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woven, non-woven, or porous formed-film polyethylene or polypropylene
materials. Backsheet materials typically comprise flexible polyethylene
sheets. Absorbent core materials typically comprise wood pulp fibers or
wood pulp fibers in combination with absorbent gelling materials. One
aspect of such absorbent articies that has recently been considered is their
disposability. Although such products largely comprise materials which
would be expected ultimately to degrade, and although products of this type
contribute only a very small percentage of the total solid waste materials
generated by consumers each year, nevertheless, there is currently a
perceived need to devise such disposable products from materials which
are compostable.

A conventional disposable absorbent product is aiready to a large
extent compostable. A typical disposable diaper, for example, consists of
about 80% of compostable materials, e.g., wood pulp fibers, and the like. In
the composting process soiled disposable absorbent articles are shredded
and commingled with organic waste prior to the composting per se. After
composting is complete, the non-compostable particles are screened out.
in this manner even today's absorbent articles can successfully be
processed in commercial composting plants.

Nevertheless, there is a need for reducing the amount of non-
composiable materials in disposable absorbent articles. There is a
particular need to replace polyethylene backsheets in absorbent articles
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filmor large 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 is important that the film or large
film fragments undergo an initial breakup to much smaller particles during
the initial stages of composting. Otherwise, the films or large fragments
may be screened out of the compost stream and may never become part of
the final compost.

In the past, the biodegradability and physical properties of a variety
of polyhydroxyalkanoates have been studied. Polyhydroxyalkanoates are
polyester compounds produced by a variety of microorganisms, such as
bacteria and algae. While polyhydroxyalkanoates have been of general
interest because of their biodegradable nature, their actual use as a plastic
material has been hampered by their thermal instability. For example, poly-
3-hydroxybutyrate (PHB) is a natural energy-storage product of bacteria and
algae, and is present in discrete granules within the cell cytoplasm.
However, unlike other biologically synthesized polymers such as proteins
and polysaccharides, PHB is thermoplastic having a high degree of



filmfragnments undergo an initial breakup to much smaller particles during
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commercic available from Imperial Chemical Industries under the
tradename I0POL. PHBV copolymers are currently produced with
valerate contents ranging from about 5 to about 24 mol%. Increasing
valerate content decreases the melt temperature, crystallinity, and stiffness
of the polymer. An overview of BIOPOL technology is provided in BUSINESS
2000+ (Winter, 1990).

Due to the slow crystallization rate, a film made from PHBV will stick
to itself even after cooling; 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,
moliten 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.

U.S. Patent 4,880,592, Martini et al., issued November 14, 1989,
discloses a means of achieving a PHBV monolayer film for diaper
backsheet applications by coextruding the PHBV between two layers of
sacrificial polymer, for example a polyolefin, stretching and orienting the
multilayer film, and then stripping away the polyolefin layers after the PHBV
has had time to crystallize. The remaining PHBV film is then laminated to
either water soluble films or water insoluble films such as polyvinylidene
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SUMMARY
The present invention relates to a film comprising a biodegradable
copolymer, wherein the copolymer comprises at least two randomly
repeating monomer units (RRMU) wherein the first RRMU has the structure
[ CH, 07
I I
—0—CH,—CH;—C—+

and the second RRMU has the structure
i CI; H O T
"‘O—"C HZ—C Hz—c -1

L -

wherein at least 50% of the RRMUs have the structure of the first RRMU.

The present invention further relates to an absorbent article
comprising a liquid pervious topsheet, a biodegradable liquid impervious
backsheet comprising the above film, and an absorbent core positioned
between the topsheet and the backsheet.

DETAILED DESCRIPTION

The present invention answers the need for a biodegradable
copolymer which is capabie of being easily processed into a fiim. The
present invention further answers the need for disposable absorbent articles
with increased biodegradability.

As used herein, "ASTM" means American Society for Testing and
Materials.
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difficulties associated with processing PHBV into fil ns. Based on the
foregoing, there is a need for disposable absorbent articles (e.g.,

di apers) with increased biodegradability. To satisfy this need, there is a
prelimnary need for a bi odegradabl e copol ynmer which is capabl e of being
easily processed into a filmfor use in séh di sposable sanitary garnents.
hj ects of the Invention It is an object of the present invention to
provide a film conpAssised ehereindegompebing” poegns, dnatx pHiek ssteps eand other 1t i s
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the first RRMU.  As déed ﬁél%ﬁﬁmalkéhwﬂiﬂe@ﬂsfaﬂohhﬁin mttamgbbﬁa.arwﬁtaﬁor bent
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invention.
As wused herein, “"PHB" means the homopolymer poly-3-
hydroxybutyrate.

As used herein, "PHBV"' means the copolymer poly(3-
hydroxybutyrate-co-3-hydroxyvalerate).

As used herein, "biodegradable" means the ability of a compound to
ultimately be degraded completely into CO> and water or biomass by
microorganisms and/or natural environmental factors.

As used herein, "compostable" means a material that meets the,
following three requirements: (1) the material is capable of being processed
in a composting facility for solid waste; (2) if so processed, the material will
end up in the final compost; and (3) if the compost is used in the soil, the
material will ultimately biodegrade in the sail.

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

The requirement that the material ends up in the final compost
typically means that it undergoes a form of degradation in the composting
process. Typically, the solid waste stream will be subjected to a shredding
step in an early phase of the composting process. As a result, the polymer



bi odegr adabl e copol ynmer conprises at |east two randonly repeating nononer
units wherein the first randomy repeati ng nononer unit has the structure
[err] t he second randomy repeating nononer unit has the structure
[err] and wherein at |east 50% of the randomy repeating nonomer units
have the structure of the first randomy Bepeating nononer unit. In
accordance with a second aspect of the present invention, there is provided
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What distinguishes the compostable material as defined herein from
material like polyethylene is requirement (3), that the material ultimately
biodegrade in the soil. 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 intermediate
decomposition products are not toxic or otherwise harmful to the soil or
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.

All copolymer composition ratios recited herein refer to mole ratios,
unless specifically indicated otherwise. '

Eilms

The present invention relates to biodegradable copolymers which are
surprisingly easy to process into films as compared to the homopolymer
PHB and copolymer PHBV. Prior to Applicants’ invention,
polyhydroxyalkanoates studied for use in commercial plastics production
presented significant impediments to their use in plastics. As discussed
above, polyhydroxyalkanoates such as PHB and the copolymer PHBV are
difficult to process due to their thermal instability. Furthermore, such
polyhydroxyalkanoates were especially difficult to process into films due to
their slow crystallization rate. Applicants have found that PHA copolymers
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wast e stream the side chains of the second RRMU Such increased entanglement may
occur by increased hydrodynamic volume of the copolymer (e.g., the second
monomer unit creates kinks in the helical structure), the "hooking" or
“catching” of the side chains on different copolymer backbones while in the
melt, or the decreased chain scission due to the lower Tm (i.e., the enlarged
thermal process window).
Biodegradable PHAs useful for processing into the films of the
present invention comprises at least two randomly repeating monomer units
(RRMU) wherein the first RRMU has the structure

CH %)
O—CHz—C H—C——

and the second RRMU has the structure
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wherein at least 50% of the RRMUs have the structure of the first RRMU.
In a preferred embodiment, the PHA comprises one or more
additional RRMUs having the structure

¥ 7
O—CH;—(CH,)5—C



to air classification prior to further processing, in order to separate
paper and other materials. A polynmer filmwould nost probably be separated
fromthe solid waste streamin such an air classification and therefore not
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10° dynes/sq. cm),
b) a MD tear strength of at least 70 grams per 25.4 um of thickness,
c} across machine direction (CD) tear strength of at least 70 grams
per 25.4 u of thickness,
d) an impact strength of at least 12 cm as measured by falling ball
drop,
e) a moisture transport rate less than about 0.0012 grams per
square centimeter per 16 hours,
f) a modulus at 60°C of at least 5.52 x 107 dynes/sq. cm (800
ibs./sq. in), and
g) athickness from about 12 um to about 75 um.
Methods for testing for such performance criteria are discussed in more
detail below.
Performance Criteria and Test Methods for Films
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 flexibility, and
adequately high melting point.




bi odegradable. By the same token, it is not at all necessary that this

bi odegradation be fast. As long as the material itself and internediate
deconposition products are not toxic or otherwise harnful to the soil or
crops, it is fully acceptable that their biodegradation takes several
nonths or even years, since this requirement is present only to avoid an
accunul ati on of man-nade materials in the soil. Al'l copol yner
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stiffness and bhokeletof tHeopRIskhEmvention can withstand the drop of a spherical

steel ball of about 19 —illimeters 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 backsheets of the present invention
demonstrate an average tear propagation 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 Eimendorf pendulum-
type test device, such as Eimendorf Model No. 60-100, is employed against
16 plies of material which have been prepared wit-  cut or notch according
to TAPPI Method T 4140m-88. More preferable are those backsheets that
demonstrate tear propagation resistances of 200 or more grams per 25.4
micron thickness in the cross-machine direction because these are
particularly good at avoiding a tendency to fail in use by splitting.

It has also been found that films of sufficient barrier to moisture
transport are those that permit less than 0.0012 grams of synthetic urine to
pass into an absorbent paper towel per square centimeter of area per 25.4
micron thickness for every 16 hours of time when the test film is located
between the absorbent paper towel and a typical absorbent gelling materiai-



Again, w thout being bound by theory, Applicants believe characteristic c)
I s achi eved by increased entangl enent between the copol yner chains due to
the side chains of the second RRMJ. Such i ncreased entangl enent may occur
by increased hydrodynam c vol une of the copolynmer (e.g., the second nononer
unit creates kinks in the helical structung), the "hooking" or "catching"
of the side chains on different copol yner backbones while in the nelt, or
the decreased catainiegi diapen cdue ahd & hresswwer sifildtingethat tdfiea dyabgr gdtie
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ratio. Wile t Qgétgdligtong n;cﬁgudsrinegrrgnttemigatarep {JF ?:58"60 léllglggprrelsslurrne tof Q7f.031 X
109 g/cm2 (10,000 psi) (using a Carver or similar press) for two minutes
after a warm-up period of at least 2 minutes. The Vicat softening point is
the temperature at which a flat-ended needlie of 1 sq. mm circular cross
section will penetrate the sample to a depth of 0.1 cm under a load 1000 g
using a uniform temperature rise rate of 50°C per hour.
it has also been found that materials of sufficient machine direction
modulus demonstrate a 1% secant-type modulus above at least about 6.885
x 108 dynes/cm?2 (10,000 psi) and below about 6.895 x 109 dynes/cm?
(100,000 psi). The test is performed on an electronic tensile test machine
such as the Instron Model 4201. A 2.54 cm wide strip of material, preferably
of 0.00254 cm in thickness, is cut to a length of about 30 cm with the longer
dimension parallel to the machine direction of the material. The test strip is
clamped into the jaws of the tensile testor so that the gauge or actual length
of the material tested is 25.4 cm The jaws are separated at a slow speed in
the range of 2.54 cm per minute to 25.4 cm per minute and a stress-strain
curve is plotted on a chart within an attached recording device. The 1%
secant modulus is determined by reading the stress or tensile from the chart
at the 1% elongation strain point. For example, the 1% strain point is
achieved when the distance between jaws 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 6.895 x 108 to 2.068 x
10° dynes/cm?2 (10,000 to 30,000 psi).



thi ckness, a preferred upper linmt would be about 0.254 mm nore preferably
still 0.01 mm nore preferably still 0.005 mm The protective val ue of any
fil mdepends on its being continuous, i.e., wthout holes or cracks, since
it nmust be an efficient barrier to nolecul es such as atnospheric water
vapor and oxygen. In a preferred enbodi nent of the present invention, the
filmof the present invention is liquid inpervious and suitable for use in
absor bent di sposabl &iseaiabaptpephanicies may Bxperiaficeptesyieratutksaperiigh fasni ni ne

hygi ene productsmppdspity ddr#ﬁg war%é@s@!ﬁtﬁéﬁé@‘&i §h1 6|hb Wtr@ékst&"ﬁ'aﬂ’ééﬁqms
i nvention, in addltlon t'o |

ase | ode npost abi lity,
have the fol | oWmMRGraRinat %hee%acisheet fg'T arﬁjgﬂtgehwf@ Qi%f ?téﬁ‘ ‘?’W))‘“‘FSH% | e
modul us from akmdhesedtediiibratures. Although it latmpbcthﬁ(lhﬁﬁlhel rheddias| of the filfs. 895 X

10[err] d nes/ ° b
a VD ear st el sde vl pepvan 2026 ROl C‘*@g gty Fhuid not ©)
c) a cross eased {qa fari and (QﬂB)V i"@af‘@ttpeﬁﬁf’ﬂndﬂ package7ief Qf%hts

per 25.4 [err] rgécﬁéymy@ﬁjsuser d) an inpact strength of at least 12 cm

Fate less than about . GRTPIS, g pohyeyvieteBacksnest Sy 3 e BeldidasP o'
hours, f) modulks | alsotat%m[ denes/cad (%5800 s may1 bpve ra &87Res/ sq.
cm (_800t b tmodulh?%f A 3 109)d né‘éYmez t18 550 p’@} \bhi%Kﬂ?%écéﬂtQBFbab@%ﬁérz

LET L) 1007 b DackSbaon ¢ it s AROULELT BV S oo
Met hods for Fi 188 dynes/cni® (18600 bsi) maybkav¥ea B0SEtmedulus of abputaS.&ax 108
et b os ha IEBER (O tial i abodiel il ah Spbfiatle,
properties of Hagkskestdingh thepeaseat EVEntRRLRRYe.? S0 pprestynekatisash us or
flexibility, argis2asaqiaiyeky/chiyB00gsi)i ng poi nt.

The modulus dependence on temperature, also called a

modulus/temperature spectrum, is best measured on a dynamic mechanical
analyzer (DMA) such as a Perkin Eimer 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-Eimer Corporation of Norwalk, Connecticut. Many
other types of DMA devices exist, and the use of dynamic mechanical
analysis to study the modulusftemperature spectra of polymers is well
known to those skilled in the art of polymer (or copolymer) 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).

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. 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.

To measure the modulus/temperature spectrum of a film specimen,
the DMA 7 is set to run in temperature scan mode and equipped with an
extension measuring system (EMS). A film specimen approximately 3 mm



The backsheets of di sposabl e di apers nust have sufficient strength both to
process on a hi gh speed di sposabl e di aper converting machine and to provide
a "wetproof" barrier in use on an infant, It nust be sufficiently wetproof
so that the clothing or bedding, either that of the infant or of the
caregiver, is not wet or soiled. It nust 4jave a nodulus or flexibility that
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reterial - be first dry blended and then melt mixed in a precompounding extruder
followed by repelletization prior to film extrusion.

The PHAs of the present invention can be melt processed into films
using either cast or blown film extrusion methods both of which are
described in PLASTICS EXTRUSION TECHNOLOGY-2nd Ed., by Allan A. Griff
(Van Nostrand Reinhold—-1976). Cast film is extruded through a linear siot
die. Generally the flat web is cooled on a large moving polished metal roll.
it quickly cools, and peels off this first roll, passes over one or more
auxiliary cooling rolls, then through a set of rubber-coated pull or "haul-off"
rolls, and finally to a winder. A method of making a cast backsheet film for
the absorbent articles of the present invention is described in an example
below.

In blown film extrusion, the melt is extruded upward through a thin
annular die opening. This process is also referred to as tubular film



10 ‘containing diaper core and a pressure sinulating that of a baby. The
specific conditions of the test are that the area of the core is |arger
than that of the test nmaterial, the core is |loaded with synthetic urine to
its theoretical capacity and it is under a weight of about 35 g/cnferr]
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which employs moveable flow dividers to proportionally change the
geometry of each individual flow channel in direct relation to the volume of
polymer passing through said flow channels. The flow channels are
designed such that at their point of confluence, the materials flow together
at the same flow rate and pressure eliminating interfacial stress and flow
instabilities. Once the materials are joined in the feedblock, they flow into a
single manifold die as a composite structure. It is important in such
processes that the melt viscosities and melt temperatures of the materials
do not differ too greatly;, otherwise flow instabilities can result in the die
leading to poor control of layer thickness distribution in the multilayer film.

An alternative to feedblock coextrusion is a multi-manifold or vane

die as disclosed in aforementioned U.S. Patents 4,152,387, 4,197,068, and
in U.S. Patent 4,533,308. Whereas in the feedblock system melt streams
are brought together outside and prior to entering the die body, in a multi-
manifold or vane die each melt stream has its own manifold in the die where
the polymers spread independently in their respective manifolds. The melt
streams are married near the die exit with each meilt stream at full die width.
Moveable vanes provide adjustability of the exit of each flow channel in



recording device is running at a speed of 25.4 cmper nminute, the 1 %
strain point will be located at a distance of 2.54 cmfromthe initial
point. The tensile response is divided by the thickness of the sanple
material if it is not 0.00254 cm in thickness. Particularly soft, and
therefore preferred, materials exhibit 1%gecant noduli in the range of
6.895 x 108 to 2.068 x 10[err] dynes/cnferr] (10,000 to 30,000 psi).
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more complex multilayer structures.

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

In three layer films, the center core layer may comprise 30 to 80
percent of the films' total thickness and each outer layer comprises 10 to 35
percent of the films' total thickness. Tie layers, when employed, each
comprise from about 5 percent to about 10 percent of the films' total
thickness."



This information is well summarized in two books, the first being DYNAM C
MECHANI CAL ANALYSI S OF POLYMERI C MATERI AL, MATERI ALS SClI ENCE MONOGRAPHS
VOLUME 1 by T. Murayama (El sevier Publishing Co., 1978) and the second

bei ng MECHANI CAL PROPERTI ES OF POLYMERS AND COMPCSI TES, VOLUME 1 by L. E.

Ni el sen (Marcel Dekker, 1974). The qgechani sm of operation and
procedures for using the DVA 7 are found in Perkin-El mer Users' Manuals
0993-8677 and @ I8@69, both dated May, 1991. To those skilled in the use
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modul us is det™@®/ 'ﬂ'é’dg'&ﬁrpeE’fq jsely Hﬁﬁf’% apgies; r fi¢ total scattered intensity is

constant, however. This allows calculation of the amount of crystalline
material in a sample if the amorphous and crystalline diffracted intensities
can be separated. A very precise method has been developed by Ruland,
which can detect differences in percent crystallinity as small as 2% (see
Vonk, C., F.J. Baita-Calleja, X-RAY SCATTERING FROM SYNTHETIC POLYMERS,
Elsevier: Amsterdam, (1989); and Alexander, L., X-RAY DIFFRACTION
METHODS IN POLYMER SCIENCE, Robert Kreiger Pub. Co., New York, (1979)).

Upon melting, crystais require a fixed amount of heat at the melting
temperature transforming from crystalline to molten matter. This heat of
fusion can be measured by a number of thermal technigues, the most
popular being DSC. If the heat of fusion of a 100% crystalline material is
known, and no significant annealing, or melt/recrystallisation phenomena
occur upon heating to the melt, then DSC can quite accurately determine
weight fraction crystallinity (see THERMAL CHARACTERIZATION OF POLYMER
MATERIALS, E. Turi, Ed., Academic Press, New York, (1980); and
Wunderlich, B., MACROMOLECULAR PHYSICS, Academic Press, New York,
(1980)).

If the densities of the pure crystalline and pure amorphous material is
known then density measurements of a material can yield the degree of
crystallinity. = This assumes additivity of specific volumes, but this
requirement is fulfilled for polymers (or copolymers) of homogeneous



Met hod of Fil m Manufacture The filnms of the present invention used as
backsheets having i ncreased bi odegradability and/ or conpostability nmay be
processed using conventional procedures for producing single or nmultilayer
films on conventional filmmaking equi pmrent. Pellets of the PHAs of the
present invention can be first dry blendeggand then nmelt mxed in a film
extruder. Alternatively, if insufficient mxing occurs in the film

extruder, the pglt®ts cmrs ll?@trfddféépéﬂfd! dH eadad sHphié pEparBlién Qb&ﬁﬂt hée a

pr ecorrpoundl ngbeéﬁdr uder 9 <3[15\19 'sg?{ Mel llﬁt ization prior to fil

ext rusi on. ﬁgoﬁl-ﬂg 8{10' HEI 1 MR¥enti on can be melt processed
into films using eitfheuralnserystalliveowndf ismarphous sAbserptionh désddotén oe whi ch

are described jdurfké® thes ¢ rﬁé?é&lélb m%% .&hv&klbﬁ Pwhy oF I T
(Van Nostrand 51‘3' nhol.d- 197 f | near sl ot

Cast |_l_ roug
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more auxiliary cool gl le\. 38 bl A etk r@nb&%ncg%eﬁseo%' or

"haul -of f' rolls, cast
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referred to as
extrusion. Airin thel interfage stween cortallinecane amerphius: pelymee (arecapelimerg t he

t ube and thereﬁ')étér“l’éIS'Wﬁllétx-rTaS? diffri2efich d6e§r?1\6t '&ﬁté&lmk%étﬁertéwérygfé'ﬂmd whi ch
is held at a cgnst nt size b ont.r ol ‘%Syﬁﬂ @?ﬁ' ressure The tube of

filmis cool ed“BYS'H PCABHENE fs‘n‘V' eﬂl‘ﬁ’gs sur r oundi ng
t he tube. The tube Fer lphmoseeld:faplsmdssnygdnm/vanglm tthenPHAs of thet presegt f r ame

through 2 pai ¢ iffenfih praley ﬁgveb e fﬁffmnfﬁﬁo&%}é%l%?bgﬁé@*/' gtions

the flattened tubu open, unfo e and Turther
slit into widt Hbeaéﬂfﬁdoﬁ'lal ey faE%%n i Ot perfetably from about 5% 'to about
50%; more preferably still from about 20% to about 40%.

Melt Temperature

Preferably, the bicdegradable PHAs of the present invention have a
melt temperature (Tm) of from about 30°C to about 160°C, more preferably
from about 60°C to about 140°C, more preferably still from about 90°C to
about 120°C.
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Absorbent Articles

The present invention further relates to absorbent articles comprising
a PHA of the present invention. Such absorbent articles include, but are not
limited to, infant diapers, adult incontinent briefs and pads, and feminine
hygiene pads and liners. Films of the present invention used as liquid
impervious backsheets in absorbent articles of the present invention, 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.

In general, the liquid impervious backsheet is combined with a liquid
pervious topsheet and an absorbent core positioned between the topsheet
and the backsheet. Optionally, elastic members and tape tab fasteners can
be included. While the topsheet, the backsheet, the absorbent core and
elastic members may be assembled in a variety of well known
configurations, a preferred diaper configuration is described generally in



Both cast filmand blown film processes can be used to produce either

nonol ayer or multilayer filmstructures. For the production of nonol ayer
films froma single thernoplastic material or blend of thernoplastic
conponents only a single extruder and single manifold die are required.

For the production of nultilayer filnms of _the present invention,
coextrusi on processes are preferably enpﬂgyed. Such processes require nore

t han one extr Lther coextruysi on feedbl.gck. or. | ticnmanifold die
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mul ti-manifold or vane di s disclosed in aforenentione . S.. Patents
4,152,387, 4,197,0 ,Pﬂ'ﬂa‘?‘ﬁﬂy pete e‘HPSQ?égs§?§'6§$eW1§?&§geﬁ‘ﬂht %befs
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i‘gj ustabi ity o, §BferfXspuritiondB6N bty oYk A preferred topsheet is

carded, and thermally bonded by means well known to those skilled in the
fabrics art. Preferably, the topsheet has a weight from about 18 to about 25
g/mz, a minimum dried tensile strength of at least about 400 g/cm in the
machine direction, and a wet tensile strength of at least about 55 g/cm in
the cross-machine direction.

The topsheet and the backsheet are joined together in any suitable
manner. As used herein, the term "joined" encompasses configurations
whereby the topsheet is directly joined to the backsheet by affixing the
topsheet directly to the backsheet, and configurations whereby the topsheet
is indirectly joined to the backsheet by affixing the topsheet to intermediate
members which in turn are affixed to the backsheet. In a preferred
embodiment, the topsheet and the backsheet are affixed directly to each
other in the diaper periphery by attachment means such as an adhesive or
any other attachment means known in the art. For example, a uniform,
continuous layer of adhesive, a patterned layer of adhesive, or an array of
separate lines or spots of adhesive may be used to affix the topsheet to the
backsheet.

Tape tab fasteners are typically applied to the back waistband region
of the diaper to provide a fastening means for holding the diaper on the
wearer. The tape tab fasteners can be any of those well known in the art,



direct proportion to the volune of material flowi ng through it, allow ng
the nelts to flow together at the sane linear flow rate, pressure, and
desired wi dth. Since the nelt flow properties and nelt tenperatures
of the processed materials nmay vary widely, use of a vane die has several
advantages. The die lends itself toward thermal isolation characteristics
wherein materials of greatly differing ne tenperatures, for exanple up to
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thi ckness. curvilinear. Still further, the elastic members may be affixed to the diaper in
any of several ways which are known in the art. For example the elastic
members may be ultrasonically bonded, heat and pressure sealed into the
diaper using a variety of bonding patterns, or the elastic members may
simply be glued to the diaper.

The absorbent core of the diaper is positioned between the topsheet
and backsheet. The absorbent core may be manufactured in a 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 aduits.

A preferred embodiment of the diaper has an hour-glass shaped
absorbent core. The absorbent core is preferably an absorbent member
comprising a web or batt of airfelt, wood pulp fibers, and/or a particulate
absorbent polymeric composition disposed therein.



15 Crystallinity The vol une percent crystallinity ([err]) of a

sem -crystalline polynmer (or copolyner) often determ nes what type of
end-use properties the pol yner possesses. For exanple, highly (greater than
509 crystalline polyethylene polyners are strong and stiff, and suitable
for products such as plastic m |k containers. Low crystalline polyethylene,
on the other hand, is flexible and tough,1%and is suitable for products such
as food waps and garbage bags. Crystallinity can be determned in a nunber
of ways, including %thery examplesciof orbsadberite agiviesalaccomiimg tg the mresentry
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NACROVU-ECULAR Fé%ﬁt Gﬁven&ﬁﬁdeﬂﬂ'ﬁe P(o@ﬁﬁeetN%yY%lhpn@é%ﬁQ)of the topéﬁeét he
densities of tﬁ'ueét@r'iglgd?scxgéead wnth ?esapn ct{% dlgpgrmr phous material is
importantly, the absorbent articles according to the present invention
are biodegradable and/or compostable to a greater extent than conventional
absorbent articles which employ materials such as a polyolefin (e.g., a
polyethylene backsheet).
Synthesis of Biodegradable PHAs
The biodegradable PHAs of the present invention can be synthesized
by synthetic chemical or biological basec methods. A chemical approach
involves the ring-opening polymerization of B-lactone monomers as
described below. The catalysts or initiators used can be a variety of
materials such as aluminoxanes, distannoxanes, or alkoxy-zinc and -
aluminum compounds (see Agostini, D.E., J.B. Lando, and J.R. Shelton,
PoLyM. Sci. PART A-1, Vol. 9, pp. 2775-2787 (1971), Gross, R.A., Y. Zhang,
G. Konrad, and R.W. Lenz, MACROMOLECULES, Vol. 21, pp. 2657-2668
(1988); and Dubois, P., |. Barakat, R. Jérbme, and P. Teyssié,
MACROMOLECULES, Vol. 26, pp. 4407-4412 (1993); Le Borgne, A. and N.
Spassky, POLYMER, Vol. 30, pp. 2312-2319 (1989); Tanahashi, N., and Y.
Doi, MACROMOLECULES, Vol. 24, pp. 5732-5733 (1991); Hori, Y., M. Suzuki,
Y. Takahashi, A. Ymaguchi, and T. Nishishita, MACROMOLECULES, Vol. 26,

YIVER



known t hen density measurenents of a material can yield the degree of
crystallinity. This assunes additivity of specific volunes, but this
requirenent is fulfilled for polyners (or copolyners) of honbgeneous

16 structure. This nethod depends on careful sanple preparation so that no
bubbl es or | arge voids exist in the sanple. I f purely crystalline
and anor phous absorption bands can be ide2t@ified, then the infrared
absorption spectrumoffers a convenient way of determ ning crystallinity
(see Tadokor o, pp. 4385-REET FESIPFaBRIKSMitEeME. B2OB YAVIRIRE, arfroh anbliR. AyG@o&ms,
New Yor Kk, (197%&0R0M0Lscutrést Voo Wed he 13@'2§?13(t19§3)£f CTRBL oigd rﬂlb‘?s Wil
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anor phous pol yne action es not
detect this naPPb/ingaHP?sqfaﬂaCﬁﬂ'éC quywﬁ@a%hl'@ﬂ%tﬁf yRigh |preferemtivlyt ed by

this int erfacepbg@gmes one enanE@rlhepUF@:Oé)@n;ﬂé processing into a film the
PHAs of the present jinvention preferably have a crystallinity-of from about

2% t o about 65% as asured Qi a x-ray d|f¢H ctionpforerprggerably gypm

about 5% to abou 0% preferabl stél omila out 20% t o aboutli H0%
Mel t Tenper aturi__o f eTanl v, Badgiaait FRs GGt plstent
I nvention have a nelt ft rrperature (T of from abou m30ferr] C to abo

160[err] C, noreChkeferaly from about 60[err]% to ab ut 140 ShrB]”ngArmre

preferably still from about 90[err]C to about Plolyme
Absorbent Articles The present invention fLRFh@H f@ﬂ%?ﬁkl;gto absor bent
articles conprising a PHA of the present invention. Suc)p orbent articles

I nclude, but are not |limted to, infant diapers, adult TTicontinent briefs
and pads, and femn nine

The naturally derived PHAs of the present invention are isotactic and
have the R absolute configuration at the stereocenters in the polymer
backbone. Alternatively, isotactic polymers may be made where the
configuration of the stereocenters is predominantly S. Both isotactic
materials will have the same physical properties and most of the same
chemical reactivities except when a stereospecific reagent, such as an
enzyme, is involved. Atactic polymers, polymers with random incorporation
of R and S stereocenters, can be produced from racemic monomers and
polymerization initiators or catalysts that show no preference for either
enantiomer while such initiators or catalysts often polymerize monomers of
high optical purity to isotactic polymer (e.g., distannoxane catalysts) (see
Hori, Y., M. Suzuki, Y. Takahashi, A. Yamaguchi, T. Nishishita,
MACROMOLECULES, Vol. 26, pp. 5533-5534 (1993)). Alternatively, isotactic
polymer can be produced from racemic monomers if the polymerization
catalyst has an enhanced reactivity for one enantiomer over the other.
Depending on the degree of preference, separate R or S stereo-
homopolymers, stereo-block copolymers, or a mixture of stereo-block
copolymers and stereo-homopolymers may be produced (see Le Borgne, A.
and N. Spassky, N., POLYMER, Vol. 30, pp. 2312-2318 (1989); Tanahashi,
N., and Y. Doi, MACROMOLECULES, Vol. 24, pp. 5732-5733 (1991); and
Benvenuti, M. and R.W. Lenz, J. PoLYM. Sci.: PART A: PoLYM. CHEM., Vol.
29, pp. 793-805 (1991)). Some initiators or catalysts are known to produce



hygi ene pads and liners. Filnms of the present invention used as Iiquid

1 npervious backsheets in absorbent articles of the present invention, such
as di sposabl e diapers, typically have a thickness of from0.01 nmto about
0.2 mm preferably fromO0.012 nmto about 0.051 mm I'n general, the

| i quid inpervious backsheet is conbined with a liquid pervious topsheet and
an absorbent core positioned between the t2psheet and the backsheet.
Optionally, elastic nenbers and tape tab fasteners can be included. Wile
the topsheet, t ReedsauRantbesyndibtactiospolprest, polymessdvittl atteinatingnkeasd gy be
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reagents (but not contact the rubber septum) and then heated in an oil bath

at the desired temperature for the prescribed time. As the reaction
proceeds the mixture becomes viscous and may solidify. If isotactic
polymer is produced, solid polymer precipitates out until the entire mass
solidifies. The product can then be cooled, removed from the tube, and rid
of residual monomer by vacuum drying. Alternatively, the product can be
dissolved in an appropriate solvent (e.g., chloroform) and recovered by
precipitation in a nonsolvent (e.g., ether-hexane mixture, 3:1 v/v), and
vacuum dried. Molecular weight is determined by standard methods such
as size exclusion chromatography (SEC, also known as gel permeation
chromatography or GPC). The comonomer content of the polymers is
determined by nuclear magnetic resonance (NMR).

In a preferred method of synthesizing the PHAs of the present
invention, the initiator is an alkylzinc alkoxide, as disclosed in the US Patent
Appilication entitled "Polymerization of  Beta-Substituted-Beta-
Propiolactones Initiated by Alkylzinc Alkoxides", L.A. Schechtman and J.J.
Kemper, assigned to The Procter and Gamble Company, filed January 28,
1994. Such initiators have the general formula R1ZnOR2, wherein R1 and
R2 are independently a C1-C10 alkyl. In a preferred method of synthesis,
the initiator is selected from the group consisting of ethylzinc isopropoxide,



g/nferr], a mninmnumdried tensile strength of at |east about 400 g/cmin
the machine direction, and a wet tensile strength of at |east about 55 g/cm
irn the cross-nachi ne direction. The topsheet and the backsheet are

j oi ned together in any suitable manner. As used herein, the term "joi ned"
enconpasses configurati ons whereby the topsheet is directly joined to the
backsheet by affixing the topsheet directdyy to the backsheet, and
configurations whereby the topsheet is indirectly joined to the backsheet
by affixing thmetiyisihe édopropoxidiesrathdi Zihe etfioxit; Drvdith@sine méthoxider moad f | xed
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Somerville, Nawrath and Poirier, filed August 17, 1993; and Poole, R.,
SCIENCE, Vol. 245, pp. 1187-1189 (1989)).
EXAMPLE 1
Poly(3-hydroxybutyrate-co-hydroxvhexanoate)

Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHB-Hx) is
prepared according to the general methods described above and based on
the published procedure of Hori ef al. (Hori, Y., M. Suzuki, Y. Takahashi, A.
Yomaguchi, and T. Nishishita, MACROMOLECULES, Vol. 26, pp. 5533-5534
(1993)) for the polymerization of B-butyrolactone. Specifically, purified [S]-
3-methyipropiolactone ([S]-B-butyrolactone) (8.50 g, 110 mmol) and [S}-3-
propylpropiolactone (0.66 g, 5.8 mmol) are charged into a septum sealed,
argon purged, dry, glass tube via syringe. The initiator, 1,3-dichioro-
1,1,3,3-tetrabutyldistannoxane prepared according to R. Okawara and M.
Wada, (J. ORGANOMET. CHEM. (1963), Vol. 1, pp. 81-88) and dried overnight
in vacuo at 80°C is dissolved in dry toluene to make a 0.18 M solution. Via
syringe, 0.65 mL of the initiator solution (0.12 mmol distannoxane) is added
to the tube. The tube is gently swirled to mix the contents and then heated
at 100°C for 4 h by immersing its lower half in an oil bath. As the reaction
proceeds, the contents of the tube become viscous. After the required time,
the tube is removed from the oil bath and allowed to cool to room
temperature. The solid is dissolved in chloroform. It is recovered by




uncontracted condition. Alternatively, the diaper may be contracted, for
exanpl e, by pleating, an elastic nenber secured and connected to the diaper
while the elastic nenbers are in their relaxed or unstretched condition.
The elastic nmenbers may take a nultitude of configurations. For exanple,
the width of the elastic nmenbers may be varied from about 0.25 nmto about
25 mmor nore; the elastic nenbers may cc?r?prise a single strand of elastic
material or the ela nenbers may be rectangu r curvilinear. Still
further, the ePE?QQ'%tt' §e"fﬁi‘§”5§ hgrs mRdye g"}l‘ﬁ'ée Y pairatian. a?ﬂ?ﬂrf'e ever al
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EXAMPLE

Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate-co-3-hydroxydecanoate)
Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate-co-3-hydroxydecan-
oate) is prepared by following the same procedure as in Example 1, with the
exception that [S]-3-methylpropiolactone (9.50 g, 110 mmol), [S]-3-
propylpropiolactone (0.40 g, 3.5 mmol) and [S]-3-heptylpropiolactone (0.60
g, 3.5 mmol) are used as the monomer charge.
EXAMPLE 4
Poly(3-hydroxybutyrate-co-3-hydroxyhexanocate-co-3-hydroxyheptanoate)
Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate-co-3-hydroxyheptan-
oate) is prepared by following the same procedure as in Example 1, with the
exception that [S]-3-methylpropiolactone (9.50 g, 110 mmol), [S}-3-
propylpropiolactone (0.40 g, 3.5 mmol) and [S]-3-butylpropiolactone (0.45 g,
3.5 mmol) are used as the monomer charge.
EXAMPLE 5
Compostable Single Layer Film
PHB-Hx of composition 8 moie% hexanoate/ 92 moie% butyrate is
introduced into a single screw extruder (Rheomix Model 202) with screw
diameter of 0.75 inch. A constant taper screw having 20:1 length to
diameter ratio and a 3:1 compression ratio is employed. The temperature of
both heating zones of the extruder barrel is 25°C above the meit
temperature of the PHB-Hx. The extruder is equipped with a die of width 6
inch and a die gap of 0.04 inch. The die is maintained at 20°C above the




be hel d adjacent to the human body through the agency of a garment, such as
an undergarnent or a panty or by a specially designed belt. Exanples of the
Ki nds of sanitary napkins to which the present invention is readily adapted
are shown in U S. Patent 4,687,478, entitled "Shaped Sanitary Napkin Wth
Fl aps” which issued to Kees J. Van Tilburg on August 18. 1987, and in U.S.
Pat ent 4,589,876, entitled "Sanitary Napk?" which issued to Kees J. Van
Tilburg on May 20, 1986. It will be apparent that the films of the present

i nventi on conpmell tgmaemkysecef thee Rbiftnt They sApelymends cmelied Witﬂ'@ifge may be
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t opsheet may c pegnomipally 4iinch oghdhe é"t“c'fﬁﬁsérqp %Pepmxge%@@e@bﬁ#m?hr espect
to di apers. I mportantly, the absorbent articles according to the
present invention are bi odegradabl e and/ or conpostable to a greater extent
t han conventional absorbent articles which enploy materials such as a
pol yolefin (e.g., a polyethyl ene backsheet). Synt hesi s
of Bi odegradabl e PHAs The bi odegradabl e PHAs of the present invention
can be synthesized by synthetic chem cal or biological basec nethods. A
chem cal approach involves the ring-opening polynerization of [err]-lactone
nononers as described below. The catalysts or initiators used can be a
variety of materials such as al um noxanes, di stannoxanes, or al koxy-zinc
and - al um num conpounds (see Agostini, D.E., J.B. Lando, and J.R Shelton,
POLYM SCI. PARTA-1, Vol. 9, pp. 2775-2787 (1971); Goss, RA., Y. Zhang,
G Konrad, and R W Lenz, MACROMOLECULES, Vol. 21, pp. 2657-2668 (1988);
and Dubois, P., |I. Barakat, R Jerome, and P. Teyssie, MACROMOLECULES, Vol.
26, pp. 4407-4412 (1993); Le Borgne, A and N Spassky, POLYMER, Vol. 30,
pp. 2312-2319 (1989); Tanahashi, N., and Y. Doi, MACROMOLECULES, Vol . 24,
pp. 5732-5733 (1991); Hori, Y., M Suzuki, Y. Takahashi, A Ymaguchi, and
T. N shishita, MACROMOLECULES, Vol. 26, -



20 Ppp. 4388-4390 (1993); and Kemitzer, J.E., S.P. MCarthy, and R A

G oss. MACROMOLECULES, Vol. 26, pp. 1221-1229 (1993)). The production of
i'sotactic polymer can be acconplished by pol ynerization of an
enantionerically pure nononmer and a non-racem zing initiator, with either
retention or inversion of configuration of the stereocenter, or by

pol ynmeri zation of racem c nononmer with an2bnitiator which preferentially
pol ynmeri zes one enantioner. For exanpl e: [err] CH3 The
natural ly derived PHAs of the present EXAMRLEEh are isotactic and have the

R absol ute configuration at thecgheheRpR SRRk iaVer MmOl ynmer backbone.
Alternatively, isotactic r_s_%_gé—n_n%é__\/%ﬁ—lﬁe_cofi uration of
the stereocenters i 'W%Bﬁ%nﬁflifeé.xa %(WH“?@BQ&[??i@atﬁﬂ?bg?@%?”ﬁ?ffomave

t he sanahphysi cstleets oper Camver FrdssniBredos. Chevesdne., denomarieer Balld, i WAX s
Aactic pﬁ{‘yﬁe?%f?‘tﬁ%f??%&ﬂs' fipf PGS oS WreSuBlo P Broath ro Miflsldtho
st er eocent er s, Rradueiilfisefiarpiorimaialy & mm ﬁ\!ﬁ&)r’@ﬁ%fﬂm“ﬁcﬁrﬁdhwﬂi‘ﬁ@'%n
111 ators o QR 38 Tobhlerlensues y plaRi e hlcsibetyserehags @k whi | ¢
;ESI tlyn!t oI ?sot a%ﬁ'l%gﬁ%ﬁ)?%sr 5’2@?@,‘?"!"”%@%@&’5150{%%%? goa{%@g%er}%@@% IF—)bri , Y.,
M Suzuki, Y. Takahashi, A. Yamaguchi EXAMRLEW shita, MACROVOLECULES, Vol .
26, pp. 5533-5534 (1993)). Alterpghb¥siapie Mgm?@-m,ﬂool ymer can be produced
reactivity for one SRERS ShbHEGHE M Eiay: Ae Prerspth o SeAmPReSdalhes of
preference, sesneatsenyothe8 sheaseoa sheebbdlay pelysmer swith good| axygen dstigmer s,
or a mxture ofy8h&#ki80 ik AHoor water vapor transmission rate, or a polymer film that
may be water soluble such a poly(vinyl alcohol) (PVA). The films are placed
in carver press stacked in the following order PHB-Hx(95:5), PHB-
Hx(50:50), PVA, PHB-Hx(50:50), PHB-Hx(85:5). The material is then
pressed at a temperature 5°C above the melt temperature of PHB-
Hx(50:50), but still below the melting temperature of the PHB-Hx(95:5).
After compression at 2000 b for 30 min, the pressure is released and the
film is allowed to cool to room temperature.
EXAMPLE 8
Compostable Disposable Diaper
A disposable baby diaper according to this invention is prepared as
follows. The dimensions listed are for a diaper intended - use with a child
in the 6-10 kilogram size range. These dimensions can be modified
proportionately for different size children, or for adult incontinence briefs,
according to standard practice.
1. Backsheet. 0.020 - 0.038 mm film consisting of a PHB-Hx
copolymer (prepared as described in Example 6); width at top and bottom
33 cm; notched inwardly on both sides to a width-at-center of 28.5 cm;
length 50.2 cm.
2. Topsheet: carded and thermally bonded staple-length
polypropylene fibers (Hercules type 151 polypropylene); width at top and
bottom 33 cm; notched inwardly on both sides to a width-at-center of 28.5
cm; length 50.2 cm.
3. Absorbent core: comprises 28.6 g of cellulose wood pulp and 4.9
g of absorbent gelling material particles (commercial polyacrylate from




copol yners and st ereo- honopol yners may be produced (see Le Borgne, A and
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of the core. The inner bands are glued down along thelr length in the

stretched state. The outer bands are positioned ca. 13 mm from the inner
bands, and are glued down along their length in the stretched state. The
topsheet/backsheet assembly is flexible, and the glued-down bands contract
to elasticize the sides of the diaper.
EXAMPLE 9
Compostable Lightweight Pantiliner

A lightweight pantiliner suitable for use between menstrual periods
comprises a pad (surface area 117 cmZ; SSK air felt 3.0 g) containing 1.0 g
of absorbent gelling material particles (commercial polyacrylate; Nippon
Shokubai); said pad being interposed between a porous formed-film
topsheet according to U.S. Patent 4,463,045 and a backsheet which
comprises a 0.03 mm thickness PHB-Hx copolymer film, as prepared in
accordance with Example 1.

EXAMPLE 10
Comgostable Sanitary Napkin

A catamenial product in the form of a sanitary napkin having two
flaps extending outward from its absorbent core is prepared using a pad in
the manner of Example 9 (surface area 117 cm2; 8.5 g SSK air felt), per the
design of U.S. Patent 4,687,478, Van Tillburg, August 18, 1987. The
backsheet and topsheet materials are the same as described in Example 6.




vacdum dri ed. Mol ecul ar weight is determ ned by standard nethods such as
size excl usion chromat ography (SEC, al so known as gel perneation

chromat ography or GPC). The conononer content of the polyners is

determ ned by nucl ear magnetic resonance (NWR). In a preferred nethod
of synthesizing the PHAs of the present invention, the initiator is an

al kyl zi nc al koxi de, as disclosed in the Y3 Patent Application entitled
"Pol yneri zation of Bet a- Substi t ut ed- Beta- Propiolactones Initiated by
Al kyl zi nc Al koxi des", L.A. Schecht mEXAMPIEN1 Kenper, assigned to The
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3- hydroxybutyra;bpzéndey! of@imgnonas cavi ae i s disclosed in European Patent
Application No. 533 144, Shiotani and Kobayashi, published March 24, 1993.
Bi ol ogi cal synthesis may al so be carried out with botanical species
genetically engineered to express the copolyners of interest (see Wrld
Pat ent Application No. 93-02187, Sonerville, Poirier and Dennis, published
February 4, 1993; and U. S. Patent Application Serial No. 08/ 108, 193,



Sonerville, Nawath and Poirier, filed August 17, 1993;..and Poole, R,  _
SCI ENCE, Vol. 245, pp. 1187-1189 (1989)).

EXAMPLE 1 Pol v( 3- hydr oxybut yr at e- co- hyleB‘ﬁﬁ Replaced
Pol y( 3- hydr oxybut yr at e- co- 3- hydr oxyhexanoat e) ( PHB- Hx)

according to the general nethods described above and bas |shed
procedure of Hori et al. (Hori, Y., M Suzgki, Y. Takahashi, A Yoma uchi,
and T. N shishita, MACROMOLECULES, Vol. 26, pp. 5533-5534 (1993)) for t he

pol yreri zat i on Whaf s Qidimédiisyr ol act one. Specifically, purified [S]-

3- et hyl pr opi ol gact on S 110

[ S]-3- propyl pr gpl ol '§ci'§1£)nnlé°‘%§§s§]§ 9%%{ ga%%l?%%é°123%rhacp gfgatepﬁdoma %éggﬁm
seal ed, argon pYiPggsgrdableropg) yra@rscommées\ﬁt éeagwwm@edonﬂmenemr@ momnmer units

1, 3- di chl or o- 1wﬂer3in3hdﬁ’étrraﬁuﬂmli' Sdtig Monomer aicRs iRGmacear ding to R
Ckawara and M Wada, (J. ? CHEM (1963), Vol. 1, pp. 81-88) and
dried overnight in vacuo at 80[err %\‘Hil ssol v in dry toluene to nake a
0.18 Msolution. Via syringe, 0.6 th}.p._m tor solution (0.12 nmol
di stannoxane) is added to the tube}] The tube Ps gdntly swirled to mix the
contents and thep heated at 100[err]C for 4 by immersing its |ower half
in an oil bath.:t s"(‘:ﬁ%d%WV&W%W“PH@%@R%&F@%f the tube become
viscous. After the required time, fhe pupe is r ved fromthe oil bath and
allowed to cool to roomtenperaturp. Thé 8olid if |di ssolved in chloroform
It is recovered by O—CH;—CH,—C 23
precipitation into a hexane-ether wi xture, collectied by filtration, and

dried under vacUm® whélf SORRNICES o?QﬂEP?a?id%hB'“ ﬁéazﬁg%&mymg iS¢ the

determ ned by [er ectrosco oun in experinental "error,
to be the sane %%'C‘l"ﬁ%%%ﬁ%&f%ﬁ%f%sw!s)mm%em ar weight is determ ned

by size exclusion chromat ography with chl oroformas the nobile phase, and
narrow polystyrene sarfscight 1 Ushhclefized & thy A | BPolymer comprises one or

EXAMPLE 2
more additional randomly repeating monomer units having the structure

T 1
0—CH;—(C HZ),-,—C}

wherein R1 is H, or a C; or C4-Cg alkyl or alkenyl; and n is 1 or 2.

3. The film of Claim 2, characterized in that R1 is a C5 or C4-C 19 alkyl.

4. An absorbent article comprising:
a) a liquid pervious topsheet;
b) a liquid impervious backsheet comprising a biodegradable copolymer,

characterized in that the biodegradable copolymer comprises at least
two randomly repeating monomer units wherein the first randomly
repeating monomer unit has the structure

- -

IR
~-0—CH,—CH;—C—

L. -t

; the second monomer unit has the structure

[ CH, 0]
| |
—0—CH,—CH,—C—-
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Pol v{ 3- hydr oxybut yr at e- co- 3- hydr oxyhexanoat e- co- 3 hydr 0XVO tanaate

Poly(3- hydr oxybut yrat e- co- 3- hydr oxyhexanoat e- co-3- eg) IS
prepared by followi ng the sane procedure as in Exa ll
exception that [S]-3-nethyl propiolactone (9.50 g, 1

propyl propi ol actone (0.40 g, 3.5 mmmol ) and [ S] - 3-pentyl propi ol act one (0.50
g, 3.5 mmvol) are used as the nononer charge.

EXAMPLE 3

Pol v( 3- hydr oxybut yr at e- coai} Wheteinxay hexsahitfat of-the rard by epeayinke amnor@éreynits

Pol y(3- hydr oxybut yrat e- o 34hy dh ety DEA0 AR ey %?ﬁn@%%ﬁféﬂumﬂ%@) 's

prepared by follow ng the sane proce ure as

exception that [S]-8net W?%P@ﬁi‘t(ﬂom%ﬁ'@“?@%e@ the togsheiany i the bapksheet.
propyl propi ol actone (0.40 g, 3.5 mmmol ) and [ S] - 3- heptyl propi ol act one (0. 60
%,XA:I\))/PE Errzml ) alse usﬂe aa%sorg She TRPAEETBE (ﬁalrarl) 9%haracterized in that the biodegradable

Pol y( 3- hydr oxy Isapglymerecamprieshonlr ox g #dditioral ganddmily deRsRYIScBORIMRIt Wnits

Pol y( 3- hydr oxy hafiNg fleQur&&ard- hydr oxyhexanoat e- co- 3- hydr oxyhept an- oate) is
prepared by follow ng the same procedure as in Exanple 1, with the
exception that [§]-3-nethyl prop| ct he (9 50 g 10 mml) [ ] - 3-

propyl propi ol actone (0.40 g, dlﬁ]) tyl propi ol act one (0. 45
g, 3.5 mol) are used as the rmn rrerc E 2'n

EXAMPLE 5 abI e Single Layer Film PHB- Hx
of conpositi on YAewH %BAS%Mﬁ@@/C@QIWMWBWPWa&“Q “l‘%l Pheroduced into a
singl e screw extruder (Rheom x Mddel 202) with screw di arreter of 0.75 inch.
A constant taper sc 2Q; ngth @n

conpr essi on rat%| o] |gﬁ¥evrr%? dma((]lﬁ%fF ”ptgraagarcge o&%‘q{ﬁﬁ eat| 9rzo gégof t he
ext ruder barr elkyk 25[err]C above the nelt tenperature of the PHB-Hx. The
extruder is equipped with a die of width 6 inch and a die gap of 0.04 inch.

;Ze die is mai Qt al neﬂ]e z{bsorgLnt arrlc?e gtb 8laxm 4, gilaractenzed in that it is in the form of a

(DD

—)

disposable diaper, sanitary napkin, or pantiliner.

L



mel t“tenperature of the PHB-Hx. The copolymer is nelted within the extruder
and punped to the die at the other end of the extruder. The screw rpmis
kept constant at 30 rpm The copolyner is forced through the die and is
collected on a take-up roll collection system (Postex) at a rate that
allows crystallization of the copol yner before take-up. The width of these
filme are nomnally 4 inch and the thickness are approximately 0.002 inch.
25 ' EXAMPLE 6

Conpostabl e Single Layer Film Films of PHB-Hx are nmade by nelting the
mat eri al between Teflon sheets in a Carver Press (Fred S. Carver Inc.,
Menononee Falls, W) at 20[err] C above the nelt tenperature. Pressure on
the sheets are adjusted to produce filns of approximately 0.25 nmthick.
The filnms are then identically cooled to roomtenperature by placing the
nol ds between large (5 kg) alum numplates and allowing the filns to cool
to roomtenperature. EXAMPLE 7

Conpostable Multilayer Film Sheets of PHB-Hx film nmay be prepared as
in Exanple 6. These sheets may then encase a sheet of a polymer with good

oxygen barrier pro ties t v ransni ssion rate, or a
polygmer filmthat n MM?%B%S& N?éﬁﬂ%@%& RISINGIAohol ) (PVA) .
The films are pBIODEGRADABLE POLYHYDROXYALKANOATECOMPRITING der

materal i< t FERORYICRRORYBUPYRATE RYPLS 20RO RERYAEXANGATE

tenperature of PHB- Hx(50:50), but still below the nelting tenperature of
t he PHB- Hx(95:5). After conpressioq&g§1$2$ﬁ[lb for 30 mn, the pressure is
rel eased and the filmis allowed to COOl TO roomtenperature.

EXAMPLE 8 : Conpost abl e Di sposabl e Di aper

The present invention relates to a film comprising a biodegradable
copolymer, wherein the copolymer comprises at least two randomly
repeating monomer units (RRMU) wherein the first RRMU monomer unit

has the structure
F (:H3 0
|
oL

and the second RRMU has the structure

- Hz""CHz-j -}

wherein at least 50% of the RRMUs have the structure of the first RRMU.
The present invention further relates to an absorbent article comprising a
liquid pervious topsheet, a biodegradable liquid impervious backsheet
comprising the above film, and an absorbent core positioned between the
topsheet and the backsheet,




B bl T aamd §
o<
A di sposabl e baby di aper accord:ng to this: |nven{+enm+s~prepared as
follows. The di nensions Ilstyd are for a dl aer_ln%éndeu for use with a
child in the 6-10 kil ogram sl ze range. ‘ThesH Yersi-0ns; can be nodified
proportionately for different size children® or @Fiﬁﬁuft i nconti nence
briefs, according to standard practice. 1 prBacksheet: 0.020 - 0.038
nn1f|In1conS|st|ng of a PHB-Hx copol yner: (preparedfas descri bed in Exanpl e
6); width at top and bottom 33 cm notched inwardly on both sides to a
wi dth-at-center of 28.5 cm ‘length:50:2:cm 238645 2. '?opsheet car ded
and thermal |y bonded stapl é-1éngth polygropylene Fibers! (Hercul es type 151
pol ypropyl ene); width at top and bottom 33 cm notched inwardly on both

sides to a V‘tHBHdé‘ToT%reﬁolPJ ?% 5Uﬁf8ﬁu'n§l@3f I"hulé:ﬂ c?ragm bérsdhe Or bent

core: conprises 28. ul ose wood and c:ur%sor bent

ol Ti ng It cPioReSHa0 PERRSE CRSessay bl 9AHHFHRtcior REpIA the Pherent

26 N ppon summeh ; s)ass&cmtafmwﬁhpndcesmbd?mvmoﬂ\Vmslth at top and bottom
28.6 cnm notche t I 2 cm
| ength 44.5 cm Based ghytlgg foPéiohhé tﬂg %gudrjw}ng'geg%é%? arbg%f)b]b?ﬁst rips
(2 per side)artigas (-9 ¢rapm)wﬂéng@rﬁambmﬁegtaﬂa@més@@amm thimnesd, the

foregoi ng di trene Ils)éfbr@lﬁhnﬂgry sﬁ‘eéd"fbr ra%x@d@@ra&b%@opolymer wHibe @té}ﬂéﬁle' S
prepared in s{)ﬁnda osi t cavered with

PP e ooanoe: ShASMRLEatb: erﬁes%seé'n@* 3 BT ouse T SRS TieRRbR ity

(desi gnat ed gamments. and "outer” correspondl ng to the bands cl osest to, and

farthest froppiddi€otPelnvdi Hecti vely) are st ret ched to ca. 50.2 cmand
posi ti oned bﬁﬁ‘%?%et/baoksheet al o eaccga %ﬂgl tudi nal side (2
bands per side) of it RB L0 *ﬂ?epfeﬁﬁ@rmﬂaﬂtd%” BTRYIGSR WIS S REPESESBsi t i oned
ca. 55 nm fr bindehmdzbia pugsydrokyditeroktd.he core

It is also an object of the present invention to provide a disposable

sanitary garment comprising a film comprising a biodegradable PHA.
SUMMARY
The present invention relates to a film comprising a biodegradable

copolymer, wherein the copolymer comprises at least two randomiy
repeating monomer units (RRMU) wherein the first RRMU has the structure

[ CH 0]
[ 3 1]
—0—CH,—CHy—C—-

=9 -

and the second RRMU has the structure

C,H, O
[ Il
-—0—CHy—CHy,—C—~
wherein at least 50% of the RRMUs have the structure of the first RRMU.

The present invention further relates to an absorbent article
comprising a liquid pervious topsheet, a biodegradable liquid impervious
backsheet comprising the above film, and an absorbent core positioned
between the topsheet and the backsheet.

This is the replacemert sheet
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(nmeasured fromthe inner edge of the elastic bank). This provides a spacing
el enrent al ong each side of the diaper conprising the flexible

t opsheet / backsheet nmaterial between the inner elastic and the curved edge
of the core. The inner bands are glﬁéd down al ong their Ien%th in the
stretched stat8. 2afRATEaANER BARHs2aferpbsPEPEREIOEatPE3PHHSENEm t he i nner

bands, ardvaneighyedndewnial g@gvahehral ength in the stretched state. The
t opsheet/ backshﬁg;t‘ assenbly s fl egalénel ebp&nd t hewglley&ql- down beméjs contract

to el asticize t 8" SPGRESBE 3 hé’d&e—’é copolymer,
EXAMPLE ®iodegradable copolymer compfiespostahive flandimiweegpatingPaotdrhdr nigits A

| i ght wei RAML ighd: REY: j : #\@%% rual periods conprises
a pad (sur face g&%%ﬁ@#@%b&%@%éﬁ% t uglgg etcont aining 1.0 g of
absorbent gelling material parti€Hgs (comﬁﬂci al polyacryl ate; N ppon
Shokubai ); said pad being inteypased. t___vl_/eé a porous forned-filmtopsheet
according to U. S. Patent 4, 6?{0 Egan"gﬁa baclksheet which conprises a 0.03
nm t hi ckness PHB- Hx copoly film as prepdred in accordance with Exanple
éo b I'the s;con_d randomll\l);Jl relggatingmorﬁ)b%wu'?a‘sﬁhg snl'uctured Cinthe formof a
npostabl e Sanitary pki n cat anepi product in e fo
sani tary napkin having two fliaps(,:eétendi ng(“gout ward fromits absorbent core
is prepared using a pad in +he©-Fah3e+CHL—ER le 9 (surface area 117 cn®;
8.5 g SSK air felt), per thel_ design of U S. JPatent 4,687,478, Van Till burg,

AUguSt 18, BORLTS 1DAPKRISSH AN SLAHORR kT SERGHS G5 A8 B2 25
EXAMPLE Ztructure of the first randomly repeatidgnmpastmelueit.Di sposabl e Di aper The
di aper of Examhea&orgamtedi-iired faton@pispetnPit bree haekalteetvarititn 2 backsheet
consi sti ntqlegg 2 gig’% eéoano. 038 mmt hi ckness filmconprising a
absorbent article comprising:
a) a liquid pervious topsheet;
b) a liquid impervious backsheet comprising a biodegradable copolymer,
characterized in that the biodegradable copolymer comprises at least
two randomly repeating monomer units wherein the. first randomly

repeating monomer unit has the structure
[ CH, O
| It
T O0—CH;—CH;—C—~

; the second monomer unit has the structure
C.H 0]
[3 7 I

——0—CHy;—CHy—C—~

-

: and wherein at least 50% of the random repeating monomer units
have the structure of the first randomly repeating monomer unit; and

c) an absorbent core positioned between the topsheet and the

backsheet.
DETAILED DESCRIPTION

The present invention answers the need for a biodegradable
copolymer which is capable of being easily processed into a film. The
present invention further answers the need for disposable absorbent articles
with increased biodegradability.

As used herein, "ASTM" means American Society for Testing and
Materials.

This is the replacement sheet
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PHB- Hx copol yner film (prepared as described in Exanple 6). Al
publ i cati ons nentioned herei nabove are hereby incorporated in their
entirety by reference. It is understood that the exanples and

enbodi nents described herein are for illustrative purposes only and that
various nodifications or changes in light thereof will be suggested to one
skilled in the art and are to be includé® in the spirit and purview of this
application and scope of the appended cl ai ns.

28 \What is QVhatdgpflaimed iy A film conprising a biodegradabl e copol ymer,
wher ei n 1. tAdihi asegisidabl wodegrabieedopeyiier, i semeaélﬁ east t Whe
random y rep%ﬁ . %ﬁmﬁ ge uni t s wher ! {pe f'ﬁStl iy eating
MONONer  uni t 324 g %Oém?‘ comprises ai 1east two randomiy repea m YE T L]mts

[err] t he s\elmmltheaﬁmcm@nﬂsemaatmsgnmmmmt basithe $tasturtie structure

[err] and wherein at |east 50 oof he rando repeati ng nononmer units
have the structure of the first ran y repe t| ng nononer unit. 2.
The filmof Claim1, characteri ﬁCHj‘raC AreCeppol ynmer conpri ses one or

nore additional randomy repeati bg nononer unlt havi ng the structure
. the second randomly repeating monomer unit has the structure
G 9
O—CHy;—CH,—C

; and wherein at least 50% of the randomly repeating monomer units have the
structure of the first randomly repeating monomer unit.

2. The film of Claim 1, characterized in that the copolymer comprises one or
more additional randomly repeating monomer units having the structure

) i
O—CH;—(CH,)=C

wherein R1 is H, or a C5 or C4-Cg alkyl or alkenyl; and nis 1 or 2.

3. The film of Claim 2, characterized in that R is a C5 or C4-Cjg alkyl.

4. An absorbent article compriéing:
a) a liquid pervious topsheet;
b) a liquid impervious backsheet comprising a biodegradable copolymer,

characterized in that the biodegradable copolymer comprises at least
two randomly repeating monomer units wherein the first randomly
repeating monomer unit has the structure

o, 0
~~0—CH,—CH;—C—-

: the second monomer unit has the structure
C H O
—-O—CHz—-C Hz--C——

NI This s tne ropcemem &=
* [ L M S *
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"‘[err] wherein R err] is. H, or a Cerr], or Jerr]-Cerr] alkyl or

al kenyl; and nis | or 2. 3. The filmof Cdaim2, characterized in
that Rlerr] is a (Jerr] or err]-Cerr] alkyl. 4, An absor bent
article conprising: a) a liquid pervious topsheet; b) a

i quid inpervious backsheet conprising a bi odegradabl e copol yner,
characterized in that the bi odegradabl e copol yner conprises at | east
two randomy repeating nonomer units mhggein the first randomy
repeati ng nononer unit has the structur

[err] ; ad'WheRSAH ISR TR dithé r&ﬁ@orﬁﬂ@péé@r\ﬁ:%&mer units

[err]

and wherein at | easthav@%hefstiucture aidoefirstpardomly repeatimg moridnser unit; and
have the structyre of the first randomy repeating nononer unit; and

c) an absorb&it c&e ”P‘P’é)tn@@r%epw\éﬁn@%eb@méheampwt and the
backsheet. 5. The t article of daim4 characterized in that the
bi odegr adabl e copol yner conpri ses one or nore additional randonmly repeating

nonomer umg,ts Thg absbibens aniglé WfeClaim 4 characterized in that the biodegradable
copolymer comprises one or more additional randomly repeating monomer units
having the structure

[ 11 o nl
[O CH —( ) Cj

wherein R'is H, ora C, or C4-Cyq alkyl or alkenyl; and nis 1 or 2.

6. The absorbent article of Claim 5, characterized in the R is a C, or C4-Cyg
alkyl. _
7. The absorbent article of Claim 4, characterized in that it is in the form of a

disposable diaper, sanitary napkin, or pantiliner.

8. A film according to claim 1 wherein the copolymer used in manufacture of
the film has a cystallinity of from 2 to 65% as measured by V-ray diffraction and a
melt temperature of from 80 to 140°C.

9. A film according to claim 1 wherein the film is in the form of a composite
multilayer film.

10.  An absorbent article according to claim 4 substantially as herein described

with reference to any one of the Examples.

This is the replacemernt sheet
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[err]. ~ ,wherein Rerr] _i_s..H,_.-or a Cerr] or err]-Cerr] alkylear.«
alkenyl; and nis 1 or.2.76.-  The‘absorbent article of daimb5, s
characterized in t he’, Rlerr] is aderr] or Cerr]-Cferr] alkyl. 7. The
absorbent article of+C aism 4;~characterized in that it is in the formof a
di sposabl e di aper, sanjtary’ napkln or; pantiliner. 8. A filmaccording to
claim1 wherein the co’polynfer ysed .-iin 'manufacture pf the filmhas a
cystallinity of from2 to 65%as measur ed by V—ray diffraction and a nelt

tenperature of of ey g&g ﬁwégg{g%ﬁ%:gﬁ 2.&

wherein the fil
absorbent article i
with reference HXWXH@ ‘
TECHNICAL FIELD

The present invention relates to biodegradable copolymers: films
comprising the copolymers; and disposable absorbent articles such as
diapers, sanitary napkins and pantiliners, comprising such films. '

BACKGROUND

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

N fluid-permeable topsheet material, an absorbent core, and a fluid-
impermeable backsheet material. Heretofore, such absorbent structures
have been prepared using, for example, topsheet materials prepared from
woven, non-woven, or porous formed-film polyethylene or polypropylene
materials. Backsheet materials 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 articles that has recently been considered is their
disposability. Although such products largely comprise materials which
would be expected ultimately to degrade, and although products of this type
contribute only a very small percentage of the total solid waste materials
generated by consumers each year, nevertheless, 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 80% of compostable materials, e.g., wood pulp fibers, and the like. In
the composting process soiled disposable absorbent articles are shredded
and commingled with organic waste prior to the composting per se. After
composting is complete, the non-compostable particles are screened out.
In this manner even today's absorbent articles can successfully be
processed in commercial composting plants.

Nevertheless, there is a need for reducing the amount of non-
compostable materials in disposable absorbent articles. There is a
particular need to replace polyethylene backsheets in absorbent articles




