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TECRRICALFIELD
The present -invention relates to liquid impervious films
10 comprising blends of biodegradable thermoplastic polymers. The films
' are especially suitable for use as backsheets in articles such as
diapers, sanitary napkins, pantiliners, and the 1like, which are
adapted for absorbing various bodi1y fluids. The films herein may
~ also be used in a sealable packaging film, plastic garbage bags, etc.
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BACKGROUND OF THE INVENTION

R 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
20 comprise some sort of fluid-permeable topsheet ma;eriai, an absorbent
core, and a fluid-impermeable backsheet material. Heretofore, such
absorbent structures have been prepared using, for example, topsheet
'materials prepared from woven, nonwoven, or porous formed-film
polyethylene or polypropylene materials. Backsheet materials
25 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
absorbent artic1e§. that has recently been considered is their
disposability. A1though such products largely comprise materials
30 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.
35 ‘A conventional disposable absorbent product’ is already to a
large extent compostable. A typical disposable diaper, for example,
consists of about B0% of compostable materials, e.g., wood pulp
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adapted for absorbing various bodily fluids. The films herein may al so be
used in*a seal abl e ‘packaging film plastic garbage bags, etc. -
BAGKGROUND CHO-P90] ENT?C]\Ig A wide variety of absorbent BEH/USPYES618
designed to be efficient for the absorption of body fluids such as bl ood,
urine, menses, and the like, are known. D §posab| e products of this
type generally conprise sone-sort of fluid-perneable topsheet material, an
absorbent core, and a fl uid-inperneabl e backsheet material. Heretofore,
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materials prepared from woven, nonwoven, or ‘ﬁaﬁ )
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been considered isteda’'s dabspokeabi | anticlesAl tcanugsuccessfiul 1ypr beucpeodessege! in
conprise material gomfbreiaivestpdsPihgeppmesed ultimately to degrade, and

al t hough products of this e con{yibuteg only a,very snall percentage of
the total solid waste HﬁY"é‘%&\eésge%é?r&e b% @S?&ug@)r/sr@éﬂéiﬂ%/eﬁhe, amount  of
neverthel ess, ther @on<ompostable gaterpelsc dn Hidposablie tabsckbent arsticTesdi STeealk e
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di sposabl eygbsor bent . is_alrea . _ ,
articles with liquid impervious films of compostable material,

because the backsheet is typically one of the largest non-compostable .
components of a conventional disposable absorbent article.

In addition to being compostable, 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 a compostable substrate such as another film,
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.

Once the absorbent article is disposed of and enters a
composting process, other properties become important. Regardless of
whether incoming waste is preshredded or not, it it important- that
the film or large film fragments undergo an initial breakiup to much
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| arge extent conpostable. A typical disposable diaper, for exanple,

consi st of about 80% of conpostable materials, e.g., wood pul

fiBers, and WRS4QME3 | n the conposting process Soi led di spoggylés”’o“'s'
absorbent articles are shredded and commingled with organic waste prior to
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 i n comrercial conposting

pl aptss. Nevertheh&Ssr gateides! Sdurdng"eBtk fiRlitiahedyed

of non-conpost abl e erra f I n fspo%ag?e absor\ben‘ta artlﬁlcg:a %Fh coﬁﬁ?&%g

0therw1se, 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 fragments.

10 Many biodegradable polymers exist which are sensitive to

mechanical action or elevated temperaturés, or moisture. Many would

individually meet the requirements for combosting. 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 wiys which

overcome their individual deficiencies but do not compromise the
beneficial properties associated with the individual biodegradable
polymers.

It is, therefore, an object of the present invention to provide
1iqhid 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 Qynes/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,

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,

15
'-z-o
25
30

35

SUBSTITUTE SHEET This Sheet Has Been Replac

[ I




a particular need to replace polyethyl ene backsheets in absorbent articles

with | i*qui dWwoBEbY; llfﬁgus films of conpostable naterial, becauseciigsdiagsssdeet
i s¢typically one of the |argest non-conpostable corrponents of a

conventi onal disposable absorbent article. 4 In addition to being

conpostable, the filnms enpl oyed as ‘backsheets for absorbent articles nust
~satisfy many other performance requirements. For exanple, the resins should
be thernopl astic such that conventional film processing, nethods can be
enpl oyed. These fdt haddodwlatsuat 68%¢ of | at alrnshl év\h?xﬂ& ndxnes/s&i cam. of(800
sirfigl e |l ayer structuregps rad ,ncystandor blown film coextrusion of

mul til ayer structur S. ncl.ude extrusion,c atln of one
materi al on one or 9ot # 5ggesaf}r é??ﬂés{%ﬂl"émgabté‘t pbAug gg Sanot her
film a non-woven fabric, or a paper web. Still ot her properties

are essendial in product converting 9 ﬁéu!%nﬁk;mere the filnms are used

to fabricate absorbent articles. Proper tensile strength,
tensile nodulus, tear PesEadgble maleh fh@snﬁPmﬁdF!'&lFFﬁcbmWYWB ohel .t and,

| ar gﬁ ex]E ent how: we;hycearoi | v m&dloﬁwlmnucshm\manmg Qasmaes issued Itg gdey fah@n
meet the end user PBAEITORE FofsThie b d8FTaaBIIEY e e Bifan 37 cmridlage
such as inpact strdygapplipatioe wfea son-dagradabimavatert sesisdant xoatingsbasedaoe
Lgﬁ?;f ﬁpén?”\r;\ﬁle thei xtidreh | PG ol 118608 PRy Aat b Prepdl yhrs2Rith b1 y2{¢iny1 -
idene 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
15 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. Poly-
.ethylene is specified as an optional component in the films.
Applicétions such as garbage bags'and various types of packaging are

also contemplated in U.S. Patent 4,337,181.

Interrational 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 dsed_in
place of the ethylene/acrylic acid copolymer. Procedures for
extruding sheets and films are also disclosed.

European Patent Application 89810373.4 disc]oses polymer
compositions obtained from a melt comprising at least one.
water-containing destructurized hydrophilic polymer and at least one
synthétic essentially water-insoluble thermoplastic polymer. The
materials are said to be shdpable under conditions of controlled
water content and pressure into bottles, sheets, films, packaging
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bei ng worn. " Once the absorbent article is di sposed of and

“enters * a OStI ng process, ot her propert i es becone i npor 9
Regar dl ess \an;:) i ncom ng waste is preshredded or not, éF;US 3/05618

| nportant that the fllmor | ar ge fllmfragrrfnts undergo an initial breakup

to nuch X 3 smaller particles
dur-i hg the initial -stages of conposting. Oherwi se, the filnms or
| arge fragments may be screened out of the conpost streamand may never

becone part of theflnl C t the S f
corfposting, for exanpl e whqme‘('?'?L Bé%gsdosgﬁur%ugd t8 Llag & aJ]t héﬁ?ﬁ%ﬁﬁi éo’ 1992

exposed to mechani 8h$clgses orthermoplastic polymer compos1tlons comprising a (1)
destructurized starch component, (2) a second componenf 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. '

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 nonwoven 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 sanifa’ry articles comprising biodegradable film and
fiber compone'nts 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
6ther 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  poly-
urethane from which b1odegradab]e 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

" same nature as the polyurethane resin. For example, the substance
could contain a polycaprolactone-based po]yurethane, starch, PVC,
and poncapro'lactone '

International Patent application WO 91/13207 discloses biode-
gradable 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 partic'les of a
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el evated tenperatures, and noisture, in addition to mcroorgani sns. Any one

or two *or aWﬁ)eSWW .of these el enents can be used to pronot er&pﬁbgﬁwgkﬁ!

breakup of or large filmfragments to:-nmuch smaller tragments.

Many °bi odegradable polynmers exist which gare sensitive to mechanical
action or elevated tenperatures, or noisture. Many woul d individually neet

the requirenents for conposting. However, few if any, can neet al
processi ng, converting, end user, and disposal requirenments of filns

sui tabl e for backshgabgrffabPOsSpipmdt dkchi QE}?ionﬁ?dF&%utﬁue &hregoagmdgox'y-

requi renments sinultaneousl In"a sjngle 'l m “various biodeg
pol ynmers nust be Mm\&{?@#%%%\ﬂiy@ Fovercome their individual

defici encies but do noEuropeps omPstenthe Apphéddtdoml [EPo#S03] es dasQ0eeat Edon-
with the individua),hj ab | yREr s l tyd her gt or a
A ntnBs5aL e Lfegagr VP! Sce]lulose, Thidhard LT Srelbased

obj ect of g he present Tnvention e & ervi ous
conprising bi odegPBdubtihangs| prapased by mbxingayiscossr witk the apelyupethane,
articles such as dj&iNgAGLRRe dnDAGFS, at CatloddeR0ed Swithndnt Reidiick@oagilah€ @nd

Par 1 oular 001t Sy Ho8° by, | BEETIR oo SR RUHI RUEEN bt et BN
machi ne direction deyiny thenfilm Theddii lns aresaiddot bel@sef] ap packagingblidms,
g?n% 000 1bs/sq. i n. pdfrsB9uEkdOGuMFFImEY- diaPbr (cOvérs8Omd P 15ke.  dYynes/sq.

’ 10 U.S. Patent Application 5,037,410 discloses diaper backsheets
composed of 20-80% by weight unvulcanized C4-C6 diene elastomer, for
example natural rubber,i 5-20% modifier such as starch, 1-40%
inorganic fillers, 0-40% styrene-based resin, plus waxes, and other
ingredienfs;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 mulch films.
The materials are prepared by impregnating a cellulose fiber or paper
web with a carboxylated Jatex 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 film-forming
material having a biodegradable material homogeneously dispersed
throughout its structure. Water-insoluble polyvinyl alcohol 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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SUMMARY OF THE INVENTION .
The present invention encompasses flexible biodegradable films
comprising composite structures derived from blends of biodegradable
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b) a MDtear strength of at |east 70 grams per 25.4 microns of

th[ckness, C) ~a Cross npchlne direction (CD) tear strengt?cgéﬁghg#ﬁﬂﬁt

70*% grwos94Mi6»5. 4 microns of thickness, d) an i npac

at least 12 cmas neasured by falling bal | drop, e) a noi sture
transport rate less than about 0.0012 drans per square
centineter per 16 hours, - 4 f) a

nodulus at 60[err]C of at Ileast 5.52x107 dynes/sq. cm (800

| bs/sqg. in.), and g% a thickness fromaboput 12 mcrons to about 75
m crons. 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 polyesters, high melting

5 aliphatic polyesters,and degradable elastomers. The films of the
present invention comprise two or more components selected from the
above-mentioned categories. 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

10 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
"~ liquid impervious monolayer films of the present invention have:

15 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,

20 c) a cross machine dlrect1on (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

25 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

30 articles comprising a liquid pervious topsheet, a liquid impervious
backsheet, and an absorbent core encased between the topsheet and the
backsheet, said articles being characterized in that said backsheet
compri§es a flexible biodegradable film derived from blends of
biodegradable polymers as will be described hereinafter.
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BACKGROUND ART Degradabl e mulch films conprising starch, 039 145

pol yvi nyl al gI ycerol are disclosed in U S. Patent 3,

i sSued to Qﬁg %é,r% rk on April 6, 1976. The degradability JICIYHEIIPS6I8 is
control l ed by application of a non-degradable water resistant coating based
on m xtures of polyol-toluene diisocyanate gFepolymers with poly (Vi nyl -

i dene chloride/acrylonitrile) copolymers or polylvinyl chloride) resins

m xed with plasticizers. Degradabl e nulch filns with i rrpro?/ed noi sture
resistance and conprising starc | y pol ymers are
disclosed in U'S. Patent 4,1 b ROR) The’ d Vst hof f
on January 9, 1979 andThe Sfilmat gsed 4033Vepuse ks utmgksheett uytaﬂd]é/‘éafdh(oi.ﬁeron

] 29, 1982. T Faridd | Q!
ngﬂter alizing agentz?ggwiagbgé rofRs o) ﬁ@ ‘1&\1&6 %rgmﬁﬁﬂga {)égg%%ge‘t%i?f

blown filgm techn VAR f“ﬂm@%@gr%eﬁ%ﬁ%fs bR |9enerainy
speci fi ed *as an oppdlymerds alopordenhoti medthel ¥ Ithmermmaheﬁtstﬂmrﬁycﬂlq@ﬁ‘ed of

d I ted in
Pat ont 4, 337, 101, PackshEet NG (Hs PoA"BURY G Ené'chieho VARt A robmpnii

di scl oses bi odegr%‘f&ﬂ?e°faV§T’@Pésb'°dB&r§éelble m’ymegﬁarsﬂected and cobmpounded
particular, destrshuthatedhe tdaf fdiendies M YAEIRIAGHYAY CompfonntGORAl ¥VE o .©

The blends are thermoplastic and can be extruded into biodegradable
water resistant films suitable for backsheet applications.

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 example, some biodegradable polymers are very water
sensitive and lose significant strength of even dissolve when exposed
to aqueous media. | Examples include interpenetrated networks of
destructurized ' starch, polyvinylalcohol and related derivatives,
hydroxypropylcellulose derivatives, and polyethylene oxide.

Other biodegradable components are thermally sensitive due to
their low melting points or glass transition temperatures, generally
650C or lower. The Vicat sbftening temperatures of such materials can
occur at temperatures much lower ‘than 659C, often below 450C,
Examples include many aliphatic polyesters such as polycaprolactone,
polyethylene adipate, polybutylene glutarate, and polypropylene
succinate. '

Sti11 other polymers have mechanical deficiencies and may be too
st1ff 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 polymer are too slow or the flow
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conbined to

form an interpenetrated network. It has also been

di scl osed that an et hyl ene/vinyl al cohol copol yner can be us e
of* the etWPRMWRMEEryiic acid copol yner. Procedur es ﬁgnéﬁ¥?8ﬁ%ﬁ

sheets and filns are al so discl osed. Eur opean Patent Appllcatlon
89810373.4 di scl oses pol yner conpositiofs obtained from a nmelt

corpfi si ng

pol ymer and at
t her popl astic

| east one water-containing destructurized hydrophilic
| east one synthetic essentially.  water-insoluble

-condi tions of cont&gséréaes\-{%hfépgac‘%ﬂﬁ%?ﬁ m ?Fd%f%spgﬂtfgsﬁqﬁgod%af‘“gs rgﬁr

films, packaging
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imalwdei spad yhpdroky, atkigeatearui1btI1901xhwﬂruﬂybstyrate or po]y-
hydroxybutyrate/valerate copolymers.

Some biodegradable polymers meet many or all the physical
property requirements of backsheet application§ alone but do . not
degrade fast enough to break up into small fragments in the early
stages of tompqsting. Hence, there is a strong 1likelihood 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/ali-
phatic polyester copolymers, oxidized ethylene/carbon monoxide
copolymers, and aliphatic polyesters with melting points above 650C.

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 components is described in detail below.

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

International Patent Applications WO 90/10671, WO 90/110069.3, WO
91702025, WO 91702024, WO 91702023, 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 comprisipg-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
AFO5H) decreases by about 50% aé the relative humidity changes from
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U S. Patent 5,095,054 issued to Lay et al. on March 10, 1992 di scl oses

t hernopl’astic polyner conpositions conprising a (1) destructurized
staf ch conmpdM@®/00163) 3 second conponent sel ected from one ofPGMEBIH0FHIBUp
of polymers bearing various types of chemcally functional nvieties, or
(3) at least one ‘substantially water- iWsoluble thernoplastic polyner
Conbi hations of (1), (2), and (3) are al so disclosed. A bi odegr adabl e
liquid inpervious sheet lamnate is described in British Patent Applicatio
B 2,243,327 A The lam_nate conpris a |l.ayer of biodegradable . . )

t hernopl astic pol yAaY ;?Bgf zPalﬂ%g'cogfﬂ"?m ssush ﬁ%ﬁ\ﬂygﬂ yFe chupddityarig a
ot her hydr](c)x%/ aci deeveasiblat p*‘mst,'oﬂelniahggertheffiambimc&gﬁﬁt&hbl 6n ViD\da- tok day
non-woven fi brous stragte r r WO i C The
tensile strength o?@%ee Igpnpngt{egg?é;u%tpgtol gg%r%gckéﬁée}eatig%f %1?930?’5‘;6?1?"
articles such as dpefarmance arg negatively 3ffeetpds, preferably at least 5

Newtons. 3  Di sposabgtepai t£ihs 2iTsoC aBSorbOWRNErSitd abhogie degreddl QyficaMy

S

n

" US parent sbabe sbbobe | KN Ind iR UL ol “WRITHRL ol Torensad Bhe,

di scl osed are coposirength off dhextilansignifidanblyetheohighewsteruabhsarption also
b yoes onpoc 1B ALY HHAE 861\ oo i e, o
are not giyen. exa}gpi? ‘%P‘éﬁ e.t.&%d, 8'723'52% ‘Eﬂ@ﬁl'@#é% t?'é‘”éﬂ(}'oét nEtC':"'{befé ;
on pol y- This 1is 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 MOO14 are so sensitive to water they'
quickly fall apart, disperse into smaller particles, and virtually
dissolve when contacted or immersed in liquid water.

15

20

B.  POLYVINYLALCOHOL (PVA) AND DERIVATIVES
Chemically, PVA can be described as a polyhydric alcohol with
hydroxyl groups extending from alternate carbon atoms. It s
28 represented structurally as follows:
‘ —CHz-—(‘ZH—Cﬂz-—(':H—
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 PVA is noi thermoplastic. 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.
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uret hane from which bi odegradable materials can be obtained by rolllng or
cal endering. The substance conpri ses a honogeneous m xture of a

t hér nopl ast WO p4#P§iéBet hane resin, a carbohydrate, a second t RETABHAAL561%
resin to make the substance calenderable which conprises polyvinyl
chloride (PVC), and an additional biodegraddble resin whichis a-

bi odegr adabl e al i phatic polyester, preferably of the sane nature as the
pol yur et hane resin. For exanple, the substance could contain a

ot oot | onal Pat ent BB ISAIFRTAAREISN 13807V 21 JeLL GPEHRENedy adhbbeier
sheet structures lasedesan gpapits sbimliegeddasionoadand be t found |t eX"Haadlbok of
subsequent 'Sgenglr'aﬁ@ rn§9&blka§&ﬁ Iaﬁa’f%rs@sas R2 1,C By 19 6K) EdTEGRCCRapter ',
6 -17, here1n 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. Still
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 biodegradation of
Vinex compositions is disclosed in an Air Products Technical Bulletin
entitled "Measurement of the Biodegradability of Vinex Resins by
Controlled Respirometry" by J. Kramer, herein incorporated by
reference. '

A Vinex 1000 series, 2000 series, and 3000 series exist. The
1000 series are fully hydrolyzed gradés 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 biodegradable
backsheets of absorbent articles.

In the films of the current invention, the Vinex materials are
used in blends with one or more moisture resistant biodegradable
polymers selected from the group consisting of -thermally sensitive
polymers, mechanically Jlimited polymers, polymers difficult to
process into films, hydrolytically cleavable aromatic/aliphatic
polyester copolymers, oxidized ethylene/carbon monoxide copolymers,
high melting aliphatic  polyesters, and elastomers. The films may
comprise from about 1 to about 40 weight percent of the thermoplastic
polyvinyl alcohol composition.
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bi odegradabl e polymer such as polyhydroxybutyrate or polyhydroxy-

but yrate/ val erat e copol yner. Eur opean Pat ent Appl I ca
EP- 449041 wWOR4sH63es non- thernoplastic bl ends ﬁ’d&%’é‘“'s

hydrate with ur ea- based pol yur et hanes prepar.ed by m XI ng Vviscose
with the polyurethane, gelling the m xturd2at above 40[err]C with an
aci-di ¢ coagul ant and regenerating agent, treating the gel with
plasticizers, and finally drying the film The filnms are said to be useful

as packaging filns, refus sac r covers, and the |ike.
u. SI.O’ Pat gnt ’ Appl i cation 74(@56{%@% 'g"lig?:gbw%acksheet s conposed of
20-80% by wei ght unvuII-tPamszemI n6H-iaidi esldubisasetheerwithoin eunasydle contsinut in
0-20%% styrene. base PEBER RS ﬁ**‘&aceﬁ%"’%%q%fﬂ@“#“o w%[‘%@%& seiSl
are reported to halfe bPE’I‘ns‘Yaltérséﬁcbrimlﬁé araanic 2500 anss pea11i R8h PhIstif dftow
Eur opean Pat ent Amopaettaeprth%l&%h? ﬂsdhﬁ?'f@ﬁﬁhﬁldtdbaméﬁtﬂﬂ%b'ﬁ‘t'iélte?sxsmb
orepar o by | mpr eghad TH5-a Ase RETAYADET 1 im,arorspensgher’ HBpdhgak,of HaTrh Se)rilec
| at ex conpri sing blums mﬁnﬂmmst (Chapter d3pudbreds ncyrponatédi by drefieeenceb btire
A i oy 200 L R ROGIGE BroplifieS 3 Mt en1Q' GtM020d RREYT A L UBRY

Tensil e strengths-rang]n
mat erial in extrusion. b]ou. or injection molding, and film-making
10 operations. 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:

15

—1C6H10-n05{CH2CHOCH3 ) n —3x
20 where n has a rangé 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 at low
levels, typically 33 weight percent or less, 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 're’lease, and thermal stability of the
polymer during processing. Suitable plasticizers include propylene
glycol, glycerin, low molecular weight polyethy'lene g'lycols, and
glycerol monostearate '

25
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JI. THERMALLY SENSITIVE POLYMERS _
Since commercial composting operations typically achieve
temperatures of about 600C, biodegradable polymers with low thermal
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189 to 304 kg/sg.cm are cited. U S. Patent 3,952,347 discloses a

bi odegradabl e barrier filmconprising a non-biodegradabl e and

wat er - i nsol wixh @4/0163 f or mi ng material having a bi odegradabl e PEW/USHIDS618
honogeneously di spersed throughout its structure. Wter-insoluble

pol yvinyl alcohol and polyethylene are used3for the filmform ng
materials, while starch, dextrin; and collagen-are used for the

bi odegr adabl e conponents. U S. Patent 4,964,857 discloses

bi odegr adabl e di apers based on nultiple |ayers of noisture resistant paper
interspersed with I-S&)fé?@“_gowmab%cﬁ'béﬁﬁ)tm eoinds smayThe insilyded cinr 4be sfidms of

paper is specified the cOPRntOdh@htIbA Nt@ AADUbLAEIKY tﬁecwfnisn%WﬁXiﬁwmm]er
_beesvvax. ¢ nts. earl ,SgéMVARY OF .THF '[ N‘\,/E.NTI O\ﬁ om0 The pres]esr:,t
i nventi on enconpass¥29P4ndi 8373Y nin Fo§r REREEFS £ MIPTROVETHo MiCh Somponedts fway; &
structures derived Hiodegriadenflaster [thanlehighdabimelting components since they are
S essentially liquids at composting temperatures rather than solids.
The rapid initial biodegradation and loss of these components from the
film would also be expected to expose more of the higher melting
~components to microorganisms thereby increasing their rate or
biodegradation as well. . o
Aliphatic polyesters belong to the family of linear saturated
polyesters. Many aliphatic polyesters are known to be biodegradable
and, hence, compostable. Many also have melting points of about 65°C
or less. Although some types of low me]tilig 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, 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:

10

15

20

% HO-R-0—F-0- {CH) 5 3n-O

c

where n is the degree of polymerization.
Pblytapro]actone 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. TONE P-767 is prepared
from a special high purity grade of caprolactone monomer and has an
average molecular weight of about 43,000. TONE P-787 has an even
higher average molecular weight of about 80,000.

30
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7 pol y_rrers The bi odegradabl e 'pol ynmers are selected from the
categori’es noi sture sensitive polyners, thermally

pol ymer s, r‘r&ﬂaﬂ{o@&ﬁ y limted polynmers, polynmers difficult t'gél'ff&j(?g@gg‘lpnt o]
films, hydrolytically cl eavabl e pol yesters, high nelting aliphatic

pol yesters, and degradabl e el astonmers. The fillfs of the present invention

conprise two or nore conponents selected fromthe above-nenti oned
categori es. The bi odegradabl e pol yners are conbined in various vvays to

T o mpart spec 1 o abteeifctend Bofhirs CRIPRRT HoTeclSh SRS, 33 Spgut
suitabl e for use i n4Qi|0§Q)0l§'db9'@a&©BcﬂiDe|Pﬁ me} bureces sehdingeli staoen aqgéms resisipnt
i ncontinent pads, Sﬁﬂ'mEaWEx'% 2pKi o tRETF NANT néVtiRy spomt of %o%‘t'éod@e(MWF),

di d detail ,h he bi od b

e 1 et SC I ond DR SRtk B e
tensile nodul us froaeahwtofl(nhé)ﬂo Yo meltingbpnints,0Gackshebts/cogsisting of 100%
(6.895x108 dynes/sqgoﬁgkpilo?a@to?ig&;x%@.ﬁg havedyra‘?ﬁ‘i%mtf”mthstﬁndﬁgwtf\eearhigh

strength of at |eas rans
temperatures encountered when hot g‘lue is applied to the-diaper

during the manufacturing process. In addition, during shipping
and/or warehouse storage, temperatures of 600C can be reached.
Backsheets consisting of 100% polycaprolactone would be difficult to
stabilize in such an environment and might distert, stick to one
another, or even melt.

In the films of the present invention, polycaprolactone can be
utilized in monolayer film blends with one or more biodegradable
polymers where it may help compatibilize dissimilar materials as well

~as impart strength and good processability. The other biodegradable

polymers can be selected from the categories of mechanically limited
polymers, hydro]yt1ca11y cleavable aromatic/aliphatic polyester
copolymers, oxidized ethylene/carbon monoxide copolymers,. and high-
melting aliphatic polyesters. '

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 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
hydfo]ysis are also easily assimilated by microorganisms.

Such polyesters are prepared via the generalized reaction shown

below: :
35 . 0 0

] ] , : i | ]
HO-R1-0H+HO~C-R2-C-0H ——-—) H-[-0-R1-0-C-R2-C-]p-0OH

10
15
20
25

30

SUBSTITUTE SHEET neet Has Been Replaced

U



t hi cknegs, c) a -cross machine direction (CD) tear strength of at |east 70
grams per 2 qns of thickness, d) an inpact strength

cm as rreasured Mal |l ing ball drop, e) a noisture trl‘aélrslg% lﬁﬁé

| ess than about 0. 0012 grans per ggre centineter per 16 hours,

f) a nodulus at 60[err]C of at |east 107 dynes/sq. cm (800
Ibs7sq in.), and g) - a thickness fromabout 12 mcrons to about 75

m crons. The present invention al so enconpasses di sposabl e absor bent

articles conprising a | ravi u
backsheet, and an abso’* egﬁtﬂcgge éﬁ@ge@%tqgieeﬁﬁ?w gpio shgp'f‘ éng fﬁ‘e< 10,
backsheet, said arRei & edsped Ainearametdy tene, ebpiing - (GHat - )gawulszicksbf'uSeiO. and n

conprises a flexibjse hteod@g;ra@lalare pol yrardestioRd f EQimpPesendd Qhese types of
bi odegr adabl e pol ARSI be quFrJ bed hereinafter.
iphatic po'Iyesters nc

5

Polyethylene adipate where x=2 and y=4; Tm=500C

Poly (1,3 propanediol adipate) where x=3 and y=4; Tm=380C
Poly (1,4 butanediol adipate) where x=4 and y=4; Tm = 480C
Poly (1,4 butanediol sebacate) where x=4 and y=8; Tm=640C
Poly 1,3 propanediol succinate) where x=3 and y=2; Tm=470C
Poly (1,4 butanediol glutarate) where x=4 and y=3; Tm=470C

10

Further examples of thermally sensitive aliphatic polyesters
15 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. ' '

In the films of the present invention,  thermally sensitive
polymers are blended with one or more biodegradable polymers selected
from the categories of moisture sensitive polymers, mechanically
limited polymers, polymers difficult to process inte films,
hydrolytically cleavable aromatic/aliphatic polyester copolymers,
oxidized theylene/carbon monoxide copolymers, high melting aliphatic
polyesters, and elastomers. In such blends, the thermally sensitive

polymer comprises from about 1 to about 60 weight percent of the
blend. |

‘20

25

111. POLYMERS DIFFICULT TO PROCESS INTO FILMS

Another family of biodegradable aliphatic polyesters includes
those derived from alpha-hydroxy carboxylic acids. This family of
po]y.(a'lpha-hydroxy alkanoates) includes synthetic polymers such as
polylactates from lactic acid and naturally derived polymers such as
polyhydroxybutyrate (PHB) polymers and polyhydroxybutyrate/valerate
(PHBV) copolymers.  Preferred examples of polyhydroxybutyrate

30

35

with melting points less than 659C can be found in "Polymer Handbook, -
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8 - DETAI LED DESCRI PTI ON OF THE | NVENTI ON The filnms used
to prepare heet materials and ot her bi odegradabl e Pp }%%93

enpl oyed he%tf%bg@ie&§derl ved from conbi nati ons of two or nore g:?o A% e
polymers. 1In general, the biodegradabl e polyners alone do not neet all the
performance standards required of backsheet terials. The filnms of the

curtrent invention may conpri se bl ends of various biodegradabl e polyners,
sel ected and conpounded such that the deficiencies of the individuat,

comonens o ot eSg8 Lol EUREEMISHBRNNF: MR 5L
appl i cati ons. imHé Si-nedtenti faBID3EY nmdidmes | edct all. f dssuededdly 1@, of983hend

current invention gre Phogew: @d@tgbg m}-y{mrgt Qhtt ai§Regkd S e
both natural and sg thetic., tE@ gﬁ"&ﬁ" S cer’t a?en g‘%vtarnl u%‘gsqﬁﬁ’cﬁbth
t

render it biodegra8ati’é" HdWa‘VB?“ seefarencen tRHBY peepod menshdave
pol ynmer from bei ngthe g@éneialigedastiryctageastiowakisdlowt materi al . - For
exanple, sone bi odegradabley poI wrerrs are very \A.Eter sensitive and

| ose significant stren%th or e d] ssol ve whec?hexpos d

-
10 ' //e\lliz 0// C( /

- o

Hydroxyval erate (HV) Hydroxybutyrate (HB)

Such copolymers are commercially available from Imperial
Chemical Industries under the tradename Biopol. The Biopol polymers
are produced - from the fermentation of sugar by the bacterium
Alcaligenes eutrophus. PHBV polymers are currently produced with
valerate contents ranging from about 5 to about 24 mole percent.
Increasing valerate content decreases the melting point,
crystallinity, and stiffness of the polymer. An overview of Biopol

technology is provided in Busmess 2000+, (Winter, 1990), incorp-
orated herein by reference.

15

20

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. 1In 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,

25
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to aqu\feous media. Exanples include interpenetrated networks of
destructurized starch, -polyvinylalcohol and related deri |
hydroxypropWQ%‘?’m%se derivatives, and pol yet hyl ene oxi de. Pﬁ/hﬁwls
bi odegr adabl e conponents are thernmally sensitive due to their |low nelting
points or.glass transition tenperatures, gerddrally 65[err]C or |ower. The
Vi cat” softening tenperatures of such materials can occur at tenperatures
much lower than 65[err]C, often below 45 err]C. Exanpl es include many

al i phatic pol yesters ch as. pol ycapr ol act one, polyethyl epe di pat e,

pol Sbutyl ene gl utﬂ\ﬁaﬁg‘?" ‘gﬁ‘&g‘%ﬁﬁr ghﬁ/lpﬁ%&ﬁéﬁi%ﬁﬁy atter tﬁ%tpl?{gy hashbad
pol ymers have nechidimecdé crystailéreci eSheamemainingePHBYO fidm i ¥sf therod amixated oto
suffer from poor t@i%bl-ewﬁ@ﬁ/ﬁ'iuﬁﬁafiﬁ%r?f\?\f ?ﬁefermﬁ) angg?&ggg S'Ig%’{e films

DS o oo A abmoch aie o Shise, olvalene o< och

cel l ophan€, cellul ose Bstthesfilancofbtkaccureént davéndione sueheadrastid fprocessing
conventi ona meandietheds, gre dYORled?D, W TihoThiert £1nE) nd Y DERRnelt, 15
sone cases, the caeperally employed riat an ampunthcless| {han about 40% by oeight with
f1 ow . one or more polymers selected from the category of polymers more
readily processed into films consisting of 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 elastomers. This allows the other
components to function as the continuous phase in the blend and

overcome the tackiness and processing difficulties of the PHBV as
described above. '

10

15

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 triacetéte,
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 produét'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
generally contain 39 to 47% propionyl .and 2 to 9% acetyl content.

20
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properties of the polymer nmake filmprocessing difficult. Exanples include
“pol yhydr oxywd) ges |ike pol yhydroxybutyrate or poly-
hydroxybutyrat%?&glerate copol yners. Sone biodegradable'E%YV%%V@%H%et
many or all the physical property requirenmepts of backsheet applications

al one but do not degrade fast enough to bre up into snmall fragments in
the  early stages of conposting. Hence, there is a strong |Iikelihood
such polymers woul d be screened out of the conpost stream and not becone

part -of the f'“ﬂhst@@mSFrades'@@amW cdhftaiﬁ%hto%@m?ﬂlsrnd e! ¢ ?elsx
hydrol ytical ly clea Qle Eﬁﬁ¥esggrs su as certﬁlnﬂ%Ldﬂ$t|$/a
pol yester copol yA¥ BXrtze m"'éfw e/%ar da Q:o?)‘ﬁla)’/h@r sfroand
al i phati c pol yest Eisimmtﬁfhelmtﬂl Pupdpctisnyt lncabonderctijeet ridéname Tenitee
o ea e ot %rrerg‘m bR ! CTGTRE Card Pt rbGBePhedd Pyt [ et bpnan¥f Wng®"
fiber (rayon) forms are readlly 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 1inability 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 films of the current invention, cellulose esters are used in -
blends with one or more biodegradable polymers selected from the
category of moisture sensitive polymers, thermally sensitive
polymers, hydrolytically - cleavable aromatic/aliphatic polyester
copolymers, oxidized ethylene/carbon monoxide copolymers, and
elastomers. In binary blends with elastomers,. the film may comprise
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as bi odegradabl e el astoners, tie layers, pigments, processifig ai'ds and the
|i ke, Each of these conponents is described in detail belm@w.Sheet Has Bedn Replaced

MOl STURE SENSOr4/0163y vVERS A.  DESTRUCTURI ZED -
COVMPCSI TI ONS Ther nopl ast i c, bi odegr adabl e conpos
on inferpenetrated networks of starch with al%ynthetic co such as
an ethylene/vinyl alcohol (EVOH) copolyner are described in

| nternational Patent Applications WO 90/10671, WO 90/110069.3, WO

91/ 02025, WO 91/02024, 0 ro n. Pat bealsi on

90810533. 1, and U. s.%sﬂa"y\gﬁfgl'é, ég'é,%ﬁ%gvaﬂ Fgﬂé‘ﬁgﬁng%ﬁ@o?g?@dﬁ?“ percent of
reference. Such nattheied@stemes. avail abl e commercially from Novamont under

t he tradename Mater-Bi and from Warner Lanbert under the tradenane Novon.

very sensi tive to moi sture Vappr DR SR Rl bl olfERPooBfoRlE eouiifes
as direct céntact with ITitqis evehhtkpown that cellulose estepsiforngniecibletliiends with

i nterpenetrated net yahk Of1phaff sy nthgt¢ c r{P@nent ;
extruded with very goo% rrec‘f:p nfcal Ei’Iag);e()sgeerti S s|ni tc'%a . 3%%3@6 ’{eﬁg)sne

properties vary consSPeiPRhted By mefengneesi discloses, t@(iﬁﬂ?“ﬁ?tﬁ"ﬂe"fﬂﬁﬂiﬂt&@ dnkg
Mater-Bi film (Type withrCinpraledr efiegibibityabbyt bhéHding tahecel@hRisevasbew aiitly
changes from polycaprolactone. U.S. patent 3,922,239, herein incorporated by
10 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 dp 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
films alone is still deficient 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.
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. V. HYDROLYTICALLY CLEAVABLE POLYESTERS
35
A. Aromatic/Aliphatic Pb'lyester Copolymers
Aromatic polyesters such as polyethylene terephthalate (PET) and
polybutylene terephthalate (PBT) are leading examples of high
performance polyesters for film, fiber; or irijection molding



10 about 20% to 90% Al t hough such sensitivity to humdity is

a reversi bl It makes the filminconsistent on a day-to- day baS|s
to” the §F£%9&ﬁﬁgt converting operations and end- user¥ﬁ€f

are negatlvely af f ect ed. Mater-Bi filnms al so absorb water to a hlgh
degree, typically about 30%of their initia0 weight. In addition to

| owering the strength of the filmsignificantly, the high water absorption
al so leads to very high noisture transm ssion through the filn1 for exanple

oot O 024, O ST YRS ok TR 38, JAEE AR, Bt for S
polyesters are known to be biodegradable, nelther PET or PBT are
considered to be biodegradable polymers. As homopolymers, both
pd1yesters 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 B0OC) 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.

10

15 Several means of mgking aromatic polyesters more readily

hydrolytically cleavable, and hence more 1ikely to be biodegradable,
have recently been described. U.S. Patent 5,053,482 issued to Tietz
on October 1, 1991 describes polyesters based on polyethylene
terephthalate (PET) copolymerized with diethylene glycol and
5-sulfoisophthalic acid wherein the'tbe glass transition temperature
of the copolymers is preferrably reduced to below 65°C, within the
range of normal composting opérations. 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
presented.

Yet another approach to increasing the hydrodegradability of
aromatic polyesters is described in International Patent Application
W0 91/02015 pub]%shed 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 random1y interrupted with
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desired. However, high noisture transm ssion nmay not be desirable if the
filmis expected to contain large quantities of fluids, as in the case of a
di aper backWf84/00163j gh water pernmeation can |ead to excessPEI/US93/05618
condensati on on the outside of the backsheet |eaving it cold and wet
feeling to the touch. Novon films can al 8 be extruded w th good
initial properties. Some, however, |ike Novon grade M)014 are so sensitive
to water they quickly fall apart, disperse into smal l er particles, and
virtual Iy dissolve mhen contacted or anrsed [n Iiquid water.

&/

B. POLYVI NYLALCOHORTiph#Ajc Aydrosesragepie/ddnk P°‘Y“€ﬁ§rﬁ°6hl 3s, polyghycodic Beid,
descri bed as a pol yivpdy'iactw aohi@) polydaprdludioney pol ghydutpsybutykatelipay hyfif'

rierrete caben Sl o A A AL i

on the degree of hydﬁibi B scarpomates Paly @Wi%eneﬁbpm@naemtOmrcm1aﬂeters
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
beween two homopolymers in the presence of an appropriate catalyst.

In addition to the aforementioned aliphatic 1ink polymers, other
aliphatic polyesters may also be appropriate for producing aro-
matic/aliphatic polyester copolymers. These include aliphatic
polyesters selected from the group of oxalates, malonates, suc-
cinates, glutarates, adipates, pimelates, suberates, azelates,
sebacates, nonanedioates, 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
ensure the breakup of films before they are removed by screening, air

classification, or other eraratioﬁs method. To enhance the initial
breakup and ultimate degradation of such polyester copolymers,
blending with other 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. - |
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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

33 litter.
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sol uble in both cold and hot water or hot water only. Unmodi fied PVA
IS not. thergaglastic. However, when PVA is plasticized with
appropriate 84/001635 thernDpIastlc materials ‘can be obt ai RET/USIIHCH618|

plasticizers such as glycerol, ethylene glycol, and sone of the |ower

pol yet hyl ene gl ycols are effectlve plast|C|z§&s for PVA

The- bi edegradability of PVA is well docunented. A Dbrief overview
on its biodegradation can be found in "andbook of vater-SqubIe '
Guns .and Resins", vi dson, i t.or er 20 her ei n

i ncor porat ed by re]s\é‘r"eﬁ%@ ymers are IEqsclosed in %IDE Patent p 95 286 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. Decom-
position of such plastics begins as soon as the plastic is exposed to
sunlight although there may be a deiay period before significant -
breakdown of important physical properties are noted. As lhe.bo1ymer
chains decrease in molecular weight, the plastic material macro-
scopically 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 1link-
ages will not break down in both molecular weight and size rapidly to
become part of the final compost. Rather, they will likely be
screened out or otherwise separated from the compost stream along
with other non-biodegradable materials. _

Recently, it has been found that ethylene/carbon monoxide
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 -200C to
1500C. Substantially all or only a portion of the ketoné
functiohality can be converted to ester groups depending upon the
reaction conditions. |

0 | 0
30 ' | peroxyacid Il

—(CH2~CHp—C—~CHp— _ =) —CH2—CH —C-0-CHy—
polyketone (ECO copolymer) polyester

Subsequent U.S. Patent 4,957,997 expands this process to poly-
ketones containing pendant functional groups obtained by the
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Ther nop| astic PVA corrposi' tions suitable as conponents for the filnms of the
present invention are sold by Air Products and Chemi cals, Inc. of

Al I'ent own, Pﬁg@?%laggm a, under the tradenane Vinex. Vinex re?&?ﬁ)%%osms )
_ W t

internally W ed conpositions achieved by copolynerizing

a poly(al kyl eneoxy) acrylate. Mor e det ai I§d di scl osures of these
materials are given in U S. Patents 4,618, 6483 and 4,675,360 both herein
i ncorporated by reference. Still another method for making thernoplastic
pol yvi nyl al cohol conmpositions via the incorporation of polyurethanes is

g! sclosed in U S \P;%hﬂ}heﬁi’ﬁ@%r@%f har6dnY ndHoRideor @ tqd bv)’inrygf e%,engﬁ‘.yh?mge
i odegradati on of Vinex conpgsitions Is disclosed in an A r Products
Techni cal Bul | etin WRe%erFed heeydnyknniviay! idpre moReres Aaxbhave atofleastnone
Resins by Control | efin€eispaY @woip Xonbyining léhereer morieebBigen| NHiArbgEmt &F FY, or
r ef er ence. A \ﬂa'i'ﬁ%lnl leseri es, 2000 series, and 3000 series exist.
The 1000 series are | y hydrol yzed grades which are insoluble in cold
wat er, but >sol ubl e in Hde neut pelyesters2desyribed Podhesecpitestamaysorighnate firom

both hot and col d Vg @etofdsd &ht-ﬁﬁsg@rdss tafzo\ﬁwegj;ér Beicbat CalrtoR dfdXRad e
f

i.n films of the present invention. Especiall [ ed are .the: 2000
series. Such nateri™'ind foPoiELUHY ¥ eir%M‘t h&q gl?gﬁbwctegrooie&os?%

films which, if notpei‘oimolh_ei rAfker eox daltier | to yt;hemmkcbspmﬁng tpodyesters, the
mechani cal %fit [ endlihref RIYT {RTRBpDIe bP'beil HIBANFLAP'S 18AFHABRRLTar beignt

' fragments. The rate and extent to which both hydrolytic and microbial
degradation occur depend on the numﬁer of ester groups present and

~ the average molecular weight of the polymer between ester groups. The
lower the molecular weight fragments resulting from hydrdlysis
become, the more susceptible they become to microbial attack and
biodegradation. Preferably, the average molecular weight 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 copo'lymérs ‘have excellent moisture resistance and
processability but their physical pro_perties, particularly elongation
to break in tension, at lower molecular weights, may not be
sufficient to be used alone for backsheets of absorbent articles. As
mentioned in previous sections of this application, oxidized ECO
copolymers are useful as blend components with other biodegradable
polymers where they impart heat resistance and moisture resistance.
Oxidized ECO copolymers can be employed in amounts ranging from 1 to
99 weight percent of the total blend composition.
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C. High Melting Aliphatic Polyesters
Yet another family of hydrolytically cleavable and biodegradable
po’lyestei's are high melting aliphatic polyesters defined, herein, as
those having glass transition temperatures or melting points above
65°C. Such materials may not undergo ijnitial decomposition and
breakup dur.ing the early stages of composting since the crystalline,
fraction of these materials, or the amorphous fraction, or both the
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In the filns of the current invention, the Vinex nmaterials are wused in

bl ends”wi t h_one
fromthe gr P
limted polyners,
hydrol ytically

nore noi sture resistant bi odegradable po S t
Pst | ng of thermally sensitive polyners, mﬁ%ﬁfi
polyners difficult to process into filns, )

cl eavabl e aromatic/aliphatiZ4 polyester. copol yners,

oxi-di zed et hyl ene/ carbon nonoxi de copol yners, high nelting aliphatic
pol yesters,

12 °
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ipPRAPY L amPr phueskryctipens may be below their melting points
or glass transitions at normal composting temperatures. High melting

aliphatic polyesters can, however, be combined in blends with other
more rapidly degrading materials, for examp"le moisture sensitive or
thermally sensitive polymers, to enhance their rates of initial
decomposition and bréakup. Examples of high melting aliphatic
polyesters' include polyethylene sebacate (Tm=76°C), polyethyiene
succinate (Tm= 108°C), and polyhexamethylene sebacate (Tm = 78°C).
Further examples can be found in the aforementioned “Polymer Handbook
- Third tdition" -Section VI, pages 56 through 67, previously
incorporated herein by reference. High melting aliphatic polyesters
can be used in blends with other biodegradable polymers wherein the
high melting aliphatic polyester comprises from about 1 to about 99
weight percent of the blend.

V1. ELASTOMERS _

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 2 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 func_:tiona'l performance and
properties of a conventional thermosetting elastomer as discussed in
Modern Plastics Encyclopedia, 1990, pp 122-131, herein incorporated
by reference. Commercially, there are 6 generic classes of TPE:
styrenic block copolymers, -polyolefin blends, elastomeric alloys,
thermoplastic polyurethanes, thermoplastic copolyesters, and thermo-
plastic polyamides. ' '

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. '

* This Sheet Has Been

ed

and el astoners. The films nmay conprise fromabout | to about
40 wei ght percent of the thernoplastic _polyvinyl alcohol conposition.
C.
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HPC is a non-ionic cellul ose ether with an unusual conbi nati on of

properth es anmong cel | ul ose derivatives. These include sol ubigd : h
water and pWQP480Wani c sol vents as wel|l as plastic flow proggit/pgésﬂ?ﬁgé
permt its use for nolded and extruded artig).es such as filnms. As
described in aforenenti oned Handbook of Wat ér Sol ubl e Gunms and Resi ns”
(Chapter 13), herein incorporated by reference, the plastic flow properties
of HPC enable it to be used as a base material in extrusion, blow or

inj ection nolding, andgifoljbdPadRidieNPoPRPEEHINGEScan bd NiHepRiddy frith OTdS mEThcular
products fornmed by  these nethods retain, theiy water solubilifies, are
bi odegr adabl e, and&ght e‘jéi’f‘%éc r?&ZéesctGrf)edeé'dYﬁ from eps ﬂg*iﬁ?é‘ﬁi%%“‘e or the
'Cl'ﬁlel glef)lsﬁl gzgdi "tsotmaepiauhe pribdudts oefr i v edidi-dicanbog] pul pcidk  catdeosationt er b
o) b ohrch: GAELRE WL SRBE TGN it T 1.0
fol | owi ng Senpi ri cagrams rRext Bple: and [fepquently “V\fPéré-s 1092, 40,2000, ggams per mgle. 5
ﬁQScﬁl QZ‘SI ﬁcraﬂgge?izltm b §Q£30Q@ode@z%ﬁﬂl1_6i alpoYyest#iC ivretiaesablderivedm from
sol ubi lity, high e RudeRsTiET Afeate g?hﬁb?&?f%ﬁ&%‘%@“ﬁ@ﬁ % PR
acceptabl e for use(hd-buterediodt adipate) are disclosed in "The Prospects for
Biodegradable Plastics® by F. Rodriguez (Chem Tech, July - 1971)
10 incorporated herein by reference.
Aliphatic polyester urethanes are available from Morton
International, Inc. under the tradenime Morthane. When blended with
other biodegradable polymers such as moisture sensitive polymers,
thermally sensitive polymers, mechanically limited polymers, .
15 hydrolytically cleavable aromatic/aliphatic ho\yester 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. The aliphatic
polyester urethanes may comprise 20-80 weight ‘percent of the blends.
20 Procedures for synthesizing another type of TPE suitable for
imparting jmproved 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 po'lydienes' such as polyisoprene
25 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 tensi]e strengths in the range between 245 and 2000 pounds per
square inch and elongations to break in the range from 400 to 560
30 percent are obtained. _
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 §egments. An A-B-A triblock
copolymer compri.ses a block of B segments coupled to a block of A

35 segments at each of its terminal ends. An --(A-B)p -- multiblock
copolymer comprises alternating sequences of A and B segments where
n=2,3, etc. '

SUBSTITUTE SHEET | This Sheet Has Been
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films for absorbent articles. HPC can be enpl oyed in blends at |ow | evel s,

typicalty 33 weight percent or less, where it inparts t emper gy, /0561
resi stance A¥94/88163t ance to bl ocking. Snmall anounts of pl astlélﬁgggs 8

internal lubricants, and antioxidants can be used to inprove the nelt flow,
nol d rel ease, and thermal st abi lity of the po2éner during processing.
Suitabl e plasticizers include propylene glycol, glycerin, |ow nolecular

wei ght pol yet hyl ene glycols, and glycerol m)nost ear at e. 11. THERMALLY
SENSI Tl VE POLYMERS Si nce com‘re ci al tin OP

typically achieve tenff¥t &?‘{ﬂhé%i"@fa dﬂFr‘B’G[‘%?r nF‘C g&'@d‘ﬂé&l’a@lf @6‘Fy‘?ﬁaﬁ§e
with | ow thernal present invention, A-B-A triblock or --(A-B)y, -- multiblock

copolymers . in which polycaprolactone segments comprise the A blocks
and n = 2, 3, etc. are generally preferred. Simple diblock A-B
copolymers do not impart significant ‘tear strength improvement to
films of the present invention. Especially preferred are triblock
o ' copolymers in which the polycaprolactone segments comprise from about
’ 10 to about 60 weight 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 compo,si'tion.

10

15 VIII.  OPTIONAL COMPONENTS
In addition to the above-mentioned components, the backsheet
films of the present invention may 'conta.in 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 di_sposab'le 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
reduce blocking alone or .in combination with other antiblock methods.
The quantity of powder antiblock substance commonly added to the
surface of a film, when used, is from about 0.5 g/m2 to about 5 g/mZ
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softenLng points or nelting peints may be included in the films of the
curr®&nf invention to hel p break the filns down into smaller fragnents

early in t hWQp4/08ks3. Mor eover, such conmponents may al so bi JEIYat03618¢ or

‘than higher nelting conponents since they are essentially Iiquids at
conposting tenperatures rather than solids. The rapid initial
bi odégradati on and | oss of these conponents fromthe filmwould al so be
expected to expose nore of the higher nelting conponents to
m croorgani sns thereby increasin their rate or biodegradation as
vel i . Al'i phatic pénYsdabics a8eNtsnBay obe nivcpenpratedofin | fijamsr of sther aresent
pol yesters. Many alihpdmton; pxhw@eteos sich kagents tﬁlchﬁiebbﬂdﬂggmmaﬁuiﬁ&d’am
t
Gents

oss” Al though: somoteatadty Spltl Sa® haVihe rdbiie” oy itenr et rdngut 12-16

processed direct|ycarRop arems At kengtksi fognts 1ofl Abis ttype rslowly idefupei to sthe -

are too | ow to all Qurfaeei 6f Uhe £16N8nd,N bEREYseARP! LA ATe érfa“raémfm!f&m 2
roLactoné is an

backsheets for disppsable absorhent, articles. - Pol yca
exanpl e of "a pref eF?%%rBFﬂ%g‘f*’é'aﬁ ixe Laypp pr the ﬁBT&é&tér&%ﬁ%e Antishatic
present invention. agéntsi sommootjucenstitute Frem abog VPaovi dbgud SLyoRthe Midight @f

epsi | on-caprol acto e i qeggeered ring conpound. As described in
Uni on Car bi de Br ocEﬁ? eﬂ 'IES-S'Ggﬁﬂ‘G entitled "Tone Polyners," herein

1

i ncorporated by ref ereﬁ&é‘,’ agents may be -incorporated into the films of the present
10 ~ 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

15 -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
biodegradable and it must demonstrate the following properties of
high strength, adequate fluid barrier, appropriate modulus . or
f]exibi’lity.' 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
storage conditions or loose its integrity on high speed disposab]le
diaper converters which typically use hot melt adhesives to bond the
components of a disposable diaper together.
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the pglymerization is initiated with a diol (HOR-OH where Ris an

al;i phatic se nent% to produce polyners with the follow ng structure:

[err] wher¥OP4®16}e degree of polynerizati on. Pol ycaPFH U3 9aeis

pol yners are avail able from Union Carbide Corporation under the tradenane
TONE in a variety of nolecul ar wei ght graé®s. For exanple, TONE pol ynmers
P-300 and P-700 have degrees of polynerization of about 95 and 400
respectively, corresponding to nolecular weights of about 10,000 and

capr ol actone monomer ot geers tound SHE TRET sBth 4r€ haPtin Y. RinSite sso
TONE P-787 has arsuétabie haghebiodegnadafdenplbackshgetsneifght dispabahle Sd;igpes
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 - across-machine direction of manufacture.
Acceptable compostable 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 least 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 iverage tear
propogation resistance of 70 grams 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
TAPP] Method T 4140om-88. More preferable, are those backsheets that
demonstrate tear propogation 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).

It has also been found that materials of sufficient heat
resistance demonstrate a Vicat softening point of at least 450C.
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14 Pol ycapr ol act one pol ynmers havi ng nol ecul ar meights of about-

40, 000.7and greater can be nelt processed into strong water 1k NE.
Exéept for wW@P4/0016% nel ting point of about 60[err]C (140[e E;h@é‘tﬂggsdéh

films could function as backsheets for absorbent articles. Because of their
|l ow el ting points, backsheets consisting of2200%)polycaprolactone woul d
have: difficulty w thstanding the high tenperatures encountered when

hgé_?!ue isdapplied to the diaper during the manufacturing process. In
addi tion uring pi e
60[ err] C can be re g %gsiﬁﬁegst %X%onm gﬁ? ash8§ta%86%°tr€{q% R@wo c?é)dnee No.

woul d be difficult E&}lglamrl |quivﬂeehch"43nﬂermd|‘f)m?éh‘!“ a?lﬁ M t ﬂl S¢Port The

stick to one anot herﬁ?dl‘?ﬁcﬁ\iﬁﬁ‘ i3eld the prepa'rﬁtf&iﬁofltlmsmblé hea pgesfiNtimeter by
i nvention, polycapr

one or nore bi odegrb%dﬁggn'ie%ggzﬂgg IQIré 9?12?]5'?{ (E\H%]F‘Tleggsp'y\éptaped

di ssimi | ar Smateri al sorasvicat | nesile rmtraﬁomngutsaw gohdng)rtlmemmﬁlﬂt $o be
The ot her bi odegr adggt%f,p%%ngr&ﬂ&ag QF rBlel eg%@irgf@p b ngqt egd 'ﬁisﬂfre of

mechanically limte eava
aromatic/al i phatic 7. g45q cm 10 oodyp51) (using a Carver or similar press) for

two m1nutes 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
500C 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 thickiness, 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
sbeed 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 the range
of 6.895x108 to 2. 068x109 dynes/sq cm (10,000 to 30,000 ps1)
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copol ymers, oxidized et hyl ene/ carbon nonoxi de copol ymers, and high- nelting
al i phafi c pol yesters. In the filnms of the present inven

polycapr ol NWOMPOYE yners having an average nol ecul ar wei ghtf’gﬂhﬁ?as%ﬂsor

nmore are preferred. Especially preferred are pol ycaprol actone pol yners
havi ng an average nol ecul ar wei ght of about3®0, 000 grans per nmole (e.g.,
TONE®P-787) . O her types of aliphatic polyesters suitable for use in
the present invention are derived fromthe reaction of an aliphatic

di carboxylic acid a

d .
Pl ot o Degr adabi | | 1§17t WORFisah HEEICTED Hayh EWPri SRt APIPRRIEES s high as
(August, 1989) andw‘?fcotqm@cat darimgr earehoyse ef torage e or rahippifg t freserucks or

I t b bl t
Egd?’gfygr: arﬁ/br'egg?ﬂ:ra?g?h it Sis{‘ﬁ?m&gﬁ?ﬁtarﬁ\ Usfl?eo bk’él&hé& ef'ﬁ\ﬁmf‘%]ddc other

al coho ragment s
hydrol ysis are al SOURORENES, b&sE?‘rNPa‘t"élf thgrdrtgo;béﬁggqﬁemperatursgcH&lthough :
pol yester® are prapaisedxpectednehgenhy abiviad ofathel FNmMhaiN dberease sombwhat]

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 600C
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. I
general, an acceptable backsheet film will have a 60°C modulus of at
least 5.52x108 dynes/sq.cm. (800 psi).

The modulus dependence on ' temperature, also called a
modulus/temperature spectrum, 1is 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
Temperature/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 1is well summarized in two books,
the first being "Dynamic Mechanical Analysis of Polymeric Material,
Materials Science Monographs Volume 1" by T. Murayama (Elsevier
Pub'lishi-hg 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.
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The mechanism of operation and procedur'es' 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
those skilled in the use of the DMA 7, the following run conditions
should be sufficient to rephcate the 600C modulus data presented
hereinafter. R
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where Rl err] is a linear methylene chain -(CH2-)x wth 2 < x <

** is also a |inear nmet hyl ene chain -(CH2 -)y with 2 < lk? n ié
i fefnipudh,

degrewoﬂéf‘mﬁ)l yneri zati on. Exanples of .these types atic
polyesters i ncl ude: - Pol yet hyl ene adi pate where x-2 and y-4;
Tm50[err]C Poly (1,3 propanedi ol adi phte) where x=3 and y-4;
Tme38[err] C Poly (1,4 butanedi ol adipate) where x-4 and y-4; Tm -
48[ err]C Poly (1,4 butanedi ol sebacate) where x=4 and y-8;, Tm64[err]C

(1. 4 butaned o gl ut JPaBElThcire’ BSusraenstastdrsoaclFiy o & ¢11m capec ian’
exanpl es of ther rkhe|BMAs@nts spl doatunpinat empepaturesscansmedet andreqd ipped pdthtan
less than 65[ err Jebet &1 oRemea@UPihg! §yst&aP!(EMSY. HRFEP Upecimen approximately 3 mm
wide, 0.0254 mm thick, and of sufficient length to allow 6 to 8 mn of
-] ~ length between the specimen grips is mounted in the EMS. The appar-
atus 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
10 specimen at a frequency of 5 cycles per second. In the temperature
' ‘scan mode, the temperature is increased at a rate of 3.09C/minute
" from 259C 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
15 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 storage modulus/temperature
20 spectrum printed for further review. The 600C modulus is determined
directly from the spectrum.

METHOD OF FILM MANUFACTURE
The films of the present invention used as biodegradable
25 " backsheets may be processed using conventional procedures for
producing films of blended polymers on conventional film making
equipment. Pellets of the above described components can be first
dry blended and then melt mixed in the film extruder itself.
Alternatively, if insufficient mixing occurs in the film extruder,

30 . the pellets can be first dry blended and then melt mixed in a
precompounding extruder fo]]owed by repe]letizat1on prior to film
extrusion.

The polymer blends can be melt processed into films using either

cast or blown film extrusion methods both of which are described in
35
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Third Edition" by J. Brandrup and E. H | mergut pub'l I shed by John Wi ey &

Sons,? #n Section VI, pages 56 through 67, herein incorporat eg.cl?yu§@f,&p8nce

Tethe il mVQP4/PHIE3 present invention, ther mal | y sensitive polyners are
bl ended with one or nore bi odegradabl e polyners selected fromthe
categories of noisture sensitive polyners,32rechanically linmted
pol yrrers, polynmers difficult -to process into filnms, hydrolytically
cl eavabl e "aromatic/aliphati c pol yester copol yners, oxi d-ized

t heyl ene/ car bon nonoxi de c ymers h neltin ' p [ ol and
el a}s/t omers. I n suchlastify xtf‘FFé°P Hﬁqu?y seﬁs?gq &lé"“p r‘éllg o‘f\;pi s Fam

about 1 to about GQomngdltRepﬂhoﬂdnt--0)‘97611,e heteind mcorporatedlby rl@&r\élvERS Cast

DI FFI CULT TO PROCESg | ) NIQ{HBB@} throuahAf' H?#r fsm ldx of @ggﬂquaﬁ@bkﬁt web

al i phatic polyestersinclu ﬁ r oxy carboxyllc
acids. This fam | yscfoobed yon( a| bafaehwﬁa&w&im%m@%)"ﬂ el ube Quigkly neaole,

IOO: ynmers S%CE as thd";ﬂégﬂ'slt ng foae Fasti poAG (ﬂaﬁ{e@ oeértirotlel Yrdmorev alxiliary
D e e 2 P Oh R AP KRR e} 5o A PR e g o, g2t
of pol yhydr oxybut yottse and finally to a mnder. A method of making a cast backsheet
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. For backsheet applications the flattened tubular film
is subsequently slit open, unfolded, and further s1it 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
mono'layer films from a single thermoplastic material or blend of
thermoplastic components only a single extruder and single manifold
die are required.

10
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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 0.05]
mm. '

30

In general, the liquid impervious backsheet is combined with a
1iquid 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

35
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. S patent 4,393,167, Holnmes et. al., issued July 12, 19%%{ nd_U. S.
a't-e-r‘lt 4, 8WOMIOMIGR t i ni et al., issued Novenber 14, 1989 $9éfq§F@nces
i ncor porated herein by reference. PHBV copol yners have the generalized

pol ymer and polyhydroxybutyrate/valérate copol ynmers are descri bed

structure shown bel ow. [err] Hydr oxyvaBerate (HV)
Hydr oxybut yrat e (HB) :

L)
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well known configurations, a preferred diaper configuration fis
described generally in U.S. Patent 3,860,003, entitled “Contractible
Side Portion for Disposable Diaper" which issued to Kenneth B. Buell
on January 14, 1975 and which patent is incorporated herein by
reference.

The topsheet is compliant, soft-feeling, and non-irritating to
the wearer’s skin. Further, the topsheet is 1liquid pervious,
permitting liquids to readily penetrate through its thickness. A
suitable topsheet may be manufactured from a wide range of materials
such as porous foams, reticulated foams, apertured plastic films,
natural fibers (e.g., wood or cotton fibers), synthetic fibers (e.q.,
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 particuTarly 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,
nonwoven, 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/m¢, 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 Jjoined together in any
suitable manner. As used herein, the term "“joined" encompasses
configurations whereby' the topsheet is directly Jjoined to the
backsheet by affixing the topsheet directly to the backsheet, and
configurations whereby the topsheei is 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
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Such  cppolyners are commercially available from Inperial Chem cal
.kagﬁ?tries under .t he tradenane Bi opol. The Bi opol polyners arz?produced
fromthe feWRMMI3 of sugar by the bacterium Al cal i genes EGE/EPINes618
PHBV pol ynmers are currently produced with val erate contents rangi ng from
about, 5 to about 24 nole percent. Increasing4 valerate content decr eases
the nelting point, crystallinity, and stiffness of the polyner. An
overvi ew of Biopol technology is provided in Business 2000+, (Wnter,
1990)-: incorp- orated herein by reference. Unfortunately PHBV

copol ymers ar e. di f41pR&N PeRiphpry b¥sattarhment |means sueh R5|ans adkasdye corodnyt didier
sl ow crystal | i zat igbachabst mddtiss Baumesn tmetHel laFt! 0 Edri Cdialpld,t SE! dniforan

after cooling to r r e stantyal fractjon, of the
PHBY 1 ol ns anor pﬁ%ﬁﬂ’s""ﬁﬁléefﬁéﬁk? SRRy §arhReeE1dercof ddgug, o an
operations, where arnay ofseparate imes ar spgtsc obladhiesive otayl be rusietl stoaiffdx the
l eaving t1e film GioBsheePtd ehe BABKsHReten sticks to the rolls restricting

rom betng.. col | ect ed T3Ph A0 ATRERE. PR LIRIGAAIYL ARRIIEH Lo by EsGkwjstasnd e
tubular filmto stregkor @fi thel diapét eto iprovise Befisteningedeans! forohbRIAEhEOr
A" acn cvr PBALRR e £ HRNE N PEISTAR By U0°0 S
by _ known in the art, such as the fastening tape disclosed in U.S. Patent

10 . 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.

Preferred diapers have elastic members despised 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 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. Ffor
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

15
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art. For example the elastic members may be ultrasonically bonded,
heat and pressure sealed into the diaper using a variety of bonding

35 patterns, or the elastic members may simply be glued to the diaper.
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coextruding the PHBV between two |ayers of sacrificial polymer, for
anpl’e”a pol yol efin, stretching and orienting the multil ayer Sfi| _
%Mnd t he WOs94/0936 ?ng away the polyolefin layers after the Ighgﬁg%os%sd
time to crystallize. The remaining PHBV filmis then am nated to either
water soluble films (PVA preferred) or water3¥nsoluble filns such as

pol yvi‘nyl i dene chl oride or other polyolefins. In the filnms of the
current invention, such drastic processing methods are avoided. In

e I g g Y A M
cat egory of pol ynetepsheete and backsheet. The absorbent core may be manufactured in a
wide variety of sizes and shapes (e.g., rectangular, hour-glass,
asymmetrical, etc.) and from a wide variety of materials. The total
5 absorbent capacity of the absorbent core should, however, be
compatible with the designed liquid loading for the intended use of
the absorbent article or diaper. Further, the size and absorbent
capacity of the absorbent core may vary to accommodate wearers
ranging from infants through adults.

10 , 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:

15 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
20

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® whicﬁ issued to Kees J. Van
Tilburg on May 20, 1986, the disclosures of both patents being
25 incorporated herein by reference. It will be apparent that the
polymeric biodegragable 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 spemfu: sanitary napkin configuration or structure.
30 In general, sanitary napkins comprise a 'I1qu1d impervious
- backsheet, a liquid pervious topsheet, and an absorbent core placed
‘between the backsheet and the topsheet. The backsheet comprises one
of the biodegradable films containing a blend of polymeric components
as described above. The topsheet may comprise any of the topsheet.
35 materials discussed with respég:t to diapers.
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read|I processed into filmns Consisting of noisture sensitive polyners,
—ther pol yners, mechanically Ilimted pol 16593/05618
hydr ol yt [ ce‘f‘ﬁ%}o@? €avable aromatic/aliphatic polyester copolyners,

oxi di zed ethylene/carbon nonoxi de copolyners high nmelting aliphatic
pol yesters, and elastoners. This allows thé’other conponents to function as
t hé tontinuous phase in the blend and overcome the tacki ness and processing -

difficulties of the PHBV as descri bed above. V. MECHANI CALLY LI M TED
POLYMERS I r produced
by the chem cal rmdl i cpgﬁ%r}r#lig‘fs ,ES F§rbent a&“#c?ﬁ‘? '%?H; a’f hne'n Iprese

cel lul ose acet at HyentioR) ”‘Gelq"lﬂl"lﬁéb’e?cewatie grestsropxtent (tham) coammional
cel | ul ose acet at eaf3orpent esrémBk wﬁ&hde%ﬁﬂobedal npd1pe1efind Mogiacim

Pl astics Encycl ope pp. 23-24), herein incorporat eé by
ref erenc cel | ul %qgg&ﬁg?%%?‘és 'par ed by reacting cellulose with

particul at acids and Hhs deamhychmpdesablgénu aisked hem‘eimemqanesenmterhah that
sul furic acid catgdefst thé nf6h%w?®56tl'§ize C@equfi%eﬁ?ﬁm(rl “Jbﬁ of b

out with acetic acid and acetic dnh i) gy eI uf:ose riace ﬁ’g
whi ch cont ai ns neBfACEs 8800 cit Wm@ﬁb‘sﬂgl tfaety i $P138 haastesr di2) dfdegr ee
of substitution pwaicessddowill 8ndup inThke findlacaipests ands (3) HENtiakcbmpdst Vis

hydrolyzed to renpyg $0The %doil thedfifte¥ia P WPHPE SHIR 1} Tbdegrade in the soil.
10 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 su‘bject 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 paés 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.
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the CAxproduct contains about 38 to 50[err] acetyl substitution. CAP

anq'QAB are nade b substltutlng propionic acid and propionic_anhydride or
butyric aci V@4 { 63ri c anhydride for sone of the acetic FGI4US é/r'ﬁ 618

acetic. anhydri de. Plastic grades of CA? generally contain 39 to 47%
propionyl and 2 to 9% acetyl content. 3

18 Pl asti c CAB grades generally contain 26 to 39@6butyry| and 12 to 15%
acetyl content. Commercially, CA CAB, and CAP are obtained from

East man Chemi cal Pr Od\#ﬁﬁtsdoéi‘%s% ﬁfsht ?ﬁe tgf;ﬁ&%{‘?dﬁ mdt Pi:ﬁ as f’ﬂ\éohﬁmqn

raw cellul ose and its regenerate cel I'ophane) an | be ra on) for
are readily bi odedrefaBrteriatse bk‘?eeri"? IYBHMIBPF ofs cé‘F‘R‘UI"S@%"tca@ ti tthey

quite stable to mubtinately diiboedradéssimlester Isbﬂi This biodegradation should be
: complete to CO2 and water. This blodegradab111ty 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. 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 examples illustrate the practice of the present
invention but are not intended to be limiting thereof.

5

10

15

: EXAMPLE 1
20 Thermally Sensitive/Difficult to Process/Elastomer Blend

A 50/30/20 blend (by weight) is prepared from a polycaprolactone
(TONE P787), a Biopol polyhydroxybutyrate/valerate copolymer (12%
valerate content), and a polyurethane elastomer (Morthane PN3429-100)
using the following procedure: '

Along with 6810 grams Tone P787 pellets, 4086 grams Biopol and
2724 grams Morthane PN3429-100 granules are dry blended in a Kelly
Duplex mixer for 15 minutes. The dry blend is melt compounded in a
Rheomix TW-100 twin screw extruder with conical barrels and two
partially intermeshing counterrotating screws and equipped with a
horizontal rod die having a 0.125 inch (0.3175 cm) diameter nozzle.
The temperature of the twin screw extruder varies from 2750F (1350C)
in the first heating zone, 3109F (1540C) in the second zone, and
3400F (1719C) in the third zone at the discharge end near the die.
The screw speed is maintained at 25 rpm. The molten strand is cooled
and solidified in a water bath prior to entering a Berlyn Model PEL-2

25
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A

" Pokymer gradatio'n by W Schnabel (Macmllan, New York, 1981), herein
| nag;«porat %Z ference, this enhanced resistance to_bi odegr adation '
results fromot Gqﬁ bility of cellul ose-specific enzynes to BETAIS93(05618

"substituted portions of the polysacchari de. However as descrl bed by
Buchanan and Gardner in an Abstract of, thel? paper entltled The Fate of
Cellul ose Esters in the Environnent: Aerob| c Biodegradation of Cellul ose
Acetate" presented at the CELLULOSE '91 CONFERENCE held in New Ol eans,

Loui stana. | Decenbenetifr dbre (J6 18! Endibefi Ut MLl bPLIMAORS, P18 S,

al so depends upon &g ee
degree of substit iRGheA @W@uﬁ!’ t@"!)-l oJ@Qr&@RJeﬂruEﬂ]Fh%tUte tthem dried ity a
2.5 degree of subgiddumtoven. at 500C Buldrytém1wlp&beéis§]ﬁg’;1des of cellul ose

esters may al so contaijn S r e t i l.izers traviol et
i nhi bi tor Hi gh | ebel‘:gLta *‘t‘ﬁ § é"%g?? d qoﬂ%quﬂpf%r%qllrﬁ 143109t
sl ow t he $at e of Memlegr?mgl 1288 Q)ﬂSCEﬂChu(loQQS @gi ahigmetEersingle \serew lestruder
level s of such st bé@rvﬁtﬁ”aesgﬁﬁﬁrﬂ@ %4 Qh&vﬁﬁé %ridﬁnbsp@ﬁaétaéwlﬁﬁ 12ifg-

Pl asticized cellulose .este

t her mopl astic and3c8rP4dnfk| {0 M”&cé@!;e‘gA 98P0 tAronstaptgtaper pgrewshaving a

subst an:}l alh :cevel 2001 1phgtht wu?emetarerarml anded;l chﬁpr%ktfoilnﬁsﬁoois ssaz'royiaul s
is too | or t §

Even i n the preselis Lmaraliys gt 8 B 1Sk ing Snd 60 adFHlaiREl Bt CSTpOF
cel lul ose ester f i(1889C) s t\reryeqouwheﬂymgcaow iBetad HZOEG at 38°°F (193°C), and

the die is maintained at 3200F (1600C). Screw speed is maintained at
25 rpm. The molten film passes from the die to a Postex sheet
take-off system where it is cooled to room temperature and then
collected on a cardboard core. Take-off speed is adjusted to provide

15 a film about 4 inches (10.16 cm) wide and about 0.001 ‘inch (25.4
microns) thick. ,
The resulting film is translucent, and displays properties
outlined below: _
a) a machine direction (MD) tensile modulus of 6.84x109 dynes/sq.
20 cm. (99,200 psi), |
b) a MD tear strength of 99 grams per 25.4 microns of thickness,
c¢) a cross direction tear strength of 199 grams per 25.4 microns of
thickness, : |
d) . an impact strength of 77 cm,
25 e) a moisture transport rate of 0.00048 grams per sq. cm. per 16
hours,
f) a modulus at 609C of 1.4x109 dynes/sq. cm. (20,300 psi)
As can be seen, the properties of the film meet the
30 aforementioned specifications for backsheet films of absorbent
articles.
- EXAMPLE 2
Thermally Sensitive/Elastomer Blend

35
A 60740 (by weight) composition is prepared by initially dry
blending 8178 grams of Tone P787, and 5448 grams Morthane PN33_2_9-_1_Q_(_J___
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granms,per 25.4 mcrons of thickness in the machine direction. I n
filee’ of the current invention, cellulose esters are used in blends with
one or nore WP3I®abl e pol ymers sel ected fromthe categor§CI/3iS93/05618

noi sture sensitive polyners, =~ thermally sensitive polyners,
hydr o) ytically cl eavable aronatlc/allphatB% pol yester copol yners,
oxi di zed ethyl ene/ carbon nonoxide copolyners, and elastoners. ‘In
bi nary blends with elastoners, the filmnay conprise t he

el ast oner . LLU OSE,ESTER_BLENDS W TH QTHER GRADABLE
POVMERS 1t 3§ RESTINGhaf MRS ot | IP6EF Bt NPLUTIPR, s S BF SXBr esiaE
w th procedures of Example 1 are followed to provide a film with

properties as outlined below.
a) a machine direction (MD) tensile modulus of 2.16x109 dynes/sq

5 cm. (31,300 psi), _
b) a MD tear strength of 142 grams per 25.4 microns of thickness,
c¢) a cross direction tear strength of 289 grams per 25.4 microns of
thickness,
d) an impact strength of 128 cm,
10 e) a moisture transport rate of 0.0006 grams per sq. cm per 16
hours, and
f) a modulus at 60°C of 6.9x107 dynes/sq. cm. (1000 psi).
' As can be seen, the properties of the film meet the afore-
15 mentioned specifications for backsheet films of absorbent articles.
20
25
30 S
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many , &l iphatic poly esters. 3,642,507, her ei n

i nwporat ed by ref erencﬁ"'ll mﬁmlﬁﬂluniﬂf ormul ation of printing inks with
i mpr oved fW&(?mlﬁ‘y b el lul ose ester w PRT/US93/05618

pol ycapr ol act one. patent 37932, 539, herein incor porated by
reference, also di scl oses t he preparatho of thernopl astic bl ends of
cellulose esters and polycaprolactone and other cyclic ester
polymers. T ?ﬁgdition of the polyesters was found to | ower the nodul us of
the- bl end significantly below that of the cellul ose ester and to inpart

i nproved nel tl. pr dememialpér backsheet filmcharareesiged by bavihgi npact resi st ance. Mor e
recently, blends gpf Qﬁﬂeﬁ.mbﬁ@B wi th pol yhydroxybutyrate (PHB) have been
descri bed by Cec%grulh Pi zzolj, and Scandola in an Abstract of a paper
entitled "Bl ends “of @F'FGFB%"@“E@EYMS with Bacterial

Pol y( 3- hydr oxybuteyr atahdchipe mmnqmmm.hmoanarfmmsmm?chyﬁakg (5. 89507
CONFERENCE, and herd?Mg, cnﬁ(r:orporat ed by reference. Experinental

evi dence of m scibili Was Found up to 50% PHB. Crystallization of the PHB
was found to be $rodfl) warreseth afat gyﬂf’%&ﬁlﬁ?%éﬁé@me&m'se esters

confirming intingje mmgWM@mm W&lm&@%ﬂ pér @S 4 nlidronsFe
obtained if PHBV co L%rg;rs are enployed in place of PHB Bl ends as

descri bed -above are thérnopl astic and can be processed into thin flexible
films with stiffflkss apdupactstungth ofjat least |2 dewimetersaas ssuet by falling ball depoever , t he

tear pr opagat | ON gh €SiaThoere tispSitiat? less than 0.0012 grams per square centimeter per 16 hours;
h)  amodulus at 60°C of at least 5.52x10” dynes/sq. cm.; and
i) a thickness from 12 microns to 75 microns.

2. - The film of Claim 1 comprising two or more polymers selected from the group consisting of:

a)  moisture sensitive polymers, preferably thermoplastic polyvinyl alcohol compositions or
hydroxypropylcellulose;

b)  thermally sensitive polymers, prcferably polycaprolactone, other aliphatic polyesters
having melting points below 65°C or Vlw 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 cellulose ester blends with thermally sensitive aliphatic polyesters;

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

-€) hydrolytically cleavable aromatic/aliphatic polyester copolymers, preferably
copolymers of polyethylene tmephthalaté 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, glycolates, and mixtures thereof, |

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

g)  high melting aliphatic polyesters, preferably aliphatic polyesters having melting
temperatures or glass transition temperatures above 65°C; and

h)  eclastomers, preferably polycaprolactone/diene block copolymers or aliphatic polytstcr

urcthanes. e e e e

This Sheet Has Been Reﬂlaced-
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(®) 99 - 60 weight percent of a second polymer selected from the group consisting of
hydrolytically cleavable aromatic/aliphatic polyester copolymers, oxidized ethylmelt_arbon
monoxide copolymers, and high melting aliphatic polyesters. '

The film of Claim 2 wherein the film comprises: (d) 1 - 60 weight percent of a thermally
sensitive polymer, preferably polycaprolactone; and (b) 99 - 40 weight percent of a second
polymer selected from the group consisting of hydrolytically cleavable aromatic/aliphatic
polyester copolymers, oxidized ethylene carbon/monoxide copolymers, high melting aliphatic

- polyesters, and clastomers.

The film of Claim 2 wherein the film comprises: 30-70 weight percent of @ mechanically
limited polvimer, preferably a cellulose ester; and 70-30 weight percent of an clastomer,
preferably an aliphatic polyester urethane.

The film of Claim 2 wherein the film comprises a blend of three polymers selected from the
group consisting of: moisture sensitive polymers, preferably a thermoplastic polyvinyl alcobol
composition; thermally sensitive polymers, preferably polycaprolactone; elastomers, preferably
an aliphatic polyester urethane; and mechanically limited polymers, preferably a cellulose
ester.

The film of Claim 2 wherein the film comprises a blend of three polymers selected from the
group consisting of: hydrolytically cleavable aromatic/aliphatic polyester copolymers;
thermally sensitive polymers, preferably polycaprolactone; and moisture seasitive copolymers,
preferably a thermoplastic polyvinyl alcobol composition.

The film of Claim 2 wherein the film comprises a blend of three polymers selected from the
group consisting of oxidized cthylenc/carbon monoxide copolymers; thermally sensitive
polymers, preferably polycaprolactone; and moisture sensitive polymers, preferably a
thermoplastic polyvinyl alcohol composition.

The film of Claim 2 wherein the film comprises a blend of three polymers selected from the
group coasisting of: thermally sensitive polymers, preferably polycaprolactone; polymers
difficult to process into films, preferably a polyhydroxybutyrate/valerate eopolymcr and
clastomers, preferably an aliphatic polyester urcthane. e
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appl i catd ons. Al though the nononeric starting materials for such pgfs
ar e skriown to be bi odegradabl e, neither PET or PBT are considered s
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{54) Title: BIODEGRADABLE. LIQUID IMPERVIOUS MONOLAYER FILM COMPOSITIONS

(57) Abstract

Biodegradable, liquid impervious monolayer film compositions are disclosed. In particular, the monolayer films comprise
composite structures derived from blends of biodegradable polymers. The biodegradable polymers are selected from the catego-
_ries of moisture sensitive polvmers, thermally sensitive polymers, mechanically limited polymers, polymers not easily processed
into films. hydrolytically cleavable polymers. and degradable elastomers. The biodegradable polymers are combined in various
ways 10 overcome the deficiencies of the individual components, yet at the same time impart specific performance properties to
the film. The monolaver film compositions are suitable for use as backsheets in disposable absorbent products including diapers,
adult incontinent pads, sanitary napkins, pantiliners. and the like.




suitabl e for producing filnms and fibers for use in disposabl e- arfiss-&srer
such as di apers. Although hydrolysis of the copolyner filnms and fibers is
shown to take place in boiling water, (100[err]C) evidence of the extent or

rate to which true bi odegradati on occurs is not presented.

Yet

anot her approach to increasing the hydrodegradability of SHeT A .
pol yesters is described in International Patent Applicati oiﬁ{@(ﬁﬁ%& ET
publ i shed February 21, 1991, herein jncorporated by refergnge. In this '
case, hydrodegradabl e pol yesters based on the random copolyheid28CToi996f
aromatic and aliphatic pol | 0 e specifically, the
random copol yners are conpgﬁiggkgpefsrgﬁéfﬂ ?@%$yg§[ers sugeh a5 PET or PBI
randomy interrupted wit l]' T HONOHYE'R:TTILN"COHPDMT”IOSNKS”‘““ 21
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The present invention relates to 1liquid impervious films
comprising blends of biodegradable thermoplastic polymers. The films
are especially suitable for use as backsheets in articles such as
diapers, sanitary napkins, pantiliners, and the 1like, 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, nonwoven, or ' porous formed-film
polyethylene or polypropylene materials. Backsheet materials
typically comprise flexible polyethylene sheets. Absorbeﬁt core
materials typically comprise wood pulp fibers or wood pulp fibers in.
combination with absorbent gelling materials. One aspect of such
absorbent articles that has recently been considered is their
disposab§1ity. 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.

A conventional disposable absorbent product is already to a
large extent compostable. A typical disposable diaper, for example,
consists of about B0% of compostable materials, e.g., wood pulp




al i phati c hydrodegradabl e |ink polynmers such as pol yglycolic acid,
pol yl actic acid, polycaprol actone, pol yhydroxybutyrate, pol yhydroxy-
but yrat eval erate, pol ybutyl ene oxal ate, pol yethyle gyfﬂﬁggprL_ I
et hyl ene carbonate, polybutylene carbonate, and otHh € -@§J¥r thntlai ni ng
silyl ethers, acetals, or ketals. Preparation of the‘copolyners I sicarried
out by either ester interchange reactions of the appriopfi2s0@T MBRbnarijc
species or by transesterification reacdtions beween |t honopol ynmer g ijn t he
presence of an appropriate catalyst. In additijon~to Theé aforenerti oned
aliphatic link polyners, other aliphatic polyesters| may also be apprdpri.ate

for produci 0- td,c/ akd phat c,,nol r._copol rs.,JIhese_include

al i phatic p(r}‘f;i ;’/’g'gst'era Eaisdehlgeg'% lkeesl ftr”(')mt 'ﬁhe‘*@‘ﬁ%‘ﬁﬁ"@f&‘%ﬁg‘;‘&é?9413‘13‘8%&‘@!? suc-

ci nates, gl (Abapeheat aeldiches care phneddgdeand scarmiegled, withe| engapnic swiisdeat es,
nonanedi oat grioRN Th&! eumPasting! & -se. Afte? BipBst{i® IDO¥SmpIBEES thet 1S
assuned true blodegrag tion will occur once.,the, cop Iy@grs h&g%puyze to :
very | ow nol00$UIPOLES Sﬁt PTG e r e o SCRESHe ML splititdS MADRRYc€VeRhe rate
to which thitodey'sur absarbentcormpbitliesy eanwi rsuocessfully t bepepadcessed bahow
65[err] C and.qiher8 ﬁtéo}ﬁﬁaﬁiﬁﬁl]hn%e.vi ations fromneutral pH nmay be too sl ow

il ef o

to ensure the reahqp ? re they are renoved by screening, air
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 compostable material,
because the backsheet is typically one of the largest non-compostable
components of a conventional disposable absorbent article.

In addition to being compostable, 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 a compostable substrate such as another film,
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.
Proberties 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.

Once the absorbent article is disposed of and enters a
composting process, other properties become important. Regardless of
whether incoming waste is preshredded or not, it it important that
the film or large film fragments undergo an initial breakup to much



classification, or other separations nethod. To en

br eakup

and ulti mate degradation of such pol yester copoly TSHEEM ot her
nore rapi dly bi odegradabl e pol yners can be enpl oyed,! TOT ani ql y

bi odegr adabl e pol yners sel ected fromthe categori€s ofo U@§6s-nsitive
polynmers, thermally sensitive polyners, polyners difffi 0 'progegs into
films, and m xtures thereof. In such hlends, the ar x--phatdc

pol yest er copol yner conpri ses from abdut ‘60 wei ght| per 95

wei ght percent of t he bl end. B. OXI RBON
MONOXI DE COPCLYMERS Phot odegr adabl e pol yners based on random

copol yners yl . nd : bon nox| re C rcially in
bever age ca%k?fﬁﬁs gﬁg'c“%théﬁgﬁﬁgném@hiéhﬂﬁ§$ o?ﬂ%ﬁgbegﬂ?g%ﬂ?ﬁﬁﬁ%Pn t he

envi ronment O4herwipe: tthe films or large fragments may be screened out of the
compost stream and may never become part of the final compost.

During ;he'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 fragments.

Many biodegradable polymers exist which are sensitive to
mechanical action or elevated temperatures, or moisture. Many would
individually meet the requirements for combosting. 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 but do not compromise the

" beneficial properties associated with the individual biodegradable
polymers. _

It is, therefore, an object of the present invention to provide
1iquid 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 qynes/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,

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,
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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 (vinyl-
idene 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. Poly-
ethylene 1is 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 4,337,18]. :

Interrational 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 Tleast one
water-containing destructurized hydrophilic polymer and at least one
synthetic essentially water-insoluble thermoplastic polymer. The
materials are saié to be shapable under conditions of controlled
water content and pressure into bottles, sheets, films, packaging
materials, sacks, bags, and other articles.
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90|yﬁ€ﬁpr§0§§@@4cﬁ)pﬂ‘ Mnﬁ,a) a et al. on March ]0 195?' yeSt er

U . Patent 4,957 expands t process to
Ra&ht thPUPR?t P8ﬁ5| PYBEPS cqmaméas wmmtmng a (1)
destructurized starch component, (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.

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 hydfoxy acids, and at least one
layer of a biodegradable woven or non-woven fibrous substrate,
preferably a rayon nonwoven 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 65,026,589 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 1like. Specific copolymer compositions providing properties
essential to backsheet use are not given.

U.S. Patent 4,873,270 discloses a substance based on ~poly-
urethane 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
same nature as the polyurethane resin. For example, the ~supstance
could contain a polycaprolactone-based polyurethane, starch, 'PVC,
and polycaprolactone.

International Patent application WO 91/13207 discloses biode-
gradable sheet structures based on paper substrates coated with a
latex and subsequently dried. The 1latex comprises a colloidal’
suspension in water of essentially non-crystalline particles of a

et ones
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polyurethanes prepared by mixing viscose with the polyurethane,
gelling the mixture at above 400C 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 Application 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 othef
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 mulch 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-biodegfadab1e and water-insoluble film-forming
material having a biodegradable material homogeneously dispersed
throughout its structure. Water-insoluble polyvinyl alcohol 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.

' UMMARY OF THE [NVENTION .

The present invention encompasses flexible biodegradable films
comprising composite structures derived from blends of biodegradable
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present invention comprise two or more components selected from the

above-ment ioned categories. 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
liquid impervious monolayer 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/sq. cm. to 6.895x109
dynes/sq. cm.), _

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,

£) a modulus at 609C 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 {nvention also encompasses disposable absorbent
articles comprising a liquid pervious topsheet, a liquid impervious
backsheet, and an absorbent core encased between the topsheet and the
backsheet; said articles being characterized in that said backsheet
comprises a flexible biodegradable film derived from blends of
biodegradable polymers as will be described hereinafter.
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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
blends of various biodegradable polymers, selected and compounded
such that the deficiencies of the individual components are overcome.
The blends are thermoplastic and can be extruded into biodegradable
water resistant films suitable for backsheet applications.

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 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, polyvinylalcohol and related derivatives,

-hydroxypropylcellulose derivatives, and polyethylene oxide.

Other biodegradable components are thermally sensitive due to
their low melting points or glass transition temperatures, generally
659C or lower. The Vicat softening temperatures of such materials can
occur at temperatures much lower than 659C, often below 45°C.
Examples include many aliphatic polyesters such as polycaprolactone,
_polyethylene adipate, polybutylene glutarate, and polypropylene

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 polymer are too slow or the flow

ol ado
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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/ali-
phatic polyester copolymers, oxidized ethylene/carbon monoxide
copolymers, and aliphatic polyesters with melting points above 650C,
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 Yike. Each of these components is described in detail below.

I. MOISTURE SENSITIVE POLYMERS

A. DESTRUCTURIZED STARCH COMPOSITIONS

Thermoplastic, biodegradable compositions  based on
interpenetrated networks of starch with 2 synthetic component such as
an ethylene/viny'l alcohol (EVOH) copolymer are described in
International Patent Applications WO 90/10671, WO 90/110069.3, WO
91702025, WO 91702024, WO 91702023, 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-8i 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 1iquid 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 consideribly
with humidity. For example, the modulus of a Mater-Bi film (Type
AFO5H) decreases by about 50% as the relative humidity changes from
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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, for
example about 0.0024 grams/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. 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 MOO14 are so sensitive to water they
quickly fall apart, disperse into smaller particles, and virtually
dissolve when contacted or immersed in liquid water.

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:

—~CHa—~CH—CHp—CH—
" 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 PVA is not thermoplastic. 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.
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copolymerizing ' éaA w\th 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 U.S. Patent
5,028,648, herein incorporated by reference. The biodegradation of
Vinex compositions is disclosed in an Air Products Technical Bulletin
entitled "Measurement of the Biodegradability of Vinex Resins by
Controlled Respirometry" by J. Kramer, herein incorporated by
reference.

A Vinex 1000 series, 2000 series, and 3000 series exist. The
1000 series are fully hydrolyzed gradés 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 biodegradable
backsheets of absorbent articles.

In the films of the current invention, the Vinex materials are
used in 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,
high melting aliphatic polyesters, and elastomers. The films may
comprise from about 1 to about 40 weight percent of the thermoplastic
p61yviny1 alcohol composition. '

ends
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C. HYDROXYPROPYLCELLULOSE (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
plastic flow properties of HPC enable it to be used as a base
material in extrusion, blow, or injection molding, and f{im-making
operations. 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:

-t-C6H10-n05 (CH2CHOCH3 ) n —3x

where n has a rangé 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 at low

levels, typically 33 weight percent or less, where it imparts

ngt h

temperature resistance and resistance to blocking. Small amounts of -

plasticizers, internal 1lubricants, 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.

JI. THERMALLY SENSITIVE POLYMERS _
Since commercial composting operations typically achieve
temperatures of about 609C, biodegradable polymers with low thermal
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film would also be expected to expose more of the higher melting
components to microorganisms thereby increasing their rate or
biodegradation as well.

Aliphatic polyesters belong to the famx]y of linear saturated
polyesters. Many aliphatic polyesters are known to be biodegradable
and, hence, compostable. Many also have melting points of about 65°C
or less. Although some types of low 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, 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:

HO-R-0—¢-0- (CHz)5-3n-OH
C .

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. TONE P-767 is prepared
from a special high purity grade of caprolactone monomer and has an
average molecular weight of about 43,000. TONE P-787 has an even
higher average molecular weight of about 80,000.
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27 Antistatic agents may be incorporated in filns ofogpﬁcpngggnt _
I nvention; exanples of such agents include ethoxyl ated
quarternary am ne salts having organic constituents of ibqn

atons in length. Agents of this type $%owy defuse td the surface of tHe
filmand, because of their ionic character, form an el'ectrrcatty TOMAUTTi ve
| ayer on the surface of the film Antistatic agents commonly constitute

from about 1961:0P6%995$ro§%@f§hetry%lyﬁgﬁihthfggng 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 600C (1400F),
these films could function as backsheets for absorbent articles.
Because of their low melting points, backsheets consisting of 100%
polycaprolactone would have difficulty withstanding the high
temperatures encountered when hot glue is applied to the diaper
during the manufacturing process. In addition, during shipping
and/or warehouse storage, temperatures of 60°9C 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.

—
Q

In the films of the present invention, polycaprolactone can be
utilized in monolayer film blends with one or more biodegradable
polymers where it may help compatibilize dissimilar materials as well
as impart strength and good processability. The other biodegradable
polymers can be selected from the categories of mechanically limited
polymers, hydrolytically cleavable aromatic/aliphatic polyester
copolymers, oxidized ethylene/carbon monoxide copolymers, and high-
melting aliphatic polyesters.

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 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:
3 9 i [
HO-Ry-OH+HO-C-R2-C-OH ———> H-[-Ole-O-C»Rz-C-]n-OH
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Further examples of thermally sensitive aliphatic polyesters
with melting points less than 650C 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.

In the films of the present invention, thermally sensitive
polymers are blended with one or more biodegradable polymers selected
from the categories of moisture sensitive polymers, mechanically
limited polymers, polymers difficult to process into films,
hydrolytically cleavable aromatic/aliphatic polyester copolymers,
oxidized theylene/carbon monoxide copolymers, high melting aliphatic
polyesters, and elastomers. In such blends, the thermally sensttive

polymer comprises from about 1 to about 60 weight percent of the
blend.

111, 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
(PHBV) copolymers. Preferred examples of polyhydroxybutyrate
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found that filnms that are sufficiently strong to be suitable as

blodegradable backsheets for disposable di apers denonstrate two
properties:
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in U.S. patent 4, 393 167, Holmes et. al., issued July 12, 1983 and
U.S. Patent 4,880,592, Martini et al. .y issued November 14, 1989, both
references incorporated herein by reference. PHBV copolymers have

the generalized structure shown below.
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Such copolymers are commercially available from Imperial
Chemical Industries under the tradename Biopol. The Biopol polymers
are produced from the fermentation of sugar by the bacterium
Alcaligenes eutrophus. PHBV polymers are currently produced with
valerate contents ranging from about $ 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 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 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 B86309586.5 describes a means of
achieving a PHBV monolayer film for diaper backsheet applications by
coextruding the PHBY between two layers of sacrificial polymer, for
example a polyolefin, stretching and orienting the multilayer film,

ng.
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readily processed into films consisting of 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 elastomers. This allows the other

components to function as the continuous phase in the blend and

overcome the tackiness and processing difficulties of the PHBV as

described above.

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
generally contain 39 to 47% propionyl and 2 to 9% acetyl content.
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acetyl content. 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, 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 sbe melt processed into thin films. Unless
substantial levels of plasticizer are emplbyed, 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 films of the current invention, cellulose esters are used in
blends with one or more biodegradable polymers selected from the
category of moisture sensitive polymers, thermally sensitive
polymers, hydrolytically cleavable aromatic/aliphatic polyester
copolymers, oxidized ethylene/carbon monoxide copolymers, and
elastomers. In binary blends with elastomers, the film may comprise
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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
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 hp to S0% 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 PHBY 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
films alone is still deficient compared to those normally used to
construct absorbent articles such a;-disposab1e diapers. As will be
discussed later, the inclusion of certain biodegradable elastomers
can improve the tear strength of said blends significantly.

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

.
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crystalline state, but the softening point or glass transition
temperature (about 809C) 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.

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
on October 1, 1991 describes polyesters based on polyethylene
terephthalate (PET) copolymerized with diethylene glycol and
5-sulfoisophthalic acid wherein the the glass transition temperature
of the copolymers is preferrably reduced to below 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
presented.

Yet another approach to increasing the hydrodegradability of

aromatic polyesters is described in International Patent Application

WO 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 specificai]y. the random copolymers are comprised of
aromatic polyesters such as PET or PBT randomly interrupted with
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butyratevalerate, polybutylene oxalate, polyethylene adipate, poly-
ethylene 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
beween two homopolymers in the presence of an appropriate catalyst.

In addition to the aforementioned aliphatic Vink polymers, other
aliphatic polyesters may also be appropriate for producing aro-
matic/aliphatic polyester copolymers. These include aliphatic
polyesters selected from the group of oxalates, malonates, suc-
cinates, glutarates, adipates, pimelates, suberates, azelates,
sebacates, nonanedioates, 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
ensure the breakup of films before they are removed by séreening, air
classification, or other separations method. To enhance the initial
breakup and ultimate degradation of such polyester copolymers,
blending with other 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. -

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.
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breakdown of important physical properties are noted. As the polymer
chains decrease in molecular weight, the p1astic'materia1 macro-
scopically 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 link-
ages will not break down in both molecular weight and size rapidly to
become part of the final compost. Rather, they will 1ikely be
screened out or otherwise separated from the compost stream along
with other non-biodegradable materials.

Recently, it has been found that ethylene/carbon monoxide
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 2 polyketone, for example a ethylene/carbon
monoxide (ECO) copolymer, to a ponesier. The process involves the
reaction of the ECO copolymer with an organic peroxyacid oxidizing
agent in an inert liquid medium at temperatures between -200C to |
1500C. Substantially all or only a portion of the ketone

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

U (

0 0

| peroxyacid ]
—CHp ~CHp—~C—~CHy — > —CHa—CH2—C-0- CHz-
polyietone (ECO copolymer) polyester

Subsequent U.S. Patent 4,957,997 expands this process to poly-
ketones containing pendant functional groups obtained by the
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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 dioxide 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. Preferably, the average molecular weight of the
polymer chains between'ester groups is below 1000 grams per mole.
Most breferably, the average molecular weight between ester groups is
below about 500 grams per mole.

Oxidized ECO copo]ymérs'have excellent moisture resistance and
processability but their physical properties, particularly elongation
to break in tension, at lower molecular weights, may not be
sufficient to be used alone for backsheets of absorbent articles. As
mentioned in previous sections of this application, oxidized ECO
copolymers are useful as blend components with other biodegradable
polymers where they impart heat resistance and moisture resistance.
Oxidized ECO copolymers can be employed in amounts ranging from 1 to
99 weight percent of the total blend composition.

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 above
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
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Plastics Extrusion Technology -- 2nd Ed., by A I an A Grlff (Van Nost r and
Rei nhold -- 1976), herein incorporated by ref er g —

ext ruded
through a linear slot die, GCenerally the flat . O ;~_ | ar ge
nmovi ng pol i shed net al roll. It qui ckly cool s, peels of T tH o first
roll, passes over one or nore auxiliary coolingjrpllysp QUTeWhriough a set
of rubber-coated pull or haul-off" rolls, and finfall'y to a win A net hod
of making a cast backsheet filmfor th& absorbept el current
invention is described in Exanpl-e 1 which foll ops. I'n bl own Film

extrusion the nelt is extruded upward through a™tnrn anlnular Idie t N
AT 9% nt r otaabe RF GTgeneRen s fEaCtEITS, S bF Bl 6 i hEFEE Hing RIBE and
causes it toorghssdtranasitionsnat mobhdlecomposting temperatures. High melting
aliphatic polyesters can, however, be combined in blends 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 (Tm = 78°C).
Further examples can be found in the aforementioned "Polymer Handbook
- Third Edition" Section VI, pages 56 through 67, previously
incorporated herein by reference. High melting aliphatic polyesters
can be used in blends with other biodegradable polymers wherein the

high melting aliphatic polyester comprises from about 1 to about 99
weight percent of the blend.

VI. ELASTOMERS

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 Encyc‘lopedia. 1990, pp 122-131, herein incorporated
by reference. Cdmmercial‘ly, there are 6 generic classes of TPE:
styrenic block copolymers, polyolefin blends, elastomeric alloys,
thermoplastic polyurethanes, thermoplastic copolyesters, and thermo-
plastic polyamides.

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.
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33 well known configurations, a preferred ratjon is
described generally in U S. Patent 3,860, 003, entlgpg’eﬁ{:@&@f\ gﬂﬂ% b Si de
Portion for Disposable D aper" which issued to Kejngth B. Buell op Panuary
14, 1975 and which patent is incorporated herein byirdqf 2iG3ic49%6 The
topsheet is conpliant, soft-feeling, and non-irrifating to the wealer's
skin. Further, the topsheet 1is  qui d pervi ousTTpeErnTTTTg ™ | | qui ds
to readily penetrate through its thickness. A sditable topsheet npy be
manuf actured froma w de range of materials such as porous foans,
reticul ated foans, apertured plastic filns, natural fibers (e.g., wood or

cot ]E on fi berS)onayqﬁahmec pf)l mresm(r@sgcan el bﬁ@yla@‘éd of rda0 1R MAgteNe i bers)
or roma CO

Copshoot - T omhARoeiEe ngtRbteRs B e ibp enst o-aBr ShastAC oBeer s skin
from | i quiwkactiont Hprodictsr b@fnt acdiiel -dicarbopyligaraciidul condgnsasiest.er rh\d
topsheet £OEPIT,SQResS pyLsietd0hEve 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.

Aliphatic polyester urethanes are available from Morton
International, Inc. under the tradename Morthane. When blended with
other biodegradable polymers such as 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, they lower modulus, increase tear
and impact strength, and impart moisture resistance. The aliphatic
polyester urethanes may comprise 20-80 weight percent of the blends.

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. _

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)p -- multiblock

copolymer comprises alternating sequences of A and B segments where
n=2,3, etc. '
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t o each ot he&wopplymens 1n which the polycaprolactone segments comprise from about

10 to about 60 weight percent of the copolymer and the polydiene
segments comprise from about 90 to about 40 weight percent of the
copolymer. TJo achieve the desired tear strength enhancement ihe
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 compos{tion.

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 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 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
reduce blocking alone or in combination with other antiblock methods.
The quantity of powder antiblock substance commonly added to the
surface of a film, when used, is from about 0.5 g/m2 to about § g/m2.

psheet
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irectly
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invention; examples of such agents include ethoxylated amines and
quarternary amine salts having organic constituents of about 12-18
carbon atoms in length. Agents of this type slowly defuse 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.

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
biodegradable and it must demonstrate the following properties of
high 'strength, adequate fluid barrier, appropriate modulus or
f1exibi1ity; and adequately high melting point.

The backsheets of disposable diapers must have sufficient
strength both to hrocess 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 hand]e'easiiy 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
storage conditions or loose its integrity on high speed disposable
diaper converters which typically use hot melt adhesives to bond the
components of a disposable diaper together.
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menbers may 28i pgrambeasyl fiewh eoheight defader centimet.ers so that at least 50%.
of the tests result in no rupture of any size (deformation is
acceptablie). 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
propogation resistance of 70 grams 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
TAPP] Method T 414om-88. More preferable, are those backsheets that
demonstrate tear propogation 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 2 weight of about 35 g/sq cm (0.5 psi).

It has also been found that materials of sufficient heat
resistance demonstrate a Vicat softening poiﬁt of at least 450C.
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35 The absorbent core of the diaper is positioned between the

topsheet and backsheet. The absorbent core nmay - o OT &1 a W de
variety of sizes and shapes (e.g., rectangul L mlﬁ%& é@%hr
asymmetrical, etc.) and froma w de variety of tlerials. The tdt4l
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conpatible with the designed liquid 62gading for {the intended use of the
absorbent article or diapér. Furthér, the sijze and a ent gapacity
of the absorbent core may vary to accommopdate wdarers ranging frominfants
t hrough adults. A preferred enbodi nent of the diaper has a hour-gl ass
shaped absqpgnts?eéding iCt&R2ATRARG £ West It sP6RG 61 APparatls ARELT iGNt member

CS-107 or equivalent and a modification of ASTM D-1525.

The

modification is in the preparation of the sample. A 19 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 1209C. and pressure of
7.031x105 g/sq cm (10,000 psi) (using a Carver or 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 2 load 1000 g using a uniform temperature rise rate of
500C 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 c¢m (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 thickiness, 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 ¢m 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 jaws 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 reéponse 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 the range
of 6.895x108 to 2.068x109 dynes/sq cm (10,000 to 30,000 psi).
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modulus of about 4x109 dynes/sq. cm. (58,000 psi) may have a 600C
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 609C modulus of

about 3.5x108 dynes/sq. cm. (5076 psi) which is still acceptable. Im

general, an acceptable backsheet film will have a 60°C modulus of at
least 5.52x108 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
Temperature/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.
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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
those skilled in the use of the DMA 7, the following run conditions

should be sufficient to replicate the 60°C modulus data presented
hereinafter,
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i nvention are conpostable to a greater extent tHhan—-€ervert-t+erat—aljsor bent
articles which enploy a polyolefin, t ypi cal q%g yliene
backsheet . The term "conpost abl e" as used hereinoﬁ%§9§ ‘ﬁaterial t hat
neets the following three requirenents:_ (1) is dapahle of beingjipriocessed
in a conposting facility for solid wast¥; (2) ift so processed willl end up
in the final conpost; and (3) if the conpost is ‘wsee-+r—the—so+t—the
material will ultimtely biodegrade in the soil

To measure the modulus/temperature spectrum of a film specimen,
the DMA 7 1s set to run in temperature 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
Tength between the specimen grips is mounted in the EMS. The appar-
atus 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 {s 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 3.09C/minute
from 250C 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 storage modulus/temperature

spectrum printed for further review. The 60°C modulus is determined
directly from the spectrum.

METHOD OF FILM MANUFACTURE

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

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

thermoplastic components only a single extruder and single manifold
die are required.

SSh—it ARy, stilll he a

ABSORBENT ARTJCLES

Film materials used as liquid iﬁpervious 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
1iquid 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
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Thi s bi odegradability requirenment is not essential to the

n con , a preferre 'gfg%er configuration is

described generally in U.S. Patent 3,860,003, entitled "Contractible
Side Portion for Disposable Diaper® which issued to Kenneth B. Buell
on January 14, 1975 and which patent 1{s incorporated herein by
reference.

The topsheet is compliant, soft-feeling, and non-irritating to
the wearer’s skin. Further, the topsheet 1{s liquid pervious,
permitting liquids to readily penetrate through its thickness. A
suitable topsheet may be manufactured from a wide range of materials
such as porous foams, reticulated foams, apertured plastic films,
natural fibers (e.g., wood or cotton fibers), synthetic fibers (e.g.,
polyester or polypropylene fibers) or 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.

igura

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,
nonwoven, spunbonded, carded, or the Yike. 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/m2, a minimum dried tensile strength of at least about
400 g/cm in the machine direction, and a wet tensile strength of at

Yeast about 55 g/cm in the cross-machine direction.

' The topsheet and the backsheet are Jjoined together in any
suitable manner. As used herein, the term "“joined" encompasses
configurations whereby the topsheet is directly Jjoined to the
backsheet by affixing the topsheet directly to the backsheet, and
configurations whereby the topsheet is indirectly 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 direc@1y to each other in the

Solid waste and the
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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 corners of the diaper.

Preferred diapers have elastic members despised 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 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, Ffor
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.
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solidified in a water bath prior to en ing a Berlyn Moddel PEL-2

38 pelletizer where it is chopped into pellets approXinatery o: nches
(0.3175 cm long. The cooled pellets are then dried in a vacuum oven at

50[err] C prior tthe idbiombentesorédof the diapest ibi boyitSoReddb@sded eHe t he
conpounded p?c!plsﬁgest 4nd r‘%cﬁsheet. The absorbent core may be manufactured in a
wide variety of sizes and shapes (e.g., rectangular, hour-glass,
asymmetrical, etc.) and from a wide variety of materials. The total
absorbent capacity of the absorbent core should, however, be
compatible with the designed liquid loading for the intended use of
the 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 biodegragable 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 biodegradablé films containing a blend of polymeric components

as described above. The topsheet may comprise any of the topsheet.
materials discussed with respect to diapers.

and
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invention are compostable to a greater extent than conventional
absorbent articles which employ a polyolefin, typically a
polyethylene backsheet.

The term “compostable® as used herein means a material that
meets the following three requirements: (1) is capable of being
processed in a composting facility for solid waste; (2) {if so
processed will end up in the final compost; and (3) if the 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 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 hndergoes 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.
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procedures of Exanple 1 are followed to provide a ¥ SHERT{es as
outlined below a) a machine direction (M) tensi REPD M =11gx 109
dynes/ sq. cm (31,300 psi), b) a M tear stren tBt é 4% anyg per
25.4 mcrons of thickness, c) a cross direction tg f ﬁt 9& 249 grans
per 25.4 m crons of t hi ckness, _d) an inpact stkength of 1281Ich e) a
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be seen, the properties of the filmneet the afore- nentioned
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from materials like polyethylene is requirement (3) that they
ultimately biodegrade in the soil. This biodegradation should be
complete 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. 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 examples illustrate the practice df the present

invention but are not intended to be 1imiting thereof.

EXAMPLE 1

Thermally Sensitive/Difficult to Process/Elastomer Blend

A 50/30/20 blend (by weight) is prepared from a polycaprolactone
(TONE P787), a Biopol polyhydroxybutyrate/valerate copolymer (12%
valerate content), and a polyurethane elastomer (Morthane PN3429-100)

using the following procedure:

Along with 6810 grams Tone P787 pellets, 4086 grams Biopol and

- 2724 grams Morthane PN3429-100 granules are dry blended in a Kelly
Duplex mixer for 15 minutes. The dry blend is melt compounded in a
Rheomix TW-100 twin screw extruder with conical barrels and two
partially intermeshing counterrotating screws and equipped with a
horizontal rod die having a 0.125 inch (0.3175 cm) diameter nozzle.
The temperature of the twin screw extruder varies from 2750F (1350C)
in the first heating zone, 3100F (1540C) in the second zone, and
3400F (1710C) in the third zone at the discharge end near the die.
The screw speed is maintained at 25 rpm. The molten strand is cooled
and solidified in a water bath prior to entering a Berlyn Model PEL-2
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inches (0.3175 cm) long. The cooled pellets are then dried in a
vacuum oven at 500C prior to film processing.

A cast film is produced from the compounded pellets using a
Rheomix Model 202 0.75 inch (1.905 cm) diameter single screw extruder
equipped with a 6 inch (15.24 cm) wide horizontal sheet die utilizing
a 0.04 inch (0.1016 cm) die gap. A constant taper screw having a
20:1 length to diameter ratio and 3:1 compression ratio is employed.
The temperature of the first heating zone is maintained at 3700F
(1889C), the second heating zone is maintained at 3800F (193°C), and
the die is maintained at 3200F (1609C). Screw speed is maintained at
25 rpm. The molten film passes from the die to a Postex sheet
take-off system where it is cooled to room temperature and then
collected on a cardboard core. Take-off speed is adjusted to provide
a film about 4 inches (10.16 cm) wide dnd about 0.001 inch (25.4
microns) thick.

The resulting film is translucent, and displays properties
outlined below:

a) a machine direction (MD) tensile modulus of 6.84x109 dynes/sq.

' cm. (99,200 psi),

b) a MD tear strength of 99 grams per 25.4 microns of thickness,

¢) a cross direction tear strength of 199 grams per 25.4 microns of
thickness,

d) an impact strength of 77 cm,

e) a moisture transport rate of 0.00048 grams per sq. cm. per 16
hours, '

£) a modulus at 60°C of 1.4x109 dynes/sq. cm. (20,300 psi)

As can be seen, the properties of the film meet the
aforementioned specifications for backsheet films of absorbent
articles.

EXAMPLE 2
Thermally Sensitive/Elastomer Blend

A 60/40 (by weight) composition is prepared by initially dry
blending 8178 grams of Tone P787, and 5448 grams Morthane PN3429-100
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As can be seen, the properties of the film meet the afore-
mentioned specifications for backsheet films of absorbent articles.
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CLAIMS '

1. A monolayer backsheet film characterized by having:

a)  biodegradability;

b)  liquid-impermeability;

c) a machine direction (MD) tensile modulus from 6.895:(!0s dyn&lsq. cm. o 6‘895::109
dynes/sq. cm.; .

d)  aMD 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;

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

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

h) a modulus at 60°C of at least 5.52x107 dynes/sq. cm.; and

i) "a thickness from 12 microns to 75 microns.

2. The film of Claim 1 comprising two or more polymers selected from the group consisting of:

a)  moisture sensitive polymers, prcfémbly thermoplastic polyviny! alcohol compositions or
hydroxypropylcellulose;

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

c) mechanically limited polymers, preferably cellulose esters, cellulose ester blends  with
polycaprolactone, cellulose ester blends with polyhydroxybutyrate/valerate copolymers,
or cellulose ester blends with thermally sensitive aliphatic polyesters;

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

-¢)  hydrolytically cleavable aromatic/aliphatic polyester copolymers, preferably
copolymers of ;}olyethylmc 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, glycolates, and mixtures thereof,

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

B) high melting aliphatic polyesters, preferably aliphatic polyesters having melting
temperatures or glass transition temperatures above 65°C; and

b)  clastomers, preferably polycaprolactone/diene block copolymers or aliphatic polyester

urcthanes. o
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monoxide copolymers, and high melting aliphatic polyesters.

4.  The film of Claim 2 wherein the film comprises: (a) 1 - 60 weight percent of a thermally
sensitive polymer, preferably polycaprolactone; and (b) 99 - 40 weight percent of a second
polymer selected from the group consisting of hydrolytin!ly cleavable aromatic/aliphatic -
polyester copolymers, oxidized ethylene carbon/monoxide copolymers, high melting aliphatic
polyesters, and clastomers.

5. The film of Claim 2 wherein the film comprises: 30-70 weigﬁt percent of a mechanically
. limited polvmer, preferably a cellulose ester; and 70-30 weight percent of an elastomer,
preferably an aliphatic polyester urethane.

6.  The film of Claim 2 wherein the film comprises a blend of three polymers selected from the
group consisting of: moisture sensitive polymers, preferably a thermoplastic polyvinyl alcohol
composition; thermally sensitive polymers, preferably polycaprolactone; elastomers, preferably

an aliphatic polyester urethane; and mechanically limited polymers, 'pmfcmbly a cellulose
ester.

The film of Claim 2 wherein the film comprises a blend of three polymers selected from the
group consisting of: hydrolytically cleavable aromatic/aliphatic polyester copolyiners;
thermally sensitive polymers, preferably polycaprolactone; and moisture seasitive copolymers,
preferably a thermoplastic polyvinyl alcohol composition. |

8.  The film of Claim 2 wherein the film comprises a blend of three polymers selected from the
group consisting of: oxidized cthylene/carbon monoxide copolymers; thermally sensitive
polymers, preferably polycaprolactone; and moisture sensitive polymers, preferably a
thermoplastic polyviny! alcohol composition.

9. The film of Claim 2 wherein the film comprises a blend of three polymers selected from the
group consisting of: thermally sensitive polymers, preferably polycaprolactone; polymers
difficult 1o process into films, preferably a polyhydroxybutyratdvalemw copolymcr; and
clastomers, preferably an aliphatic polyester urethane. o
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preferably a thernoplastic polyvinyl alcohol conposition. 4. The film
of Claim1 wherein the filmconprises a blend of three polyners selected
fromthe group consisting of: oxidized ethy fde
copolyners; thermally sensitive pol yner s
pol ycaprol actone; and noi sture sensitive pol yners,
t her nopl asti ¢ pol yvinyl al cohol conposition. - 5. @@Tﬁﬁﬁé @¢agimil
wherein the filmconprises a blend of three poly sel ected from ghe
group consisting of thermally sensitivazpol yners, preferably
pol ycaprol act one; pol yners difficult to pr into fil ns,
preferably a pol yhydroxybutyrate/val erate copol?ner and el ast onmer s,
preferably an aliphatic polyester urethane.

BIODEGRADABLE, LIQUID IMPERVIOUS MONOLAYER FILM

COMPOSITIONS
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ABSTRACT

Biodegradable, liquid impervious monolayer film compositions are disclosed. In
particular, the monolayer films comprise composite structures derived from blends 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. The biodegradable polymers are combined in various ways to
overcome the deficiencies of the individual components, yet at the same time impart
specific performance properties to the film. The monolayer 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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CLAIMS {
1. A monolayer backsheet film having: L BALE
a)  biodegradability;
b) liquid-impermeability;
c) a machine direction (MD) tensile modulus from 6.895:&108 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;
c) 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;
2)  amoisture transport rate less than 0.0012 grams per square centimeter per 16 hours;
h)  amodulus at 60°C of at least 5.52x10’ dynes/sq. cm.; and
i) a thickness from 12 microns to 75 microns,

e RECRET. AU

said film comprising two or more polymers selected from the group consisting of:

a)  moisture sensitive polymers, preferably thermoplastic polyviny! alcohol compositions or
hydroxypropylceliulose; ,

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

¢)  mechanically limited polymers, preferably cellulose esters, cellulose ester blends  with
polycaprolactone, cellulose ester blends with polyhydroxybutyrate/valerate copolymers,
or cellulose ester blends with thermally sensitive aliphatic polyesters;

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

-e) hydrolytically cleavable aromatic/aliphatic polyester copolymers, preferably
copolymers of polycthylene tercphthalate 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, glycolates, and mixtures thercof;

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

B) high melting aliphatic polyesters, preferably aliphatic polyesters having melting
temperatures or glass transition temperatures above 65°C; and

h) clastomers, preferably polvcaprolactone/dicne block copolymers or aliphatic polyester
urcthanes,
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said film being characterized by comprising either

- 1-40 weight percent of a moisture sensitive polymer, preferably a thermoplastic
polyvinyl alcohol composition; and

- 99-60 weight percent of a second polymer selected from the group consisting of
hydrolytically cleavable aromatic/aliphatic polyester copolymers, oxidized

ethylene/carbon monoxide copolymers, and high melting aliphatic polyesters;

or said film being characterized by comprising
- 30-70 weight percent of a mechanically limited polymer, preferably a cellulose
ester; and

- 70-30 weight percent of an elastomer, preferably an aliphatic polyester urethane.

The film of Claim 1 wherein the film comprises a blend of three polymers selected from the
group consisting of: moisture sensitive polymers, preferably a thermoplastic polyvinyl alcohol
composition; thermally sensitive polymers, preferably polycaprolactone; elastomers, preferably

an aliphatic polyester urcthane; and mechanically limited polymers, preferably a cellulose
ester.

The film of Claim 1 wherein the film comprises a blend of three polymers selected from the
group consisting of: hydrolytically cleavable aromatic/aliphatic polyester copolyimers;
thermally sensitive polymers, preferably polycaprolactone; and moisture seasitive copolymers,
preferably a thermoplastic polyvinyl alcohol composition.

The film of Claim 1 wherein the film comprises a blend of three polymers selected from the
group conmsisting of: oxidized ethylenc/carbon monoxide copolymers; thermally sensitive
polymers, preferably polycaprolactone; and moisture seasitive polymers, preferably a
thermoplastic polyvinyl alcohol composition.

The film of Claim 1 wherein the film comprises a blend of three polymers selected from the

group consisting of: thermally sensitive polymers, preferably polycaprolactone; polymers

difficult to process into films, preferably a polyhydroxybutyrate/valerate copolymer, and
clastomers, preferably an aliphatic polyester urethane.



