of essentially non-crystalline particles of a biodegradable

pol yrner sut h as pol yhydr oxybut yrate or pol yhydr oxybut yrat e/ val

erate copol ymer Pat eng [ ication EP- 449041,
di scl oseg y mechamcaFluy ope ?mlted po]ymers,Apphydro1yt1ca1'ly cleavable

aromatic/aliphatic polyester copolymers, oxidized ethylene/carbon

monoxide copolymers, and high melting aliphatic polyesters,
elastomers, and mixtures thereof.

B. POLYVINYLALCOHOL (PVA) AND DERIVATIVES

Chemically, PVA can be described as a polyhydric alcohol with
hydroxyl groups extending from alternate carbon atoms. It is
represented structurally as follows:

10
-—CHz-—-(iH—-CHz-—qH-—
OH OH
15 PYA is prepared via hydrolysis of polyvinylacetate. Depending
on the degree of hydrolysis, PVA can be obtained in grades which are
soluble in both cold and hot water or hot water only.

Unmodified PVA 1is not thermoplastic. However, when PVA is
piasticized with appropriate additives, thermoplastic materials can
be obtained. External plasticizers such as glycerol, ethylene glycol,
and some of the lower polyethylene glycols are effective plasticizers
for PYA.

The biodegradability of PVA is well documented. A brief
overview on 1its biodegradation can be found in "Handbook of
Water-Soluble Gums and Resins”, R. L. Davidson, Editor. Chapter 20, p
20-17, herein incorporated by reference.

20
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Thermoplastic PVA compositions suitable as components for the
films of the present invention are sold by Air Products and
Chemicals, Inc. of Allentown, Pennsylvania, under the tradename
Vinex. Yinex resins are internally plasticized compositions achieved
by copolymerizing PVA with a poly(alkyleneoxy) acrylate. More
detailed disclosures of these materials are given in U.S. Patents
4,618,648, and 4,675,360, both herein incorporated by reference.
Still another method for making thermoplastic polyvinylalcohol
compositions via the incorporation of polyurethanes is disclosed in

30
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U.S. Patent £5.028.648. herein incorporated by reference. The
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non-t hernopl astic blends of cellulose hydrate wth urea-based

pol yur et hanes prepared by m xing viscose with the pol yurethane, gelling the
m xt ur e 40[err]C with an acidic coagul ant and RS agent
treatlﬁvé?‘%%gmg with plasticizers, and finally drying the p§!f3%§61_ e filns
are said to be useful as packaging filns, refuse sacks, nulch filns, diaper

covers, and the Iike. U.S. Patentld, 037,410, discloses di aper
backsheets conposed of 20-80% by wei ght unvul cani zed C4-C5 di ene
el astonmer, for exanple natural rubber, 5-20% nodi fi er such as starch,

1- 40% |norga L 40% ne- bas

and (:)t her ?%ealr%‘ﬁﬁﬁ 4 °1£hg rﬁac‘k Ee%/]ttg T e rgg%cr]toégdgtg Wagbr %?fg\aﬁté
strengt hs abévehrﬁw] fudhet ipeentiitted ﬂewmment °f thefiogrsandabi Pittye of
Application v‘-?&épfifé@s%nz by (Q)'n%ﬁ:h%@s Resﬁrom@ﬂ@deg{yad@m Bramdt EXheVRfn

material suitable for 61 bac sheets and mil ch filnms. The materials
are prepared B)CITROFRtFdaby N§Fe eRER | ul ose fiber or paper web with a
car boxyl at ed | at eXA &/ongx | 0D gsdrdesy, 208§ nidrdesc prod V3000 Ssesiie exsst. The

styrene- but ad'18?@rs;ell}l???rag@nﬂxﬁy%}gd?mzed aHE?'erthmr %n%ﬁ'ﬁtﬁeagﬁ {Oa}r gch.

protei ns and na 8t s ranging 304
kg./sg. cm amatent but soluble inyhet W%ﬁrenfh%z 8% ad 730 Sl%e(‘fl'@sése aoluble

bi odegradabl e haséﬂhemoildnm co]@omreksmg ghreens b Rde g adabl Qe%@ can be
wat er - i nsol ubl e L Hr % ‘gﬁ eresg q%\‘; nﬁ a b¢soecega1zf1 Fr %erl al
homogggeous! y APSHEFsel ' 17T PEUYHoBRESENt JIVERYIOR, (FeRECTal Y PLparsed, ) o
pol yvi-nyl al d¢h02000amdr1e5po$lgcbtmtleeraé sar Borusaamifler Virex £034m fomntogh
materials, whidog Staictant films which, if not for their water solubility, would
meet the mechanical strength requirements for biodegradable
backsheets of absorbent articles.

In the multilayer films of the current invention, the Vinex
materials can be used in individual layers as blends with one or more
moisture resistant biodegradable polymers selected from the group
consisting of thermally sensitive polymers, mechanically limited
polymers, polymers difficult to process into films, hydrolytically
cleavable aromatic/aliphatic polyester copolymers, oxidized
ethylene/carbon monoxide copolymers, and high melting aliphatic
polyesters, and elastomers. They are also used as internal core
layers in coextruded or laminated multilayer films having outer
layers made from moisture resistant polymers selected from the group
consisting of thermally sensitive polymers, mechanically limited
polymers, hydrolytically cleavable aromatic/aliphatic polyester
copolymers, oxidized ethylene/carbon monoxide copolymers, and high
melting aliphatic polyesters, elastomers, and mixtures thereof.

15
20
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C. HYDROXYPROPYL CELLULOSE (HPC)
30
. HPC is a non-ionic cellulose ether with an unusual combination
of properties among cellulose derivatives. These include solubility
in both water and polar organic solvents as well as plastic flow
properties that permit its use for molded and extruded articles such
35 as films. As described in aforementioned "Handbook of Water Soluble

Gums and Resins” (Chapter 13), herein incorporated by reference, the
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dextrin, and collagen are used for the biodegradabl e conponents.

U S. Patent 4.964, 857, discloses biodegradabl e di apers based on mul tiple
| ayers of noisture resistant paper

i nterspersed with |aygis,yseRbseipsor bent
mat.eri aW 941BB% i sture resistant paper is specified as one coated with
a naturally occurring wax such as bees :

7 SUMMARY OF THE | NVENTI ON The present invention
enconpasses flexible biodegradable filns conprising nultilayer conbinations
of bi odegradable polynmers. The bi odegradabl e polyners are selected from
the categori espfst i@ Stow epropetiies vef KRGl yemebke it hto nhé | ysed sensi base
pol ymers, mechanically | im I Ssinide@h Yk dingl fahb CH - mak®
process i nt o™ irfﬂs,‘¥‘h§3?%)4$§??bgqqf’¥’ eal e&?e aromatllng'/ aﬁnppﬁat i nd
pol yest er copobperetions. ~Thermally processed products formed by these methods
retain their water solubilities, are biodegradable, and can even be
made to be edible.

The chemical cellulose used to prepare HPC is derived from wood
pulp or cotton linters. The cellulose is treated with aqueous sodium
hydroxide to form alkali cellulose which, in turn, is reacted with

propylene oxide to yield the following empirical structure:

5

10

~-CgH10-n(CH2CHOCH3 ) n3~x

where n has a range of 3 to 4.5 and x has a range of 150 to
3000. Commercially, HPC is available from Hercules Inc. under the
tradename KLUCEL.

Due to their water solubility, high stiffness, and low tear
strength, HPC films alone are not acceptable for use as backsheet
films for absorbent articles. HPC can be employed in blends in
individual layers of multilayer films at low levels, typically 33
weight percent or less, with moisture resistant polymers, where it
imparts temperature resistance and resistance to blocking. Small
amounts of plasticizers. internal lubricants, and antioxidants can be
used to improve the melt flow. mold release, and thermal stability of
the polymer during processing. Suitable plasticizers include
propylene glycol, glycerin, low molecular weight polyethylene
glycols, and glycerol monostearate.

15

20

25

I1. THERMALLY SENSITIVE POLYMERS
30 Since commercial composting operations typically achieve
temperatures of about 60°C, biodegradable polymers with low thermal
softening points or melting points may be included in the films of
the current invention to help break the films down into smaller
fragments early in the process. Moreover, such polymers may also
biodegrade faster than higher melting components since they are
essentially liquids at composting temperatures rather than solids.

35
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oxi di zed et hyl ene/ car bon nonoxi de copol yners, high nelting aliphatic
pol yesters, and degradable elastoners. The filnms of the present

| nvent {yefoa/6ddg®ri S€ two or nore conponents sel ect e?crjuwmstﬁpe
above-nent1 oned categories. Optionally, the nmultilayer TiTns may 1urther

conprise additional adhesive tie IayeL The bi odegradabl e pol yners are
conbi ned in various ways to overcone the deficiencies of the individual
conponents, yet at the sane tinme to inpart specific perfornmance properties
tothe film The filns are suitable for use in disposabl e absorbent
products i ncIThdimgid]liiapEiras} bty tadabivanandi@nss pEdshe sapblyweys Fagkitns, and

I d f
E?gfjleglrgggzl efﬂm lwoaﬁ? Ws bpe )gd&szst% Ieg es'(raehg*ns ofﬁtem}1 é’?eé's@?l]t "Mhventi on

have: a)  &0HMERS @ aw@am agenfrs) ap@riicreonganismss thepegbyabnsneasiag 000 to
about 100, OOQhéhsrét‘eqof|mod49638a5>gﬂqseﬁg]1 dynes/sq. cm to 6.895x10[err]

dynes/sq. cm); r of . at ast .70, grans per 25.4

m crons of Aﬂﬂh@ﬁhcespsﬂyesg)er t?ﬁeg%% rrrﬁ'éhfw?ydf’fegm%dﬁ satgmgted eqr
strengt h of ablyesbets.70Many alipbatinspqigest2bs 4rei krownstofbet bicdkgragabie. d) an
i npact strengghy qf s@thalv@aﬁélt:i-rg% ?\n@soﬁ%ﬁwe&% BYof a1|els Bgzﬂthough bsaorlné) dr op;

e) a noisture tra L l ess than about
square centi r¥P&y ofetow Behidnpsal iphayic, polygsters &9"6‘6{ é’r"PTGSG dareqténst
5.52x10[ err] 1dymesﬁ:$cwatmmreéﬂﬁﬁnt.fi]ms, their melting points are too low to

10 allow their use alone in many applications, for example, as
backsheets for disposable absorbent articles.

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

15

20 0

il
HO-R-0—~C- (CH2)5-1n-OH

where n is the degree of polymerization.

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 degrees of
polymerization of about 95 and 400 respectively, corresponding to
molecular weights of about 10,000 and 40,000 grams per mole. TONE
P-767 is prepared from a special high purity grade of caprolactone
monomer and has an average molecular weight of about 43,000 grams per
mole. TONE P-787 has an even higher average molecular weight of
about 80,000 grams per mole.

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 60°C (140°F),
these films could function as backsheets for absorbent articles.

25
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| bs./sqg. in.); and 9) a thickness fromabout 12 mcrons to about 75
m crons. The present invention al so enconpasses di sposabl e absor bent

articles conprising a liquid pervious topsheet, a liquid | |
backsheéﬂ99%8293n absor bent core encased between the tops g@tﬂsg%@%ﬁe
8 backsheet, said articles being charac}§rized I n that said backsheet

conprises a flexible biodegradable filmderived fromnultilayer

conbi nati ons of bi odegradabl e pol yners and bl ends of bi odegradabl e pol yners
as will be described hereinafter. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON  pecauddieoff ithéi UsROmd1Q iRG EFEREs | Ackarksheinsidgiagi ¢ Soemnd

ot her polycaprolactone would have difficulty, for example, withstanding the

high temperatures encountered when hot glue is applied to the diaper

during the manufacturing process. In addition, during shipping

5 and/or warehouse storage, temperatures of 60°C can be 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.

In the multilayer films of the present invention,
polycaprolactone can be used as a blend component in individual
layers, or as outer skin layers surrounding a moisture sensitive core
layer, or as a inner core layer itself, surrounded by outer layers
selected from the category of thermally resistant polymers such as
mechanically limited polymers, hydrolytically cleavable
15 aromatic/aliphatic polyester copolymers, oxidized ethylene/carbon

monoxide copolymers, high-melting aliphatic polyesters, and mixtures
thereof.

10

In the films of the present invention, polycaprolactone polymers
having an average molecular weight of 40,000 or more are preferred.
Especially preferred are polycaprolactone polymers having an average
molecular weight of about 80,000 grams per mole (e.g., TONE P-787).

Other types of low melting 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
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.

Such polyesters are prepared via the generalized reaction shown
below:

20
25

30

0 0 0 0

i il 1l 3]
HO-Ry-OH + HO-C-Rp-C-OH ———— H-[-0-Ry-0-C-Rp-C-]-p0H
where R] is a linear methylene chain -{CH2-)yx with 2 < x < 10,

35 Ro is also a linear methylene chain -{CH2 -)y with 2 <y < 10; and n
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bi odegr adabl e products enpl oyed herein are derived from conbi nati ons of two
or nore biodegradabl e polyners. [In general, the biodegradable polyners

al one dﬁmﬂﬂ@% t all the performance standards requiredpgt ‘ﬁﬁghﬁ
materi al's. e Tilnms of the current invention may conprlse nu ayer
conbi nati ons of various bi odegradable poh nmers, selected and conpounded
such that the deficiencies of the indivi conponents are overcone.

The individual polyners are thernoplastic and may be conbined into
mul tilayer structures by coextrusion, extrusion coating, |amnation,

or other technijguate dePee | Bl gb%hzaﬁ%r}’”ﬁr@xamb'ﬂeseaw kLR t1BYs bef
present in thei 51 ‘Fure st te or P}uged wi th other bi odegradabl e conmponents
such that the @ni rP‘é"%tpr" $SIPE ABEtEet he performance standards required of

backsheet mat embayesthy]ene adiphte whetevikeiahd peldy mn=804e| ected for the filns
of the current [ 0k yHar S.40 from many
source bot h Po'l ? pQ-Q%ﬂ{eﬁuﬁ g@%i@ﬂ%ﬁk%}& o a’?ﬁ $4h2fsnﬁggﬁ?al n attributes

whi ch °r ender |PP‘b|(ddéd}“éélfaG¢9I‘@e] adl—lli&é\)/é'%her?rﬁhﬂ iﬂd Ytfes&m=48t¢ i but es prevent
the polymer fregpeiing me@bdswgubﬁralty) amere agkaldepis; rra&aamal For

exanple, sone ra p v wat, er. sitive and
| ose signifi car?f’rl)%t éa ﬁp%ﬂ'e%é?/" % %ﬁ’gggﬁ)v ﬁwsfeﬁq>y? %syeg L o gqueous
nedi a. Exanpl éolyi Hcﬂman&mohrgfyehmartal @derM6FWHw=3ome—db§t ruct uri zed

starch, polyvinyl ahgeh&! a'aﬂpveel fatfecih@lﬁ.fanvﬁtséfﬁsmevam m1byﬂa sopy|
cel | ul ederlvatlve n O bi od ra able

e e oxid
pol yner's are t Pathare §.1r§eﬁg{)qtpvleesau@ap )é can be found in o[lymer Handbook,
Third Edition" by J. Brandrup and E.H. Immergut published by John

Wiley & Sons, in Section VI, pages 56 through 67, herein incorporated
by reference.

15 I11. POLYMERS DIFFICULT TO PROCESS INTO FILMS -

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 derived polymers such as
polyhydroxybutyrate ({(PHB) polymers and polyhydroxybutyrate/valerate
~ (PHBY)  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,
23 1983, and U.S. Patent 4,880,592, Martini et al., issued November 14,

1989, both references incorporated herein by reference. PHBY
copolymers have the generalized structure shown below.

20
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35 Hydroxyva’lerate {HY) Hydroxybutyrate (HB)
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their low nelting points or glass transition tenperatures, generally
65[err]C or lower. The Vicat softening tenperatures of such materials can

occur  afyd & qtures much | ower than 65[err] C, often bqkﬁﬁpég¥%%%7

Exanpl es includé many aliphatic polyesters such as polycap

9 pol yet hyl ene adipate, polybutylene gjutarate, and pol ypropyl ene

succi nat e. Still other polyners have nechani cal deficiencies and may

be too stiff, too soft, or suffer frompoor tensile and/or tear strengths.
The el ongational properties of sonme polyners are also insufficient to neet
backsheet performancauctst angalyders aExanphesrciahil udeailablel dsom Map@tianl s

such as cell Op'Eﬂaﬁm Cﬁldlxwr%? unﬁ&I &he tra%@gamebb?tﬂ:%ﬁ. 0tfhe Biopol polymers
are produced from the fermentation of sugar 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), incorp-
orated herein by reference. '

Unfortunately PHBV copolymers are difficult to process directly
into films because of their slow crystallization rate. This causes
the film to stick to itself even after cooling to room temperature
because a substantial fraction of the PHBY remains amorphous and
tacky for long periods of time. In cast film operations, where the
film is immediately cooled on chill rolls after leaving the film die,
molten PHBV often sticks to the rolls restricting the speed at which
the film can be processed, or even preventing the film from being
collected. In blown films, residual tack of the PHBV causes the
tubular film to stick to itself after it has been cooled and
collapsed for winding.

International Patent Application 86309586.5, describes a means
of achieving a PHBY monolayer film for diaper backsheet applications
by coextruding the PHBV between two layers of sacrificial polymer,
for example a polyolefin, stretching and orienting the multilayer
film, and then stripping away the polyolefin layers after the PHBV
has had time to crystallize. The remaining PHBV film is then
laminated to either water soluble films (PVA preferred) or water
insoluble films such as polyvinylidene chloride or other polyolefins.

In the multilayer films of the present invention, such drastic
processing methods are avoided. The PHBY can be employed as a blend’
component in one or more of the layers with one or more polymers
selected from the categories of moisture sensitive polymers,
thermally sensitive polymers, mechanically 1limited polymers,
hydrolytically cleavable aromatic/aliphatic polyester copolymers,

10
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cellul ose esters with aliphatic polyesters. Qt her polyners are
difficult to process by conventional neans into filnms suitable for

backs t | cati ons. In some cases, the crystallizgd I of the’
pol.yrrer\g' 95?@% o slowor the flow properties of the po%ﬁ}&@ﬁﬁg@ film
processing difficult. Exanples include 18 polyhydroxyal kanoat es i ke

pol yhydr oxybut yr at e or pol yhydr oxybutyrate/val erate copol yners.
Sorre bi odegr adabl e pol yners neet many or all the physical property

requi renents of backsheet. applications al one but do no rade, f ast
enough to brea®idpzs tebhjg‘ﬁﬁg}ljcaﬁ’%{bﬂ\?ﬂ?’é‘%iencqpﬂg’"}%?1 >"‘9ét'“ag§gg"9 df‘vha“c
conpost i ng. ptdiyesterst hane elsstomestr ondf Lsddel ithosnl osterh 1perymér sa woul d
be screened ou ; o{pposty st t RECRREralng & t i nal
conpost . Exa&r'rtf)lﬁfél:ih}aﬁfCf %cﬁ{heco@gg%g@ng@ncﬁufﬁe@ Eagdr? m%]?gg? I 3'? arl

cl eavabl e peAupbstleps than sahayt 40%s by wedght-ai This, dhidwsc/ tdei pther ¢

pol yesber copednparémts toXxifdhcaddn @t hyhenednttmuoosn piaseoXndeheopldngmens, and

high nmelting al| t o] ] |t PP . abqye, 65[ ] C
The bi odegr adagY%r‘]’g%% Ctrlrlgr gycﬁééggfom‘dta%rrf’gc%tsiﬁ?%’él?ﬁcptr‘ré‘%f (at¥hé§e @Bgr%t
i nvention may dessoi ébﬁm;i-_ned with optional ingredients such as
bi odegradabl e el astRaTBiBY nfalyCalsdY B6 ScoeRt EUFRA S, aPiAESHIAN NDayaE Osurrodddly t he
i ke. Each of theie p&:%nerSﬂ S (ge§cr| t{%d i n detail P%Low. 1 .
NOI STUEQE SENSI by \at ol s se ectg rom the categories o ermaliy sensitive

_ polymers, mechanically limited polymers, hydrolytically cleavable
aromatic/aliphatic polyester copolymers, oxidized ethylene/carbon
monoxide copolymers,  and high melting aliphatic polyesters, and
mixtures thereof. In the films of the current invention, the
external layers are not stripped away from the PHBV layer. They
15 remain as an integral part of the biodegradable film.

IV. MECHANICALLY LIMITED POLYMERS

A. CELLULOSE ESTERS

20

Cellulose esters are produced by the chemical modification of
cellulose and include the family of cellulose acetates (CA),
cellulose acetate propionates (CAP), and cellulose acetate butyrates
(CAB). As described in the 1990 Modern Plastics Encyclopedia (Mc
Graw-Hill, pp. 23-24), herein incorporated by reference, cellulose
esters are prepared by reacting cellulose with particular acids and
acid anhydrides, generally in the presence of a sulfuric acid
catalyst. In the case of CA, the reaction is first carried out with
acetic acid and acetic anhydride to produce cellulose triacetate,
which contains nearly 100% acetyl substitution or, in other words, a
degree of substitution of about 3.0. The triacetate is then
partially hydrolyzed to remove some of the acetyl groups such that
the CA product contains about 38 to 50% acetyl substitution.

CAP and CAB are made by substituting propionic acid and
propionic anhydride or butyric acid or butyric anhydride for some of
the acetic acid and acetic anhydride. Plastic grades of CAP

25
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A DESTRUCTURI ZED STARCH COWVPQOSI TI ONS Ther nopl ast i c,

bi odegr adabl e conposi tions based on I nt er penetrat ed networks
of starch with_a synthetic conponent such as an et hyl 0yl ..al coho
(EVOH) WRIMYM3: ~ are described in BEE/ oS se17

10 I nternational Patent Applications WO;90/10671, WD 90/110069. 3, WO

91/ 02025, WD 91/02024, WO 91/02023, European Patent Application 90810533.1
and U. S. Patent 5,095,054, all herein incorporated by reference. Such

materials are available comercially from Novanont under the tradenane
Mat er - Bi and fr genenat hercoptained? imddlt phepionpdemdnd hp\¥n.acThelsecontdneri al s

conprise greatepy{diap di@"/?ﬁaélf GPRnéPa 1P it a H 62 S 39% MR yriChéd SBNSH Lisye to
moi sture vapor L§%¥?1Scbﬁken@? Commercially, CA, CAB, and CAP are obtained from
Eastman Chemical Products, Inc. under the tradename Tenite.

Although raw cellulose and its regenerated film (cellophane) and
fiber (rayon) forms are readily biodegradable, the esterification of
cellulose can make it quite stable to microbial attack. As described
in "Polymer Degradation" by W. Schnabel (Macmillan, New York, 1981),
herein incorporated by reference, this enhanced resistance to
biodegradation results 'from the inability of cellulose-specific
enzymes to attack the substituted portions of the polysaccharide.
However, as described by Buchanan and Gardner in an Abstract of their
paper entitled " The Fate of Cellulose Esters in the Environment:
Aerobic Biodegradation of Cellulose Acetate"” presented at the
CELLULOSE 91 CONFERENCE held in New Orleans, Llouisiana, December
2-6, 1991, the rate of degradation of cellulose esters also depends
upon the degree of substitution. For example, a CA with a 1.7 degree
of substitution was found to biodegrade much faster than a CA with a
2.5 degree of substitution.

10

15

20 Fully formulated grades of cellulose esters may also contain

plasticizers, heat stabilizers, and ultraviolet inhibitors. High
levels of these stabilizers and inhibitors may further slow the rate
of biodegradation of cellulose esters. Zero or very low levels of
such stabilizers are generally preferred in biodegradable films.

Plasticized cellulose esters like CA, CAP, and CAB are
thermoplastic and can be melt processed into thin films. Unless
substantial levels of plasticizer are employed, the stiffness of such
films is too high for them to be useful as backsheets for absorbent
articles. Even in the presence of plasticizers, the tear propagation
resistance of cellulose ester films is very low, typically below 20
grams per 25.4 microns of thickness in the machine direction.

In the muitilayer films of the current invention, <cellulose
esters can be used in both inner or outer layers in blends with one
or more biodegradable polymers selected from the category of moisture
sensitive polymers, thermally sensitive polymers, hydroiytically

25
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anbi ent atnosphere as well as direct contact with liquid water. Fil s
conprising only the interpenetrated network of starch and a synthetic

conponent can be extruded with very good nmechani cal Is8§r05617Ni tiall y.
Howev YO 940423 properties vary considerably with hum d| { ME or 1)gxarrpl e, the

nmodul us of a Mater-Bi film (Type AFCSH)2¢decr eases by about 50% as t he
relative humdity changes from about 20% to 90% Al t hough such
sensitivity to humdity is a reversible process, it nakes the film

i nconsi stent on a day-to-day basis to the degree that converting operations
and end-user pkavebleanceramatiafelinhatd y »bfpested. copolywirsr - Box{diked al so

absor b wat er emlanéycgrboqe&rn%detmo@%éﬁs @rnpuﬁaﬁ(an(erqf their initial
weight. In addltlgnto 0

reng of t | msignificantly,
the high water ab8bYgPEbive '36" gkl“éa’&!é"“ﬁ?)"e éW"‘S hF‘gﬁ {Rfies?-iheés can be
transm ssi on cédutoudtd at haterf ilhyars ’smrrouadmgphetahamtcor@ 1804 cerERES .
cm /1% hours oy ro hi n
applications \A#é‘{ %J_q fﬁggﬁg & I"J’dg{l'"‘g- osse Eiohleg ep Ilﬁ'leg% ngf‘g'f"{ﬁy
transni ssi on AeRsitdre bEOHés'rSr'abifﬁ |€ﬂast¢f@rﬁrl mMeRs é%b@@ﬁédcw ebstt abe | ar ge
quantities of ei‘\ﬂawcé& bﬁsldnﬁnithﬁg EﬁS@xterS'l&m d¢<fhl2¢ﬁg baGksbeRlulose Hisqbr vat er

pernmeation Sgl ve condens t he outside of the
backsheet | ea\?n}ﬂj PP %o %’I"ge%rﬁga!?/\ét "eEPYHy P@”tcﬁes“tcgu?nray"" Novon fil ns
can al so be extruded with good initial properties. Some, however, like

Novonl@rade MDO14 aressocﬁﬁ(ﬁ:ll st'a‘é‘?zﬁ %Lw@semmmm avbothapba | apart,

di sperse into smaller partl virt

It is well known that cellulose esters form miscible blends with
many aliphatic polyesters. U.S. patent 3,642,507, herein
incorporated by reference, discloses the formulation of printing inks
with improved flexibility by blending a cellulose ester with
polycaprolactone. U.S. patent 3,922,239, herein incorporated by
reference, also discloses the preparation of thermoplastic blends of
cellulose esters and polycaprolactone and other cyclic ester
polymers. The addition of the polyesters was found to lower the
modulus of the blend significantly below that of the cellulose ester
and to impart improved melt processability, toughness, and impact
resistance.

More recently, blends of CAP and CAB with polyhydroxybutyrate
(PHB) have been described by Ceccorulli, Pizzoli, and Scandola in an
Abstract of a paper entitled "Blends of Cellulose Esters with
Bacterial Poly(3-hydroxybutyrate)" presented at the aforementioned
CELLULOSE ‘91 CONFERENCE, and herein incorporated by reference.
Experimental evidence of miscibility was found up to 50% PHB.
Crystallization of the PHB was found to be strongly inhibited by the
presence of cellulose esters confirming intimate mixing of the blend
components. Similar results are obtained if PHBV copolymers are
employed in place of PHB.

15
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- Blends as described above are thermoplastic and can be processed
into thin flexible films with stiffness levels appropriate for
backsheet films. However, the tear propacation resistance of such
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di ssol ve when contacted or imersed in liquid water. Destructuri zed
starch conpositions find use in the present I nvention as internal

core layers in nultilayer filmnms obtained by coextrusio ' i on
vi th noVOWW2P3si st ant pol ymers sel ected = from the g?‘gE{oUégggﬂr?gﬁsti ng

of thermally sensitive polyrn::rs,g1 11

mechani cal | y limted pol ymer hydrol ytically cl eavabl e
aromatic/aliphatic polyester copolynmers, oxidized ethylene/carbon
nonoxi de copolyners, and high nelting aliphatic polyesters,

el astonmers, angd.Mxdder 68 t{anedéficient compared to those normally used to
construct absorbent articles such as disposable diapers. As will be
discussed later, the inclusion of certain biodegradable elastomers
can improve the tear strength of said blends significantly. In
multilayer structures, cellulose ester blend layers can be coextruded
as moisture resistant outer layers surrounding moisture sensitive
inner core layers or coextruded as thermally resistant outer layers
surrounding thermally sensitive internal core layers. Alternatively,
they can be laminated or extrusion coated onto biodegradable

non-woven fabrics such as Fayon to make structures with better tear
strength.

10

V. HYDROLYTICALLY CLEAVABLE POLYESTERS

15 A. AROMATIC/ALIPHATIC POLYESTER COPOLYMERS

Aromatic polyesters such as polyethylene terephthalate (PET) and
. polybutylene terephthalate (PBT) are leading examples of high
performance polyesters for film, fiber, or injection molding
applications. Although the monomeric starting materials for such
polyesters are known to be biodegradable, neither PET or PBT are
considered to be biodegradable polymers. As homopolymers, both
poiyesters tend to crystallize to relatively high extents making them
extremely difficult to hydrolyze except under conditions of very high
temperature in the presence of water, for example in the melt state,
or in the presence of strongly acidic or basic media. Such
conditions do not exist in municipal composting operations. In the
case of PET, not only is a significant fraction of the polymer in a
crystalline state, but the softening point or glass transition
temperature (about 80°C) of the remaining noncrystalline or amorphous
fraction is also above typical composting temperatures. Hence, even
the amorphous fraction will be resistant to hydrolysis in a
composting operation.

20

25

30

Several means of making aromatic polyesters more readily
hydrolytically cleavable, and hence more likely to be biodegradable,
have recently been described. U.S. Patent 5,053,482, issued to Tietz
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B. PCOLYVI NYLALCCOHCOL (PVA) AND DERI VATI VES Chem cal ly, PVA can be
described as a polyh ggwh%b%hgqgagxmﬁth hydroxyl groups extending from

al terna\g@%mwpn s represented structur '
[err] PVA i lWElH m LIH ydr ol ysis of pol yvinyl giébrate 9+J|e?pend| ng

on the degree of hy can be obtained in grades which are

sol ubl e in both cold and hot water or h@é water only. Unnodi fied PVA
is not thernoplastic. However, when PVA is plasticized with
appropriate additives, thernoplastic naterials can be obtained. External

pl astici zers such | ycer | ene g and sonme of the | ower
pol yet hyl ene iy c¥i gb‘%r elc'ef f{%t \}Jé¥ 288 i 8 lzyglsgersf opasega on polyethyiene
bi odegr adabi | i teyeptdhalatPVA(PETY mﬂd]ymdﬁzmmed dieAhybeneef glyeger virgw on
its blodegranghQQ haBB€ af QU f5 blee Guns
hnd Resi ng® . ws&ﬁgs%n a 'IRIU eré&ﬁ the :ﬁggsbqq]ﬁnif)i fz}%gérﬁﬁH’
| ncorpé)rat ed btshe cOPOLYMERS ol S preferrab]y reduced to be]ow 65°C, within the range

of normal composting operations. The copolymers are said to be
suitable for producing films and fibers for use in disposable
articles such as diapers. Although hydrolysis of the copolymer films
and fibers is shown to take place in boiling water (100°C), evidence
of the extent or rate to which true biodegradation occurs is not

10 presented.

Yet another approach to increasing the hydrodegradability of
aromatic polyesters is described in International Patent Application
W0 91702015, published February 21, 1991, herein incorporated by
reference. In this case, hydrodegradable polyesters based on the
random copolymerization of aromatic and aliphatic polyesters is
disclosed. More specifically, the random copolymers are comprised of
aromatic polyesters such as PET or PBT randomly interrupted with
aliphatic hydrodegradable link polymers such as polyglycolic acid,
polylactic acid, polycaprolactone, polyhydroxybutyrate,
polyhydroxybutyrate/valerate, polybutylene oxalate, polyethylene
adipate, polyethylene carbonate, polybutylene carbonate, and other
polyesters containing silyl ethers, acetals, or ketals. Preparation
of the copolymers 1is carried out by either ester interchange
reactions of the appropriate monomeric  species or by
transesterification reactions between two homopolymers in the
presence of an appropriate catalyst.

In addition to the aforementioned aliphatic link polymers, other
aliphatic polyesters may also be appropriate for producing
aromatic/aliphatic polyester copolymers. These include aliphatic
polyesters selected from the group of oxalates, malonates,
succinates, glutarates, adipates, pimelates, suberates, azelates,
sebacates, nonanedioates, giycolates, and mixtures thereof.

In both the above cases, it is assumed true biodegradation will
occur once the copolymers hydrolyze to very low molecular weight
oligomers or monomeric species. However, the rate to which this
occurs in a composting environment at temperatures below 65°'C and at
relatively small ceviations from ngutra] pH may be too slow to
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Ther nopl asti ¢ PVA conpositions suitable as conponents for the films of
the present invention are sold by A r Products and Chem cal s,

I nc. o{voﬂ,b@jggovm, Pennsyl vani a, wunder the tradenamT/US93105617 Vi nex
resins are internally plasticized conpositions achi eved by

copolynerizing PVA wth a poly(alkylgneoxy) acrylate. Mor e
detail ed disclosures of these materials are given in U S. Patents
4,618, 648, and 4,675,360, both herein incorporated by reference. Stil
another method for meking thernoplastic polyvinylalcohol
conposi ti ons vieastriettienbreaper afi B mef bgfory they Hameempyediby cicoeradng n air U, S.
Patent  5.028. G4 §ss1frtea'i%rn ot rbciﬂéposre%'fa?ﬁwpy mek BT ETF @nhance THR initial
12 bi odegradati q X’ X, conp 9? QQS i s disclosed in,an A r _Products
br akup and ultimate degradation of such polyester copolymers,
blending with one or more rapidly biodegradable polymers can be
employed, said more rapidly biodegradable polymers selected from the
categories of moisture sensitive polymers, thermally sensitive
polymers, polymers difficult to process into films, and mixtures
thereof. In such blends, the aromatic/aliphatic polyester copolymer
comprises from about 60 weight percent to about 95 weight percent of
the blend. Such blends may be used in one or more layers of the
multilayer films of the present invention. Alternatively, the
aromatic/aliphatic polyester copolymers themselves can be coextruded
as outer layers surrounding moisture sensitive polymers, themally

sensitive polymers, polymers difficult to process into films, or
elastomers.

10

15

B. OXIDIZED ETHYLENE-CARBON MONOXIDE COPOLYMERS

Photodegradable polymers based on random copolymers of ethylene
and carbon monoxide are used commercially in beverage can rings and
other items which may often be discarded in the environment as
Vitter. Such copolymers are disclosed in U.S. Patent 2,495,286,
issued to Brubaker, herein incorporated by reference. In order to
provide acceptable rates of photodegradation, only a small proportion
(generally 1 to 3 mole percent) of carbon monoxide or other carbonyl
functionality needs to be incorporated into the polymer.
Decomposition of such plastics begins as soon as the plastic is
exposed to sunlight although there may be a delay period before
significant breakdown of important physical properties are noted. As
the polymer chains decrease in molecular weight, the plastic
material macroscopically breaks down into smaller fragments which

become more and more susceptible to microbial attack and hence
biodegradation.

20
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in the absence of sunlight, for example, in a commercial
composting operation, this photodegradative process will not be
initiated and the plastic articles containing photodegradable
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Technical Bulletin entitled Measurenent of the Biodegradability of Vinex
Resins by Controlled Respironetry” by J. Kranmer, herein incorporated

by ref A Vi nex 1000 series, 2000 series, $RL4:8S exist.
The. 108%6%@%3 are fully hydrol yzed grades which are |nsé1O e |§n cold

wat er, but soluble in hot water. The 20Q@ and 3000 series are soluble in
both hot and cold water. All three series of Vinex resins can be enpl oyed
infilms of the present invention. Especially preferred are the 2000
series. Such materials, for exanple Vinex 2034, form tough tear resistant
films which, i¥inkagestorildhapt beeakr dew] ub | bath, mAdesu apeweighthand size

mechani cal Stfa%ﬁehh to tieQanlé 'b@ﬂeﬂsthef pinal bigegr.adatree, haskshertiskely
absorbent article

rrent [ ventlon
the Vinex mat e?§ éFEeerPﬁﬂ ‘B‘é EJ é’aﬁ‘?rﬁ”?%d’e\#ﬁﬁg% *@e?&e tcéﬁ?gg? S e4l AA0%he or
nmore noi st ure widdi sthemt ndni- bibsggradableempiniatys sel ected fromthe group
consi sging of thergaldysensd thue Qéélnynﬁfu‘ﬁd rmbarvtﬁﬁﬂew/dawaﬁ eﬁqm &dTer'S,
polymers difficult to priocess into rC)y1|c§ 5 cl eava
aromati c/ al i phpRliygers §an hespxidized éBpﬁb‘nﬁﬁrear dew Lyp§xP kit \PrbyRsteRr bon
rrlonom de copoﬂmpstentarﬂgzmﬂgn hgﬂhhl ivrorporatbatbycrefelsnzel efescribanda ded
el ast oners. al so n F {fude
or | ani nat ed nﬂT"t‘ﬁBéféyéqrr fCPWFfEthngv% 881&# ‘1I g:'r g)&%g.‘eé ]?ayger'%]ﬁwﬂefcaﬁ
resi stant pol yneraxidel EE0kEobelomehdogh oEﬂJYGé st Theg PBACEs heinyalves the
sensitive pol ym&,xoﬁe&fh%ﬂéczsdol xo;bdmérednlewl YATEdrganicNyeFoxly)é i Ak ¥izing
cl eavabl e aronatlc/all hat i
agent in ag iner qu1 megaum at temperatures between -20°C to
150°C. Substant1a11y all or only a portion of the ketone
functionality can be converted to ester groups depending upon the

reaction conditions.

15
9 peroxyacid 9
-— CHp—CHp—C—CH; > — CH— CHp—C—0-CHy;—
polyketone {ECO copolymer) polyester
20
Subsequent U.S. Patent 4,957,997, expands this process to
polyketones containing pendant functional groups obtained by the
copolymerization of carbon monoxide with vinyl or vinylidene
monomers. The vinyl or vinylidene monomer may have at least one
25 functional group containing one or more oxygen, nitrogen, sulfur, or

halogen atoms.

The new polyesters described in these patents may originate from
polyketones containing 0.5 to 20 weight percent carbon monoxide and
having a molecular weight from about 10,000 to about 1,000,000 grams

30 per mole. After oxidation to the corresponding polyesters, the
materials are capable of being hydrolyzed to lower molecular weight
fragments. The rate and extent to which both hydrolytic and microbial
degradation occur cepend on the number of ester groups present and
the average molecular weight of the polymer between ester groups. The

35 lower the molecular weight fragments resulting from hydrolysis
become, the more cusceptible they become to microbial attack and
biodegradation.
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copol yners, oxidized ethyl ene/ carbon nonoxi de copol yners, and high nelting
al i phatic polyesters, elastoners, and m xtures thereof

: C.
HYDROXYP LLULGCSE (HPC) HPC is a non-ionic t her
vith an¥ Egaébﬁgconbi nation of properties anong cell ul g(;:-g)d e?&?gltfves
These include solubility in both water and pol ar organi c solvents as well
as plastic flow properties that pernmit2%ts use for nol ded and extruded
artiicles such as filnms. As described in aforenenti oned "Handbook of

Wat er Sol ubl e Gunms and Resins"” (Chapter 13), herein incorporated by

reference, thePreferab'ly, the average molecular we]i:g)’ht of the polymer chains
between ester groups is below 1000 grams per mole. Most preferably,

the average molecular weight between ester groups is below about 500
grams per mole.

Oxidized ECO copolymers have excellent moisture resistance and
processability but their physical properties, particularly elongation
to break in tension, at lower molecular weights, may not be
sufficient for backsheets of absorbent articles. However, they are
useful in multilayer films as moisture resistant outer layers
surrounding moisture sensitive internal core layers, as thermally
resistant outer layers on thermally sensitive internal core layers,
as rapidly crystallizing outer layers on slowly crystallizing
polymers which are difficult to process into films, and as
non-blocking outer layers on elastomeric core layers. As mentioned
in previous sections of this application, oxidized ECO copolymers are

useful also as blend components in individual layers where they
impart heat resistance and moisture resistance,

10

15

C. HIGH MELTING ALIPHATIC POLYESTERS
20

Yet another family of hydrolytically cleavable and biodegradable
polyesters are high melting aliphatic polyvesters defined, herein, as
those having glass transition temperatures or melting points apove
65°C. Such materials may not undergo initial decomposition and
breakup during the early stages of composting since the crystalline
fraction of these materials, or the amorphous fraction, or both the
crystalline and amorphous fractions may be below their melting points
or glass transitions at normal composting temperatures. High melting
aliphatic polyesters can, however, be combined in blends or
coextrusions with other more rapidly degrading materials, for example
moisture sensitive or thermally sensitive polymers, to enhance their
rates of initial decomposition and breakup. Examples of high melting
aliphatic polyesters include polyethylene sebacate (Tm=76°C),
poiyethy1ene succinate (Tm= 108°C), and polyhexamethylene sebacate
35 (Tm = 78°C). Further examples can be found in the aforementioned -

"Polymer Handbook - Third Edition" Section VI, pages 56 through 67,

25

30
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plastic flow properties of HPC enable it to be used as a base material in
extrusion, blow, or injection nolding, and fil m maki ng operati ons. .
Ther maly] ssed products fornmed by these nethods retgp héqiwat er
SOIubiP$¥?§@€ﬁ§re bi odegradabl e, and cag even be nade tgﬁgguggﬁg?gfﬁ The
chem cal cellul ose used to prepare HPC is derived fromwood pulp or cotton
linters. The cellulose is treated with agqueous sodi um hydroxide to form

al kKali cellulose which, in turn, is reacted with propylene oxide to yield

t he foll ow ngrevpuslcahcetponzteadr berein fyereference. wher eseofidisigh meatig of 3
to 4.5 and x ra 0 tp 3 refalibyes HEC L navail abl e
from Her cul egl??‘?]héil‘%n%?y?%}te&?raggnaprr%q%_%? Eb@tr&bﬁgo J'f‘ﬁ%‘i_r%\{/\rklae'?ler
solubility, Hipteaspdalaegalymers Pty Beeadr discupsadytid POPCiqus| sectipemerfare not
accept abl e fahiyspphfcatagksheet filnms for absorbent articles. HPC can be
enployed in blends in individual |ayers of nultilayer filns at |ow | evels,
typically 33 weight percent or less, with noisture resistant polyners,
where it inpartdI.t #ASTOMERBe resistance and resistance to bl ocking.

Smal | anmounts of plasticizers, internal lubricants, and antioxi dants can
be wused to inprove the nelt_f]| ow | d release,. and thernpl stability of
P In the case of the meéﬂ%n?cal?y ef?c1ent materials (cellulose Y

esters and cellulose ester blends with various aliphatic polyesters)
discussed earlier, it was noted their main deficiency was in tear
strength. One way of improving the tear strength of films made from
such materials is to incorporate a suitable thermoplastic elastomer
(TPE) into the material by, for example, melt blending. A
thermoplastic elastomer is a material that combines the
processability of a thermoplastic with the functional performance and
properties of a conventional thermosetting elastomer as discussed in
Modern Plastics Encyclopedia, 1990, pp 122-131, herein incorporaated
by reference. Commercially, there are 6 generic classes of TPE:
styrenic block copolymers, polyolefin blends, elastomeric alloys,

thermoplastic  polyurethanes, thermoplastic  copolyesters, and
- thermoplastic polyamides.

10

15

20

For use in films of the present invention, any thermoplastic
elastomer incorporated into the film must be biodegradable. From the
aforementioned 1list of TPE «classes, only a select group of
thermoplastic polyurethanes, specifically aliphatic polyester-
based polyurethanes, are generally recognized as being biodegradable.

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

25
30

35

This Sheet Has Been

GG



the polynmer during processing. Sui tabl e pl asti ci zers I ncl ude

propyl ene glycol, gl ycerin, | ow nol ecular weight polyethylene

gl ycol s, wayéh,/gd2¥ger ol nonostearate. 1. THERMALLY p2eNSkdil 04617
POLYMERS Since conmercial conposting oper ati ons typrcally
achi eve t enper at ures of about 60[err]C,;?iodegradable polymers with | ow
t her mal softening points or nelting points may be included in the filns
of the current invention to help break the filns down into snaller
fragnents early in the process. Mor eover, such polyners may al so

bi odegrade faster thgnphitgher piBlelstély aespAReNt Sardi NEGaililaBle arfom  Morton
essentially 1T aujds. al;GoMROTH Ynb &AL 2L MuERark hiiRhahd 23R! §S%ed with
other biodegradable polymers such as moisture sensitive polymers,
thermally sensitive polymers, mechanically 1limited polymers,
hydrolytically cleavable aromatic/aliphatic polyester copolymers,
oxidized ethylene/carbon monoxide copolymers, high melting aliphatic
polyesters, and mixtures thereof, they lower modulus, increase tear
and impact strength, and impart moisture resistance. In muitilayer
structures, aliphatic polyester urethanes can be employed both as
blend components in individual layers and alone as thin layers
between other biodegradable polymers including moisture sensitive
polymers, thermally sensitive polymers, mechanically limited
polymers, hydrolytically cleavable aromatic/aliphatic polyester
copolymers, oxidized ethylene/carbon monoxide copolymers, high
melting aliphatic polyesters, and mixtures thereof, to impart
increased tear and impact strength.

Procedures for synthesizing another type of TPE suitable for
imparting improved toughness and tear strength to cellulose ester and
cellulose ester blend films are disclosed in U.S. Patent 3,585,257,
issued to Mueller et al., and herein incorporated by reference. Block
copolymers of polycaprolactone with polydienes such as polyisoprene
and polybutadiene are disclosed in which the polycaprolactone content
can be varied from about 20 to about 80 weight percent and the diene
content varied from about 80 to about 20 weight percent. Copolymers
having tensile strengths in the range between 245 and 2000 pounds per
square inch and elongations to break in the range from 400 to 560
percent are obtained.

10

15

20

25

Block copolymers can be prepared having various architectures.
For example an A-B diblock copolymer comprises a block of polymer A
segments coupled to a block of B polymer segments. An A-B-A triblock
copolymer comprises a block of B segments coupled to a block of A
segments at each of its terminal ends. An --(A-B)y -- multiblock
copolymer comprises alternating sequences of A and B segments where
n=2,3, etc.

30

35 For toughening and increasing the tear strengths of films of the

present invention., A-B-A triblock or --(A-B)p ~-- multiblock
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The rapid initial biodegradation and |oss of these polyners fromthe film
woul d al so be expected to expose mare of the higher nelting polyners to
hydr ol wg ¢4/66@89t s and m croorgani snms thereby increasi ng RBdreUs93768687 Of

bi odegradati on as wel | . Al i phatic polyesters belong to the famly of

| i near saturated polyesters. Many aliphatic polyesters are known to be

bi odegradabl e. Many al so have nmelting pojgnts of about 65[err]C or I|ess.

Al though sonme types of low nelting aliphatic polyesters can be processed
directly into thin water resistant.filns, their nelting points are too | ow
to allow their wuse alone in mny applications, for exanple, as
backsheet s f orcgposperablie vihisorgddptaproldctbrs. segment sPobmprapy AhaCh oi@cks an

exanpl e of a preferred b| degr ad e al ti st r the
present i nventlgoornq\ i’ sgprgtr uc %P& QE%EFmg pgepequg@ensn ]%pgll"lgﬁoec é-é]l on
of epsilon- caﬁ@l‘ﬂ&ﬁrénéo nat s‘é‘\Péﬁt neigpéfEeant | h@"céﬁ’fﬁl‘iﬁ ipproderseot i ted in

Uni on Carbi de Bfmhureulir @Qéﬁﬁntenﬁ\}etnk% " TQ%C?NWE'@?'err@@rﬁ‘en tnb ock

i ncor p@r at ed bé ?ference h ﬂh F é g IS ini P
(Mo R G aher tone Tyaeran (& hictae R phlraarehictine, Seombaks SoRHse <rom abovhe
foll owi ng strutdute:about fE®rwelight percent of the copolymer and the polydiene
segments comprise from about 90 to about 40 weight percent of the
copolymer. To achieve .the desired tear strength enhancement the
copolymers are melt compounded with a cellulose ester or cellulose

ester blend such that the copolymer comprises from about 30 to about
70 weight percent of the total composition.

10

VII. TIE LAYERS

15 Tie layer resins are interlaminar bonding agents used to adhere

incompatible layers in coextruded or laminated film or sheet
structures. In addition to bonding dissimilar polymer layers, tie
layers are also used to bond polymers to metal foils, boardstocks,
papers, or non-woven fabrics. Such materials are either coextruded
between other polymers, or extrusion coated onto other substrates
before being combined 1into composite structures through the
‘application of heat and pressure. Coextrusion applications include
cast film and sheet, blown film, and extrusion blow molded bottles. A
wide variety of polyolefin-based tie layer resins are commercially
available for use in non-biodegradable and hence non-compostable
applications. Typical examples include the BYNEL CXA resins from

- DuPont and the PLEXAR family from Quantum Chemical. The tie resins
offered by these suppliers cover a wide melt index range and are
capable of bonding numerous base materials used in packaging
applications as indicated in an article entitled "What Can Be
Coextruded? The Sky’s The Limit" appearing at pp 78-80 of the
September, 1980 edition of Modern Plastics magazine, herein
incorporated by reference.
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The choice of tie resin for a particular application depends on
various factors such as the chemical nature of the materials to be
bonded, the melt viscosities of the other resins to be coextruded,
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where n is the degree of polynerization. Pol ycaprol actone pol yners
are available from Union Carbide Corporation under the tradenane TONE

and- P- 70¥0

in a variety of nolecular weight grades. For exanple, T,
A3/9829%egrees of pol ynerization of about 95 andgaﬁgg$@ég§
corresponding to

nole. TONE P-767 is prepared froma special high purity grade of

caprol act one

grans per

absorbent apiésdn@S. invention, it has been  surprisingly
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s P-300
gti\/ely,
mol ecul ar wei ghts ojg about 10,000 and 40, 000 grams per

mononer and has an average nol ecul ar wei ght of about 43, 000

nole. TONE P-787 has an even higher average nolecul ar wei ght
of about 86t&dk)poscessimetempelr&tlures, the Rybycefppodcest anzed pQhy rehe Stypavi ng

| ecul ' : . , . Bt d int
Strong wat ep! P BRtelE i Uhhignett: YL, 2008 0N LT LTA" a0 BB ipbl R or " O
about 60[ er rpEn-146[ &ped.Fpust alpeshe bipdagradahie.f uben itha tidmpackstiheet s f or

found  that
polycaprolactone can be utilized as a biodegradable tie layer between
certain biodegradable polymers. For example, a five layer

biodegradable film, A-Tie-B-Tie-A , wherein the A 1layers are
cellulose ester blends, the B layer is a water soluble polymer such
as a thermoplastic polyvinylalcohol composition, and the tie layer is
polycaprolactone can be achieved by coextruding all 5

simultaneously.

layers

Alternatively, the polycaprolactone can be coextruded on either
side of the thermoplastic polyvinyl alcohol layer to create a three
layer film and laminated in a subsequent operation to the two

cellulose ester blend layers through the simultaneous application of
heat and pressure.

VIII. OPTIONAL COMPONENTS

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 1in the art, including, but not limited to,
antiblocking agents. antistatsic agents; slip agents, pro-heat
stabilizers, antioxidants, pro-oxidant additives, pigments,
plasticizers, etc.

Antiblocking agents act to prevent film layers from sticking 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 material such as polyethylene or polycaprolactone.
Reduction of blocking in the films of the present invention can 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 film surface treatments can be used to
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15 Because of their low nelting points, backsheets consisting of 100%
pol ycaprol act one woul d have difficulty, for exanple, w thstanding the high

tenperwdlgﬁﬁoﬁgcountered when hot glue is applied to theei,aeedroskysi Ng the
manuf acturing ~process. In addition, during shipping and/or warehouse
storage, tenperatures of 60[err]C can be reached. Backsheets
consi sting of 100% pol ycaprol actone woul¥ be difficult to stabilize in such

an ‘envi r onnent

and mght distort, stick to one another, or even nelt.

In the mul til ayer films of t he pr esent i nvention,
pol ycaprol act one, can be used, as a hl end conponem

as outer skin FadHeRsPIOGKINGUANE O YRS oRPINRE

i nner core | ay@heigumakfty sofr poudedecnbiblouk esublshyrares coamerciye dddadorpot hie

category of th
pol ymers,

Y

e aronaticlalip

copol yners, oxi di Astistatify2apryscappobe ivreReaRtedopBl §hkiss of hihghpnesent ng
al i phai c pol yaaientson;anekampPesUbES sidhera@efts includel Rthbwy1Gtéd Randhest RRd

el gt of 40, 00Betie Y. A1 eurChaats’ Waie BT BECRLTIL T

pol ycapr ol act oeripal whamss ihaldnggh an Agentisagh this type slowly diffuse to the
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surface of the film and, because of their ionic 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.

Slip agents may be incorporated into the films of the 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 to 22 carbon atoms. Such agents may
augment the antiblocking properties of the films of the present
invention. Such slip agents are commonly incorporated in films from
about 0.05% to about 3% of the weight of the films when used.

PERFORMANCE CRITERIA AND TEST METHODS

For a film to perform satisfactorily as a compostable disposable
diaper backsheet, it must be made of resins or structures that are
compostable and it must demonstrate the following properties of high
strength, adequate fluid barrier, appropriate modulus or flexibility,
and adequately high melting point.

The backsheets of disposable diapers must have sufficient
strength both to process on a high speed disposable diaper converting
machine and to provide a "wetproof" barrier in use on an infant. It
must be sufficiently wetproof so that clothing or bedding, either
that of the infant or of the caregiver, is not wet or soiled. It
must have a modulus or flexibility that is, at the same time, low
enough to be a soft, pleasing material to be used as the outer
covering of an infant diaper yet high enough to handle easily on high
speed disposable diaper converters without wrinkling, folding, or
creasing. It must have sufficient resistance to heat such that it
will not deform, melt, or permanently loose strength in typical hot
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nmol ecul ar wei ght of about 80,000 grans per nole (e.g., TONE P-787).
O her types of low nelting aliphatic polyesters suitable for use in the

present __jnyv lon are derived from the reaction of ' tic
di car box *)ir}é;@és}g’d and a diol. As described in "An Overvi eb’v"?’(}%sgﬁdégfcs
Degradability," by Kl enchuk, published in Modern Plastics, (August, 1989)
and incorporated herein by reference, nardj

of these polyesters are
bi odegradabl e since they are susceptible to

enzymati ¢ hydrol ysis.
Moreover, the acid and alcohol fragments of the hydrolysis are also

Via the generaltipEse BTN RBuooiel s, nteorty’ onY RN Ishedd Gybpighte
0 O [err] diaper cohareef3lwhécta tlyp hediy rmsiehb@temeltchdhesi-veq-@- béradr the wi t h
fof )a(m; ﬁO, Rc%m'p%ne%k?%faaldi@ﬁ@{abwt&Xb?PQoﬁmw. -(CH2 )y with 2 <y <
, It has been found that films that are sufficiently strong to be
suitable as biodegradable backsheets for disposable diapers
demonstrate two properties: (a) resistance to rupture from a
dropped weight and (b) resistance to tearing in both the machine
direction of manufacture and the <cross-machine direction of
manufacture. Acceptable biodegradable backsheets can withstand the
drop of a spherical steel ball of about 19 millimeters in diameter
and 27.6 to 28.6 gram mass from a height of 12 centimeters so that at
Teast 50% of the tests result in no rupture of any size (deformation
is acceptable). Preferred materials are those that exhibit 50% or
less failures from a height of more than 20 centimeters. Similarly,
acceptable biodegradable backsheets demonstrate an average tear
propagation resistance of 70 gram per 25.4 micron thickness of
material in both the machine direction and cross-machine direction of
manufacture when a standard Elmendorf pendulum-type test device, such
as Elmendorf Model No. 60-100, is employed against 16 plies of
material which has been prepared with a cut or notch according to
TAPPI Method T 414om-88. More preferable, are those backsheets that
demonstrate tear propagation resistances of 200 or more grams per
25 4 micron thickness in the cross-machine direction because these
are particularly good at avoiding a tendency to fail in use by
splitting.

It has also been found that films of sufficient barrier to
moisture transport are those that permit less than 0.0012 grams of
synthetic urine to pass into an absorbent paper towel per square
centimeter of area per 25.4 micron thickness for every 16 hours of
time when the test film is located between the absorbent paper towel
and a typical absorbent gelling material-containing diaper core and a
pressure simulating that of a baby. The specific conditions of the
test are that the area of the core is larger than that of the test
material, the core is loaded with synthetic urine to its theoretical
capacity and it is under a weight of about 35 g/sq. cm. (0.5 psi).
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16 is the

but anedi ol sebacate) where x=4 and y=8;

A

degree of polynerization. Exanples of these types of
al i phatic polyesters include: Polyethylene adi pate where x=2 and y=4;

Tnme50 1, 3 propanedi ol adi pate) where x=3 an Fthco err]C’
Pol y E?%i;éggghgdfol agipgte) wher e xg4 a%d y=4; Tnp48[§¥¥f@§%gﬁﬁﬁ?g,4 !

succi nate) where x=3 and y=2; TnF47[err? Poly (1,4 butanediol glutar

where x=4 and y=3; Tne=47[err]C

m=64[err] C Poly (1,3 propanedi ol

at e)

Further exanples of thernmally sensitive

al i phatic polyesters with nelting points less than 65[err]C can be found in
"Pol ymer Handbook,ItThasd alst tbewn” foynd. tBaendstgriahd & Hsufifivingutheat

publ i shed by /e | B SECL] r.ou 6 erein
i ncor por at ed Bl?/p?‘et eéreeﬁ%'ﬁgbfm% d PI‘Faet EM”B?‘%??&%@T‘%QP X E%'ge NTO
FI LM Afethiaradexni IWeaf wféeeyadibl tesdlef pHainde doHsadstRisdortienudes

thlcwﬁ dﬁrgved Abp &Fatas %aehmroelw(%sﬁrobowmjaﬁd dad amhﬁifcﬁmolnyopf;\smol y
(al phag hydroxy, gL anogl e ) HGh {aeSs MR e B YIPEP tRE WimdTe. A 13
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millimeter by 19 millimeter size film of 4.5 to 6.5 micron thickness
is prepared for Vicat needle penetration tests by melting the
material to be tested into a mold of using a temperature of 120°C and
pressure of 7.031x105 g/sq. cm. (10,000 psi) (using a Carver or
similar press) for two minutes after a warmup peried of at least 2
minutes. The Vicat softening point is the temperature at which a
flat-ended needle of 1 sq. mm. circular cross section will penetrate
the sample to a depth of 0.1 cm. under a load 1000 g using a uniform
temperature rise rate of 50°C per hour.

It has also been found that materials of sufficient machine
direction modulus demonstrate a 1% secant-type modulus above at least
about 6.895x108 dynes/sq. cm. (10,000 psi) and below about 6.895x109
dynes/sq. cm. (100,000 psi). The test is performed on an electronic
tensile test machine such as the Instron Model 4201. A 2.54 cm. wide
strip of material, preferably of 0.00254 cm. in thickness, is cut to
a length of about 30 cm. with the longer dimension parallel to the
machine direction of the material. The test strip is clamped into
the jaws of the tensile testor so that the gauge or actual length of
the material tested is 25.4 cm. The jaws are separated at a slow
speed in the range of 2.54 cm. per minute to 25.4 cm. per minute and
a stress-strain curve is plotted on a chart within an attached
recording device. The 1% secant modulus is determined by reading the
stress or tensile from the chart at the 1% elongation strain point.
For example, the 1% strain point is achieved when the distance
between Jjaws has increased by 0.254 cm. When the Jjaws are
separating at the rate of 2.54 cm. per minute and the recording
device is running at a speed of 25.4 cm. per minute, the 1% strain
point will be located at a distance of 2.54 cm. from the initial
point. The tensile response is divided by the thickness of the
sample material if it is not 0.00254 cm. in thickness. Particularly
soft, and therefore preferred, materials exhibit 1% secant moduli in
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peol yl act at es
pol yhydr oxybu
(PHBY) 335k
honopol yner
described in
and U. S. Pate
references i

fromlactic acid and naturally derived pol yners such as
tyrate (PHB) polyners  and pol yhydroxybutyrate/val erate

w%rs. Preferred exanples of polyhydroxybuseshss17
an

pol yhydr oxy butyrate/val erate copol yners are

U S. patent 4,393, 167, Fblqﬁs et al., issued July 12, 1983,
nt 4,880,592, Martini et al””, issued Novenber 14, 1989, both
ncorporated herein by reference. PHBV copol ynmers have

the generalized structure shown bel ow. [err]
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the range of 6.895x108 to 2.068x109 dynes/sq. cm. (10,000 to 30,000
psi).

Since absorbent articles may experience temperatures as high- as
140°F (60°C) during warehouse storage or shipping in trucks or
railcars, it 1is important that the backsheet film and other
components retain their integrity at these temperatures. Although it
is expected that the modulus of the films will decrease somewhat
between 20°C and 60°C, the modulus should not decrease too far and
allow the film to deform in the package before it reaches the end
user. ’

For example, a polyethylene backsheet with a room temperature
modulus of about 4x109 dynes/sq. cm. (58,000 psi) may have a 60°C
modulus of 1.2x109 dynes/sq. cm. (18,560 psi) which is acceptable. A
softer polyethylene backsheet with a room temperature modulus of
about 8.0x108 dynes/sq. cm. (11,600 psi) may have a 60°C modulus of
about 3.5x108 dynes/sq. cm. (5076 psi) which is still acceptable. In
general, an acceptable backsheet film will have a 60°C modulus of at
least 5.52x107 dynes/sq. cm. (800 psi).

The modulus dependence on temperature, also <called a
modulus/temperature spectrum, is best measured on a dynamic
mechanical analyzer (DMA) such as a Perkin Elmer 7 Series/Unix TMA 7
Thermomechanical Analyzer equipped with a 7 Series/Unix DMA 7
femperature/Time software package, hereinafter referred to as the DMA
7, available from the Perkin-Elmer Corporation of Norwalk,
Connecticut. Many other types of DMA devices exist, and the use of
dynamic mechanical analysis to study the modulus/temperature spectra
of polymers is well known to those skilled in the art of polymer

“characterization. This information is well summarized in two books,

30

35

the first being "Dynamic Mechanical Analysis of Polymeric Material,
Materials Science Monographs Volume 1" by T. Murayama (Elsevier
Publishing Co., 1978) and the second being " Mechanical Properties
of Polymers and Composites, Volume 1" by L.E. Nielsen (Marcel Dekker,
1974), both incorporated herein by reference.

The mechanism of operation and procedures for using the DMA 7
are found in Perkin-Elmer Users’ Manuals 0993-8677 and 0993-8679,
both dated May, 1991. and both herein incorporated by reference. To
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17 Such copolynmers are commercially available from |Inperial

Chemical Industries under the tradename Biopol. The Biopol polyners are
produceéh obfogsds the fermentation of sugar by the b@@lt,ggbyg“”
Al cal i genes eutrophus. PHBV pol yners are currently produced wth

val erate contents ranging fromabout 5 to about 24 nole percent. |ncreasing
val erate cont ent decr eases the elting point, crystallinity, and
stiffness of the polyner. An overview of Biopol technology is provided in
Busi ness 2000+, (Wnter, 1990), incorp- orated herein by reference.

Unfortunately PHBV cqQpolyners are difficul.t_to pr ss.directly jnto filnms
because of t%éhorses%@?%‘i g‘é‘t éﬁ‘f iUsat porthe M8 7. ﬁh%s?ﬁﬁgé%g "HR cf°¥ﬂﬁ‘965 stick

to itsel f evephaftebe cadlficignt ots ocaplt experthe UGl Coeoduss datas ipsseantd al

fraction of bg% PHBY remai ns anorphous and tacky for |ong periods of
time. In cas fiPmopérations, where the filmis imrediately cool ed on

chill rolls after Toduapyre the Mok lHsdtenpenwiurensracbiumef eh 1N cleecimeni he
rol | s3restricija@uk e i s pRedt @trulhinCbemperature scan mode and equipped with an

extension measuring system (EMS). A film specimen approximately 3
mm. wide, 0.0254 mm. thick, and of sufficient length to allow 6 to 8
mm of length between the specimen grips is mounted in the EMS. The
apparatus is then enclosed in an environmental chamber swept
continuously with helium gas. Stress is applied to the film in the
length direction to achieve a deformation or strain of 0.1 percent
of the original length. A dynamic sinusoidal strain is applied to
the specimen at a frequency of 5 cycles per second. In the
temperature scan mode, the temperature is increased at a rate of
3.0°C/minute from 25°C to the point where the specimen melts or
breaks, while the frequency and stress are held constant.
Temperature-dependent behavior is characterized by monitoring changes
in strain and the phase difference in time between stress and strain.
Storage modulus values in Pascals (1 Pascal= 10 dynes/sq. cm.) are
calculated by the computer along with other data and displayed as
functions of temperature on a video display terminal. Normally the
data are saved on computer disk and a hard copy of the
modulus/temperature spectrum printed for further review. The 60°C
modulus is determined direct]y from the spectrum.
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METHOD OF FILM MANUFACTURE

The multilayer films of the present invention wused as
biodegradable backsheets may be processed using conventional
procedures for producing multilayer films on conventional coextruded
film-making equipment. Where layers comprising blends are required,
pellets of the above described components can be first dry blended
and then melt mixed in the extruder feeding that layer.
Alternatively, if insufficient mixing occurs in the extruder, the
pellets can be first dry blended and then melt mixed in a
precompounding extruder followed by repelletization prior to film
extrusion.

30
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the fil mcan be processed, or even preventing the filmfrom being
collected. In blown filns, residual tack of the PHBV causes the tubul ar

filmto,g g5 i tself after it has been cooled and col | i ndi ng.
| nt er nat i ona{{0 Eat ent Application 86309586.5, describes a gggﬁgb&g{ssw

achi eving a PHBV nonol ayer filmfor maﬂ§§ backsheet applications by
coextrudi ng the PHBV between two | ayers sacrificial polymer, for

exanple a polyolefin, stretching and orienting the nmultilayer film and
then stripping away the polyolefin layers after the PHBV has had tine

to crystallize. [fhgenergnei ;fb'\/‘?rgersPHW bé'lhé'l‘t 'p%cés'@@ﬂ‘ ihtdM Manedydifg

either water. soluble fllns erred nsol upl e fllns such
as pol yvi nyl i d&8hEMEhIGFE 8T o & e{?‘ﬂoleifg'f 1’?'?15 REYHGs Hm&h ﬁ whight i3rgyer

films of the pldescembed nuetRliasnicssixirusiians Technolqgydces ndgidipt byoddlar @.
avoi ded.  The Cg\“a b%@'E'PJW%y% ﬁﬁor’a bl e”i’97(f)¢°%9£‘ﬁﬂt xﬁ{brggeat% re Of

t he Iagers mnth one ori e

noi sture sensirefer@ncey yQ"PéFs Film¢ Hérrﬁdltr‘ﬁlde"seﬂgpl‘gt\/ea pdngarer slot  die.
mechani cal Iy Igenévtadlly theokyiteneb is haodhed yoni @ahbygecimoair@plpdlished metal

aromatic/al | pharl-toilf. p% yqeu%ﬂy %Qﬁ%l,ygﬂad’ %Eels off this first roll, passes over

: one or more auxiliary cooling rolls, then through a set of
rubber-coated pull or "haul-off" rolls, and finally to a winder. A
method of making a cast bécksheet film for the absorbent products of
the current invention is described in Example 1 which follows.

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. Ffor backsheet applications the flattened tubular film
is subsequently slit open, unfolded, and further slit into widths
appropriate for use in absorbent products.

Both cast film and blown film processes can be used to produce
either monolayer or multilayer film structures. For the production of
monolayer films from a single thermoplastic material or blend of
thermoplastic components only a single extruder and single manifold
die are required.
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For the production of multilayer films of the present invention,
coextrusion processes are employed. Such processes require more than
one extruder and either a coextrusion feedblock or multi-manifold die
system or combination of the two to achieve the multilayer film
structure.

U.S. Patents 4,152,387, and 4,197,069, both herein incorporated
by reference, disclose the feedblock principle of coextrusion.
Multiple extruders are connected to the feedblock which employs
moveable flow dividers to proportionally change the geometry of each

I
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18 oxi di zed et hyl ene/ car bon nonoxi de copol yners, high nelting aliphatic
pol yesters, and el astoners. If. used in an outer Jlayer of a

mul ti l\pasdorbin the PHBV conponent is generally enpl oyedr/ussrosamount
'ess than about 40% by weight. This allows the other conmponents
to function as the continuous phase in 3ge blend and overcone the tackiness
and processing difficulties of the PHBV as descri bed above. The PHBV
may al so be coextruded as an internal |ayer surrounded by outer |ayers

selected fromthe categories of thermally sensitive golyners, mechani cal |y,
limted pol ynendyviduadr 6l opt ichanney 1 davesd] sehaloent 1 /taei yiume ofpeslyeer er

COF?! ynmers, oxidiizgdt bl QR8I FABPURaARNGX| dehe GFORWIchERIeS s ar@Ndes {Yngd
mel ting

AL = S N N - AR AN
the PHBV | ayet.theTémmg flowarateasndaprdsstuegrdlimjpatinpfintaréadiaddeorasiabl e
films Y7 oW VERED Hhks. LoM eTERe Rt EMETS are joined in the feedblock,
they flow into a single manifold die as a composite structure. It is
important in such processes that the melt viscosities and melt
temperatures of the materials do not differ too greatly. Otherwise
flow instabilities can result in the die leading to poor control of
Jayer thickness distribution in the multilayer film.

An alternative to feedblock coextrusion is a multi-manifold or
vane die as disclosed in aforementioned U.S. Patents 4,152,387,
4,197,069, and in U.S. Patent 4,533,308, herein incorporated by
reference. Whereas in the feedblock system melt streams are brought
together outside and prior to entering the die body, in a
multi-manifold or vane die each melt stream has its own manifold in
the die where the polymers spread independently in their respective
manifolds. The melt streams are married near the die exit with each
melt stream at full die width. Moveable vanes provide adjustability
of the exit of each flow channel in direct proportion to the volume
of material flowing through it, allowing the melts to flow together
at the same linear flow rate, pressure, and desired width.

Since the melt flow properties and melt temperatures of
biodegradable polymers vary widely, use of a vane die has several
advantages. The die lends itself toward thermal isolation
characteristics wherein polymers of greatly differing melt
temperatures, for example up to 175°F (80°C), can be processed
together. In this way a starch-based composition like Mater-Bi, with
a maximum processing temperature of about 300°F (149°C), can be
coextruded with a much higher temperature material 1like a cellulose
ester with a processing temperature of 380°F (193°C).

Each manifold in a vane die can be designed and tailored to a
specific polymer. Thus the flow of each polymer is influenced only
by the design of its manifold, and not forces imposed by other
polymers. This allows materials with greatly differing melt
viscosities to be coextruded into multilayer films. In addition, the

]
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A CELLULCSE ESTERS® Cel l ul ose esters are produced by the chem ca
nodi fication of cellulose and include the famly of cellulose

acet at e%oé%},%” cellul ose acetate propionates (CAP), angcieishirossie
acetate butfyrates (CAB). As described in the 1990 Mbdern Plastics

Encyclopedia (M GawHill, pp. 23-2%), herein incorporated by
reference, cellulose esters are prepared by reacting cellulose with
particul ar acids and acid anhydri des, generally in the presence of a

sul furic acid catalyst. |In the case of he_reaction is first carried
out with acetivenadiiel ahe® arwides éhﬁhyaﬂ‘dé to tlar\b%ruééedéﬂﬂulo(ﬁs@dmdéz@ét ate,

whi ch cont ai ns m@ﬁﬂrohhs 10QP&aQﬂRY£n Shthit UIdy@ﬁ Ofor exanplibief wabdrdSoluble

degree S I.ac Is_then
partially hydrg S’/&e@d‘ gbnlr e%v rr% ‘?‘"?ﬁez%cét y%"r gbr%og%@ﬁgiféﬁ ?Wzﬂ’""dteﬂe CA
product cont ai g wdkeut 18831m01850%&a¢ét5yl|embgtﬂq @xpaned edges sucpgptable €OB are

made by substityiing I?Fné’pdf‘a?éwﬁn?ﬁ'ngd ?@E'ent@r@pddmh&ﬁ@@%ﬁ@'éjdﬁ\bﬁfedbh'ié’ro'fc
acid or butyric an ydg SQMe 0

anhydri de. Pl éggqitb ocC ré&% ms Oq:nd ¥a0e dles eto acﬁ;[elv% more comaex muaﬁ ‘ayer
structures.

The multilayer films of the present invention may comprise two
or more layers. In general, balanced or symmetrical three-layer and
10 five-layer films are preferred. Balanced three-layer multilayer
films comprise 2 center core layer and two identical outer layers,
wherein said center core layer is positioned between said two outer
layers. Balanced five-layer multilayer films comprise a center core
layer, two identical tie layers, and two identical outer layers,
wherein said center core layer is positioned between said two tie
layers, and a tie layer is positioned between said center core layer
and each outer layer. Balanced films, though not essential to the
films of the present invention, are less prone to curling or warping
than unbalanced multilayer films.

15

20 In three layer films, the center core layer may comprise 30 to

80 percent of the films’ total thickness and each outer layer
comprises 10 to 3% percent of the films’ total thickness. Tie
layers, when employec. each comprise from about 5 percent to about 10
percent of the films' total thickness.
25
ABSORBENT ARTICLES

Film materials used as liquid 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

30 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 can be included. While the topsheet, the backsheet, the

35 absorbent core and elastic members may be assembled in a variety of
well known conficurations. a preferred diaper configuration is
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19 generally contain 39 to 47% propionyl and 2 to 9% acetyl content.

Pl astic CAB grades generally contain 26 to 39% butyryl and 12 to 15% acet )
cont eniyo §pgpmiaci al |y, CA, CAB, and CAP are obtained fropzaghifgssiehem cal
Products, Inc. under the tradenane Teni_te. Al t hough raw cel | ul ose and
its regenerated film(cellophane) and fBber (rayon) forms are readily

bi odegradabl e, the esterification of cellulose can nake it quite stable to
m cr obi al attack As described in Pol ymer Degradation" by W Schnabel
(Macm | | an, her orp fe this
enhanced resiar 'ﬁ’éé pt]n%&%hgde rﬁéatﬁ%ﬁ'&r 3§§§°tatoggf Om1{'LE% £n°§‘tr§|$t°"t§/‘°

cel | ul ose- spediide i Roréhory for Qrépa&atbée;wrﬁm"sulmhl ﬂ&i‘@d ﬁﬁr‘telnmﬂl Bf Buéd

pol ysacchari dg Jdauemer14,as19d8sand bafichY pBentanan aidriHadae” ndrpimd by
Abstract of tgg ecnpaper entitled " The Fate of Cellulose Esters in the

Envi r nment : Bi odegradation of Cellulose Acetate" presented
at e CELLULOSHhe' 96psher-ERENGEpIHent], sofit Meel (d,eand, non-drrisiting, to
Decenber 2- 6, +nh9 r of da n k1 u} OS er I

depends upon ttﬂe qgigeargggs o?iig\ubstrgfﬂ{e?ontthp (;Cr%sétﬁ%t e (?]@28 p?‘ftﬂ(’&{
degr ee of sub%ﬁ"f“ttcft‘lnsn]\‘/\%&‘ fothdraagdily asegirade ﬁﬁﬁ‘?t‘gf‘aétﬁr”t‘ﬁbﬁfsa CAwth 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 from a combination of natural
and synthetic fibers. Preferably, the topsheet is made of a

hydrophobic material to isolate the wearer’s skin from liquids in the
absorbent core.

10

15 A particularly preferred topsheet comprises staple-length

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.

There are a number of manufacturing techniques which may be used
to manufacture the topsheet. For example, the topsheet may be woven,
non-woven, spunbonded, carded, or the like. A preferred topsheet is
carded and thermally bonded by means well known to those skilled in
the fabrics art. Preferably, the topsheet has a weight from about 18
to about 25 g/mz, a minimum dried tensile strength of at least about
400 g/cm. 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 joined together in any
suitable manner. As used herein, the term "joined" encompasses
configurations whereby the topsheet is directly joined to the
backsheet by affixing the topsheet directly to the backsheet, and
configurations whereby the topsheet 1is indirectly Jjoined to the
backsheet by affixing the topsheet to intermediate members which 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

20
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2.5 degree of substitution. Ful ly fornul ated grades of cellul ose
esters may also contain plasticizers, heat stabilizers, and ultraviolet

i nhi bitQrs, looﬁbgh | evel s of these stabilizers and inhi qsé-ﬁbgﬁmymf,urt her

slow the' Ta of bi odegradati on of cellul ose esters. Zero or very | ow
| evel s of such stabilizers are general 3y preferred in biodegradable fil ns.
Plasticized cellulose esters like CA CAP, and CAB are

thernoplastic and can be nelt processed into thin films. Unless

substantial |evels of plast|C|zer are eng@oye the stiffness of such
films is too Rttachment tMeaAst @S b&nemef in tkshben sexappleabsorséfarm,

articles. Evegniihubdse 1@&@\8%%@651%&8&'@&2@*:\% H}Qrt eﬁrad%emga&ﬂ QR

resi stance of cellulose veLy w 2 gr ans
bor 254 i cr&ﬁgayoPhsr?ipEW@sL”\eﬁ T PR Ar s trectPoRE uska €673 N e
mul tilayer fitopsheet tohthe backahieeti nventi on, cel lul ose est ers can be

used i both |nnermgg it ?5st|eﬂ¥\esr Sar'hnt 1@9\@% BhiNe8NEo t‘BE b3kCwaistbang.

bi odegr adabl e pol yners selected from t'he cat of noisture Sénsitive
pol ynmers, thd®RHn 3? $ehdigpee t-"pci’l"?\‘r\ﬂes %3?61”& yeRes| floy holding the

diaper on the wearer. The tape tab fasteners can be 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 by reference. These tape
tab fasteners or other diaper fastening means are typically applied
near the corners of the diaper.

10

Preferred diapers have elastic members disposed adjacent the
periphery of the diaper, preferably along each longitudinal edge 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 contractible condition so that in a normally unrestrained
configuration the elastic members effectively contract or gather the
diaper. The elastic members can be secured in an contractible
condition in at least two ways. For example, the elastic members may
be stretched and secured while the diaper is 1in an uncontracted
condition. Alternatively, the diaper may be contracted, for example,
by pleating, an elastic member secured and connected to 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 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 diaper 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 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
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20 cl eavabl e aromatic/aliphatic pol yest er copol yners, oxi di zed
et hyl ene/ carbon nonoxi de copol yners, and el astoners. Alternatively, in

t he nul"{,dbb%gsfi | ms, cellul ose esters can be coextrudec&,@ﬁugys,ggﬂ?ayers
surrounding I nternal core layers selected form the categories o

noi sture sensitive polynmers, thernall4p sensitive polyners, and

el astoners. Tear strength can al so be enhanced by | am nating or extrusion
coating thin cellulose ester filns on to bi odegradabl e non-woven fabrics
such as rayon. . . B. . CELLUL .OCSE ESTER BLENDS W TH OTHER

Bl ODEGRADABLE ide variety of pyyzgpraed shapes |(g.9.g [8FIangRiARm PAWK-922$5.ul ose
esters form maymbéteribdlendsc )i édd freomy a aidepRatiety ofpabtersiwy.s. The Lol

pat ent 3, 64, h L} r a ef n i s¢l t he
formul ati on ofgbrfr%?%?nltngg{pﬁﬁgywnﬁ_ H?aniaggo.e%n#l é)%f%l ﬁﬁ?‘ﬂ}g' b&o'?%vfezhdikhfg a
~cellulose est@mpahibln widhy theydes Waedn quid) l9adingafentthe 3irdeaded3gse dferein
incorpbrated {ne absorbent article or diaper. Further, the size and absorbent

capacity of the absorbent core may vary to accommodate wearers
ranging from infants through adults.

A preferred embodiment of the diaper has a hour-glass shaped
absorbent core. The absorbent core is preferably an absorbent 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 contain
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 invention 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 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 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 1liquid impervious
backsheet, a liquid pervious topsheet, and an absorbent core placed
between the backsheet and the topsheet. The backsheet comprises one
of the biodegradable multilayer films described above. The topsheet

may comprise any of the topsheet materials discussed with respect to
diapers.
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Importantly, the absorbent articles according to the present

35 invention are compostable to a greater extent than conventional
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ref erence, also discloses the preparation of thernoplastic blends of
cel | ul ose esters and polycaprolactone and other cyclic es

anékgo I npart

polyner dition of the polyesters was found to
t he. blend03|gn|

Icantly below that of the cellul ose ester

ter

ggy;ulle of

I nproved nelt processability, toughness?land | npact resistance. Mor e
recently, blends of CAP and CAB wi th pol yhydroxybutyrate (PHB) have been
descri bed by Ceccorulli, Pizzoli, and Scandola in an Abstract of a paper

entitled "Bl eggﬁt ggntOeIthel,QIseg Eg[..? hﬂ, Bact ngl{ef‘

Pol y( 3- hydr oxy ra e)" presente afore

cnelr Rt Bser o1

CONFERENCE,
evi dence of misci bhé i tarmndgofippgbsbldp &9 b MeBein haanst al hit?e@‘iilorlh(ii the

cetery cont B AR (] fnd RSt Fonletelis: RATnTOnERIE °Y haiae

resul t's

thin

flexible wth stiffness _]eve

aﬁb' H@ﬁé?ﬁmc HE@Fporated by reference. Experi ment al

are powsesberedinif PpB@stbygol facet ity afar sodripl ewetk;i r(2pl d€e sof PHB.
Bl ends as desw&%sleoah@w eftfl up! NEMAPPH A%} Ic%mﬁfm Cfﬁu gg R Oﬁﬁsgﬁg jpto

ost i
|ate >

backsheet fil Hée 1Hoﬂh§vé?” f'l*f’emt‘*be&r‘abﬁ‘dbbg‘amweulésh@%sf@ée gn thecseil.

10

15

20

25

30

35

A polymer film material present in solid waste submitted to a
composting facility for processing does not necessarily end up 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 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 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 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 invention will have
lost enough of their integrity during the composting process to allow
semidegraded shreds to pass through the screens. However, it 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
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 1like polyethylene is requirement (3) that they
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21 films alone is still deficient conpared to those normally used to

construct absorbent articles such as disposable diapers. As mﬁll be
di scuss@ag oAbz, the inclusion of certain biodegradable P Lcan
i nprove the tear strength of said blends significantly. n nultllayer

structures, cellulose ester blend | ayergscan be coextruded as noisture

resi stant outer |ayers surrounding noisture sensitive inner core |ayers or
coextruded as thermally resistant outer |ayers surrounding thermally
sensitive internal core layers. Alternatively, they can be | am nated or
extrusi on coatudtimately thiodegyadelabh etheorsodbyerThiabbicdegsadaltias shayl@n beo nmake

el Vestes " b Lot bl VRS YO A
essential to the composting process or the use of composting so1]
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 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 biodegradation takes several months or even years, since
this requirement is present only to avoid an accumulation of man-made
materials in the soil.

The following example illustrates the practice of the present
invention but is not intended to be limiting thereof.

10

15

EXAMPLE 1: MULTILAYER FILMS

MOISTURE SENSITIVE CORE WITH THERMALLY SENSITIVE SKINS

A three layer film comprising a core layer of Vinex 2034
thermoplastic polyvinyl alcohol and two skin layers of Tone 787
polycaprolactone is prepared on a cast film coextrusion line equipped
with a 6.35 cm. diameter NRM single screw extruder feeding the Vinex
layer, and two 30 mm. diameter single screw satellite extruders
(Zahnradwerk Kollman) feeding the two Tone 787 skin layers. All
screws are standard polyolefin types. The three extruders are
connected to a 60.96 cm. wide Cloeren 3 layer vane die. Cooling,
slitting, and winding of the film is accommplished with a Johnson
take-off system. .

The temperature of the NRM extruder varies from about 177°C at
the feed zone to about 210°C at the discharge end near the die. The
adapter connecting the die to the extruder is maintained at 210°C.
The temperature profiles of the two satellite extruders range from
138°C at the feed zones to about 160°C at their discharge ends. Both
adapiers connecting the satellites to the die are maintained at
160°C. The die temperature varies across its width from about 160°C
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Aromati c polyesters such as pol yet hyl ene terephthal ate (PET) and

pol ybutyl ene terephthalate (PBT) are |leading exanples of high
perforngﬂg yesters for film fiber, or injecti '
appllcatloﬁs &8édthough t he nononeric starting naterialsqqn?ggbgggﬁ7

pol yesters are known to be bi odegradabl 43 neither PET or PBT are
considered to be biodegradable polyners. As honopolyners, both
pol yesters tend to crystallize to relatively high extents nmaki ng them
extrenmely difficult to h droI ze except under conditions_of very high
tenperature i ri't hR¥ SFERSeFRAEs o0 \iROKE 1P o nexartpe eﬂqﬂﬁefheTthtOOMrateéges or
in the preseiede keep thetfridmginom anedomnngCEdgebEEirE asmetli 3. drawaChrom the

conditions do gtk Snii P ¥V Sheaki SOPROT a9 ORBTEN | S50t s HIG iGose of

not only 1s | cant_fract I ne
state, but 'Wé"t%‘@ﬂ? ehi dgut plfi"fe  Afitegicaakingt E’Eﬁnsfrhlﬂbﬁdgc%mﬁetm i -
(fibout5b80[e[r]§)e l@fnt ber ra?dﬂe'ﬂ\%)ﬂéld rlﬁa;?fhés?ﬁlahl lﬂﬂngr aaﬁwx@m@y igacgyon is
al so above typjcal , conpostii.n ur ven anor phous
fraction will'™ Hédt% esi %‘i]alﬁ?t ‘fg}‘) ?d}'lﬁ y@ag\g&r car, °§'6qn§8§?| ng operati on.
Several means of Themakinuder asperas i and goly ctaker of f speeds raediabyusted to
nydrol Ui cal ! ek S abl #i1andr NSBER TBIMIbT KRked! gi%esb'm?aﬁ@da@e?gn

have recently %een descri U. S. Patent i ssued
thickness. The thickness of the Vinex core 1ayer comprises about 60

10 to about 70 percent of the total film thickness while the thicknesses
of the two skin layers each comprise about 15 to about 20 percent of
the total fiim thickness. The resulting film is translucent and
displays excellent toughness and mechanical strength. Its properties
are outlined below.

15 a) a machine direction (MD) tensile modulus of 1.29x109 dynes/sq.

cm. (18, 700 psi);

b) - a MD tear strength of 74 grams per 25.4 microns of thickness;

¢} a cross direction tear strength of 71 grams per 25.4 microns of
thickness;

20 d) an impact strength of 107 cm.;

e) a moisture transport rate of 0.00099 grams per sq. cm. per 16
hours; and
f) & modulus at 60°C of 7.52x108 dynes/sq. cm. (10,900 psi).

25 As can be seen, the film properties fall within the
aforementioned specifications for backsheets of absorbent articles.
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22 on Cctober 1, 1991, describes polyesters based on polyethylene
t erepht hal at e (PET)aH“ﬂmm*mn with diethylene glycol and

5-sul fgj l'ic l“ﬂ Ibl ass transition tergqy 15699 the
copol yﬁ}e(;fggpésﬁgr ef erriablty tedticed to below 65[err]C, wthi Agtg%ge range of
normal conposting operations. The copolyners are said to be suitable
for producj films apd fibers f 6F4~use in di sposabl e articles such
as di apers. “%Lt heSIAMIdPS ysis of the copolymer films and fibers is shown

to take place in boili n%ﬂwater._(loo errl]C), evi dence of the extent or rate
to which trde bidousllayaddim semprisiogrdirstipolymen filprlavee andog) second polywet filmisyener

approach to i ncriamaididiiie 14y ihe AeRiIg&t Kih tiakaétefiied 8y ic polyesters is
described in Int rnﬁt [ orl]%Ia .Ea_t ent Application WO 91/ 02015, published
February 21, 19%1, g bilior porated by reference. 1In this case,

hydr odegr adabl e b} polliqeidingresndabityd on t he

c) a machine direction (MD) tensile modulus from 6.895x108 dynes/sq.cm. to
6.895x109 dynes/sq. cm.;

d)  aMD tear strength®f at least 70 grams per 25.4 microns of thickness;

e) a cross machine direction (CD) tear strength of at least 70 grams per 25.4 microns
of thickness; .

f) an impact strength of at least 12 centimeters as measured by falling ball drop;

g) a moisture transport rate less than 0.0012 grams per square centimeter per 16 hours;

h)  amodulus at 60°C of at least .‘:.5_2:(107 dynes/sq. cm.; and

i) a thickness from 12 microns to 75 microns.

2. The multilaver film of Claim 1, wherein the multilayer film comprises two or more
polymers selected from the group consisting of:

(a) moisture sensitive polymers, preferably interpenetrated networks or mixtures of
destructunized starch, thermoplastic polyvinyl alcohol compositions, hydroxypropyl
cellulose, or mixtures thereof, ,

{(b) thermally sensitive polymers, preferably polycaprolactone, other aliphatic polvesters
having melting points below 65°C or Vicat softening points of 45°C or less, or
mixtures thereof’,

{¢) mechamcally limited polymers, preferably cellulose esters, cellulose ester blends with
polycaprolactone, cellulose ester blends with polyhydroxybutyrate/valerate
copolvmers, or mixtures thereof.

(d) polymers difficult to process into films, preferably polyhydroxybutyrate,
polyhydroxybutyrate/valerate copolymers, or mixtures thereof;, ,

(¢) hydrolytically cleavable aromatic/aliphatic polvester copolymers, preferably
copolymers of polvethviene terephthalate or polybutylene terephthalate wherein the
aliphatic fraction of said copolvmers is derived from the group consisting of oxalates,
malonates, succinates, glutarates. adipates, pimelates, suberates, azelates, sebacates,
nonanedioates. or mixtures thereof,

(f) oxidized ethvlene/carbon monoxide copolvmers, preferably derived from
ethylene/carbon monoxide copolymers containing 0.5 to 20 weight percent carbon
monoxide;

(2) high melting aliphatic polyesters. preferably aliphatic polyesters having melting
temperatures or glass transition temperatures above 65°C; and
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More specifically, rs are conprised of aromatic
pol yes as P ylnterrupted W th y -
hydr odte‘g{ééfog?e | i nk pol ymaLrs Msuc as pol ygl ycol i c aci d, %F)g’?a@tgﬁllc
aci d, pol ycapr ol act one, poksd¥ydr oxybut yr at e,

pol yhydroxybut yrate/val erate, polybutyl ene oxal ate, polyethyl ene

adi pate, pol yet hy, er@as&%eorﬁ&f@mbh pmlW$lth&%1e&arbmpa£diolvﬁ&g & Afihari

pol yesters containing silyl ‘ethers, dcetals, or ketals. Preparation of t he
copol ymers is car rRobgserdfRthangsy  ejther ester interchange reactions  of
t he appropriate nononeri c speci es or by transesterification

reactions betwe e rjate
catal yst | T mlilfByer SRTBPLLTE Whereh the ehilf b mﬁw@*‘% SR sl o o
other aliphati c polpairyfdmtasesioinahip saidzseepnd latys S“Chaib-ﬁr‘bﬁpm}' fager filh spmprisescaduci ng

aromati c/ al i phat icénter B&H }é@&tf&hed 6PRAd Yo $a\er the&ﬁd bém&hud@omallwdaa&m&
polyesters sel ect ed rou

t
e nat ca, ol upkia frst o Bipasaifrs SloUfercof baver st Founcsi 2053 Frea
sebacat es, nonanefithe aubiaverdilm's mt-'dtﬂa&nesanfdi caihatf srié 9utt¢ieymrefel‘abl:v compiriping) ot h

the above cases, leo353pc§‘§t§ngmmﬂﬂeerlmnmgﬁfﬁ%t:§son wi |l occur once the
copol yners hydrolyze to very |ow nol ecul ar wei ght oligonmers or nononeric
species. However, the rate to.which this occurs in a conposting

envi ronment at t dﬂmafuaﬂaye:eﬁhrbeﬂ OlainG 3 [ véereinGadn@ntert core dalyext &s \acyisture neadsltive
deviations fr Ompol%!!l'tﬁalcach%' sMXutelbﬁ_\'c;solQ sééc@ﬁv flofh the group consisting of thermally

sensitive  polvmers, mechanically limited polymers, - hydrolytically cleavable

r.andom copol yneri zat WIE H’gﬁlf mati c and al i phatic polyesters is disclosed.

aromatic/aliphatic polvester copolymers, oxidized ethylene/carbon monoxide copolymers,
high melung aliphatic polvesters, clastomers, and mixtures thereof.

5. The multilayver film of Claim 3 wherein said center core layer is a thermally sensitive
polymer and each of said outer lavers is sclected from the group consisting of mechanically
limited polymers, hydrolytically cleavable aromatic/aliphatic polyesters, oxidized
ethvlene/carbon monoxide copolymers, high melting aliphatic polyesters, and mixtures
thereof.

6. The multilaver film of Claim 3 wherein said center core laver is a polymer difficuit to
process into films and each of said outer layers is selected from the group consisting of
thermally sensitive polymers, mechanically limited polymers, hydrolytically cleavable
aromatic/aliphatic polvester copolymers. oxidized ethvlene carbon/monoxide copolymers,
high melting ali;ihalic polvesters, and mixtures thereof.

7. The multilayer film of Claim 3 wherein said center core layer is an elastomer and each of
said outer lavers is selected from the group consisting of thermally sensitive polymers,
mechanically limited polymers. hydrolvtically cleavable aromatic/aliphatic polyester
copolvmers, oxidized ethvlene/carbon monoxide copolymers, high melting aliphatic
polvesters, and mixtures thereof.

8. The multilaver film of Claim 3 wherein said multilayer film additionally comprises at least
one tie laver, preferably polycaprolactone, positioned between said center core layer and at
least one of said outer layers.
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23 ensure the breakup of filnms before they are renoved by /& ni rﬂééa
classification, or other separations nethod. To enhance th@ ‘
breakup and ul t}?@fe degraﬂ%&LPdﬂTE‘éF,m°‘;§§g}[";?é%‘t"éﬁ“T‘€‘bpol Y ITErSés end| ng

with one or nore rapi d|¥ﬁbl ode radabl e ‘%rrers can be enpl o ed said nore

rapi dl y BYGEEGTEINH 4PH ’W@?@ BEISHEP ANRERTHE RATEAT CORPERATIONFREATYIRGT)

sensi {t sy rternatibhal Imxnsaassnﬁehﬁr. fally densi ﬂy,\(.ge"n@.lnmmlg,m NaRbey:er s diwdh 0gre01293
to’ proceiizl#%g i ’ and m xturlegs thereof. In such blends, the

aro 8 A8, Af lgﬁ%ster copol |y e | “Bdnmefosst BubtisignPitsout 63RO £06.01.94)
per cemt—toabout—95 werght—percent of —tire—biend—Sucir bt enmds ey be UusEd ]
in one(zmmemnrom Agpli@tioR Natbert he rru’r/tUSbsaosem (fa) Agedis: REED, T, MRvid B 4@ SRR Procter & Gamble
i nvent Alternatively aronat i c/ al¢ am @99;ﬁvhlgzecs'9‘erf\vm@p§in§lm $H

t herrse(mg'gmt‘fﬁf'f' Bié"gé’b‘éxt r udeH%@’%ﬂ?%‘?ﬂp ayer s“€4f¥Bundi ng noi sture sensitiye

polynmers, themally
(30) Pnontv data: (81) Designated States: AU, BB, BG, BR, BY, CA, CZ, FI, HU,
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Biodegradable, liquid impervious multilaver film compositions are disclosed. In particular, the films comprise composite
structures derived from multilayer combinations of biodegradable polymers. The biodegradable polymers are selected from the
categories of moisture sensitive polymers, thermally sensitive polymers, mechanically limited polymers, polymers not easily pro-
cessed into films. hydrolytically cleavable polvmers. and degradable elastomers. Optionally, the multilayer films may further
comprise additional adhesive tie lavers. The biodegradable polymers are combined in various ways to overcome the deficiencies
of the individual components. yet at the same time to impart specific performance properties to the film. The multilayer film com-
positions are suitable for use as backsheets in disposable absorbent products including diapers, adult incontinent pads, sanitary
napkins, pantiliners and the like.
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TECHNICAL FIELD -
The present invention relates to 1liquid impervious films
comprising multilayer structures of biodegradable thermoplastic
polymers. The films are especially suitable for use as backsheets in

articles such as diapers, sanitary napkins, pantiliners, and the

like, which are adapted for absorbing various bodily fluids. The

films herein may also be used in a sealable packaging film, plastic
garbage bags, etc.

BACKGROUND OF THE INVENTION
A wide variety of absorbent articles designed to be efficient
for the absorption of body fluids such as blood, urine, menses, and
the like, are known. Disposable products of this type generally

comprise some sort of fluid-permeable topsheet material, an absorbent
core, and_a fluid- impermeable backsheet material.

Heretofore, such
absorbent structures have been prepared using, for example, topsheet

materials prepared from woven, non-woven, or porous formed-film
polyethylene or polypropylene materials. Backsheet materials
typical1y comprise flexible polyethylene sheets. Absorbent core
materials typically comprise wood pulp fibers or wood pulp fibers in
combination with absorbent gelling materials.
absorbent articles that has
disposability.

One aspect of such
recently been considered is their
Although such products largely comprise materials
which would be expected ultimately to degrade, and although products
of this type contribute only a very small percentage of the total
solid waste materials generated by consumers each year, nevertheless,
there is currently a perceived need to devise

such disposable
products from materials which are compostable.

significant breakdown of inportant -physi-cal- -properties -

i
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24 Irnkagbs mrll 1not break down in both nolecular weight

and size
rapidly to becone part of - the final conpost. Rather, they will likely be
screened out; or q@gr@eﬁsqparated fromthe conpost streamalong with
ot her non- bi bd gr adabl'e rijal s Recently, it has been found

t hat et hyl ehel-ear-ben—mprexi de pol yneRs can be oxidized to yield a new
type of aliphatic polyester. U S Patent 4,929,711, herein incorporated by
ref erence, describes—a proc for converting a polyketone for exanple a
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to consists of about B80% of compostable materials, e.g., wood pulp
fibers, and the like. In the composting process soiled disposable
absorbent articles are shredded and commingled with organic waste
prior to the composting per se. After composting is complete, the
non-compostable particles are screened out. In this manner even
today’s absorbent articles can successfully be processed in
commercial composting plants.

Nevertheless, there is a need for reducing the amount of
non-compostable materials in disposable absorbent articles. There is
a particular need to replace polyethylene backsheets in absorbent
articles with liquid impervious films of biodegradable material,
because the backsheet is typically one of the largest non-compostable
components of a conventional disposable absorbent article.

In addition to being biodegradable, the films employed as
backsheets for absorbent articles must satisfy many other performance
requirements. For example, the resins should be thermoplastic such
that conventional film processing methods can be employed. These

methods include cast film and blown film extrusion of single layer
structures and cast or blown

film coextrusion of multilayer
structures.

Other methods include extrusion coating of one material

on one or both sides of & compostable substrate such as another fiim,
a non-woven. fabric, or a paper web.

Still other properties are essential in product converting
operations where the films are used to fabricate absorbent articles.
Properties such as tensile strength, tensile modulus, tear strength,

and thermal softening point determine, to a large extent, how well a
film will run on converting lines.

In addition to the aforementioned properties, still other

properties are needed to meet the end user requirements of the

absorbent article. Film properties such as impact strength, puncture

strength, and moisture transmission are important since they

influence the absorbent article’s durability and containment while
being worn.
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U.S. Patent] 4, B4MAR7A997.expands this process to polyketones
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carbon nongxide "W th vinyll or vtnylidene nononers. The vinyl or
vinyl i dene npponer _may have af | east one functional group containing one
or nore oxygen, nitrogen, sulfur, or hal ogen atons. The new
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depend on t smallenbepardiclest edugingupdhpr edwitiahndstages Of composting.
Otherwise, the films or large fragments may be screened out of the
compost stream and may never become part of the final compost.

During the initial stages of composting, for example where a
Daneco drum is employed, the film is exposed to mechanical action,
elevated temperatures, and moisture, in addition to microorganisms.

Any one or-two or all three of these elements can be used to promote
the initial breakup of the film or large film fragments to much
smaller fragménts.

Many biodegradable polymers exist which are sensitive to
mechanical action or elevated temperatures, or moisture. Many would
individually meet the requirements for composting. However, few if
any, can meet all processing, converting, end user, and disposal
requirements of films suitable for backsheets of absorbent articles.

To meet all these requirements simultaneously in a single film,
various biodegradable polymers must be combined in ways which
overcome their individual deficiencies and do not compromise the
beneficial properties associated with the individual biodegradable
polymers.

It is, therefore, an object of the present invention to provide
liquid impervious films comprising biodegradable polymers and

suitable for use in absorbent articles such as disposable diapers,

catamenials, and the like. It is a particular object of the present

invention to provide such films wherein the properties of the films
meet the requirements outlined below:

a) a machine direction (MD) tensile modulus from about 10,000 to

about 100,000 1bs./sq. in. (6.895x108 dynes/sq. cm. to 6.835x109
dynes/sq. cm.);

b) a MD tear strength of at least 70 grams per 25.4 microns of
thickness;
c) a cross machine direction (CD) tear strength of at least 70

grams per 25.4 microns of thickness:



t he average AT e 3f the pol ymer between ester groups. The
| ower theg ﬁg%ﬁ.agﬁ“ gg%§J# gnents resulting from hydrolysis become,
the nore su c ptlble &q bdcgnme to mcrobial attack and bi odegradati on.
25 Prefer §%@ nol ecul ar weight of the polyner chains
bet ween este roups i s _bel dw}1000 grams per nole. Mst preferably, the
aver age nol egurar helght bet wgen ester groups is bel ow about 500 grans per
nol e. i di.zed ECQ copolynmers have excel |l ent npoi sture resistance and
processablllty but their physical properties, particularly elongation to
break in tension, at lower nolecular weights, nmay not be

d) ~ an impact strength of at least 12 cm. as measured by falling

ball drop;

e) a moisture transport rate less than about 0.0012 grams per
square centimeter per 16 hours; '

a2 modulus at 60°C of at least 5.52x107 dynes/sq.
1bs./sq. in.); and

g) a thickness from about 12 microns to about 75 microns.

cm. (800

BACKGROUND ART

Degradable mulch films comprising starch, polyvinylalcohol, and
glycerol are disclosed in U.S. Patent 3,939,145, issued to Otey and
Mark on 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 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, issued to Otey and Westhoff on January 9,
1979, and U.S. Patent 4,337,181, issued to Otey and Westhoff on June
29, 1982. The films disclosed in.the latter patent also include a
neutralizing 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 types of packaging are also contemplated
in U.S. Patent 4,337,181. '

International Patent  Application  W090/10671, discloses
biodegradable articles based on starch. In  particular,
destructurized starch and ethylene/acrylic acid copolymer are
combined to form an interpenetrated network. It has also been
disclosed that an ethylene/vinyl alcohol copolymer can be used in
place of the ethylene/acrylic acid copolymer.
extruding sheets and films are also disclosed.

European Patent Application 89810373.4, discloses polymer
compositions obtained from a melt comprising at least one
water-containing destructurized hydrophilic polymer and at 1east.one

Procedures for
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chemica
functiona] moieties, or (3) at least one substantia11y

water-insoluble thermoplastic polymer. Combinations of (1), (2), and
(3) are also disclosed.

or

A biodegradable, liquid impervious sheet laminate is deScribed
in British Patent Application GB 2,243,327 A The laminate

comprises a layer of biodegradable thermoplastic polymer, preferably
copolymers of hydroxybutyric acid and other hydroxy acids, and at

least one layer of a biodegradable woven or non-woven fibrous

substrate, preferably a rayon non-woven fabric. The tensile strength

of sheet laminates suitable for backsheets of absorbent articles such

as diapers, is at least 4 Newtons, preferably at least 5§ Newtons.
Disposable sanitary articles comprising biodegradable film and

fiber components derived from polymers based on dioxanone are

disclosed in U.S. Patent 5.026‘589. issued to Schechtman on June 25,

1991. Also disclosed are copolymers of dioxanones with other

monomers such as caprolactone, lactic acid, glycolic acid, and the
like. Specific copolymer compositions providing properties essential
to backsheet use are not given.

U.S. Patent 4,873,270, discloses a substance based on
polyurethane from which biodegradable materials can be obtained by
rolling or calendering. The substance comprises a homogeneous mixture
of a thermoplastic polyurethane resin, a carbohydrate, a second
thermoplastic resin to make the substance calenderable which
comprises polyvinyl chloride (PVC), and an additional biodegradab1e

~resin which is a biodegradable aliphatic polyester, preferably of the

same nature as the polyurethane resin. For example, the substance

could contain a polycaprolactone-based polyurethane, starch, PVC,
and polycaprolactone.
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The use of high nelting
ali phatic polyesters in blends @nd coext rusi ons with ot her
bi odegr adabl e pol yners has been di scussed in previous sections of this
appl i cation.

International Patent application Ll 91/13207, difscloses

biodegradable sheet structures based on paper substrates coated with
a latex and subsequently dried. The latex comprises a colloidal
suspension in water of essentially non-crystalline particles of a
biodegradable polymer suth as polyhydroxybutyrate
polyhydroxybutyrate/valerate copolymer.

European Patent Application
non-thermopiastic -blends

or

EP-449041, discloses

of cellulose hydrate with urea-based
polyurethanes prepared by mixing viscose with the polyurethane,

gelling the mixture at above 40°C with an acidic coagulant and
regenerating agent, treating the gel with plasticizers, and finally

drying the film. The films are said to be useful as packaging films,
refuse sacks, mulch films, dizper covers, and the 1like.

U.S. Patent 5,037,410, discloses diaper backsheets composed of
20-80% by weight unvulcanized C4-C6 diene elastomer, for example
natural rubber, 5-20% modifier such as starch, 1-40% inorganic
fillers, 0-40% styrene-based resin, plus waxes, and other

ingredients. The backsheets are reported to have tensile strengths
above 200 grams per inch of width.

European  Patent Application  91106627.2, discloses a
biodegradable latex web material suitable for diaper backsheets and
nulch films. The materials are prepared by impregnating a cellulose
fiber or paper web with a carboxylated latex comprising both
synthetic polymers such as styrene-butadiene rubber and PVC, and
natural polymers such as starch, proteins and natural rubber.
Tensile strengths ranging from 189 to 304 kg./sq. cm. are cited.

U.S. Patent 3,952,347, discloses a biodegradable barrier film
comprising a non-biodegradable and water-insoluble f{1m-forming-
material having a biodegradable material homogeneously dispersed
throughout {ts structure. Water-insoluble polyvinyl alcohol and
polyethylene are used for the film forming materials, while starch
dextrin, and collagen are used for the biodegrad;ﬁ'le components

U.S. Patent 4,964,857, discloses biodegradable diapers based on
multiple layers of moisture resistant paper interspersed with layers
of absorbent materials. The moisture resistant paper {s specified as
one coated with a naturally occurring wax such as beeswax.
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invention comprise two or more components selected from the
above-mentioned categories. Optionally, the multilayer films may
further comprise additional adhesive tie layers. The biodegradable
polymers are combined in various ways to overcome the deficiencies of

the individual components, yet at the same time to impart specific
performance properties to the film.
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The films are suitable for use
in disposable absorbent products including diapers, adult incontinent
pads, sanitary napkins, and pantiliners.
As will be discussed in detail hereinafter, the biodegradable,
liquid impervious multilayer films of the present invention have:
a) a machine direction (MD) tensile modulus from about 10,000 to
about 100,000 1bs./sq. in. (6.895)(108 dynes/sq. cm. to 6.895x109
dynes/sq. cm.);

a MD tear strength of at least 70 grams per 25.4 microns of
thickness;

b)

€) a cross machine direction (CD) tear strength of at least 70
grams per 25.4 microns of thickness;

d) an impact strength of at least 12 cm
ball drop;

e) a moisture transport rate less than about 0.0012 grams per
square centimeter per 16 hours;

f) a modulus at 60°C of at least 5.52x107 dynes/sq.
1bs./sq. in.); and

g) a thickness from about 12 microns to about 75 microns.

The present invention also encompasses disposable absorbent
articles comprising a liquid pervious topsheet, a liquid impervious
backsheet, and an absorbent core encased between the topsheet and the

. as measured by falling

cm. (800
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urethanes derived from
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under the t b3gkshant . \6? thanbicloncheipg cetmractenined: inethat caddr batkisheet
polymers sucjompsisesi s Ufbexiblei biddegPedabTer Film derived from multilayer

combinations of biodegradable polymers and blends of biodegradable
polymers as will be described hereinafter.

ETAILED DESCRIPTION OF THE INVENTION
The films used to prepare the backsheet materials and other
biodegradable products employed herein are derived from combinations
of two or more biodegradable polymers. In general, the biodegradable

polymers alone do not meet all the performance standards required of

backsheet materials. The films of the current invention may comprise

multilayer combinations of various biodegradable polymers, selected
and compounded such that the deficiencies

of the individual
components are overcome.

The individual polymers are thermoplastic and may be combined
into multilayer structures by coextrusion,

extrusion coating,
lamination, or other techniques.

The individual polymers in each
layer may be present in their pure state or blended with other
biodegradable components such that the entire structure meets the
performance standards required of backsheet materials.

The individual polymers selected for the films of the current

invention are biodegradable polymers obtained from many sources, both
natural and synthetic.

Each polymer has certain attributes which
render it biodegradable.

However, many of these attributes prevent
the polymer from being used singularly as a backsheet material.

_For exampie. some biodegradable polymers are very water
sensitive and lose significant strength or even dissolve when exposed
to aqueous media. Examples include

interpenetrated networks of
destructurized starch,

polyvinyl alcohol and relited derivatives,
various hydroxy propyl cellulose derivatives, and polyethylene oxide.

Other biodegradable polymers are thermally sensitive due to
their low melting points or glass transition temperatures, generally

65°C or lower. The Vicat softening temperatures of such materials can

occur at temperatures much lower than 65* C, often below 45° C.

Examples include many aliphatic polyesters such as polycaprolactone,
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whi ch the pohyfﬁﬁéﬂ a%@ﬁ‘eago%‘?mphaﬁé’m P&y ?k@d efs%’lngt ab%o abggt out 80

wei ght percent_an di ene COI’]t ent varile rom abo

wei ght per ceftl “ﬂBﬁ%leysltrB?%“‘ # Rpatinpolyestersngt hs in the range bet vveen
245 and 2000 pouldbermpaiolymeprsaraee i'diffiedit eoopgotésandyt @ofveddional hédns ange

from400 to 300, RShECMit3bfe IBF Bdk%heet applications. 1In some cases, the
crystallization rates of the polymers are too. slow or the flow
properties of the polymers make film processing difficult. Examples
include polyhydroxyalkanoates Tike polyhydroxybutyrate
polyhydroxybutyrate/valerate copolymers.

Some biodegradable polymers meet many or all the physical
property requirements of backsheet applications alone but do not
degrade fast enough to break up into small fragments in the early
stages of composting. Hence, there is a strong likelihood such
polymers would be screened out of the compost stream and not become

part of the final - compost. Examples of such components include
hydrolytically cleavable. polyesters such as

or

certain
aromatic/aliphatic polyester copolymers, oxidized ethylene/carbon

monoxide copolymers, and high melting aliphatic polyesters with
melting points above 65°C.

The biodegradable polymers used to fabricate the films of the
current invention may also be combined with optional ingredients such
as biodegradable elastomers, tie layers, pigments, processing aids

~ and the like. Each of these polymers is described in detail below.

I. MOISTURE SENSITIVE POLYMERS
A.  DESTRUCTURIZED STARCH COMPOSITIONS

Thermoplastic, biodegradable compositions based on
interpenetrated networks of starch with a synthetic component such as

an ethylene/vinyl alcohol (EVOH) copolymer are described in
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A€ d segnents where n =2 3, etc

A-B-A triblock or --(A-B)n -- mul ti bl ock

copol yhtesatihondli Fatpatl yAppii cdtdohonk0 SE1O6T LS, MONTB0/$H0068H3 ,A Wol ocks

91/02025, WO 91702024, WO 91/02023, European Patent Application
90810533.1, and U.S. Patent 5,095,054, all herein incorporated by
reference. Such materials are available commercially from Novamont
under the tradename Mater-Bi and from Warner Lambert under the
tradename Novon. These materials comprise greater than 50% starch by
weight and are, thus, very sensitive to moisture vapor levels in the
ambient atmosphere as well as direct contact with liquid water.

Films comprising only the interpenetrated network of starch and

a synthetic component can be extruded with very good mechanical
properties . initially.

However, these properties vary considerably
with humidity.

For example, the modulus of a Mater-Bi film (Type
AFOSH) decreases by about 50% as the relative humidity changes from
about 20% to 90%. Although such 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
performance are negatively affected.

Mater-Bi films also absorb water. to a high degree, typically

about 30% of their initial weight. 1In addition to lowering the

strength of the film significantly, the high water absorption also
leads to very high moisture transmission through the film,
example about 0.0024 crams/sq. cm./16 hours through a 30 micron
film. This is beneficial in some applications where breathability is
desired. However, high moisture transmission may not be desirable if

the film is expected to contain large quantities of fluids, as in the
case of a diaper backsheet.

for

High water permeation can lead to
excessive condensation on the outside of the backsheet leaving it
cold and wet feeling to the touch.

Novon films can also be extruded with good initial properties.
Some, however, like Novon grade M0Ol4 are so sensitive to water they
quickly fall apart, disperse into smaller particles, and virtually
dissolve when contacted or immersed in liquid water.

Destructurized starch compositions find use

in the present
invention as internal core layers

in multilayer films obtained by
coextrusion or lamination with moisture resistant polymers selected

from the group consisting of thermally sensitive polymers,

havi ng various architectures. = For

conprises a block of polyner A segnents

segnents. An A-B-A tribl ock copol yrer
conprises a bliock.of B segnmentsfcoupled to a block of A

of its termingl ends. An --(A-B)n -- | tibl ock
alternating s

t ougheni ng and increasing the tear strengths of filnms of the pr esent

end-user

segnents at each
copol ymer conpri ses

For



and n = 2, 3, .9&‘“ énk#k& preferred. Si npl e di bl ock A-B

copol ymers do npt]inpart SIgnl c nt tear strength inprovenent to filns of
the present inventi g MAR: Rsp9? preferred are triblock copolyners in
whi ch t he polycaprolactone seg ts conprise fromabout 10 to about 60

wei ght percent pf “the~copotyrer nd t he pol ydi ene segnents conprise from
about 90 to aboh_ 40 wei ght perc nt of yyhe copolynmer. To achieve the
desired tear strength ~éennancement - t e copolyners are nelt conpounded
with a cellul ose ester or cellulose ester blend such that the copol yner
conprises fromabout 30 to about 70 wei ght percent of the total

conposi ti on.mechanicallly. TIEmLYERS polymerdj e | ayéro’hyei;cta’ls’.yar e dieaedbiam nar
bondi ng agen { r at er,

o ey Iﬁlson’rﬁ?éj/a'l"?%ﬁﬂh@ Sol PEREP do%?ymelrg}’ 0% id{Zed Cﬂgywnlézggrsbo& | ar

structures ion_to b
pol ynmer Iaye?‘%"”"g?e fWZY’E"&re and; o higby mel B‘H fdighatis tee msshersf,ou | s,
boar dst ocks, epsgtemers ,oandimixiuresntieabsf.cs. Such materials are either
coextruded between ot her pol ymers, or extrusion coated onto other
substrates before being conbined into conposite structures through
the application of heéat oR0HYHINYEALGOHOL CPYA) rANDI BERINBPIVESat i ons i ncl ude cast
filmand sheet. bl own f|In1 and extru5|on bl ow nol ded bottles. A w de

vari ety of polyol fln d& gy resjns are co rcially avail able for
use in non-bi ode SBHHI h&M P S5 SEBHFGs ainf ePOlYhydric alcohol with
hydroxyl groups extending from alternate carbon atoms. It

is
represented structurally as follows:
-—CHz-—?H-—CHz-—-(iH—-
OH OH
PVA is prepared via hydrolysis of polyvinylacetate. Depending

on the degree of hydrolysis, PVA can be obtained in grades which are
soluble in both cold and hot water or hot water only.

Unmodified PYA is not thermop]a;tic. However, when PVA is
plasticized with appropriate additives, thermoplastic materials can
be obtained. External plasticizers such as glycerol, ethylene glycol,
and some of the lower polyethylene glycols are effective plasticizers
for PVA. | _

The biodegradability of PVA is well documented. A brief
overview on its biodegradation can be found in “"Handbook of
Water-Soluble Gums and Resins®, R. L. Davidson, Editor. Chapter 20, p
20-17, herein incorporated by reference.

Thermoplastic PVA compositions suitable as components for the
films of the present invention are sold by Air Products and
Chemicals, Inc. of Allentown, Pennsylvania, under the tradename
Vinex. Vinex resins are internally plasticized compositions achieved
by copolymerizing PVA with a poly(alkyleneoxy) acrylate. More
detailed disclosures of these materials are given in U.S. Patents
4,618,648, and 4,675,360, both herein incorporated by reference.
Sti11 another method for making thermoplastic polyvinylalcohol
compositions via the incorporation of polyurethanes is disclosed in
U.S. Patent 5.028.648. herein incorporated by reference. The
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appl i cati ons. pmygég mpxg 5 i nclude the BYNEL CXA resins from DuPont
and the PLEXAR f Y—t-F-FA um Chem cal. The tie resins offered by

t hese suppliersjcq Telt index range and are capable of bonding
nunmer ous base¢ mgng% 1\499 Jo| I ' '
B

in packaging applications as indicated in
an article engitled "Wat_Canj Be Coextruded? The Sky's The Linit" appearing
at pp 78-80 of the Septenber, 1980 ggition of Mddern

magazi ne, herein--Rcorporat.ed by reference. The choice of tie resin
for a particul ar application depends on various factors such as the

chem cal nature of the materials to be bonded, the nelt viscosities of the
ot her resindipdegradabion: plidddex compositions is disclosed in an Air Products

Technical Bulletin entitled "Measurement of the Biodegradability of
Vinex Resins by Controlled Respirometry" by J.
incorporated by reference.

A Vinex 1000 series, 2000 series, and 3000 series exist. The
1000 series are fully hydrolyzed grades which are insoluble in cold
water, but soluble in hot water. The 2000 and 3000 series are soluble
in both hot and cold water. All three series of Vinex resins can be
employed in films of the, present invention. Especially preferred are
the 2000 series. Such materials, for example Vinex 2034, form tough
tear resistant films which, if not for their water solubility, would

meet the mechanical strength requirements for
backsheets of absorbent articles.

AL

Pl asti cs

Kramer, herein

biodegradable

In the multilayer films of the current inventioh, the Vinex
materials can be used in individual layers as blends with one or more
moisture resistant biodegradable polymers selected from the group
consisting of thermally sensitive polymers, mechanically 1limited
polymers, polymers difficult to process into films, hydrolytically
cleavable aromatic/aliphatic polyeﬁter copolymers, oxidized
ethylene/carbon monoxide copolymers, and high melting aliphatic
polyesters, and elastomers. They are also used as internal core
layers in coextruded or laminated multilayer films having outer
layers made from moisture resistant polymers selected from the group
consisting of thermally sensitive polymers, mechanically limited
polymers, hydrolytically cleavable aromatic/aliphatic polyester
copolymers, oxidized ethylene/carbon monoxide copolymers, and high
melting aliphatic polyesters, elastomers, and mixtures thereof.

C.  HYDROXYPROPYL CELLULOSE (HPC)

HPC is a non-ionic cellulose ether with an unusual combination
of properties among cellulose derivatives. These include solubility
in both water and polar organic solvents as well as plastic flow
properties that permit its use for molded and extruded articles such
as films. As described in aforementioned "Handbook of Water Soluble
Gums and Resins"™ (Chapter 13), herein incorporated by reference, the
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stock processijn L Lresstihe type of process used, and the type of
processi ng equi[

- 'Hﬁ et LI
jpngnt,. . _For_ canpostable film applications, a tie resin,
i f used, nust ial SSEMMJWQridabI.e. For the f ilms of the present

I nventi on, iit L.._has___been surprisingly found that

pol ycaprol act gne can be ufiTizedl as a biodegradable tie |ayer between
certain biodeégradable pal ymers. fdr exanpl e, a five | ayer

bi odegradable film A-Tie-B- Tie-A wherein the A layers are
cellul ose ester blends, the B layer is a water soluble polyner such as a
t her mopl asti c, pol.yvi.nyl al cohol , conposition, and the tie layer is

pol ycapr ol acPlaf ‘Xcgﬂg"‘ berorerhicesy Af HBG epafher rildi B ba wseds as| aydase

si mul Eﬁneou_shmer{al inAIteH::rnatuin\(ebyow.t e ey € agn Qh(ﬂ@ltiﬁ?],e ﬁan{hﬁ,-ﬁgﬁ?éruded
on either si I he S V, c e o creaté a
three |layer gﬁrﬁh }Jté{tdk | am %Eﬁ)agc}?i ﬁl"gfegg %eddjééhfﬂop@? ef’oﬁyt E"*Fﬁe"‘?%ds

cel | ul ose estetaip thein sadew solpbildhiesheans rhilodageasdableppind cani evenobeheat
and pressuremade to be edlible. OPTI ONAL COVPONENTS In addition to the

above- nenti oned npgnents, t acksheet filns t he present invention
nmay contain ot heﬁgﬁo SHERL Scegguﬁ)ég "sﬁg,t%l‘”‘?%ﬁr@r ?'Egcb’r’réi,‘"\{’ﬁévﬁf"mrﬂ@ﬁe art,
i ncl udi ng, bpulmor téttionelliinters. The cellulose is treated with aqueous sodium

hydroxide to form alkali cellulose which, in turn, is reacted with
propylene oxide to yield the following empirical structure:

-t-C6H10-n(CH2CHOCH3 ) n 3

where n has a range of 3 to 4.5 and x has a ringe of 150 to
3000. Commercially, HPC is available from Hercules Inc. under the
tradename KLUCEL.

Due to their water solubility, high stiffness, and low tear
strength, HPC fiims alone are not acceptable for use as backsheet
films for absorbent articles. HPC can be employed in blends in
individual layers of multilayer films at low levels, typically 33
weight percent or less, with moisture resistant polymers, where it
imparts temperature resistance and resistance to blocking. Small
amounts of p'lasticizer_s. internal lubricants, and antioxi.dants can be
used to improve the melt flow. mold release, and thermal stability of
the polymer during processing. Suitable plasticizers include

propylene glycol, glycerin, low molecular weight polyethylene
glycols, and glycerol monostearate.

[T. THERMALLY SENSITIVE POLYMERS

Since commercial composting operations typically achieve
temperatures of about 60°C, biodegradable polymers with low thermal
softening points or melting points may be included in the films of
the current invention to help break the films down into smaller
fragments early in the process. Moreover, such polymers may also
biodegrade faster than higher melting components since they are
essentially liquids at composting temperatures rather than solids.
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their rate of biodegradation as well. '
'Aliphatic polyesters belong to the family of linear saturated
polyesters. Many aliphatic polyesters are known to be biodegradable.
Many also have melting points of about 65°C or less. Although some
types of ‘Iow_ melting aliphatic polyesters can be processed directly
into thin water resistant. films, their melting points are too low to
allow their use alone in many applications,
backsheets for disposable absorbent articles.

for example, as

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 epsilon-caprolactone,

a
seven-membered ring compound.

As described in Union Carbide Brochure
F-60456 entitled "Tone Polymers", herein incorporated by reference,
the polymerization is initiated with a diol (HO-R-OH, where R is an

aliphatic segment) to produce polymers with the following structure:

0
]
HO-R-0~4~C- (CH2)5- ] n-OH

where n is the degree of polymerization.

Polycaprolactone polymers are available from Union Carbide
Corporation under the tradename TONE in a variety of molecular weight
grades. For example, TONE poliymers P-300 and P-700 have degrees of
polymerization of about 95 and 400 respectively, corresponding to
molecular weights of about 10,000 and 40,000 grams per mole. TONE
P-767 is prepared from a special high purity grade of caprolactone
monomer and has an average molecular weight of about 43,000 grams per
mole. TONE P-787 has an even higher average molecular weight of
about 80,000 grams per mole.

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 60°C (140°F),

these films could function as backsheets for absorbent articles.



30 reduce b %Bﬁlﬁg. ¢ 'n combination with other antibl ock nethods.
The quantity bf [powder™ antlbrock subst ance commonly added to the surface of
a film when andzlgﬁAb abpu 0.5 g/nferr] to about 5 g/nferr].
Antistatic aggentfs may be incorporated in filnms of the present invention;
exanpl es of slch—agents-+nclude et hoxyl ated ani nes and quarternary am ne
salts having prganic constituents of gdout 12-18 carbon atons in |ength.
Agents of this tType srowy-dirffiuse to the surface of the filmand, because
of their ionic character, forman electrically conductive .layer on the
surface of the film Antistatic agents comonly constitute fromabout 1%to
about 5% ofBechesensif ghheiof 1okendlitling, painés, uselisheets c@isiptimentsiomy be

I ncor por at E'ip‘?o'ihﬁ.oﬁé |vl3§1@fha§/@ed\mf“i’§tﬁr{5/ 'Fb\‘e?}dnﬁﬁ' thrtﬁ 3h&in g ?& over
rollers an her form ment ents ar 0s
comonly d ii ebe"PFB?ﬁuéﬁ?c?@g \H?el"ﬁ?t e&c 9huk i g toj dhe d"ﬂ@"car bon

at ons. Sudiriagenhs mmufacturdng tpirecest.i bllmcldddgttUnQpamrmgs gf\pbh@ filns
of the pres

n 3@@ [ re or din
filns fronléggut 3§§%899% a ou9§3%?8@95Q3§W§| hé@% %sp S ‘used.
PERFmNANCEBmﬁMFAcmvaSTOWErm&sﬂycapro\ﬁé%or@ #ould be ¢idfianin to
satisfactoritabidszed i@ORRESt &Pl vdreMRHADaRd might distort

another, or even melt.

, stick to one

In  the multilayer films of the present invention,
polycaprolactone can be used as a blend component in individual
layers, or as outer skin layers surrounding a moisture sensitive cofe
layer, or as a inner core layer itself, surrounded by outer layers
selected from the category of thermally resistant polymers such as
mechanically Timited polymers, hydrolytically cleavable
aromatic/aliphatic polyester copolymers, oxidized ethylene/carbon
monoxide copolymers, high-melting aliphatic polyesters, and mixtures
thereof.

In the films of the present invention, polycaprolactone polymers
having an average molecular weight of 40,000 or more are preferred.
Especially preferred are polycaprolactone polymers having an average
molecular weight of about 80,000 grams per mole (e.g., TONE P-787).

Other types of low melting 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
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.

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

0 0 0
I
HO-Ry-OH + HO- C -R2- C OH ~———— H-[-0-R}-0-C ] nOH
where R] is a linear methylene chain -(CH2-)yx w1th 2 < x < 10,
R2 is also a linear methylene chain -(CH2 -)y with 2 < y < 10; and n

"‘O
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di aper backsheéﬁé;i:i’;i,-zt\-_\,___j SN {oEHARTAE of resins or structures that are
conpost abl e and T Mist  demsrsirate the fol l owi ng properties of high
strength, adquafe;_f‘J_m%@(p@?zri, ri, appropriate nmodulus or flexibility, and
adequat el y higp It rht .| The backsheets of di sposabl e diapers
must have suff] ctent---strength Both to process on a high speed di sposable
di aper convertjng machine and tlo providé a "wetproof" barrier in use on an

infant. It nust—besuf-f-ei-entlly wet proof so that clothing or bedding,
either that of the infant or of the caregiver, is not wet or soiled. It

nmust have a nmodulus or flexibility that is, at the same time, |ow enough
to be a soft, Vpl ¢88i M59ReR eff apolxmerizalden. as Exep188t &f th@ser ityresof ofin
i nfant di aper aVighabig@lpodyeraers tiachaedl e easily on high speed di sposable

sur T ciont  rebsesRieRR S bl d Shbixet i o6, foes0lE G0 O e £ or
permanent | y | Boke (353 ergpinediok poinede) hdtere x=3 and y=4; Tm=38°C

Poly (1,4 butanediol adipate) where x=4 and y=4; Tm=48°C

Poly (1,4 butanediol sebacate) where x=4 and y=8; Tm=64°C

Poly (1,3 propanediol succinate) where x=3 and y=2; Tm=47°C

Poly (1,4 butanediol glutarate) where x=4 and y=3; Tm=47°C

Further examples of thermally sensitive aliphatic polyesters
with melting points less than 65°C can be found in "Polymer Handbook,
Third Edition® by J. Brandrup and E.H. Immergut published by John

Wiley & Sons, in Section VI, pages 56 through 67, herein incorporated
by reference.

IIT. POLYMERS DIFFICULT TO PROCESS INTO FILMS -

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 derived polymers such as
polyhydroxybutyrate (PHB) polymers and polyhydroxybutyrate/valerate
_(PHBY) 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., issued November 14,
1989, both references incorporated herein by reference. PHBY
copolymers have the generalized structure shown below.

| Hi
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Hydroxyvalerate (HV) Hydroxybutyrate (HB)
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backsheets fof ! +spasable dlapers denonstrate two properties: (a)
resistance to] rupture from q droppéd wei ght and (b) resi stance to
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cross-machine direction of manufacture. Acceptabl e bi odegradabl e
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orated herein by reference.

Unfortunately PHBV copolymers are difficult to process directly
into films because of their slow crystallization rate.

| This causes
the film to stick to itself even after cooling to room temperature

because a substantial fraction of the PHBV remains amorphous and
tacky for long periods of time. In cast film operations, where the
film is immediately cooled on chill rolls after leaving the film die,
molten PHBY often sticks to the rolls restricting the speed at which
the film can be processed, or even preventing the film from being
collected. In blown films, residual tack of the PHBV causes the
tubular film to stick to itself after it has been cooled and
collapsed for winding. .
International Patent Application 86309586.5, describes a means
of achieving a PHBY monolayer film for diaper backsheet applications

by coextruding the PHBV between two layers of sacrificial polymer,

for example a polyolefin, stretching and orienting the multilayer

film, and then stripping away the polyolefin layers after the PHBV
has had time to crystallize. The remaining PHBY film

is then
laminated to either water soluble films

(PVA preferred) or water
insoluble films such as polyvinylidene chloride or other polyolefins.

In the multilayer films of the present invention, such drastic
processing methods are avoided. The PHBY can be employed as a blend
component in one or more of the layers with one or more polymers
selected from the categories of moisture sensitive polymers,
thermally sensitive polymers, mechanically limited polymers,
hydrolytically cleavable aromatic/aliphatic polyester copolymers,
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m cron thicknegs{i r24mgz1§tws- machi ne direction because these are
particularly gpodl at avoiding p fendency to fail in use by splitting.
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transport are those that permt | ess than 0.0012 grans of synthetic urine
to pass into an“absorbent “paper—t owel per square centinmeter of area per
25.4 mcron thickness for every 16 hours of time when the test filmis

| ocat ed bet wemxidited ablydebefdarpapaionboide copoalydera,tym’mab]ﬁ%ﬁih‘iﬂit&e'b' Ibng
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overcome the tackiness and processing difficulties of the PHRV as
described above.

The PHBV may also be coextruded as an internal layer surrounded
by outer layers selected from the categories of thermally sensitive
polymers, mechanical1yi limited polymers, hydrolytically cleavable
aromatic/aliphatic polyester copolymers, oxidized ethylene/carbon
monoxide copolymers, and high melting aliphatic polyesters, and
mixtures thereof. In the films of the current invention, the

external layers are not stripped away from the PHBV 1layer. They
remain as an integral part of the biodegradable film.

IV. MECHANICALLY LIMITED POLYMERS

A.  CELLULOSE ESTERS

Cellulose esters are produced by the chemical modification of
cellulose and include the family of cellulose acetates (CA),
cellulose acetate propionates (CAP), and cellulose acetate butyrates
(CAB). As described in the 1990 Modern Plastics Encyclopedia (Mc
Graw-Hill, pp. 23?24). herein incorporated by reference, cellulose
esters are prepared by reacting cellulose with particular acids and
acid anhydrides, generally in the presence of a sulfuric acid
catalyst. In the case of CA, the reaction is first carried out with
acetic acid and acetic anhydride to produce cellulose triacetate,

which contains nearly 100% acetyl substitution or, in other words, a

degree of substitution of about 3.0. The triacetate is then

partially hydrolyzed to remove some of the acetyl groups such that
the CA product contains about 38 to 50% acetyl substitution.
CAP and CAB are made by substituting propionic acid and

propionic anhydride or butyric acid or butyric anhydride for some of

the acetic acid and acetic anhydride. Plastic grades of CAP
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herein incorporated by reference, this
biodegradation results ‘from the

enhanced resistance to

inability of cellulose-specific
enzymes to attack the substituted portions of the polysaccharide.

However, as described by Buchanan and Gardner in an Abstract of their
paper entitled " The Fate of Cellulose Esters in the Environment:
Aerobic Biodegradation of Cellulose Acetate” presented at the
CELLULOSE ‘91 CONFERENCE held in New Orleans, Louisiana, December
2-6, 1991, the rate of degradation of cellulose esters also depends
upon the degree of substitution. For example, a CA with a 1.7 degree
of substitution was found to biodegrade much faster than a CA with a
2.5 degree of substitution.

Fully formulated grades of cellulose esters may also contain
plasticizers, heat stabilizers, and ultraviolet inhibitors. ‘High
levels of these stabilizers and inhibitors may further slow the rate

of biodegradation of cellulose esters. Zero or very low levels of

such stabilizers are generally preferred in biodegradable films.

Plasticized cellulose esters 1like CA, CAP, and CAB are
thermoplastic and can be melt processed into thin films. Unless
substantial levels of plasticizer are employed, the stiffness of such
films is too high for them to be useful as backsheets for absorbent
articles. Even in the presence of plasticizers, the tear propagation
resistance of cellulose ester films is very low, typically below 20
grams per 25.4 microns of thickness in the machine direction.

In the multilayer films of the current invention, cellulose
esters can be used in both inner or outer layers in blends with one

or more biodegradable polymers selected from the category of moisture

sensitive polymers, thermally sensitive polymers, hydrolytically
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sensitive polymers, and elastomers. Tear strength can also be
enhanced by laminating or extrusion coating thin cellulose ester

films on to biodegradable non-woven fabrics such as rayon.

B. CELLULOSE ESTER BLENDS WITH OTHER BIODEGRADABLE
POLYMERS -

It is well known that cellulose esters form miscible blends with
many aliphatic polyesters. U.S. patent 3,642,507, herein
incorporated by reference, discloses the formulation of printing inks
with improved flexibility by blending a cellulose ester with
polycaprplactone. U.S. patent 3,922,239, herein incorporated by
reference, also discloses the preparation of thermoplastic blends of
cellulose esters and polycaprolactone and other cyclic ester
polymers. The addition of the polyesters was found to lower the
modulus of the blend significantly below that of the cellulose ester
and to impart improved melt processability, toughness, and impact
resistance. _

More recently, blends of CAP and CAB with polyhydroxybutyrate
(PHB) have been described by Ceccorulli, Pizzoli, and Scandola in an
Abstract of a paper entitled "Blends of Cellulose Esters with
Bacterial Poly(3-hydroxybutyrate)" presented at the aforementioned
CELLULOSE ‘91 CONFERENCE, and herein incorporated by reference.
Experimental evidence of miscibility was found up to 50% PHB.
Crystallization of the PHB was found to be strongly inhibited by the
presence of cellulose esters confirming intimate mixing of the blend
components. Similar results are obtained

if PHBV copolymers are
employed in place of PHB.

- Blends as described above are thermoplastic and can be processed
into thin flexible films with stiffness

levels appropriate for
backsheet films. However,

the tear propagation resistance of such
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inner core layers or coextruded as thermally resistant outer layers

surrounding thermally sensitive internal core layers. Alternatively,

they can be laminated or extrusion coated onto biodegradable

non-woven fabrics such as fayon to make structures with better tear
strength.

V. HYDROLYTICALLY CLEAVABLE POLYESTERS
A. AROMATIC/ALIPHATIC POLYESTER COPOLYMERS

Aromatic polyesters such as polyethylene terephthalate (PET) and
polybutylene terephthalate (PBT) are leading examples of high
performance polyesters for film, fiber, or injection molding
applications. A1though the monomeric starting materials for such
polyesters are known to be biodegradable, neither PET or PBT are
considered to be biodegradable polymers. As homopolymers, both
poiyesters tend to crystallize to relatively high extents makingmthem
extremely difficult to hydrolyze except under conditions of very high

temperature in the presence of water, for example in the melt state,

or in the presence of strongly acidic or basic media. Such

conditions do not exist in municipal composting operations. In the
case of PET, not only is a significant fraction of the polymer in a
crystalline state, but the softening point or glass transition
temperature (about 80°C) of the remaining noncrystalline or amorphous

fraction is also above typical composting temperatures.
the amorphous fraction will be

composting operation.
Several means of making

Hence, even
resistant to hydrolysis in a

aromatic polyesters more readily
hydrolytically cleavable, and hence more likely to be biodegradable,

have recently been described. U.S. Patent 5,053,482, issued to Tietz
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articles such as diapers. Although hydrolysis of the copolymer films
and fibers is shown to take place in boiling water (100°C), evidence

of the extent or rate to which true biodegradation occurs
presented.

is not

Yet another approach to increasing the hydrodegradability of
aromatic polyesters is described in International

Patent Application
W0 91702015, published February 21, 1991,

herein incorporated by
reference. In this case, hydrodegradable polyesters based on the

random copolymerization of aromatic and aliphatic polyesters is
disclosed. More specifically, the random copolymers are comprised of
aromatic polyesters such as PET or PBT randomly interrupted with
aliphatic hydrodegradable link polymers such as polyglycolic acid,
polylactic acid, polycaprolactone, ' polyhydroxybutyrate,
polyhydroxybutyrate/valerate, polybutylene oxalate, polyethylene
adipate, polyethylene carbonate,. polybutylene carbonate, and other
polyesters containing silyl ethers, acetals, or ketals. Preparation
of the copolymers is carried out by either ester interchange
reactions of  the  appropriate monomeric  species or by
transesterification reactions between two homopolymers in the
presence of an appropriate catalyst.

In addition to the aforementioned aliphatic link polymers, other
aliphatic' polyesters may also be appropriate for producing

aromatic/aliphatic polyester copolymers. These include aliphatic

polyesters selected from the group of oxalates, malonates,

succinates, glutarates, adipates, pimelates, suberates, azelates,
sebacates, nonanedioates, glycolates, and mixtures thereof.

In both the above cases, it is assumed true biodegradation will
occur once the copolymers hydrolyze to very low molecular weight
oligomers or monomeric species. However, the rate to which this

occurs in a composting environment at temperatures below 65°C and at

relatively small deviations from neutral pH may be too slow to
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stress and Sﬁﬁggaqries of moisture sensitive polymers, ~ thermally sensitive
polymers, polymers difficult to process into films, and mixtures

thereof. In such blends, the aromatic/aliphatic polyester copolymer
comprises from about 60 weight percent to about 95 weight percent of
the blend. Such blends may be used in one or more layers of the
multilayer films of the present invention. Alternatively, the
aromatic/aliphatic polyester copolymers themselves can be coextruded
as outer layers surrounding moisture sensitive polymers, themally

sensitive polymers, polymers difficult to process inte films, or
elastomers.

B. OXIDIZED ETHYLENE-CARBON MONOXIDE COPOLYMERS

Photodegradable polymers based on random copolymers of ethylene
and carbon monoxide are used commercially in beverage can rings and
other items which may often be discarded in the environment as
litter. Such copolymers are disclosed in U.S. Patent 2,495,286,
issued to Brubaker, herein incorporated by reference. In order to
provide acceptable rates of photodegradation, only a small proportion
(generally 1 to 3 mole percent) of carbon monoxide or other carbonyl
functionality needs to be incorporated into the polymer.
Decomposition of such plastics begins as soon as the plastic is
exposed to sunlight although there may be a delay period before
significant breakdown of important physical properties are noted. As
the polymer chains decrease in molecular weight, the plastic
material macroscopically breaks down into smaller fragments which
become more and more susceptible to microbial attack and hence
biodegradation.

In the absence of sunlight, for example, in a commercial
composting operation, this photodegradative process will not be
initiated and the plastic articles containing photodegradable
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polymers can be oxidized to yield a new type of aliphatic polyester.
U.S. Patent 4,929,711, herein incorporated by reference, describes a

process for converting a polyketone, for example a ethylene/carbon
monoxide (ECO) copolymer, to a polyester.

The process involves the
reaction of the ECO copolymer with an organic peroxyacid oxidizing

agent in an inert liquid medium at temperatures between -20°C to
150°C. Substantially all or only a portion of the ketone

functionality can be converted to ester groups depending upon the
reaction conditions.

peroxyacid

— CHp—CHa—C—CHy 3 — CHy— CHp—C—0—CHp—

polyketone (ECO copolymer) polyester

Subsequent U.S. Patent 4,957,997, expands this process to
polyketones containing pendant functional groups obtained by the
copolymerization of carbon monoxide with vinyl or vinylidene
monomers. The vinyl or vinylidene monomer may have at least one
functional group containing one or more oxygen, nitrogen, sulfur, or
halogen atoms. .

The new polyesters described in these patents may originate from
polyketones containing 0.5 to 20 weight percent carbon monoxide and
having a molecular weight from about 10,000 to about 1,000,000 grams
per mole. After oxidation to the corresponding polyesters, the
materials are capable of being hydrolyzed to lower molecular weight
fragments. The rate and extent to which both hydrolytic and microbial
degradation occur depend on the number of ester groups present and
the average molecular weight of the polymer between ester groups. The
lower the molecular weight fragments resulting from hydrolysis

become, the more susceptible they become to microbial attack and
biodegradation.
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processability ut théir physical properties, particularly elongation

to break in tension, at lower molecular weights, -may not be

sufficient -for backsheets of absorbent articles. However, they are
useful 1{in aultilayer ‘films

as moisture resistant outer 1layers
surrounding moisture sensitive internal core layers, as thermally

resistant outer layers on thermally sensitive internal core layers,
as rapidly crystallizing outer layers on slowly crystallizing
polymers which are difficult to process 1into films, and as
non-blocking outer layers on elastomeric core layers. As mentioned
in previous sections of this application, oxidized £ECO copolymers are |

useful also as blend components in {ndividual layers where they
impart heat resistance and motsture resistance.

C. HIGH MELTING ALIPHATIC POLYESTERS

Yet another family of hydrolytically cleavable and biodegradable
polyesters are high melting aliphatic polyesters defined, herein, as

those having glass transition temperatures -or melting points apove

65°C. Such waterials may not undergo initfal decomposition and

.breakup during the early stages of composting since the crystalline
fraction of these materials, or the amorphous fract{on, or both the
crystalline and amorphous fractions may be below their melting points
or glass transitions at normal composting temperatures. High melting
aliphatic polyesters can, however, be combined in blends or
coextrusions with other more rapidly degrading materials, for example
moisture sensitive or thermally sensitive polymers, to enhance their
rates of initial decomposition and breakup. Examples of high melting
aliphatic polyesters include polyethylene sebacate (Tm=76°C),
polyethylene succinate (Tm= 108°C), and polyhexamethylene sebacate
(Ym = 78°C). Further examples can be found in the aforementioned -
“Polymer Handbook - Third tdition* Section VI, pages 56 through 67,
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In the case of the mechanically deficient materials (cellulose
esters and cellulose ester blends with various aliphatic polyesters)
discussed earlier, it was noted their main deficiency was in tear
strength. One way of improving the tear strength of films made from
such materials is to incorporate a suitable thermoplastic elastomer
(TPE) into the material by, for example, melt blending. A
thermoplastic elastomer is a material that combines the
processability of a thermoplastic with the functional performance and
properties of a conventional thermosetting elastomer as discussed in

Modern Plastics Encyclopedia, 1990, pp 122-131

» herein incorporaated
by reference.

Commercially, there are 6 generic classes of TPE:
styrenic block copolymers, polyolefin blends,
thermoplastic  polyurethanes, thermoplastic

- thermoplastic polyamides.

elastomeric alloys,
copolyesters, and

For use in films of the present invention, any thermoplastic
elastomer incorporated into the film must be biodegradable. From the
aforementioned 1list of TPE classes, only a select group of
thermoplastic polyurethanes, specifically aliphatic polyester-
based polyurethanes, are generally recognized as being biodegradable.

Biodegradable polyurethanes can be prepared from low molecular
weight aliphatic polyesters derived from epsilon-caprolactone or the
reaction products of a 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
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.
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oxidized ethylene/carbon monox ide copolymers, high melting aliphatic
polyesters, and mixtures thereof, they lower modulus, increase tear
and impact strength, and impart moisture resistance. In multilayer
structures, aliphatic polyester urethanes can be employed both as
blend components in individual layers and alone as thin layers
between other biodegradable polymers including moisture sensitive
polymers, thermally sensitive polymers, mechanically limited
polymers, hydrolytically cleavable aromatic/aliphatic polyester
copolymers, oxidized ethylene/carbon monoxide copolymers, high

melting aliphatic polyesters, and mixtures thereof, to impart
increased tear and impact strength.

Procedures for synthesizing another type of TPE suitable for
imparting improved toughness and tear strength to cellulose ester and
cellulose ester blend films are disclosed in U.S. Patent 3,585,257,
issued - to Mueller et al., and herein incorporated by reference. Block
copolymers of polycaprolactone with polydienes such as polyisoprene
and polybutadiene are disclosed in which the polycaprolactone content
can be varied from about 20 to about 80 weight percent and the diene
content varied from about 80 to about 20 weight percent. Copolymers
having tensile strengths in the range between 245 and 2000 pounds per
square inch and elongations to break in the range from 400 to 560

- percent are obtained.

8lock copolymers can be prepared having various architectures.
For example an A-B diblock copolymer comprises a block of polymer A
segments coupled to a block of B polymer segments. An A-B-A triblock
copolymer comprises a block of B segments coupled to a block of A
segments at each of its terminal ends. An --(A-B)p -- multiblock
copolymer comprises alternating sequences of A and B segments where
ne=2, 3, etc.

For toughening and increasing the tear strengths of films of the

present invention., A-B-A triblock or --(A-B)q -- multiblock
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ercent of the
copolymer. To achieve the desired tear strength enhancement the

copolymers are melt compounded with a cellulose ester or cellulose

ester blend such that the copolymer comprises from about 30 to about
70 weight percent of the total composition.

T

VII. TIE LAYERS

Tie layer resins are interlaminar bonding agents used to adhere
incompatible layers in coextruded or laminated film or sheet
structures. In addition to bonding dissimilar polymer layers, tie
layers are also used to bond polymers to metal foils, boardstocks,
papers, or non-woven fabrics. Such materials are either coextruded

between other polymers, or extrusion coated onto other substrates

before being comb_ined “into composite structures through the

application of heat and pressure. Coextrusion applications include
cast film and sheet, blown film, and extrusion blow molded bottles. A
wide variety of polyolefin-based tie layer resins are commercially
available for use in non-biodegradable and hence non-compostable
applications. Typical examples include the BYNEL CXA resins from
DuPont and the PLEXAR family from Quahtum Chemical. The tie resins
offered by these suppliers cover a wide melt index range and are
capable of bonding numerous base materials used in packaging
applications as indicated in an article entitled "What Can Be
Coextruded? The Sky’s The Limit" appearing at pp 78-80 of the
September, 1980 edition of Modern Plastics magazine, herein
incorporated by reference.

The choice of tie resin for a particular application depends on
various factors such as the chemical nature of the materials to be
bonded, the melt viscosities of the other resins to be coextruded,
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The mul tilayer filns of the present I nvention rmay conprise two or nore

| ayers. | nigenerat;—batanced or symetrical three-layer and five-Iayer
films are preferred. Bal anced three-layer nultilayer filns conprise a
center costockayeoceanthg temfedeturesaltheutype bfymmeessvused andahe typat er core
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posi ti onegrd3@hpeeninv@htion\o tike has been  surprisingly found that
polycaprolactone can be utilized as a biodegradable tie layer between
certain biodegradable polymers. For example, a five 1layer
biodegradable film, A-Tie-B-Tie-A , wherein the A layers are
cellulose ester blends, the B layer is a water soluble polymer such

as a thermoplastic polyvinylalcohol composition, and the tie layer is
polycaprolactone can be

achieved by coextruding all § layers
simultaneously.

Alternatively, the polycaprolactone can be coextruded on either
side of the thermoplastic polyvinyl alcohol layer to create a three
layer film and laminated in a subsequent operation to the two

cellulose ester blend layers through the simultaneous application of
heat and pressure.

VIII. OPTIONAL COMPOHENTS

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 limited to,
antiblocking agents. antistatic agents, slip agents, pro-heat
stabilizers, antioxidants, pro-oxidant additives, pigments,
plasticizers, etc.

Antiblocking agents act to prevent film layers from sticking 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 material such as polyethylene or polycaprolactone.
Reduction of blocking in the films'of the present invention can aliso
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 film surface treatments can be used to
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carbon atoms in length. Agents of this type slowly diffuse to the

surface of the film and, because of their ionic 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 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 to 22 carbon atoms. Such agents may
augment the antiblocking properties of the films of the present
invention. Such slip agents are commonly incorporated in films from
about 0.05% to about 3% of the weight of the films when used.

PERFORMANCE CRITERIA AND TEST METHODS

For a film to perform satisfactorily as a compostable disposable
diaper backsheet, it must be made of resins or structures that are
compostable and it must demonstrate the following properties of high
strength, adequate fluid barrier, appropriate modulus or flexibility,
and adequately high melting point.

‘The backsheets of disposable diapers must have sufficient
strength both to process on a high speed disposable diaper converting
machine and to provide a "wetproof®™ barrier in use on an infant. It
must be sufficiently wetproof so that clothing or bedding, either
that of the infant or of the caregiver, 1is not wet or soiled. It
must have a modulus or flexibility that is, at the same time, low
enough to be a soft, pleasing material to be used as the outer
covering of an infant diaper yet high enough to handle easily on high
speed disposable diaper converters without wrinkling, folding, or
creasing. It must have sufficient resistance to heat such that it
will not deform, melt, or permanently loose strength in typical hot
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38 descri pRgF g@ﬂﬁra nﬁﬁl 'S. Patent 3,860,003, entitled "Contractible
Si de Portion g; per" which issued to Kenneth B. Buell on
January 14, lQErgﬁgg ﬁ@h atlent .is incorporated herein by reference.

The topsheet ﬁ oft feeling, and non-irritating to the
wearer's ski ~MEuL1her th topsheet is liquid pervious, permtting
liquids to readlly penetra e '

hrough its thickness. A suitable topsheet
may be manuf-attured--f+om.a e range material s such as porous foans,
reticul ated foans, apertured plastic filns, natural fibers (e.g., wood or

cotton fibers), synthetic fibers (e.g., polyester or polypropylene fibers)

?Lpfs rom a Conphigl ettt tg?allo@%.d i3 PR €y d RER sepePFleIi fibipte Lhe

Lc materi WERT 7%s ski n
from i quids QIﬁpqnhéonverters wh1ch typically use hot me1t adhes1ves to bond the

components of a disposable diaper together.

It has been found that films that are sufficiently strong to be
suitable as biodegradable backsheets
demonstrate two properties: (a) resistance to rupture from a
dropped weight and (b) resistance to tearing in both the machine
direction of manufacture and the cross-machine direction of
manufacture. Acceptable ~biodegradable backsheets can withstand the
drop of a spherical steel ball of about 19 millimeters in diameter
and 27.6 to 28.6 gram mass from a height of 12 centimeters so that at
Teast 50% of the tests result in no rupture of any size (deformation
is acceptable). Preferred materials are those that exhibit 50% or

less failures from a height of more than 20 centimeters.
acceptable biodegradable backsheets

for disposable diapers

Similarly,
demonstrate an average tear
propagation resistance of 70 gram per 25.4 micron thickness of

material in both the machine direction and cross-machine direction of

manufacture when a standard Elmendorf pendulum-type test device, such

as Elmendorf Model No. 60-100, is employed against 16 plies of

material which has been prepared with a cut or notch according to
TAPPI Method T 414om-88. More preferable, are those backsheets that

demonstrate tear propagation resistances of 200 or more grams per

25.4 micron thickness in the cross-machine direction because these

are particularly good at avoiding a tendency to fail

in use by
splitting.

It has also been found that films of sufficient barrier to

moisture transport are those that permit less than 0.0012 grams of

synthetic urine to pass into an absorbent paper towel per square

centimeter of area per 25.4 micron thickness for every 16 hours of
time when the test film is located between the absorbent paper towel

and a typical absorbent gelling material-containing diaper core and a

pressure simulating that of a baby. The specific conditions of the

test are that the area of the core is larger than that of the test

material, the core is loaded with synthetic urine to its theoretical

capacity and it is under a weight of about 35 g/sq. cm. (0.5 psi).
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similar press) for two minutes after a warmup period of at least 2
minutes. The Vicat softening point is the temperature at which a
flat-ended needle of 1 sq. mm. circular cross section will penetrate
the sample to a depth of 0.1 cm. under a load 1000 g using a uniform
temperature rise rate of 50°C per hour.

It has also been found that materials of sufficient machine
direction modulus demonstrate a 1% secant-type modulus above at least
about 6.895x108 dynes/sq. cm. (10,000 psi) and below about 6.895x109
dynes/sq. ¢m. (100,000 psi). The test is performed on an electronic
tensile test machine such as the Instron Model 4201. A 2.54 cm. wide
strip of material, preferably of 0.00254 cm. in thickness, is cut to

a length of about 30 cm. with the longer dimension parallel to the

machine direction of the material. The test strip is clamped into

the jaws of the tensile testor so that the gauge or actual length of
the material tested is 25.4 cm. The jaws are separated at a slow
speed in the range of 2.54 cm. per minute to 25.4 cm. per minute and
a stress-strain curve is plotted on a chart within an attached
recording device. The 1% secant modulus is determined by reading the
stress or tensile from the chart at the 1% elongation strain point.
For example, the 1% strain point is achieved when the distance
between Jjaws has increased by 0.254 cm. When the jaws are
separating at the rate of 2.54 cm. per minute and the recording
device is running at a speed of 25.4 cm. per minute, the 1% strain
point will be located at a distance of 2.54 cm. from the initial
point. The tensile response is divided by the thickness of the
sample material if it is not 0.00254 cm. in thickness. Particularly
soft, and therefore preferred, materials exhibit 1% secant moduli in

turn
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psi).

Since absorbent articles may experience temperatures as high- as
140°F (60°C) during warehouse storage or shipping in trucks or
railcars, it 1is important that the backsheet film and other
components retain their integrity at these temperatures. Although it
is expected that the modulus of the films will decrease somewhat
between 20°C and 60°C, the modulus should not decrease too far and
allow the film to deform in the package before it reaches the end
user, f

For example, a polyethylene backsheet with a room temperature
modulus of about 4x109 dynes/sq. cm. (58,000 psi) may have a 60°C
modulus of 1.2x10% dynes/sq. cm. (18,560 psi) which is acceptable. A
softer polyethylene backsheet with a room temperature modulus of
about 8.0x108 dynes/sq. cm. (11,600 psi) may have a 60°C modulus of
about 3.5x108 dynes/sq. cm. (5076 psi) which is still acceptable. In
general, an acceptable backsheet film will have a 60°C modulus of at
least 5.52x107 dynes/sq. cm. (800 psi).

The modulus dependence on temperature,

also called a
modulus/temperature spectrum, is best

measured on a dynamic
mechanical analyzer (DMA) such as a Perkin Elmer 7 Series/Unix TMA 7
Thermomechanical Analyzer equipped with a 7 Series/Unix OMA 7
Température/Time software package, hereinafter referred to as the DMA

7, available from the Perkin-Elmer Corporation

of Norwalk,
Connecticut.

Many other types of OMA devices exist, and the use of
dynamic mechanical analysis to study the modulus/temperature spectra

of polymers is well known to those skilled in the art of polymer
" characterization. This information

is well summarized in two books,
the first being “Dynamic Mechanical Analysis of Polymeric Material,

Materials Science Monographs Volume 1" by T. Murayama (Elsevier
Publishing Co., 1978) and the second being " Mechanical Properties
of Polymers and Composites, Volume 1" by L.E. Nielsen (Marcel Dekker,
1974), both incorporated herein by reference.

The mechanism of operation and procedures for using the DMA 7
are found in Perkin-Elmer Users’. Manuals 0993-8677 and 0993-8679,
both dated May, 1991, and both herein incorporated by reference. To
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backsheet . .absor.bent c?‘ria nay e manur acture swep
contmuously with helium gas Stress is applied to the film in the

length direction to achieve a deformation or strain of 0.1 percent
of the original length. A dynamic sinuscidal strain is applied to
the specimen at a frequency of S cycles per second. In the
temperature scan mode, the temperature is increased at a rate of
3.0°C/minute from 25°C to the point where the specimen melts or
breaks, while the frequency and stress are held constant.
Temperature-dependent behavior is characterized by monitoring changes
in strain and the phase difference in time between stress and strain.
Storage modulus values in Pascals (1 Pascal= 10 dynes/sq. cm.) are
calculated by the computer along with other data and displayed as
functions of temperature on a video display terminal. Normally the
data are saved on computer disk and a hard copy of the
modulus/temperature spectrum printed for further review. The 60°C
modulus is determined directly from the spectrum.

METHOD OF FILM MANUFACTURE

The multilayer films of the present invention used as
biodegradable backsheets may be processed using conventional
procedures for producing multilayer films on conventional coextruded
film-making equipment. Where layers comprising blends are required,’
pellets of the above described components can be first dry blended
and then melt mixed in the extruder feeding that 1layer.
Alternatively, _if insufficient mixing occurs in the extruder, the
pellets can be first dry blended and then melt mixed in a

precompounding extruder followed by repelletization prior to film
extrusion.
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asymetrijc etc.) and ﬂ n1a w de varlety of materials. The total

absor bentj baé é LY absorbent core should, however, be
conpatiblle W th the deS|gn d liquid |oading for the intended use of the
absorbent| arti cl' e 6r dTape Further, the size and absorbent capacity of
t he absoribent.. -core nmay var' to accon&gdate wearers ranging frominfants

t hrough adults. A preferred embodi ment of the diaper has a hour-gl ass
shaped absorbent core. The absorbent core is preferably an absorbent nenber
conprising a web or batt of airfelt, wod pulp fibers, and a
particul ate abdar lgemerapol pomecs coampami tiedb droqessed tdter efiitms usingQt her

exanpl es Ofg i ffsOr BRRL o' WhokfS £ Rff b Arlgid® ddtfiold CBEH of which are
described in "Plastics Extrusion Technology" -- 2nd Ed., by Allan A.
Griff (Van Nostrand Reinhold -- 1976), herein incorporated by
reference. Cast film s extruded through a TVYinear slot die.
Generally the flat web is cooled on a large moving polished metal
roll. It quickly cools, and peels off this first roll, passes over
one or more auxiliary cooling rolls, then through a set of
rubber-coated pull or "haul-off" rolls, and finally to a winder. A
method of making a cast bicksheet film for the absorbent products of
. the current invention is described in Example 1 which follows.

In blown film extrusion the melt is extruded upward through a

thin annular die opening. This process
tubular film extrusion.

is also referred to as
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 bair 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.

Both cast film and blown film processes can be used to produce
either monolayer or multilayer film structufes. For the production of
monolayer films from a single thermoplastic material or blend of
thermoplastic components only a single extruder and single manifold
die are required.

For the production of multilayer films of the present invention,
coextrusion processes are employed. Such processes require more than
one extruder and either a coextrusion feedblock or multi-manifold die
system or combination of the two to achieve the multilayer film
structure. .

‘U.S. Patents 4,152,387, and 4,197,069, both herein incorporated
by reference, disclose the feedblock principle of coextrusion.
Multiple extruders are connected to the feedblock which employs
moveable flow dividers to proportionally change the geometry of each
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layer thickness distribution in the multilayer film.

An alternative to feedblock coextrusion is a multi-manifold or
vane die as disclosed in aforementioned U.S. Patents 4,152,387
4,197,069, and in U.S. Patent 4,533,308, herein incorporated by
reference. Whereas in the feedblock system melt streams are brought
together outside and prior to entering the die body, in a
multi-manifold or vane die each melt stream has its own manifold in
the die where the polymers spread independently in their respective
manifolds. The melt streams are married near the die exit with each
melt stream at full die width. Moveable vanes provide adjustability
of the exit of each flow channel in direct proportion to the volume
of material flowing through it, allowing the melts to flow together
at the same linear flow rate, pressure; and desired width.

Since the melt flow properties and melt temperatures of
biodegradable polymers vary widely, use of a vane die has,sever£1
advantages. The die lends itself toward thermal isolation
characteristics wherein polymers of greatly differing melt
temperatures, for example up to 175°F (80°C), can be processed
together. In this way a starch-based composition like Mater-Bi, with
a maximum processing temperature of about 300°F (149°C), can be
coextruded with a2 much higher temperature material 1like a cellulose
ester with a processing temperature of 380°F (193°C).

Each manifold in a vane die can be designed and tailored to a
specific polymer. Thus the flow of each polymer is influenced only
by the design of its manifold, and not forces imposed by other
polymers. This allows materials with greatly differing melt
viscosities to be coextruded into multilayer films. In addition, the
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A polymer film paterial present ijn solid waste submtted to a conposting
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by water insoluble materials leaving no exposed edges susceptible to

water. The aforementioned patents also disclose the combined use of

feedblock systems and vane dies to achieve more complex multilayer
structures.

i
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The multilayer films of the present invention may comprise two
or more layers. In general, balanced or symmetrical three-layer and
five-layer films are preferred. Balanced three-layer multilayer
films comprise a center core layer and two identical outer layers,
wherein said center core layer is positioned between said two outer
layers. Balanced five-layer multilayer films comprise a center core
layer, two identical tie layers, and two identical outer layers,
wherein said center core layer is positioned between said two tie

layers, and a tie layer is positioned between said center core layer

and each outer layer. Balanced films, though not essential to the

films of the present invention, are less prone to curling or warping
than unbalanced multilayer films.

In three layer films, the center core layer may comprise 30 to
80 percent of the films’ total thickness and each outer layer
comprises 10 to 35 percent of the films’ total thickness. Tie

layers, when employed. each comprise from about 5 percent to about 10
percent of the films’ total thickness.

ABSORBENT ARTICLES

Film materials used as liquid 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 can be included. 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
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polyester or polypropylene fibers) or from a combination of natural
and synthetic fibers. Preferably, the topsheet is made of a

hydrophobic material to isolate the wearer’s skin from liquids in the
absorbent core.

A particularly preferred topsheet comprises staple-length

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.

There are a number of manufacturing techniques which may be used
to manufacture the topsheet. For example, the topsheet may be woven,
non-woven, spunbonded, carded, or the like. A preferred topsheet is
.carded and thermally bonded by means well known to those skilled in

. the fabrics art. Preferably, the topsheet has a weight from about 18
to about 25 g/mz. a2 minimum dried tensile strength of at least about
400 g/cm. 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 joined together in any
suitable manner. As used herein, the term “joined" encompasses
configurations whereby the topsheet is directly joined to the
backsheet by affixing the topsheet directly to the backsheet, and
configurations whereby the topsheet 1is indirectly joined to the
backsheet by affixing the topsheet to intermediate members which 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
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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 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 by reference. These tape

tab fasteners or other diaper fastening means are typically applied
near the corpers of the diaper.

Preferred diapers have elastic members disposed adjacert the
periphery of the diaper, preferably along each longitudinal edge 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 contractible condition so that in a normally unrestrained

configuration the elastic members effectively contract or gather the
diaper. The elastic members can be secured in an 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 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 comprise a
single strand of elastic material or the elastic members may be
rectangular or curvilinear. Stil1l further, the elastic members may be
affixed to the diaper 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 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
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mai nt ai ned af‘“giB%f)‘tJPP]‘&?g'&ﬁe{’bn°89 ea(raﬂu’sature varies across its width from
about 160[err]C A preferred embodiment of the diaper has a hour-glass shaped

absorbent core. The absqrbent core is preferably an absorbent member
comprising a web or batt of airfelt, wood pulp fibers,
particulate absorbent polymeric composition disposed therein.

Other examples of absorbent articles according to the present

invention are sanitary napkins designed to receive and contain
vaginal discharges such as menses.

and a

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 invention 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 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 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 biodegradable multilayer films 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
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1S properige@es 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 compost is

used in the soil the material will ultimately biodegrade in the soil
A polymer film material present in solid waste submitted to a
composting facility for processing does not necessarily end up in the
final compost. Certain composting facilities subject the solid waste
stream to air classification prior to further proceﬁsing, 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 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 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 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 invention will have
lost enough of their integrity during the composting process to allow
semidegraded shreds to pass through the screens. However, it 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

like polyethylene would meet
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 1like polyethylene is requirement (3) that they
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properties fall Wi t hin the aforenentioned specifications for

backsheet s o
44 \What is (ﬁ

“ﬁzo{bit articles.
&'% ‘°ﬂegradeA‘B| $begrtidanl Ehisi hirdegnagationoshoutd! bel ayer

fil mconpri Siomptete to CO2 and water.

This biodegradability requirement is not
essential to the composting process or the use of composting soil.

Solid waste and the compost resulting therefrom may contain all kinds
of nonbiodegradable materials, for example, sand.
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 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 biodegradation takes several months or even years, since

this requirement is present only to avoid an accumulation of man-made
materials in the soil.

However, to avoid

The following example illustrates the practice of the present
invention but is not intended to be limiting thereof.

EXAMPLE 1: MULTILAYER FILMS

MOISTURE SENSITIVE CORE WITH THERMALLY SENSITIVE SKINS

~ A three layer film comprising a core layer of Vinex 2034
thermoplastic polyviny1 alcohol and two skin layers of Tone 787
polycaprolactone is prepared on a cast film coextrusion line equipped
with a 6.35 cm. diameter NRM single screw extruder feeding the Vinex

layer, and two 30 mm. diameter single screw satellite extruders
(Zahnradwerk Kollman) feeding the two Tone 787 skin layers. Al
screws are standard polyolefin types. The three extruders are
connected to a 60.96 cm. wide Cloeren 3 layer vane die. Cooling,

slitting, and winding of the film is accommplished with a Johnson
take-off system.

The temperature of the NRM extruder varies from about 177°C at
the feed zone to about 210°C at the discharge eqd near the die. The
adapter connecting the die to the extruder is maintained at 210°C.
The temperature profiles of the two satellite extruders range from
138°C at the feed zones to about 160°C at their discharge ends. Both
adapters connecting the satellites to the die are maintained at
160°C. The die temperature varies across its width from about 160°C
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percent of the total film thickness while the thicknesses
of the two skin layers each comprise about 15 to about 20 percent of
the total film thickness. The resulting film is transiucent and
displays excellent toughness and mechanical strength.
are outlined below.
a) a machine direction (MD) tensile modulus of 1.29x109 dynes/sq.
cm. (18, 700 psi); :
b) 2 MD tear strength of 74 grams per 25.4 microns of thickness;
c) across direction tear strength of 71 grams per 25.4 microns of
thickness;
d) an impact strength of 107 cm.;

e} a moisture transport rate of 0.00099 grams per sq. cm. per 16
hours; and

-

Its properties

f) & modulus at 60°C of 7.52x108 dynes/sq. cm. (10,900 psi).

As can be seen, the film properties fall within the
aforementioned specifications for backsheets of absorbent articles.
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dynes/sqg. cm Q)SOOM%M?PS'Q‘“‘J'W) and a thickness fromabout 12 mcrons to
about 75 1M CrogS. a machine direction (MD) tensile modulus from 6.895x10° dynes/sq.cm. to
6.895x109 dynes/sq. cm.; '
d)  a MD tear strength of at least 70 grams per 25.4 microns of thickness;
e) a cross machine direction (CD) tear strength of at least 70 grams per 25.4 microns
of thickness; )
f) an impact strength of at least 12 centimeters as measured by falling ball drop;
g) a moisture transport ratc less than 0.0012 grams per square centimeter per 16 hours;
h) a modulus at 60°C of at least 5.52x l'07 dynes/sq. cm.; and
i) a thickness from 12 microns to 75 microns.

2. The multilayer film of Claim |, wherein the multilayer film comprises two or more
polymers selected from the group consisting of:

(a) moisture sensitive polymers, preferably interpenetrated networks or mixtures of
destructurized starch, thermoplastic polyvinyl alcohol compositions, hydroxypropyl
cellulose, or mixtures thereof;,

(b) thermally sensitive polymers, preferably polycaprolactone, othcr aliphatic polyesters
having melting points below 65°C or Vicat softening points of 45°C or less, or
mixtures thereof:

(¢) mechanically limited polymers, preferably cellulose esters, cellulose ester blends with
polycaprolactone, cellulose ester blends with polyhydroxybutyrate/valerate
copolymers, or mixtures thereof.

(d) polymers difficult to process into films, preferably polyhydroxybutyrate,
polyhydroxybutyrate/valerate copolymers, or mixtures thereof,

(¢) hydrolytically cleavable aromatic/aliphatic polyester copolymers, prcfcmbly
copolymers of polyethylenc terephthalate or polybutylene terephthalate wherein the
aliphatic fraction of said copolymers is derived from the group consisting of oxalates,

malonates, succinates, glutarates, adipates, pimelates, suberates, azelates, sebacates,
nonanedioates. or muxtures thereof.

() oxidized ecthylenc/carbon monoxide copolymers, preferably derived from

ethylene/carbon monoxide copolymers containing 0.5 to 20 weight percent carbon
monoxide;

() high melting aliphatic polyesters. preferably aliphatic polyesters having melting
temperatures or glass transition temperatures above 65°C; and
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2. The mul ti Ih BEAETY uﬂi‘gf»HEér{nl wherein said poly(a kanoat e
UG e LARLIAG 5 pol y( ahiphge Ry 9xYp alkanoat )

i group consi sting
pol yhydr oxy utyrﬁg{eMAR)qggyhy r pxybut yrat e/ val erat e cop% H%!HJ ﬂﬂjﬂw xtures
t her eof . . |The ‘'mul'tilayed filmof claim1 wherein

et hyl ene/ carlbon- —feroxtde-copolyner is derived from ethyl ene/ carbon nonoxi de

copol yners containing 0.5 to 20 wei ght L450ercent carbon nonoxi de. 4. The
mul tilayer filmof claim 1 wherein the mul tilayer filmadditionally

conprises a thi mer film./lay 0|ned 0 S dsecodlayer S hthat
Che il tr1 ayer B 1| RRUSTH PieRp dbveberuiiaehlor Miock; Faomycly M
| ayer positioned beblyesenutethencsut er | ayers forrred by said first and th| rd

| ayers, said third poI yrrer fiImIayer conprising a thernopl astic pol yner

capable of form ng a fil a nelt process, said thernoplastic polymner
bei ng sel ected Thedmltlpyer Sl“b&'bc'étﬂhé wherrin ghegpultilayer Silm additiopallycoawprises a el yrer s

sel ected from tﬂiw,ms;f ﬂu:p layexidined tmzdoa‘ccdnau@érpﬁaenﬁaﬂ\ednmwwﬁlﬁswhfpnsu a
destructurized st hgg‘)%

I astic
pol yvi nyl al cohGlec NpoSi t'l ons§y %Ld Qe%é la%'% éj{{d‘%" Ibé{v%ég %ﬂa '?ur es
t hereof; (b) thbrmfiry ané thisd laypts. ﬁi&vwr@fcéyﬁéw%&bm@mpﬂm ¥rto &R percent

consi sting of p@ﬂm&ﬁhﬁlﬁﬁkf&q{lﬂﬁ@oml%xh&&ss&hd &b@bﬁﬁxmke{m&@ férably ShphBihd | NY
poi nts bel ow ab

i N e e TR

Shol ymers sel ected from t he
group consisting of cellulose esters, cellulose ester blends with

pol ycapr ol agt ongye GialdidgbOffn 66 Chim DY ﬂ'ﬁgﬁn \4id Renter core layer is a moisture sensitive
polymer and each of said outer layers is selected from the group consisting of thermally
sensitive  polymers, mechanically limited polymers, hydrolytically cleavable
aromatic/aliphatic polyester copolymers, oxidized ethylene/carbon monoxide copolymers,
high melting aliphatic polyesters, elastomers, and mixtures thereof.

S

The multilayer film of Claim 3 wherein said center core layer is a thermally sensitive
polymer and each of said outer layers is sclected from the group consisting of mechanically
limited polymers, hydrolytically cleavable aromatic/aliphatic polyesters, oxidized

cthylene/carbon monoxide copolymers, high melting aliphatic polyesters, and mixtures
thereof.

The multilayer film of Claim 3 wherein said center core layer is a polymer difficult to
process into films and each of said outer layers is selected from the group consisting of
thermally sensitive polymers, mechanically limited polymers, hydrolytically cleavable
aromatic/aliphdtié polyester copolymers, oxidized ethylene carbon/monoxide copolymers,
high melting aliphatic polycstcfs. and mixtures thereof.

The multilayer film of Claim 3 wherein said center core layer is an clastomer and each of
said outer layers is sclected from the group consisting of thermally sensitive polymers,
mechanically limited polymers. hydrolytically cleavable aromatic/aliphatic polyester
copolymers, oxidized ethylenc/carbon monoxide copolymers, high melting aliphatic
polyesters, and mixtures thereof.

8. The multilayer film of Claim 3 wherein said multilayer film additionally comprises at least

one tie layer, preferably polycaprolactone, positioned between said center core layer and at
least one of said outer layers.
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pol yhydr oxybyf it e bHINE SHERFIpol yners, and mi xtures t e 8@btHal Ben Replaced

pol y(al pha- hyd 'ox% al kanoates); (e) hydrolytically cleav
aromatic/ali phat i<4MAR grizer fchpol ymers selected fromt hamgﬂuwg MH’I ng
of copol yner f %rf er epht hal at e and pol ybut yl ate,
wherein the pliphatt raction of said céfpol ynmer is derived fromthe

46 group consisting of oxal atgs, malonates, succinates, glutarates,

afll pa]t es, pi rreldat es, su , azel ates, sebacates, nonanedi oates,

gl ycol ates, an ' fg Freld hvi AR oY R oxi de
copol yners; (9) gﬁlﬁp?% I C po I?%’slt’le(éismﬁgylﬁl%ﬁge tglsng terrperat&?ggmgr gl ass
transition tenperatures above 65[ erCOQMPOSHIONS) ther nopl asti c,

bi odegradabl e el astoners sel ected fromthe group consisting of

pol ycapr ol act one/ di ene bl ock copol yners and al i phatic pol yester urethanes.:

5. The multilayer filmof claim4 wheiggpra@® center core |ayer conprises
30 to about

Biodegradable, liquid impervious multilayer film compositions are disclosed. In
particular, the films comprise composite structures derived from multilayer
combinations of biodegradable polymers. The biodegradable polymers are selected
from the categories of moisture sensitive polymers, thermally sensitive polymers,
mechanically limited polymers, polymers not easily processed into films,
hydrolytically cleavable polymers, and degradable elastomers. Optionally, the
multilayer films may further comprise additional adhesive tie layers. The
biodegradable polymers are combined in various ways to overcome the deficiencies
of the individual components, yet at the same time to impart specific performance
properties to the film. The multilayer film compositions are suitable for use as
backsheets in disposable absorbent products including diapers, adult incontinent

pads, sanitary napkins, pantiliners and the like.
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80 percent of the total thickness of the nmultil ayer fl""!m'and each ef“sal di
outer o 35 percent of the total thi ckness of the:
mul til ayﬁjlmlﬁmﬁ“ﬁmmm nultilayer filmof clai rTJ{S wherei n“sai-dtcent er.'
core layer is séleltedl fromsaid noisture sen3|t|\5e pol yher siand .each..of.
said outer layers is selected fromthe g‘?‘bup corisi sting of said thermally -

sensitive pojyBES ‘ﬁ ﬁ nmechanically limted pQI yrrers sai d hydrolytically
cl eavabl e aromati c’aa I'phatic polyester copolyners, said oxidized g

et hyl ene/ car bon nBnssdegeadablediquitbimpersiatdmaltilpfenfilm coplpyisiager s havi-ng - .-
melting tenperatures or_glass transition tenperatures above 65 err] C ,
sai d t her mopt Hist pelymst é@@dﬁ}éﬁda@fi@ secand pelymer fifdayar deinedto said fagrlayer; 7,

The mul til aygry ”éc?lb'mephlrﬁll éﬁéoeﬁfpﬁélﬁé glgﬁoégﬁc‘%&gjgolﬁ{?& agé‘t%ﬁ@rof' f%rrﬁﬁ'll efted

fromsaid ther y sensi t ve po sal I ayer S

sel ected fr diint hye agmelipprocss,i sid ﬂgmbplaaiqumﬂpmlaarbemgldeLeciednﬁrcbmdhacgrwpar S,
sai d hydrol yticall | eavabl e aromatic/aliphatic polyesters, said oxidized
et hyl ene/ car98#s ?R%‘bf?(l de copol yners, said aliphatic polyesters having
melting tenperatures or glass transition tenperatures above 65 err] C, and
m xtures thereof. 8. The nultilayer filmof claim5 wherein said center
core |ayer i) a pmcyé(taﬂepmithydm:lxlyleal kelensert dYonartbie darsh gofups apubissingeof

ayers s sel eelod LTS SLoe. ConsL st Ao 0T Sald SPELIBLLK SP IR ve
thermoplastic polyvinyl alcohol composmons, hydroxypropyl cellulose, and mixtures
thereof;
(b) thermally sensitive polymers selected from the group consisting of
polycaprolactone, other aliphatic polyesters having melting points below about 65° C.
or Vicat softening points of 45° C. or less, and mixtures thereof;
(c) mechanically limited polymers selected from the group consisting of
cellulose esters, cellulose ester blends with polycaprolactone, cellulose ester blends
with polyhydroxybutyrate/valerate copolymers, and mixtures thereof;
(d) poly(alpha-hydroxy alkanoates);
(e) hydrolytically cleavable aromatic/aliphatic polyester copolymers selected
from the group consisting of copolymers of polyethylene terephthalate and
polybutylen terephthalate, wherein the aliphatic fraction of said copolymer is derived
from the group consisting of oxalates, malonates, succinates, glutarates, adipates,

pimelates, suberates, azelates, sebacates, nonanedioates, glycolates, and mixtures

thereof;
® oxidized ethylene/carbon monoxide copolymers;
(g) aliphatic polyesters having melting temperatures or glass transition

temperatures above 65° C.; and

(h) thermoplastic, biodegradable elastomers selected from the group consisting of
polycaprolactone/diene block copolymers and aliphatic polyester urethanes;
said first and second polymer film layers comprising different polymers; said
multilayer film having: a machine direction (MD) tensile modulus from about
6.895x10° dynes/sq. cm. to 6.895%x10° dynes/sq. cm. (10,000 to about 100,000

Ibs./sq. in.); a MD tear strength of at least 70 grams per 25.4 microns of thickness; a
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sai.d hydrolytically cl eavable aromatic/aliphatic polyester copolyners, said

ﬁ)e(li/?héﬁﬂ'ﬂ'ﬂ””ﬂ'ﬂlllflgwﬂ[/ nonoxi de copol yners, said ali phi't?i (r:nelo'?: %Sst ers

t enper at'ur és or g ansition tenperatures above [err]C, and m xtures
t her eof . 9. The nmultilayer filmof cl &°m 5 wherein said center core | ayer

is sel ected dsQmaaimd aire%ﬁapgtﬁﬂéa?str&igm%aﬁa@ﬁ) hastRress ARdofach of
said outer layers is selected fromthe group consisting of said thermally

sensi tive pdhighmass;, ansmphcheicéngth ofikt leasti 1A candinetdry e mecaswead dyhfalingl balli cal | y

cl eavabl e arpomatic/ali phatic ,pol yest.er copo rs, said oxidized
bl ! cardBiR & aiirh DAt Rote 8 e ARC0 PR, dreres Bt et e Cinatr hey
mel ting temerur; e8 nydulllsas $0t CAREiat 165 3.87PR) alynkesy. 2RO\C0P Msd lin§; . and

m xtures thereof. _ )
and a thickness from about 12 microns to about 75 microns.

2.The multilayer film of claim 1 wherein said poly(alpha-hydroxy alkanoate) is
selected from the group consisting of polyhydroxybutyrate,

polyhydroxybutyrate/valerate copolymers, and mixtures thereof.

3. The multilayer film of claim 1 wherein said oxidized ethylene/carbon monoxide
copolymer is derived from ethylene/carbon monoxide copolymers containing 0.5 to

20 weight percent carbon monoxide.

4. The multilayer film of claim 1 wherein the multilayer film additionally comprises
a third polymer film layer joined to said second layer such that the multilayer film
comprises a center core layer formed by said second layer positioned between two
outer layers formed by said first and third layers, said third polymer film layer
comprising a thermoplastic polymer capable of forming a film by a melt process, said
thermoplastic polymer being selected from the group consisting of

(a) moisture sensitive polymers selected from the group consisting of interpenetrated
networks of destructurized starch, mixtures of destructurized starch, thermoplastic
polyvinyl alcohol compositions, hydroxypropy! cellulose, and mixtures thereof;

(b) thermally sensitive polymers selected from the group -consisting of
polycaprolactone, other aliphatic polyesters having melting points below about 65° C.
or Vicar softening points of 45° C. or less, and mixtures thereof;

(c) mechanically limited polymers selected from the group consisting of cellulose
esters, cellulose ester blends with polycaprolactone, cellulose ester blends with
polyhydroxybutyrate/valerate copolymers, and mixtures thereof;

(d) poly(alpha-hydroxy alkanoates);

(e) hydrolytically cleavable aromatic/aliphatic polyester copolymers selected from the
group consisting of copolymers of polyethylene terephthalate and polybutylene

terephthalate, wherein the aliphatic fraction of said copolymer is derived from the
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10. The of claim4 additionally conprising a biodegradable
t| e res“m m Wmﬂ) || mﬂed bet ween said center core |ayer and at |east one
said outér tayers. - . The multilayer filmof claim10 wherein said

t| e resin layer is pol ycaprol act one. 16
group consisting of oxalates, malonates, succinates, glutarates, adipates, pimelates,
suberates, azelates, sebacates, nonanedioates, glycolates, and mixtures thereof;,
(f) oxidized ethylene/carbon monoxide copolymers;
(g) aliphatic polyesters having melting temperatures or glass transition temperatures
above 65° C.; and
(h) thermoplastic, biodegradable elastomers selected from the group consisting of

polycaprolactone/diene block copolymers and aliphatic polyester urethanes.

5. The multilayer film of claim 4 wherein said center core layer comprises 30 to about
80 percent of the total thickness of the multilayer film and each of said outer layers

comprise 10 to 35 percent of the total thickness of the multilayer film.

6. The multilayer film of claim 5 wherein said center core layer is selected from said
moisture sensitive polymers and each of said outer layers is selected from the group
consisting of said thermally sensitive polymers, said mechanically limited polymers,
said hydrolytically cleavable aromatic/aliphatic polyester copolymers, said oxidized
ethylene/carbon monoxide copolymers, said aliphatic polyesters having melting
temperatures or glass transition temperatures above 65° C., said thermoplastic,

biodegradable elastomers, and mixtures thereof.

7. The multilayer film of claim 5 wherein said center core layer is selected from said
thermally sensitive polymers and each of said outer layers is selected from the group
consisting of said mechanically limited polymers, said hydrolytically cleavable
aromatic/aliphatic polyesters, said oxidized ethylene/carbon monoxide copolymers,
said aliphatic polyesters having melting temperatures or glass transition temperatures

above 65° C., and mixtures thereof.

8. The multilayer film of claim 5 wherein said center core layer is a poly(alpha-
hydroxy alkanoate) and each of said outer layers is selected from the group
consisting of said thermally sensitive polymers, said mechanically limited polymers,
said hydrolytically cleavable aromatic/aliphatic polyester copolymers, said oxidized

ethylene carbon/monoxide copolymers, said aliphatic polyesters having

This is the replacement sheet
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melting temperatures or glass transition temperatures above /65 ‘¢, and

mixtures thereof.

9. The multilayer film of claim 5 wherein said center core layer is selected from said
thermoplastic, biodegradable elastomers and each of said outer layers is selected from
the group consisting of said thermally sensitive polymers, said mechanically limited
polymers, said hydrolyrically cleavable aromatic/aliphatic polyester copolymers, said
oxidized ethylene/carbon monoxide copolymers, said aliphatic polyesters having
melting temperatures or glass transition temperatures above 65° C., and

mixtures thereof.

10. The multilayer film of claim 4 additionally comprising a biodegradable tie resin

layer positioned between said center core layer and at least one of said outer layers.

11. The multilayer film of claim 10 wherein said tie resin layer is polycaprolactone.
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BIODEGRADABLE, LIQUID IMPERVIOUS MULTILAYER FILM
COMPOSITIONS

ABSTRACT

Biodegradable, liquid impervious multilayer film compositions are disclosed. In
particular, the films comprise composite structures derived from multilayer
combinations of biodegradable polymers. The biodegradable polymers are selected
from the categories of moisture sensitive polymers, thermally sensitive polymers,
mechanically limited polymers, polymers not easily processed into films,
hydrolytically cleavable polymers, and degradable elastomers. Optionally, the
multilayer films may further comprise additional adhesive tie layers. The
biodegradable polymers are combined in various ways to overcome the deficiencies
of the individual components, yet at the same time to impart specific performance
properties to the film. The multilayer film compositions are suitable for use as
backsheets in disposable absorbent products including diapers, adult incontinent

pads, sanitary napkins, pantiliners and the like.
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