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While some efforts at recycling have been made, the nature of polymers
and the way they are produced and converted to products limits the number
of possible recycling applications. Repeated processing of even pure
| polymers results in degradation of material and consequently poor
mechanical properties. Different grades of chemically similar plastics (e.g.,
polyethylenes of different molecular weights, as used in milk jugs and
grocery sacks) mixed upon collection can cause processing problems that
make the reclaimed material inferior or unusable.

Absorbent article applications such as diapers, sanitary napkins,
pantiliners and the like, involve several different types of plastics. In these
cases, recycling is particularly costly because of the difficulty in sepalrating
the different components. Disposable products of this type generally
comprise some sort of fluid-permeable topsheet material, an absorbent
‘core, and a fluid-impermeable backsheet material. Heretofore, such
absorbent structures have been prepared using, for example, topsheet
materials prepared from woven, non-woven, or porous formed-film
polyethylene or polypropylene materials. Backsheet materials typically

~ comprisé flexible polyethylene sheets. Absorbent core materials typically
comprise wood pulp fibers or wood pulp fibers in combination with
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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 requir-ements.
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.
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Unfortunately, PHB becomes unstable and degrades at elevated
temperatures near its melt temperature. Due to this thermal instability,
commercial applications of PHB have been extremely limited.
As a result, investigators have studied other polyhydroxyalkanoates
such as poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), in the hopes
of discovering a polyhydroxyalkanoate having sufficient thermal stability and
other suitable chemical and physical properties for use in practical
applications.  Unfortunately, polyhydroxyalkanoates such as PHB and
PHBYV are difficult to process into films suitable for backsheet applications.
As previously discussed, the thermal instability of PHB makes such
processing nearly impossible. Furthermore, the slow crystallization rates
and flow properties of PHB and PHBV make film processing difficult.
Examples of PHB homopolymer and PHBV copolymers are described in
U.S. Patent 4,393,167, Holmes et al., issued July 12, 1983, and U.S. Patent
4,880,592, issued. November 14, 1989. Copolymers of PHBV are
commercially available from Imperial Chemical Industries under the
tradename BIOPOL. = PHBV copolymers are currently produced with
valerate contents ranging from about § to about 24 mol%. Increasing
valerate content decreases the melt temperature, crystallinity, and stiffness
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Based on the foregoing, there is a need for plastic articles that can
biodegrade. In effect such biodegradable articles would facilitate the
"recycling" of plastic articles into another useable product, topsoil, through
composting. To satisfy this need, there is a preliminary need for a
biodegradable polymer which is capable of being easily processed into a
plastic article for use in a disposable product. '
Objects of the Invention _ '

It is an object of the present invention to provide a biodegradable
polyhydroxyalkanoate copolymer.

It is also an object of the present invention to prowde plastic artlcles
comprising a biodegradable polyhydroxyalkanoate.

It is also an object of the present invention to provide a method of
using a biodegradable polyhydroxyalkanoate to make plastic articles.

It is also an object of the present invention to provide a disposable
sanitary garment comprising a film comprising a biodegradable
polyhydroxyalkanoate. o -
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; and wherein at least 50% of the random repeating monomer units have the
structure of the first monomer unit. Such plastic articles include films,
sheets, fibers, foams, molded articles, nonwoven fabrics, elastomers, and
adhesives. _

The present invention further relates to an absorbent article
comprising a liquid pervious topsheet, a biodegradable liquid impervious
backsheet comprising a film comprising a biodegradable PHA, 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 capable of being easily processed into a plastic article.
The present invention further answers the need for disposable plastic
articles with increased biodegradability and/or compostability.

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

As used herein, "comprisina” means that other steps and other
ingredients which do not affect thz end result can be added. This term
encompasses the terms "consisting of* and "consisting essentially of".

As used herein, "alkyl" means a saturated carbon-containing chain
which may be straight or branched; and substituted (mono- or poly-) or
unsubstituted.

This Sheet Has Been Replaced
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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 soil.

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 compdsting 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 partially degraded shreds
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o compost resulting therefrom may contain all kinds of nonbiodegradable
materials, for example, sand. However, to avoid a build up of man-made
" materials in the soil, it is required herein that such materials be fully
- biodegradable. By the same token, it is not at ali necessary that this
biodegradation be fast. As long as the material itself and intermediate
decomposition pr=ducts 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.

The present invention relates to biodegradable copolymers which are
surprisingly easy to process into plastic articles, particularly into films as
compared to the homopolymer PHB and copolymer PHBV.

As used herein, "plastic' article" means a copolymer processed into a
film, sheet, fiber, foam, molded article, nononen fabric, elastomer or
.adhesive. _

PHAs of the present invention comprise at least two randomly
repeating monomer units (RRMU). The first RRMU has the structure

R1
l [
O-CH—(CHy)n—C

wherein R1is H, or Cq or Co alkyl, and nis 1 or 2. The second RRMU has
the structure
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i.e., two or . : I I, :
substituted (no C{_@feggHBOQYI_Q ?Qgéb%&nséﬂ?@t H&ﬁ% ?de.fe%tﬁ)agggé %%%WWHA"‘%M
a pol yhydr oxyal K¥RtseRlY @t a5t apput80%: maAcR-prefesably adill af deast ahewtf0¥e. " pHR"
means :Ee hormopol yrnathend FHA-oghudpaewmb inwention iséﬁroﬁasgesh irﬁtﬁéﬁilm{.shéaﬂg\f
means e copo 3 ale- cO0z 3, r .
used herein, " Eléﬁ%% aeclgﬁi%f'gﬁrea%gfe?%%ygﬁﬁh %%S%Aqg%%ﬁgﬁg?%l ﬁ rtrt?ﬁ ely
be degraded conpRBMlS,hpye dhegtrciure of thedfirst Ui unitismors, preferably dwom sns

and/ or natural edbtut B0 b AbolifOY LS mbe pPretstaBR’ &ilNfromCabaR BBk t6 ‘abdeans a
mat eri al that ”E§§p°}|$’ the following three requirenments: (1) the material is '
ng pro

capabl e of bei cessed in a conposting facility for solid waste; (2) if ..
so processed, the nat\Wheala RHAlof éhelprgsenhinvertidn isgprocesseddnto aanarngad fibef t he

compost is used pimblRdeRiidle (8 iMBERHIG bINIM molddd) PrémtabiPeAras Ao the
' ' - to about 99.5% of the RRMUs have the structure of the first RRMU; more
preferably from about 90% to about 99.5%; more preferably still from about
95% to about 99.5%. . _

When a PHA of the present invention is processed into an elastomer
or an adhesive, preferably about 50% of the RRMUs have the structure of
the first RRMU.

When a PHA of the present invention is processed into a.-nonwoven,
preferably from about 85% to about 99.5% of the RRMUs have the structure
of the first RRMU; more preferably from about 90% to about 99.5%; more
preferably still from about 95% to about 99.5%. —_

In another embodiment of the present invention, R1 is a C» alkyl and
n is 1, thereby forming the monomeric repeat unit 3-hydroxyvalerate.

In another embodiment. of the present invention, RlisHand nis 2,
thereby forming the monomeric repeat unit 4-hydroxybutyrate.

In another embodiment of the present invention, R1 is Hand n is 1,
thereby forming the monomeric repeat unit 3-hydroxypropionate.

In preferred embodimeht, the copolymer of the present invention
comprises one or more additional RRMUs having the structure

SN
O—CH5—(CH,)=——C

wherein R2 is H, or a C4, Ca, C3, C4, Cs, Cg, C7, Cg, Cg. C10: C11. C12.
C143, C14. C15, C46. C47. C48. or Cqg alkyl or alkenyl; and mis 1 or 2; and




For #exam@l e, a polymer filmnmaterial present in solid waste submitted to a
conposting facility for processing does not necessarily end up in the final
conpost. Certain conposting facilities subject the solid waste streamto”
air classification prior to further processbng, in order to separate paper
and other materials. A polynmer filmwould ndost probably be separated from .

the sol1d wast e ShERAThE aRlRranRRNIUSIERS Ficl 12 Safis 88hd RRLHARUE B0Inde

processed in the conpo vert hel ess
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"capabl e" of -being, p2,0t%d4ed5] 16,27 d8peSt 2Mor fnace HiffeyentTRRMUsq Ui rerrent t hat
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a form of degradation i n proces
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conposting procegsg, Asc loi'alkfehgl padyrRs4filmw | be present as shreds
rat her than a- sheet

f th th
fini shed conpost - will ’ba”%ﬁﬁf 85?’88 a?fgia? B@ﬁgr@% piESO%ﬁS%/alleh%nd
pol ymer shreds winis hdherpbwommnglﬂgemdmrrmmenean ynit dmwaletﬂteu ned the
si ze they had i medi ajghMombt %Fndoﬁﬁnéﬁlrmﬁé rﬂﬁeﬁrﬁﬁnvémﬁmcﬂ?ﬁgfﬂ ahben is 2,
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pass through the screémanotHenembodiment of therpresantineention; R¥ isdipodtm ig 1,
facility m ght Swﬁéresg farhﬁn;mcé &ow@mﬁeﬁgéﬁ@étfunﬁt%-ggmgg%fog%gs shreddi ng

and a rather coarse reeni case nond nmers |ike
pol yet hyl ene woulR¥¥HE : F ASTherefore, neeti ng requirement (2)
is not enough for a miﬂ'hel ainodegrheamemabbe thet presefite inverstiont can be

definition. What P r@}%tﬁaﬁ SUmAst &Y; ?‘05%%%?%? ﬁ@hﬁ&;‘s %ghg,ﬁfc%ﬁ n

frommateri al I|k e 1S Tequrremen
ultimately bi ode@p&a@aq invalves dhe rmweerunw@bﬁrraﬁmahpntqf B &aﬁnneere@npmess not

essential to the oaEsibed belowe eThe Watdipsis Usreinitiatérenussd icag trokl variety iof

waste and the . 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 RW. 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,
pp. 4388-4390 (1993); and Kemnitzer, J.E., S.P. McCarthy, and R.A. Gross,
MACROMOLECULES, Vol. 26, pp. 1221-1229 (1983)). The production of
isotactic polymer can be accomplished by polymerization of an
enantiomerically pure monomer and a non-racemizing initiator, with either
retention or inversion of cenfiguration of the stereocenter, or by
polymerization of racemic monomer with an initiator which preferentially
polymerizes one enantiomer. For example: ' '




conpost resulting therefrommy contain all kinds of nonbi odegradabl e
materials, -for exanple, sand. However, to avoid a build up of man-made
materials in the soil, it is required hereiyg that such materials be fully
bi odegradabl e. By the same token, it is not at all necessary that this

bi odegradation be fasg. As | opg as the material itself and internediate

deconposi tion prcdufs are toxi c. o ot ﬁd;'favm se h@ ulf toR he 50|I00|
crops, it is fullly cc.eptable that ,f heilrn bbgpe@i_,ad n_t %t'i ggi | I
e t

nonths or even ygar®, sineeQhis requi errent res

accunul ati on of 8- mede graterials in the soi I ol yrrer corrp05| ti Gn
ratios recited hef&in refer to nole ratios, unl éﬁd Jdlﬁ'ﬁ‘é ated :
“otherwi se. The ‘present invention relates to bi o egra % copol Whl ch
are surprisingly. easy to process into plastic arti 618 Qr"iz;z@ arly i nto

films as conpared to the honmopol ymer  PHB and copol yner PlyBv1 As used
herein, "plastic article" means a copol ymer processed into a film sheet,
fiber, foam nolded article, nonwoven fabric, elastoner or adhesive. PHAS

of the present invent The maioglysderived! PHAS difV\Iherﬂié@éﬁi m\lfeﬁnéﬁtaré%ﬁﬁé&ﬁémr

o2 (0. T RIS SN IR 0
structure %a]:}( ‘H‘eoneABﬁMV%ntls%tﬁcﬂﬁ@%Y@G@nﬂ“ammmm wiherec dle
about 50% but lconfiguration 1&0%e itefddeemBieSs hpreioiRastly Wt U'B%tﬁ’flsét'é%tlé Irst

RRMJ, nore pref Q 60 referabl at t about
70% rore plroef e?ﬁ%%}g'gt% 'I"eﬁ%fe é@% %Qﬁ'ﬂﬁ?e Eﬁ% g’f’?ﬁ P?gﬁ
about 90% When chemigR! Jeactivities except wheana |siaraosppclﬁce|mgdni nﬁun:haa"sl amm

sheet, or soft @néy‘l’héclsflhb@(/ed prﬁ@écﬁf@ﬁﬁl&/mé W’E vﬁ@‘/?érﬁoﬁp?ﬁ: ﬁa@cf‘i of

the RRNUS have t I?GR %Bdu§ s ereocenters can ge pro ucedn #rofn pa[)cre?m 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. 2312-2319 (1989); Tanahashi,
N., and Y. Doi, MACROMOLECULES, Vol. 24, pp. 5732-5733 (1991); and
Benvenuti, M. and RW. Lenz, J. PoLyM. Sci.: PART A: PoLYM. CHEM., Vol.
29, pp. 793-805 (1991)). Some initiators or catalysts are known to produce
predominantly syndiotactic polymer, polymers with alternating R and S
stereocenter repeat units, from racemic monomer (see Kemnitzer, J. E., S.P.
McCarthy and R.A. Gross, MACROMOLECULES, Vol. 26, pp. 1221-1229
(1993)) while some initiators or catalysts may produce all three types of
stereopolymers (see Hocking, P. J. and R.H. Marchessault, PoLym. BuLL.,
Vol. 30, pp. 163-170 (1993)).



abow 80% to about 99.5% nore preferably still from about 90% to about
99% When a PHA of the present invention is processed into a nornmal fiber
or nolded article (e.g., injected or blown nol ded) preferably from about
80% to about 99.5% of the RRMJs have the structure of the first RRMJ, nore
preferably from about 90%to about 99.5% tbre preferably still from about
95% to about 99.5% Wen a PHA of the present invention is processed into
an el astoner or anFatheséexample,ef epreipayatidiout di0% pély(4-byarmbutysaie-cord-
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anot'her enbodi nent e present Vv n, . rr]l 1s a (err] alkyl and
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anot her enboditipddpHre) hB-bUtgrSAaEtonBY 8Ad | P 13-alkY1-Bpropidlactone sinXhet esipdy
form ng the nonpneric repea uni t 4- hydroxybutyrate. In agother. enbodi nent
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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 viv), and vacuum dried.
Molecular weight is determined by standard methods such as size exclusion
chromatography (SEC, aiso 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
Application 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 R1ZnORZ2, wherein R1 and
R2 are independently a C4-C1g alkyl. In a preferred method of synthesis.
the initiator is selected from the group consisting of ethylzinc isopropoxide.
methylzinc isopropoxide, ethyl zinc ethoxide, or ethylzinc methoxide; more
preferably ethylzinc isopropoxide. -
Other copolymers useful in the present invention can be made by
substituting the starting materials (monomers) in the above procedure with
3-alkyl-B-lactones corresponding to the monomer units desired in the final

copolymer product.



Clerir], @err], Cerr], Cerr], (err], C[e'rr] , | Cerr], Cerr], (err],
Clerr], derr], derr], (err], C(err], (err], derr], or (Jerr] alkyl or
‘alkenyl; and mis 1. In another enbodinment of the present invention, R err]
is a Jerr] alkyl and mis 1, thereby formnildg the nonomeric repeat unit :
3- hydroxyval erate. In _another enbodi nent of the Ilg.>re$ent invention, R2 is H
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diffraction, differential scanning calorimetry (DSC), density measurements,
and infrared absorption. The most suitable method depends upon the
material being tested. |

X-ray diffraction is most appropriate when little is known about the
thermal properties of the material and crystal structural changes may occur.
The basic principle relies on the fact that amorphous parts of the material
scatter x-rays in a diffuse or broad range of angles while crystals diffract x-
rays into sharp, precisely defined angles. The total scattered intensity is
constant, however. This allows calculation of the amount of crystaliine
material in a sample if the amorphou"s and crystalline diffracted intensities
can be separated. A very precise method has been developed by Ruland,
which can detect differences in percent crystéllinity as small as 2% (see
Vonk, C., F.J. Balta-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, crystals 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 techniques, 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



[err] The naturally derived PHAs of the present invention are isotactic and
have the R absolute configuration at the stereocenters in the pol ymer
backbone. Alternatively, isotactic polynmers nmay be nade where the _ *
configuration of the stereocenters is predgminantly S. Both isotactic
materials will have the same physical properties and nost of the same
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For ex arrpl e, psﬁgmlyadlﬁerent vafuesd 8. bebadsethely arg tased om- different physical
principles. For example, density measurements often give higher values
than x-ray diffraction. This is due to the continuous changing of the density
in the interface between crystalline and amorphous polymer (or copolymer)
material. While x-ray diffraction does not detect this matter as crystalline,
density measurements will be affected by this interface region.

In general, PHAs of the present invention preferably have a
crystallinity of from about 0.1% to about 99% as measured via x-ray
diffraction; more preferably from about 2% to about 80%; more preferably
still from about 20% to about 70%.

When a PHA of the present invention is to be processed into a film,
the amount of crystallinity in such PHA is more preferably from about 2% to
about 65% as measured via x-ray diffraction; more preferably from about
5% to about 50%; more preferably still from about 20% to about 40%.

When a PHA of the present invention is to be processed into a sheet,
the amount of crystallinity in such PHA is more preferably from about 0.1%
to about 50% as measured via x-ray diffraction' more preferably from about
5% to about 50%; more preferably still from about 20% to about 40%.

When a PHA of the present invention is to be processed into a
normal fiber or a nonwoven fabric, the amount of crystallinity in such PHA is
‘more preferably from about 60% to about 99% as measured via x-ray



hydrfoxyh@xanoat e- co- 3- hydr oxyal kanoat e) copol yners wherein the 3-

hydr oxyal kanoat e comonomer is a 3-alkyl-[err]-propiolactone, are car ried
out in the following manner. Proper precautions are nade to exclude air &nd
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Plastic Articles Comprising PHA
‘The PHAs of the present invention can be processed into a variety of
plastic articles, including but not limited to, films, sheets, fibers, foams,
- molded articles, nonwoven fabrics, elastomers, and adhesives.
N Films . .
In one embodiment of the present invention, the plastic article is a
- film. As used herein, "film” means an extremely thin continuous piece of a
substance having a high length to thickness ratio and a high width to
thickness ratio. While there is no requirement for a precise upper limit of
thickness, a preferred upper limit would be 0.254 mm, more preferably still
about 0.01 mm, more preferably still about 0.005 mm. The protective value
of any film debends on itS'Being continuous, i.e., without holes or cracks,
since it must be an efficient barrier to molecules such as atmospheric water
vapor and oxygen. In a preferred embodiment of the present invention, the
film of the present invention is liquid impervious and suitable for use in
absorbent disposable sanitary garments such as disposable diapers,




3-alkyl -[err] -l actones corresponding to the nononer units desired in the
- final copol ymer product. 12 Alternatively, biological synthesis of the
bi odegr adabl e PHAs useful in the present invention nmay be carried out by"*
fermentation with the proper organi sm(natuysl or genetically engineered)
with the proper feedstock (single or nulticonponent). Biological synthesis
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Methods for testing ior such performance criteria are discussed in more
detail below. '
- 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 of the present invention, which comprise a
second RRMU as defined above having an alkyl branch of at least three (3)
carbons, are surprisingly easier to process into films, especially as
compared to PHB or PHBV. Applicants surprisingly discovered, such linear,
random copolymers with a limited number of medium sized (e.g., C3-C10)
branches provide, in addition to biodegradability, the following properties,
particularly as compared to PHB or PHBV: a) a lower melt temperature, b)
a lower degree of crystallinity, and c) an improved melt rheology.

Without being bound by theory, Applicants believe charac_-:teristi'cs a)
and b) are achieved by exclusion of the second RRMU from the crystal
lattice of the first RRMU, thereby resulting in a decreased temperature for
thermal processing ‘and improved stiffness and elongation properties.
Again, without being bound by theory, Applicants believe characteristic c) is



can e separated. A very precise nethod has been devel oped by Rul and, which
can detect differences in percent crystallinity as small as 2% (see Vonk,
C., F.J. Balta-Calleja, X-RAY SCATTERI NG FROM SYNTHETI C PCLYMERS, El sevi €r:
Anst erdam (1989); and Al exander, L., X-RAY6DI'FFRACTI ON METHODS | N POLYMER
SClI ENCE, Robert Kreiger Pub. Co., New York, (1979) Upon nelting, crystals
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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 disposable diaper converters which typically use hot
melt adhesives to bond the components of a disposable diaper together.
Films that are sufficiently strong to be suitable as biodegradable
andfor compostable backsheets for disposable diapers preferably
demonstrate two properties: (a) resistance to rupture from a dropped
weight and (b) resistance to tearing in both the machine direction of
manufacture and the cross-machine .direction of manufacture. Preferred
backsheets of the present invention 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 resuilt 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



I n tshe interface between crystalline and anorphous pol ynmer (or copol ymer)
material. Wiile x-ray diffraction does not detect this matter as
crystalline, density neasurenents will be affected by this interface
region. In general, PHAs of the present inventidn pref erably have a
crystallinity of from about 0.1%to about 99% as neasured via x-ra
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capacity and it is under a weight of about 35 glcm2 (0.5 psi).

It has also been found that materials of sufficient heat resistance
demonstrate a Vicat softening point of at least 45°C. Vicat softening is
tested using a Heat Distortion Apparatus Model No. CS-107 or equivalent
and a modification of ASTM D-1525. The modification is in the preparation
of the sample. A 19 square millimeter size film of 4.5 to 6.5 mm thickness is
prepared for Vicat needle penetration tests by melting the material to be
tested into a mold using a temperature of 120°C and pressure of 7.031 x
105 g/em?2 (10,000 psi) (using a Carver or similar press) for two minutes
after a warm-up peribd of at least 2 minutes. The Vicat softening point is
the_..ggmperature at which a flat-ended needle of 1 sq. mm circular cross
section will penetrate the sample to a depth of 0.1 cm under a load 1000 g -
using a uniform temperature rise rate of 50°C per hour.

It has also been found that materials of sufficient machine direction
modulus demonstrate a 1% secant-type modulus above at least about 6.895
x 108 dynes/cm2 (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




30%t o aBout 60% When a PHA of the present invention is to be processed
into an el astoner or adhesive, the amount of crystallinity in such PHA is
nmore preferably |less than about 50% as neasured via x-ray diffraction; ndre
preferably | ess than about 30% nore prefengbly still |ess than about 20%
Melt Tenperature Preferably, the biodegradable PHAs of the present
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important that the backsheet film and other components retain their integrity
at these temperatures. Although it is expected that the modulus of the films
will decrease somewhat between 20°C and 60°C, the modulus should not
decrease too far -and allow the film to deform in the package before it
reaches the end user.

For example, a polyethylene backsheet with a room temperature
modulus of about 4 x 109 dynes/cm2 (58,000 psi) may have a 60°C
modulus of 1.2 x 10° dynes/cm?2 (18,560 psi) which is acceptable. A softer
polyethylene backsheet with a room temperature modulus of about 8.0 x
108 dynes/cm? (11,600 psi) may have a 60°C modulus of about 3.5 x 108
dynes/cm? (5,076 psi) which is still acceptable. In general, an acceptable
backsheet film of the present invention will have a 60°C modulus of at Ieast
5.52 x 107 dynes/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 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 (or copolymer) characterization.



a) a machine direction (MD) tensile nmodulus from about 10,000 to about
100,000 Ibs./sg. in. (6.895 x 108 dynes/sg. cmto 6.895 x 10[err] dynes/sq.
cnm, b) a MDtear strength of at |east 70 granms per 25.4 [err] m of

t hi ckness, ¢) a cross nmachine direction (CD) tear strength of at |east 70
grans per 25.4 [err] of thickness, d) an inpact strength of at |least 12 cm
as neasured by falling ball drop, e) a m)i.'?t ure transport rate | ess than
about 0.0012 grans per square centineter per 16 hours, f a nodul us at
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enclosed in an environmental chamber swept continuously with helium gas.
Stress is applied to the film in the length direction to achieve a deformation
or strain of 0.1 percent of the original length. A dynamic sinusoidal strain is
applied to the specimen at a frequency of 5 cycles per second. In the
temperature scan mode, the temperature is increased at a rate of
3.0°C/minute from 25°C to the point where the specimen melts or breaks,
while the frequency and stress aré held constant. Temperature-dependent
behavior is characterized by monitoring changes in strain and the phase
difference in time between stress and strain. Storage modulius values in_
Pascals 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
modulusftemperature spectrum printed for further review. The 60°C'
moduilus is determined directly from the spectrum.
2. Method of Film Manufacture :

The films of the present invention used as backsheets having
increased biodegradability and/or compostability may be processed using
conventional procedures for producing single or multilayer films on
conventional film-making equipment. Pellets of the PHAs of the present
invention can be first dry blended and then melt mixed in a film extruder.
Alternatively, if insufficient mixing occurs in the film extruder, the pellets can
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(a) resistance tbe a censtaphsize ay@ppggl of internal air pressure. The tube of ﬂlm is
cooled by air, blown through one or more chill rings surrounding the tube.
The tube is then collaps‘ed'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 products.
_ Both cast film and blown film processes can be used to produce
. either monolayer or multilayer film structures. For the production of
mouolayer fims from a single thermoplastic material or blend of
thermoplastic components only a single extruder and single manifold die are
required. '

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

U.S. Patents 4,152,387, and 4,197,069, disclose the feedblock
principle of coextrusion. Multiple extruders are connected to the feedblock
which employs moveable flow dividers to proportionally -change the
geometry of each 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
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softening is tested uUsing a Heat Distortion Apparatus Mdel No. CS-107 or
equi val ent : Since the melt flow properties and melt temperatures of the

processed materials may vary widely, use of a vane die has several
advantages. The die lends itself toward thermal isolation characteristics
wherein materials of greatly differing melt temperatures, for example up to
175°F (80°C), can be processed together. '

Each manifold in a vane die can be designed and tailored to a
specific polymer (or copolymer). Thus the flow.of each polymer is
influenced only by the design of its manifold, and not by forces imposed by
other polymers. This allows materials with greatly differing melt viscosities
to. be coextruded into multilayer films. In addition, the vane die also
provides the ability to tailor the width of individual manifolds, such that an
internal layer, for example a water soluble biodegradable polymer like Vinex
2034, can be completely surrounded by water insoluble materials leaving no
exposed edges susceptible to water. The aforementioned patents also
disclose the combined use of feedblock systems and vane dies to achieve
more complex multilayer' structures. |

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 {ayers, wherein said center core layer is
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' supporting nature. Such differences in stiffness and support result in some
modification of the manufacturing methods.
1. Methods of manufacture
Sheets, because of thickness and consequent stiffness, cannot be
blown as a film. However many other of the same processes used to make
film can be modified to make sheeting. One example is cast extrusion
which is described previously. In addition to extrusion, sheeting is also
made via rolling and calendering.
a. . Rolling
Rolling produces a film with predominately machine direction
orientation by ac_cele,rat'ing' the film from a nip point where the thickness is
reduced (ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING, Vol. 8, pp.
88-106, John Wiley and Sons, New York, (1986); hereinafter referred to as
"EPSE-1"). Large forces are found at the nip point, but overall orientation
can be increased over other forms of machine direction orientation.
b. Calendering L |
To produce an unoriented cast film or sheet with high throughput,
calendering is used (G. W. Eghmy, Jr. in MODERN PLA_STlCS,. J. Agrandoff,
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Series/ Uni x DVA thelhirder middie/ rolingseoEP8E-2) package, hereinafter referred
to as the DVA 7, cavai kplate from the Perkin-El ner Corporation of Norwalk,
Connecticut. Many ot h'E'r—t%ges of DMA devi ces exist, and the use_of dynam c
mechani cal anal ysi s t & 30Qig§r embodiment.f the present inventioactheplasticartictiss i s
Wﬁl | "known to thesfibeki | Aedused ]'El'li‘e_?ew_t"fm‘er"peéfﬁr’el?rto(erflegibl@l-mtrbst:bpically
characterization Iy S ze S,
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~Wiley and Sons, New York, (1986) (hereinafter referred to as "EPSE-2").
The fibers of the present invention are useful as textiles in yarns for
garments. The fibers of the present invention are also useful for
manufacturing lightweight fibrous materials useful in agricultural
applications to protect, promote, or control plant growth. They are also
used in green house thermal screens, crop row covers, turf covers, weed
barriers and hydroponics. Key properties are light, air, and moisture
permeability. An important aspect is cost effectiveness when considered in
terms of weight, strength, and dimension stability. '

An elastomeric fiber is a fiber that consists of polymers (or
copolymers) with a main glass transition temperature much below room
temperature (see EPSE-2). This criterion excludes some fibers with elastic
properties, such as crimped hard fibers, but allows inclusion of muilti-
constituent fibers where one of the constituents is an elastomer. All
elastomeric fibers are characterized by a higher elongation at break, lower
- modulus, and higher recovery from large deformation than normal fibers.

1. Methods of Fiber Manufacture
The fibers of the present invention may be processed using a variety

of conventional techniques well-known in the art including, but not limited to,



COWOSI TES, VOLUMVE 1 by L.E. N elsen (Marcel Dekker, 1974). The mechani sm
of operation and procedures for using the DMA 7 are found in Perkin-El ner
Users' Manual s 0993-8677 and 0993-8679, both dated May, 1991. To those *
skilled in the use of the DVA 7, the foll owsg run conditions should be
sufficient to replicate the 60[er] C nodul us data presented hereinafter. To
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the filmextr uderﬂb | he"I'Brawung" re?ers to stretching and attenuation of fibers to achieve an
irreversible extension, induce molecular orientation, and develop a fiber-fine
structure (see ESPE-2). This fine structure is characterized by a high
degree of crystallinity and by onentatlon of both the crystallites and the
amorphous PHA chain segments.
D. Foams
in another embodiment of the present invention, the plastic artlcle is
a flexible foam. As used herein, "foam” refers PHA of the present invention
' whose apparent density has been substantially decreased by the presence
of numerous cells distributed throughout its bulk (see ASTM D 883-62T,
American Society for Testing and Materials, Philadelphia, Pa., (1962)).
~ Such two-phase gas/solid systems in which the solid is continuous and
composed of a synthetic polymer or rubber include cellular polymers (or
copolymers), expanded plastics and foamed plastics (ENCYCLOPEDIA OF
CHEMICAL TECHNOLOGY, Vol. 11, John Wiley & Sons, New York (1980),
hereinafter referred to as "ECT").
The gas phase is distributed into pockets or voids called cells which
are classified into two types, open and closed. Open-celled material are

foams whose cells are inter-connected such that gases may pass freely
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yet are biodegradable andfor compostable. These materials are ideal for
hot food take-out and cold food packaging.

Foamed polystyrene chips are used as cushioned packing materials
for consumer and industrial goods. Many of these chips end up in landfills.
Foamed chips comprising a PHA of the present invention perform as well as
polystyrene and have increased biodegradability and/or compostability.
Unlike other compostable packaging material such as starch, such PHA
chips are resistant to many common solvents and liquids including water.

1. Methods of Foam Manufacture

The foams of the present invention may be processed using
conventional proce'durés well-kknown to those skilled in the art. A
predominant method of foam production involves expanding a fluid polymer
(or copolymer) phase to a low denisity cellular phase and then preserving
this state (see ECT). Other processes include leaching out materials that
have been previously dispersed in the polymer (or copolymer), sintering
small particles and dispersing cellular particles in a polymer (or copolymer).
Three steps make up the expansion process. These are cell initiation, cell
growth and cell stabilization. Many methods are used to. create, grow, and
stabilize cells.

-
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processed toget.haio_l. 32, p. 180 (1964)). Stabilization is accomplished by cooling the
polymer to temperatures below its glass transition temperature.

Decompression expansion processes create and grow cells by
lowering the external pressure during processing. Cellular polyethylene
and polypropylene are often made in this manner. A decomposing blowing
agent is premixed with the polymer (or copolymer) and fed through an
extruder under elevated temperature and pressure such that the blowing
agent partially decomposes. When the material exits the extruder, it enters
a lower pressure zone. Simultaneous expansion and cooling take place,
resulting in a stable cellular structure owing to rapid crystaliization of the
polymer (R. H. Hansen, SPE J., Vol. 18, p. 77 (1962), W. T. Higgins, Mobp.
PLAST., Vol. 31(7), p. 99, (1954)).

Dispersion processes prbd'uce foams by directing dispersing solid or
gas into the polymer (or copolymer) phase and then, when necessary,
stabilizing the mixture (ECT). In one such process, frothing, a gas is
mechanically dispersed in the polymer or monomer phase, producing a
foam of temporary stability. This foam is then chemically stabilized by
crosslinking or polymerization. Latex foam rubber is manufactured in this
way (see ECT).
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screw plasticator with a second stage injection consists of a plasticator,
directional valve, a cylinder without a spreader, and a ram. After
plastication by the screw, the ram forces the melt into the mold. A
reciprocating screw injection machine is composed of a barrel and a screw.
The screw rotates to melt and mix the material and then moves forward to
force the melt into the mold. .

Compression molding in thermoplastics consists of charging a

- quantity of a PHA of the present invention in the lower half of an open die.

.The top and bottom halves of the die are brought together under pressure,
and then molten PHA conforms to the shape of the die. The mold is then
cooled to harden the plastic (see EPSE-3).

Blow molding is used for producing bottles and other holiow objects
(see EPSE-3). In this process, a tube of molten PHA known as a parison is
extruded into a closed, hollow mold. The parison is then expanded by a gas,
thrusting the PHA against the walis of a mold. Subsequent cooling hardens
the plastic. The mold is then opened and =2 article removed.

Blow molding has a number of ac. intages over injection molding.
The pressures. used are much jower than injection molding. Blow molding
can be typically accomplished at pressures of 25-100 psi between the
plastic and the mold surface. By comparison, injection molding pressures
can reach 10,000 to 20,000 psi (see EPSE-3). In cases where the PHA has



a sheet. *As used herein, "sheet" means a very thin continuous piece of a
substance, having a high length to thickness ratio and ‘a high width to

t hi ckness ratio, wherein the material i's thicker than 0.254 mm Sheeting®
‘shares many. of the same characteristics as 28lmin ternms of properties and
manuf acture, wth the exception that sheeting is stiffer, and has a self-
suppor ti ng nat ur 8. hawh miléduae maights ntost hi’ghnﬁxseas)dflslo/pﬂmomgh @saltis. blowsone
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operation. This iFs toNoowavehst hi ckness in the cal endered materi al .

Cal enders are usual |y raHgiHeP éttbdditient 6f fhe PréEnt invention, the plastic article is
a nonwoven. As used herein "nonwoven" means porous, textile like
materials, usually in flat sheet form, composed primarily, or entirely, of fibers
assembled in webs that are manufactured by processes other than
spinning, weaving, or knitting. A general overview of nonwoven fabrics can
be found in the ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING,
Second Edition, Vol. 10, pp. 204-226 (referred to hereafter as "EPSE-4").
Other names for these materials are bonded fabrics, formed fabrics, or
engineered fabrics. The thickness of the fabric sheets may vary from 25
mm to several centimeters, and the weight from 10 g/m2 to 1 kg/mZ2.
Nonwoven fabrics have a wide range of physical properties depending on
the material and process used in forming the web. A fabric may be self-
supporting and stiff as paper or drapable as a conventional cloth fabric.

In contrast to conventional textiles, the fundamental structure of all
nonwovens is a web of fibers arranged more or less randomly (NONWOVENS
IND., Vol. 17, p. 36 (Mar. 1986), NONWOVENS WORLD, Vol. 1, p. 36 (May-
June 1986)). Thus, the key element is the single fiber. Tensile, tear, and
tactile properties in the nonwoven arise from adhesive or other chemical
and physical bonding, fiber-to-fiber friction created by entanglement, and
reinforcement by other materials such as foams and films (see EPSE-4).



formthrge nips. These nips are the feed, nmetering and finishing nips. The
feed nip is where the polyner is supplled m xed, and heated. The netering
nip reduces the thickness of the sheet to the approxi mate final thickness.
The finishing nip adjusts the gauge of t SEiet by varying the position of
the third or mddle roll. (see EPSE—2) C. bers In another embodi ment of
t he present |nveqt|on " ber. As used herein,
"fiber" refers to'a fFexr : e rogefreous body having a
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vari ety of converAndather extrided fibsrsnatd enrdiess asfotrhed.afhey atﬁ out dgnn@mhe not

limted to, manufacturing process to a specified length to meet a processing or market
need. Extruded fibers are also produced as continuous filaments without
crimp. The processes for forming webs from staple fibers are different from
those using continuous filaments. The products obtained from staple and
filament fiber webs may differ substantially in properties (see EPSE-4).

The mechanical properties of the fibers as defined by their chemical
composition, determine the ultimate properties of the fabric. Web structure
and bonding maximize inherent fiber characteristics (see EPSE-4). Other’
materials that may be used in the nonwovens of the present invention in
combination with the PHA are wood pulp; régenerated fibers including
viscose rayon and cellulose acetate; and synthetic fibers like poly(ethylene
terephthalate) (PET), nylon-6, nylon 6,6, polypropylene (PP), and poly(vinyl
alcohol). Facings of disposable diapers or sanitary napkins made from PHA
nonwoven fabrics of the present invention preferably feel dry even when the
absorbent, inner absorbent layer is saturated. Important fiber
characteristics that affect performance include length, diameter, density,
crimp, cross section shape, spin-finish (lubricant that is added to the surface
of extruded fibers to enhance processability), delustering (small amounts of
TiO2 pigment added before extrusion to increase whiteness or to reduce
sheen) and the draw ratio.




24 nelt spinning, dry spinning, and wet spinning. Conbinations of these
three basic processes are often used. In nelt spinning a PHA of the present
invention is heated above its nelting point and the nolten PHA is forced®
through a spinneret. A spinneret is a die3fith nmany small orifices which
are varied in nunber, shape and di anmeter (see EPSE-2). The jet of nolten
PHA i s passed the-oughVgbcmakinggnethads where the PHA solidifies and is then

of “the prasent | gvent | o O s e BT PR s'“'e'xﬁ?‘?p?"e?
under plroessure t‘IP}r gﬁﬁh?ﬁagpﬁrﬂﬂﬁ?tet %@Eﬁ’slt'cfhgef’ﬁﬁ ofareglX og @an is
passed through aarncbiedtare, zwhehmﬂsedetetmeedoby/emn mndep of aebs faamatiohe Fibeanent
sol [difies. |n VEhtgeiind Mbiude iniieseH ditdeYiBA! WABMHEP dHeffed or

di ssol ved and the solutjon Is orceg t I nneret which 1s subnerged
in a coagul ati onfangem. fl $hgpe. (sjraighd, f‘ﬂ@gmrs&lr@pl) othecfegt of F'PtBFﬂthe
spi nneret orifi cemgagdrﬂmrit driemtangiement, icimp) ahl cotripacidti\(web-dehsisr control).
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further .draw ng roperties to r?) o serve
as textile fiberweighbang ﬁ@?mlﬁékmméh%fﬂ@%'tnfﬁﬁ?%eéﬁ thetpalyroer (sef BPSEF ber s
to achi-eve an irggversible extension, induce nolecular orientation, and

characterized by a hi G I o FREDEET o) e, e 1 BESTIER R doeporn
the crystall it esleagth.t ngiailyo e coethpEe fon formisg gwebs §ronD stapledength | fibers
ﬁnot hglr e][modl rTeAsibeeé léﬂig* ePioRgAMo bEVigdHdIEd by tP aHa;vlahﬁéﬁaleﬁﬁﬁuhgleqmﬁme?t
ose oper o oSG aB ol 1.2 B BbaHE i o s sl prblFssh e, pasehbn °51
numer ous cel | s dthet téxhile-cdrdimg qurgtess; wherebsi| wel{ SernatiefiMroma8Bert Sibers is
Aner i can Soci et Ybéétfd Eﬁ ddé@mﬂﬁi‘ﬁ'ng"@&l%‘idlé#:és %hﬁ&?kr@yeﬁecﬁﬁolo .@é%@@ﬁhn |
Such two-phase gas/sol | r’rg h \/\/&)&@ ont # us an
composed of . syl HERi GMBE FstEnds havstisen suhseauRHRIRS o Phexampls,
copol ynmers), expeedsdrpl fasmedsframdohgavietially &ntless flatveMsLaREdilyAfréih bulk
polymer; both web and fibers are produced simultaneously (see EPSE-4).
A variety of web-making methods are known, including carding, air-laying,
wet-forming, spinbonding, and meltblowmg
The carding process is derived from the anment manual methods of
fiber carding, where natural staple fibers were manipulated by beds of
- needles. In carding, clumps of staplé fibers are separated mechanically into
individual fibers and formed into a coherent web by the mechanical action of
moving beds of closély spaced needies.
in the air-laying process, the orientation created by carding is
effectively improved by capturing fibers on a screen from an airstream (see
US Patent No. 3,338,992, G. A. Kinney, assigned to E.l. du Pont de
Nemours & Co., Inc., issued August 29, 1967). The fibers are separated by
teeth or needles and introduced into an airstream. Total randomization
would exclude any preferentlal orientation when the fibers are collected on
the screen.
Wet-forming processes employ very short fibers. Initially, webs are
formed from short fibers by modified papermaking techniques. The fibers
are continudusly dispersed in a large volume of water and caught on a



CHEM CAL< TECHNOLOGY, Vol . 11, John Wley & Sons, New York (1980),
hereinafter referred to as "ECT"). The gas phase is distributed into
pockets or voids called cells which are classified into two types, open and
cl osed. Open-celled material are foans whose cells are inter-connected such
that gases may pass freely 25 through the cells. Cosed-cell materials
have cells that are discrete and isol ated f&lom each other. Foans are
further categorized into flexible and rigid foans. This classification is

based on a par TO¥NKENERNN Wire: SgregoedOnee(theewalTif GAUINbON the sgieen, it is

1566- 1578, Anetransferrsbichaitbr et an@dae drphested &rurr@"(s‘e%dEP@E-ﬂ%. Pa. ,
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f oalmcaido;r?te rer isanan:sigmmg_d iangd daptesﬁteﬂ odby beltatas tt;ora'rml!oims webpoEhe fildments
pol yst yr ene, %Eeﬁ'ﬁ%ﬁﬁﬁé%"adﬁéﬁs-f TR Sbokg ECeRE Bt 3RB3 Mlow erime
of fers  signi f iftamens K1 thenofmal diameteriangs enabmdr 1.7 18ex (1.9 denrerslightly
degr adabl e al teghet.iTiee bireRfrigeWcPand IHERMItS df GibATetEP BP thddd filatndrtd & .
t he present |'nveﬂt|otn have tfgﬁ th E"ﬁﬁ | nsul t@%tOpfrtlgéP% _ c
pol ystyrene, yaPIEE &toitaadargy dgxtlde faers ®. (SRR ™ri aFgchy e
i deal for hot proddctiarkdirmutis asuitabié dfor oa dspecifie. ghdigmelroamd: ca Rsihgletbvdriding
Goods. Nany ofYeRricleds” 1ES, DBE RHETAGE Al 71 5085 V! SEMisa 2 of o
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process ?see EIS atent No. 3,322,607, S.L. Jung, assigned to E.|. duPont
de Nemours & Co., Inc., May 30, 1967). The molten PHA is forced through
very fine holes in a special die into a high velocity airstream where the PHA
is formed into very fine, although irregular, filaments of indeterminate
lengths. The filaments are simuitaneously formed into a web where melting
and resolidification, and possibly static forces, hold them together (see
EPSE-4). The web consists primarily of filaments with very fine diameters.
b. Web bonding _

The bonding of fibers giveé the strength to the web and influences
other properties. Both adhesive and mechanical means are used.
Mechanical bonding employs the engagement of fibers by frictional forces.
Bonding can also be achieved by chemical reaction, i.e., formation of
covalent bonds between binder and fibers (see EPSE-4).

G. Elastomers -

In another embodiment of the present invention, the plastic-article is
an elastomer. As used herein "elastomer” refers to materials which exhibit
both long-range deformability on application of stress and essentially
complete recovery on removal. A general discussion on elastomers can be
found in the Encyclopedia of Polymer Science and Engineering, Second
Edition, Vol. 5, pp. 106-127 (hereafter referred to as "EPSE-5"). Preferably,
an elastomer of the present invention, at room temperature, can be
stretched repeatedly to at least twice its original length and, after removal
of the tensile load, will immediately and forcibly return to approximately its



chips aré resistant to nany common sol vents and |iquids including water. 1.
Met hods of Foam Manufacture The foans. of the present invention may be
processed using conventional procedures well-known to those skilled in tHe.
art. A predom nant method of foam productid@n involves expanding a fluid
pol ymer (or copol yner) phase to a |ow density cellular phase and then
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nol ds and f'used er expansi o I nner,
Baxt er, and P J. aging @ d segmsnignd the @morphous segments acting as the soft

RS segment Thermoplastlc elastomers of the present invention can be
.71 processed on conventional plastics equipment, such as injection molders.

B Important structural parameters for thermoplastic elastomers are the
molecular weight, the nature of the soft and hard segments, and the ratio of
soft to hard segments. The ratio of hard to soft segments effects the total
modulus of the elastomer, increasing with the proportion of the hard
segments.

" Elastomers of the present invention comprising a PHA of the present
invention can also be used in blend formulations with other polymers (or
copolymers), even non-elastomeric PHAs, to increase impact strength and
toughness in stiffer materials. '

H. Adhesive

In another embodiment of the present invention, the plastic article is
an adhesive. As used herein "adhesive" means a material that joins two
other materials, called adherends, together. A general discussion on
adhesives can be found in the Encyclopedia of Polymer Science and
Engineering, Vol. 1, pp. 547-577, (hereafter referred to as "EPSE-6"). In-
one embodiment of the present invention, the adhesive is applied as a
liquid, preferably of a low viscosity. In the liquid form the adhesive wets the
adherend surface and flows into the crevices in the adherend surfaces. The



Vol + 32,%p. 180 (1964)). Stabilization is acconplished by cooling the
polymer to tenperatures below its glass transition tenperature.

Deconpr essi on expansi on processes create and grow cells by lowering the °
external pressure during processing. Cellul aé pol yet hyl ene and
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fornmed from pol ymer or  copol.Ynmer. npter ich Lyl cted,
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cool i ng. There ar @lowability in the melt, but still be strong enough in the solid form to resist
shearing forces experienced in the application. Due to their thermoplastic
properties, the PHAs of the present invention are particularly useful as hot-
melt adhesives. The primary feature of hot-melt adhesives is the ability of
the thermoplastic material to flow above a certain temperature, high above
the normal use temperature of the bond. Upon cooling, the material
hardens, either through passing through the glass transition temperature of
one of the components, or the crystallization temperature. This hardening
lends physical integrity to the bond. In PHAs, the mode of solidification is
crystallization.
2. Soiutions and dispersions.

The adhesives of the present invention may be applied either as
solutions, in water or an organic solvent, or in the form of aqueous
dispersions. In either form, the solvent must be removed after application
for the adhesive to attain the required solid form. The solution or dispersion
is usually applied to one of the surfaces to be bonded, and the solvent
removed before the second surface is joined; often, heating is required to
expedite the drying step. With porous substrates, such as paper or wood,
final drying can take place after formation of the joint. Solids contents of the
solutions vary from 5 to 95%, although values from 20 to 50% are most
common.



a variety of machines that are used in injection nolding. Three comon

types are ram screw.plasticator-with injection, and reciprocating screw
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Common masking tape, for example, is manually applied after the user .

removes the desired Iength from a roll. Many bandages are held to the skin

by pressure-sensitive adhesives. _

Disposable Personal Care Products

_ The present invention further relates to disposable personal care

products comprising a PHA of the present invention. For example,

compostable absorbent articles comprising a liquid pervious topsheet, a

liquid impervious backsheet comprising a film of the present invention (i.e.,

a film comprising a PHA of the present invention), and an absorbent core

positioned between the topsheet and backsheet. Such absorbent articles

include infant diapers, adult incontinent briefs and pads, and feminine

hygiene pads and liners.

Additional personal care products comprising a PHA of the present
invention include personal cleansing wipes; disposable health care products
such as bandages, wound dressings, wound cleansing pads, surgical
gowns, surgical covers, surgical pads; other institutional and health care
“disposables such as gowns, wipes, pads, bedding items such as sheets and

pillowcases, foam mattress pads.




copal.ynmet.s) often have better properties than | ow nolecul ar wei ght anal ogs,
for exanple high nolecular weight nmaterials have greater resistance to
environnmental stress cracking. (see EPSE-3). It is possible to nake *
extrenely thin walls in products mﬁth’blomsgnﬂ(m ng. This neans less PHA is
used, and solidification tlnes are shorterY~resulting in |lower costs

through materra}_\ con \ ahd hi gher throughput Anot her i nportant -
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of fibers arranggatlilyopenetratec $arough dibs thickNese\OVANSUitalble, topsheet]l mayp be36
(Mar. 1986), Noﬁ‘tégl(r@éij klam 9@ widé 3 36f (rhﬁlértatéugﬁcﬂgfsﬁ boroutfSamé he

key el enment |st%l“l5:u? lLe tiber Tens tactlle‘@%9 ertresrn
t he nonwoven arf %Efﬁ%-s?‘?ﬁ’é“ﬁ?d ar?é'Ff' rﬂ BRI R Psi PratioRg,
fiber-to- f_| ber fibers), syntbetuatf@érénye.gntpm@sserem polgpcbpy&nef fibersjrenfrolry aot her
material s such a5 haaRnaBF nbtdrdP ahdC§nithetic fiders. Preferably, the topsheet is

made of a hydrophobic material to isolate the wearer's skin from Irqurds in
the absorbent core.

A particularly preferred topsheet comprises staple-length fibers
having a denier of about 1.5. As used herein, the term "staple-length fibers"
refers to those fibers having a length of at least about 16 mm.

There are a number of manufacturing techniques which may be used
to manufacture the topsheet. For example, the topsheet may be woven,
non-woven, spunbonded, carded, or the like. A preferred topshest 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 least about 55 g/em in
the cross-machine direction.

In a preferred embodiment of the present invention, the top sheet
comprises a PHA of the present invention.

The topsheet and the backsheet are joined together in any suitable
manner. As used herein, the term "joined" encompasses configurations



29 1. Met hod of Manufacture of Nonwoven Fabrics The nonwoven fabrics of
the present invention may be nade by conventional techniques known in the
art. The production of nonwoven fabrics involves: 1) naking fibers of )
various |engths and dianeters: 2) creati-ng #web of these fibers; and 3)
bondi ng of fibers within the web by adhesive, or nmechanical-frictional

forces created byheargly toedrashessriscdirestlyl ioiRasd to ithe Raskshest bY affidng the
e T etk i e
breferrad Var: atf ey doinS 0 ¢ BpoRSHiet PR aRReng I RnshBe O Ble fRdiate
enor nous range ofmemhersy avhich Hor turgpare. affixedt to ithe sbagksbeet bdnsa peaferred
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resent context, GRenpiNestiapey @ mMeNsRYSHAS an pgpesive or
Fi bers" are of  reirgt other \attachfremihrheang knowa.intheé-drh. Famexample, a vmitprmar
cri i.e., athr A | bk :
oxtrhded i bor s SORUAUETR By B ARLENEIE, peiRRed P BFBheslya Ut 4 RSy of
manuf act uri ng pr cePasatedings Q5 spots abrdhgivsmay e%t%mgg%ﬁqf?ﬁh%?t tRdP%et

need. Extruded fibemksheste al so produced as continuous filanments w thout
crimp. The processes fifa tRL-A UERRCINE of B BrddalfifyetiBnild Glfilit " om
t hose using continuous frilanents, € product s obtal ne romstaple and
filament fiber we¥SNRRSeESH PHé olthepresentanyepticR. properties (see EPSE-4).-
The mechani Calj |tor oper tTﬁe @bl ftaibfr?gtiag@ﬁféty@&aﬂgbbﬁwh ﬁyth‘eh&iroik vedisteAd region:
OO o0 e AR I WiTihS LFEREAbh Thedis 1 ndRG. e YEBacbhUfl U °
material s that newearerubhel tape tatefastenersqan ke anyof phesswell iknowntinghe iant,
combi nation with sﬁaﬁl :é’ébl%érfsseg@gﬁt g&ﬂeogélsrcﬁﬁéaqgfﬁléﬂ?fifétgﬁf SISdE?SQJms@Ged to
boly et hyl oo tersemsiiEl et aERpvenBenASLIbl | s @Pedeh iafensyt areteer)
and pol y(vi nyl al diahet fasterang mesansfard itggicalbapplidd mear theocorsensi afdng diapeki ns
made from PHA Preferred diapers have elastic members disposed adjacent the
' | periphery of the diaper, pr’eferébly 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 |n an contractible condition in at least two ways. For example,
the elastic members may be stretched and secured while the diaper is in an
uncontracted condition. Alternatively, the diaper may be contracted, for
-example, by pleating, an elastic- member secured and connected to the
diaper while the elastic members are in their relaxed or unstretched
condition.
The elastic members may take a multitude of configurations. For
example, the width of the elastic members may be varied from about 0.25
mm to about 25 mm or more; the elastic members may comprise a single
strand of elastic material or the elastic members may be rectangular or
curvilinear. 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



nonwoven’f abrics of the present invention preferably feel dry even when the
absorbent, inner absorbent |ayer is saturated. | nportant fiber
characteristics that affect perfornmance include |ength, dianmeter, density,
crinmp, cross section shape, spin-finish (I ugzi cant that is added to the
surface of extruded fibers to enhance processability), delustering (small
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anci ent manual nﬁqsgggerﬁpolymenc composition disposed therein.

' In a preferred embodiment of the present invention, the absorbent
polymeric . composition of the absorbent core comprises a PHA of the
present invention.

Other examples of absorbent amcles 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, entitied "Shaped Sanitary
Napkin With Flaps" which issued to Kees J. Van Tilburg on August 18,
1987, and in'U.S. Patent 4,589,876, entitied "Sanitary Napkin" which issued
to Kees J. Van Tilburg on May 20, 1986. It will be apparent that the films of
the present invention comprising a PHA of the present invention described
herein may be used as the li'qui_d impervious backsheet of such sanitary
napkins. On the other hand it will be understood the present invention is
not limited to any specific sanitary népkin configuration or structure.

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

- backsheet and the topsheet. The backsheet comprises a PHA of the
present invention. The topsheet may comprise any of ‘the topsheet



fi ber cafding, where natural staple fibers were nmani pul ated by beds of
needles. In carding, clunps of staple fibers are separated mechanically
into individual fibers and forned into a coherent web by the mechanical *
action of noving beds of closely spaced needBes. In the air-laying process,
the orientation created by carding is effectively inproved by capturing
fibers on a screBiatenagdiscussedwilthfegpset tadigpgrentTheoadiesies, gser ingmag,

Tg ney. -assi gnedalso Eorhpriski SFPHIA e R RFh dnvation | Mhe abseed! Eyafay 29,
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very short fibers. Inlrﬁp@&ém m@abs"ﬁreeﬁpéﬁ‘erésfdcem fdthfe'ﬂ?é.ééwtt?b!vémighf' ed
paper maki ng technig

are co uous in a
vol ume of water gfﬁjg%gﬁgfﬁdea& nalidr SRR !;eté’rﬁjg'?éger\ﬁ tzll‘?'b%‘?f‘veéie’éaqt he
web is caught- onaba@'bsot @e’«p!es twhush templof ematediaiso sbeh @8 arpdigolefin {ed. . dai ed
on heated druns ﬁ % T@ﬁtspunbonded web process involves making
fi bers and web S|nultaneous irectly frombul k polyner. The bul k pol yner
is nelted, extruded, and dramn (often by triboelectric forces) to filanents
- that are random zed and deposited onto belts as a continuous web.. The
filaments are virtually endl ess. The spunbond process produces webs of |ow.
crinp filanents in the normal diameter range of about 1.7 dtex (1.5 den) or
slightly higher. The birefringence ,and uniformty of diameter of these
filaments are simlar to standard textile fibers and filanents (see
EPSE-4). Each production line is suitable for a specific polyner and a
si ngl e-bondi ng system (see U S. Pat. 4,163,305 (Aug. 7, 1979), V. Senjonow
and J. Foedrowtz (to Hoechst AGQ). V%bs are al-so made directly from bul k
pol ynmers by the neltbl own process (see US Patent No. 3,322,607, S.L. Jung,
assigned to E.I. duPont



de Nenmouts & Co., Inc., May 30, 1967). The nolten PHA is forced through
very fine holes in a special die into a high velocity airstreamwhere the
PHA is formed into very fine, although irregular, filanments of

i ndeterm nate | engths. The filaments are sinultaneously formed into a web
where nelting and resolidification, and possibly static forces, hold them
together (see EPSE-4). The web consists primarily of filaments with very
fine dianeters. b. Wb bondi ng The bond®hg of fibers gives the strength
to the web and influences other properties. Both adhesive and nechani cal
means are used. Mechanical bondi ng erfpfAVPLEhE engagement of fibers by

frictional forces. Bongigy 3:5 d;eg altfaftBb Y fB% @breactlon i.e.,
formati on of cov
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to the tube The tube is gently swirled to le 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
precipitation into a hexane-ether mixture, collected by filtration, and dried
under vacuum. The comonomer composition of the copolymer is
determined by 1TH-NMR spectroscopy and found, within experimental error,

to be the same as the charge ratio (95:5). Molecular weight is determined
by size exclusion chromatography with chloroform as the mobile phase, and
narrow polystyrene standards are used for calibration. '

_ EXAMPLE 2
Poly(3-hydroxypropionate-co-hydroxyhexanoate)
Poly(3-hydroxypropionate-co-hydroxyhexanoate) is prepared

according to the general procedure described above with . ethylzinc
isopropoxide as inititator. The initiator is prepared by slow addition of dry
isopropanol to a 1.1 M solution of diethyl zinc in toluene. An oven-dried and
then flamed, dry argon flushed,pyrex tube (16 x 150 mm) capped with a
septum is charged via syringe with 9.77 g (114 mmol) p-propiolactone and
0.68 g (6.0 mmol) B-propylpropiolactone. Ethylzinc isopropoxide in toluene
(205 mi of 1.1 M solution, 0.225 mmol) is added via syringe. The reaction is
allowed to proceed at 50°C for 40 h. The product is cooled and dissolved
in CHCI3 and recovered by precipitation into a rapidly stirred ether-hexane




properti é&s of conventional elastoners such as vul cani zed rubbers, but are
processed as thernoplastics rather than thernosets. Transition froma fluid
nelt to a solid is reversible. Thernoplasth$ el astonmers of the present *

i nvention are nultiphase systens, where at™{east one phase is soft and

rubbery and ano t her stic sto t he t Sition
from aypr ocessi E‘P Lr@ﬁqt 3)% h‘B'II' éeg@%ﬁ'géﬁ |'§‘1l€‘e§ g‘ﬁ@%@nr and d:[”z?ﬁd nder
reversi bl e and vawégnsna@@nmympe@map;ng Preferably, PHAs ‘of the present

i nvention which are processed into an el astomer have sufficiently high
branch content to enable themto act as thernoplastic elastoners, with the
crystalline areas acting as the hard segnent and t he anorphous segnents
-acting as the soft segnent. Thernoplastic el astoners of the present

i nvention can be processed on conventional plastics equipnment, such as
injection nolders. Inportant structural parameters for thernoplastic

el astomers are the nol ecul ar weight, the nature of the soft and hard
segnents, and the ratio of soft to hard segnents. .The ratio of hard to soft
segnents effects the total nodulus of the elastoner, increasing with the "
proportion of the hard segnments. Elastonmers of the present invention
~conprising a PHA of the present invention can also be used in blend

formul ations with other polyners (or copolyners), even non-el astoneric
PHAs, to increase inpact strength and toughness in stiffer materials. H
Adhesi ve I n anot her enbodi nent of the present invention, the plastic
article is an adhesive. As used herein "adhesive" neans a material that
joins two other materials, called adherends, together. A general djscussion
on adhesives can be found in the Encycl opedi a of Polyner Science and

Engi neering, Vol. 1, pp. 547-577, (hereafter referred to as "EPSE-6"). In
one enbodi nent of the present invention, the adhesive is applied as a .
liquid, preferably of a low viscosity. In the liquid formthe adhesive wets
t he adherend surface and floms into the crevices in the adherend surfaces.
The



33 Ifiquid formof the adhesive is obtained by heating to the point that

fl ow occurs, dissolving or dispersing the material in a solvent, or
starting with |iquid nononers or oligoners that polynerize or react after
application. The adhesive then undergoes a ﬁ ase change to a solid either
by cooling, solvent evaporation, or reactio in order for the joint to
acquire the necessary strength to resist ﬁLEQ? forces. However,
pressure-sensitive adhesives are an exce st nce no phase change
occurs. The PHAs of the preseéent | CompostablerSinaled aven dased into a variety

of adhesives, includi P%I)gﬂihyﬂﬁﬁxybb ét@%d-@«hyﬁﬁﬁxyﬁ@*énoa‘ﬁé)' ut i PpB-AkppPer sf on

and pressure sensitive
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to attain the required solid form The s%aMp(p_@pr di spersion is usually
applied to one of the surfaces to_be bon d the '_sol vent renoved bef ore
the second surface is joined; oft&RNERE ! to _
Films of PHB-Hx (95 5) are made by melting the material between. :
‘Teflon sheets in a Carver Press (Fred S. Carver Inc., Menomonee Falls, W!)
at 20°C above the melt temperature. Pressure on the sheets are adjusted .
to produce films of approximately 0.25 mm thick. The films are then
identically cooled to room temperature by placing the molds between large
(5 kg) aluminum plates and allowmg the films to cool to room temperature
EXAMPLE 5
_ Comgostable Multilayer Film
Sheets of PHB-Hx film may be prepared as in Example 4 of
~ compositions PHB-Hx (95:5) and PHB-Hx (50:50). These sheets may then
encase a sheet of a polymer with good oxygen barrier properties but a poor
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(95:5). 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 Ib for
30 min, the pressure is released and the film is allowed to cool to room
temperature.




expédite’the drying step. Wth porous substrates, such as paper or wood,
final drying can take place after formation of the joint. Solids contents
of the solutions vary from5 to 95% although values from20 to 50%are *
nost conmon. 34 As used herein, "disperston” refers to when adhesives
are prepared by true enul sionpolynerization or_ dispersed as |arger
particles in sonme carrier fluid. In addFAMPLESt hei r econoni ¢ advant age

di spersi ons contai ni ng 40- 50% soCbapostabiy DispusablgiDigesi ty t han sol uti ons,
even if the solids ar el |, ar.- el S oS- iLye
di spersions of the pr gsgihggsldr?\?éeﬁg %ﬁ{aﬁ\é@ agg&glﬂgpé@ég g‘s\’g Eﬁg%?rguprsﬁ?%ﬁgé ?\é
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t 0 f)|bt Si n vva}1 er bon nhef 610U kiddrams size" AfR@Ur e%eﬁei tméﬁseorwelclﬁn kB@%oHﬁifeHh-Ose
ski'lled In the ar : essule-senst il esives.. Anot her t 0 o
adhesi ve of the Eﬁﬁéﬂ?n?tg&eﬁ? ic{ﬁerﬁﬁt. %z%rc@g{ﬁne_o?sfgﬁgpy'%\)gc%[ﬁwgg%&nefs,
Unl i ke ot her adh@srFowsiing toh¥andardpoadiceensi tive adhesives do not change
their physical state i oBatiéhebfi 0icH0 ADRIdECAN fifn coRsislifig fof b2ty ﬁél}ﬂ:{lg O
he adhesi ve bong. r enai er mpnen ef orma an el " under
cven' sl ght - appl TYAFPSRUF B otk oS herapalr l CoRpBR dbrepriad A drPrisim
are permanent |y timdsample rijowidte ap domandebattodn BBatm; notched dowerdly oo both
surfaces upon ners?d%té‘ﬁfdth-Z{lF AREbF SHEERL lélﬁt gl gressure-sensitive
adhesive is on a backing, usu '?é I N tgge or mon nmaski ng tape, for
exanple, is manual ly Zppl i SE'PF r t FRF9Ed e @nde fBerERAlL Pded; ciaplerigaathi r om
a roll. Many bangalygsopylendidibers (Hérbeles kiype 151 psaigsrapglene)) swvidthy at ash emidves.
Di sposabl e Personal . ; i | QR Elr Lh to
D SPoSanl € oy Soltobtsd Echan Flaly SR SRS SRSl Lrh6S
i nvention. For é%@ﬂﬁmgﬂ?daéhﬁﬁstable absorbent articles conprising a liquid
pervious topsheet, a I3. qatbsbrbéniteoré:06mpPasesSIEely sfasaliuicse Vot pulprarkf 4.he
present invention, (- Sssorbent gelling material particles (commercial polyacrylate from
Nippon Shokubai); 8.4 mm thick, calendered; width at top and bottom 28.6
cm; notched inwardly at both sides to a width-at-center of 10.2 cm; length
44.5 cm. '
4. Elastic leg bands: four individual rubber strips (2 per side); width
4.77 mm; length 370 mm; thickness 0.178 mm (all the foregoing dimensions
. being in the relaxed state).
The diaper is prepared in standard fashion by positioning the core
material covered with the topsheet on the backsheet and gluing.
" The elastic bands (designated "inner" and "outer", corresponding to
the bands closest to, and farthest from, the core, respectively) are stretched
to ca. 50.2 cm and_ positioned between the topsheet/backsheet along each
longitudinal side (2 bands per side) of the core. The inner bands along
each side are positioned ca. 55 mm from the narrowest width of the core
(measured from the inner edge of the elastic bank). This provides a
spacing element along each side of the diaper comprising the fiexible
topsheet/backsheet material between the inner elastic and the curved edge
of the core. The inner bands are glued down along their length in the
stretched state. The outer bands are positioned ca. 13 mm from the inner

bands, and are glued down along their length in the stretched state. The




a fiXl mcbnprising a PHA of the present invention), and an absorbent core
posi tioned between the topsheet and backsheet. Such absorbent articles

i nclude infant diapers, adult incontinent briefs and pads, and femnine *
hygi ene pads and |iners. Additional personal, care products conprising a PHA
of the present invention include personal cﬁ;anm ng w pes; disposable

heal th care prod dressin ansing,
- pads, surgical E%Sj\e%glﬁpaksi'tae? %%?e@y l%%)@ﬁg,a?m%%\&gqu%?ﬁg Cbmq%ﬁmtr@ﬁhl '
and heal th care doejasticizedbe sidels caﬁwqumpsr wi pes, pads, bedding itens such
‘as sheets and pillowases, foam mattres mﬂpLE-f 35 A Absor bent
~Articles Filns of the,present inventi u as uuil | mper vi ous

backsheets in absorbent article ' ht , such as

di sposabl e di apers, t yplightwejgH pantitinerhsuitabies foradsef betwekrOfhemstrual pérods 0. 2
mm preferably fr m2g I

| nper vi ous backsf@tﬁ&{sgg% é?ba f}é&r@gg'éheé)‘l%& 3&)9%@% %&R |Hn%“‘| er‘?
absorbent core pc&diabsorkentpgelige mateaal Gﬂglﬂ%st W?W‘bﬂ@‘ﬂ@%@ta Nippon

Optional ly, el astgiokubal)ersaidinsad diing dbtdrposeth dyedwesrm be portuisU derehedfiin €

h h h h b
assenbl ed in' a vaPPRiEHt FEarahOe B S Foatenf X ATl SRF o fodERERELS ich ©°
configuration is C‘@é@!’ﬁ%eda gehBBalmip | #thkIESSPaQ%ﬁt Bolg hmrsxytanynaawg-

“Contractible Si C?/di'@( 7xér§5at SopthhererilfA, a9 preparéd ﬁ'had:é‘o‘iﬂﬂﬁhet\mtﬂ(@@mplfb B.

Buel | on January 5 The topsheet is preferably, soft-feeling, and
non-irritating to'the wearer's skin. Further, the topsheet is liquid
pervious, pernmitting liquids to readily WPLEtBe through its thickness. A

sui tabl e topsheet may be manuf act Waesbdsisbie 8anitale N of materials such

as porous foans, retic 0 natural fibers
(e, b mod or st t on A icatarsniaChidyEl it 194 frrbof & aamfwwm g b
pol ypropyl ene fi tﬂa;zs)enendmgrwauard from its absorbent core is prepared using a pad in

the manner of Example 15 (surface area 117 cmZ; 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 1.
EXAMPLE 9 _
Compostable Disposable Diaper _
The diaper of Example 6 is modified by replacing the backsheet with
a backsheet consisting of a 0.020 to 0.038 mm thickness film comprising a
92:4:4 poly(3-hydroxybutyrate-co-hydroxydecanoate-co-hydroxyhexanoate)
copolymer film.
EXAMPLE 10
Compostable Sheet
The film preparation procedure of Example 4 is modified by replacing
the die on the extruder with a slot die of thickness approximately 0.25 cm
and width 15 cm. Take-up after extrusion is a¢complished by inserting the
sheet emerging from the extruder between two counter-rotating cylinders.
The sheet is drawn from the extfuder in this manner and cut in lengths of 32
cm. Sheets of approximately 13 cm wide and 0.18 cm thick are obtamed
EXAMPLE 11
.Compostabie Fiber .
PHB-Hx of composition § mole% hexanoate/ 95 mole% butyrate is
introduced into a single screw extruder (Rheomix Model 202) with screw



conBi nat f.on of natural and synthetic fibers. Pr eferabl y, the topsheet is
made of a-hydrophobic material to isolate the wearer's skin fromliquids |n
t he absorbent core. A particularly preferred topsheet conprises
staple-length fibers having a denier of abofit 1.5. As used herein, the term

t apl e- | th f t h f h |
el o enOth e Sen 5 7%, Rk OB B eE Be HSIED P BB
used to manuf act uliametee retipaneetd:1 Eompesssinyi mtiotis empiepste eThertamperatwre &,
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the machi ne di oGl 1ngHoR WRbo LRSS BARILD, TheolREels ARAM i o

in the cross-machi ne erre
i nvention, the t dbemyﬁe&engmugwdatomg de atribe mtkercpnd |Qﬂm%Hde'Th§he
topsheet and the msmpms keptecdr@tm@t Boqpinhelrhel poljnger i forcdd troEdH . diés

opsheet 15" di r ect e TegnRltEs Btk TRAR 8BS0 WaHbR A fbion wnite IBRRPAN "¢
directly to the tﬁmeetapmned suelt ithyal the pelymercfieers e mlﬁ@dt thirs to.
indirectly joi ne%ﬁ&o&lhﬂt@?@?ﬁhﬁﬁ ob!h@ﬁiéméteg of i bARBSE Ga. tmo | Myepat e

menbers whi ch |n urn are

enbodi ment .t he. 11ERaLt Cafleted Bncrtoat et Anvivs sietiByBirt b lenatys
other in the di apane gigaingdespy/seneraltcradm tangth.mbiost fi beclew&’eatw&dlﬁ@%)varedn
any ot her attachnﬁgtragﬁggﬁlsqgws ém. the art. For exanple, a uniform

continuous |ayer of adhesive, a patter n%@ggg1 f adhesive, or an array of
separate lines or spots of adhesive may o affix the topsheet to
t he backsheet. In a preferred enbodCompostdbli¢ RigidFesaent i nvention, the
adhesi ve PHB-Hx (40 g) of composition 5 mole% hexanoate/ 95 mole%
butyrate and 4 g of a common blowing agent, p,p'-oxy-bis
benzenesulphonhydrazide are charg_ed to the mixing chamber of a Rheomix
type 600 melt blender equipped with rolier blades. The mixing chamber
temperature is heated above the melting temperature of PHB-Hx, but below
the degradation temperature of the blowing agent (158°C). After mixing for
10 minutes at 60 rpm, the copolymer mixture is collected and is transferred
to a heated aluminum pan, spread about so that the resulting mass is about
0.5 cm in thickness. The. copolymer is then place in an oven (National
Appliance Company, model 5830) and heated to the PHB-Hx melt
temperature again, and is held at that temperature until the copolymer is
completely molten {(ca. 5 min). The oven tem-perafure is then raised to
160°C at which temperature the blowing agent degrades and copolymer
begins foaming. At this point the copolymer foam is removed from the oven
and is placed into a second oven at a temperature of the maximum
crystallization rate of the PHB-Hx (about 80°C). The copolymer is left in this
oven for 6 hours. o
EXAMPLE 13
Compostabie Flexible Foam
The procedure of Example 12 is used with the following
modifications: 40 g of Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) of



conprises a PHA of the present invention. Tape tab fasteners are typically
applied to the back wai stband 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. |l on Novenmber 19, 1974.
These tape tab fasteners or other diaper fastening neans are typically

monber s i aposedC Aot 80, ndfed BREoai R hGRep sitRVishe (B bl s
each | ongitudi nuseddg@laqeoﬁal-f) -hix (858t i ¢ nenbers tend to draw and hol d
the diaper against the legs of the wear @fya E@ﬁ* gstic nmenbers are secured

to the diaper in an contractible condltlon S |n a normally
unrestrained configuration the el L) |y contract or

dondition in Z'to I e R A G %t&?‘ﬁg‘éﬁ ggt‘.’g‘”%?nb('??‘sw NRdler
stretched and s idc\%qﬁga{é\'és@ﬁpg‘?'eﬁg—? ninstr ‘i’i’?ﬁ:‘%ﬁt r %Eﬁryonwyonerhe
A: ternati vreﬂI) y, tempelisipre ofithe totor andrstedterl cupds m{drmhetatrmatmoéet aboye the
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" may take a nul&?t‘i&ib'xo(95;5hfl$gdna‘lgednbo ther statameup, andealipwed @f meit for 3 <
el astic member smigiteRe YA é'rﬁGItéﬁCEHp?:W’erar B #adf tr?h By ramsi [Bietin

the el astic rren‘?_lers I se si’ngl e stran |cmaer|a or

na.
el astic nmenber st ﬁd’?t%reyﬁ’ g&?éﬁ@%ﬁ af ‘&‘m Q?‘\hsh?ﬁéﬁrﬁe@tmpfd IS sRrAYed Withca “th
el astic nmenber scoating of ahbldxsificbhe trefedieiBgent. N FHY n%ldsi%Vgra%de@théhhém

bonded. heat arPRiart el SR i f1a fiRider3nd e dmolen iptineE, s dneciad *
bondi ng patt errigto Metmeldebysactmnmﬂm gotarytipi nThe dupalymed is endldeddntp e .
In a preferred GURBALTRARAAH fil&ef0°65 Her G Hen fohg, 8 £54 ith wide at the
middie of the piece and 0.25 inch wide at the ends. These molded parts are
suitable for mechanical testing.
EXAMPLE 156
Compostable Nonwoven Fabric _
Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHB-HXx) of
composition 2 mole% hexanoate/ 98 mole% butyrate is introduced into a
single screw extruder (Rheomix Model 202, Paramus, NJ) 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 melt
temperature of the PHB-Hx. The extruder is equipped with a nozzle die
containing 5 orifices of diameter 500 mm. The die is maintained at 20°C
- above the melt temperature of the PHB-Hx. The polymer is melted within
the extruder and pumped to the die at the other end of the extruder. The
screw rpm is kept constant at 30 rom. The polymer is forced through the die
and the melted extruded fibers are lead through a region where a rapid air
stream is applied such that the polymer fibers elongates and thins to
approximately cne fifth of the diameter of the orifices (ca. 100 mm). The
fibers are collected on a cardboard mat. The mat is moved in a fashion so
that a 10 cm x 10 cm area is covered uniformly with fibers. Collection of
fibers on the mat continues, until there is approximately 0.5 cm thick fiber
mat. A wide distribution of fiber lengths are obtained up several inches in




‘nmenbers Conprise a PHA of the present invention. The absorbent core of the
di aper is positioned between the topsheet and backsheet. The absorbent core
may be manufactured in a wide variety of sizes and shapes (e.g., *
rectangul ar, hour-glass, asymmetrical, etc.fsand froma w de variety of
materials. The tqtal,. apso nt . capacj t he absprbent co shoul.d _
however, be cbrrpg ﬁ‘%beﬁ@s{ ﬁg?%@n@l’ tfﬁé&q‘{q#&?u?'@ ﬂ)&ﬁ Fﬂj‘gleo?frﬁﬁetoi {RNES
use of the absor et matt isckerortranisfereed tEuat Garver t Pressi (Fredn8. dbargebdnc.,

capacity of the -~ var r c andi f om
infants through g@%ﬁ?@ﬁ“ﬁ;g&g'e??ggﬁg_ g%?ﬁ@%?%”ﬁﬂﬂ%??&&%@ferqo RS ot

_ t of t I gper has_an
hour - gl ass shaped®RBER ob&lowrHbe o eding. tempgratuies ogr &eep; é‘iﬁ’@"‘an“.‘he
absor bent nenber resulting aonwovenehestris berhbved framrthelpressyod pul p fi bers,
and/or a particul ate absorbent pol yneric conposition disposed therein. In a
preferred enbodi ment of the present invention, the absorbent polyneric
conposition of the absorbent core conprises a PHA of the present invention.
O her exanpl es of absorbent articles-according to-the present invention are
sani tary napkins designed to receive and contain vagi nal discharges such as
menses. Disposabl e sanitary napkins are designed to be held adjacent ‘to the
human body through the agency of a garnent, such as an undergarnment or a '
panty or by a specially designed bel't. Exanples 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 Wth 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 Til burg on May 20,
1986. It will be apparent that the fil-ns of the present invention
conprising a PHA of the present invention described herein may be used as
the liquid inpervious backsheet of .such sanitary napkins. On the other hand
it will be understood the present invention iss not limted to any specific
sanitary napkin configuration or structure. In general, sanitary napkins
conprise a liquid inpervious backsheet, a Iiquid pervious topsheet, and an
absorbent core placed between the backsheet and the topsheet. The backsheet
conprises a PHA of the - o :



present fnvention. The topsheet may conprise any of the topsheet 38
materi al s discussed with respect to diapers. The adhesives used in may al so
conprise a PHA of the present .invention. The absorbent core may conprise®
.any of the absorbent core materials di scuss@d w th respect to diapers,

i ncluding a PHA of the present invention. ortantly, the absorbent
articles according to the present invenEX8M r;pé-ﬁe 16i odegr adabl e and/ or

conpostabl e to-a greater extent thaQofpdskibld BrgtorAdrsor bent articles whi ch
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' EXAMPLE 17
Compostable Adhesive
PHB-Hx (50:50) may be used as a hot-melt adhesive in the'following
manner. About 1g of PHB-Hx (50:50) is placed between two -polymer films,
such as poly(vinyl alcohol) (PVA), or poly(3-hydroxybutyrate) (PHB) or any
other PHA which has a melting temperature at least 10°C higher than PHB-
- Hx (50:50). The films/ adhesive assembly is placed in a Carver Press (Fred
8. Carver Inc., Menomonee Faiis, WI) and is then pressed at a temperature
5°C above the melt temperature of PHO:B(50:50). After compression at
2000 b fc'orc_:e for 30 min, the pressure is released and the bonded _ﬁlm
~.ssembly is allowed to cool to room temperature. |
All publications mentioned heremabove are hereby incorporated in
their entirety by reference.
It is understood that the examples and embodiments described
herein are for illustrative purposes only and that various modifications or
changes in light thereof will be suggested to one skilled in the art and are to .
be included in the spirit and purview of this application and scope of the
appended claims.




progeedd, the coni Ilm(u l (ﬂu beconme viscous. After_the required tine,
the tube is renov th and allowed to CO|TIIHQS _
tenperature. The sol idis dissolved in chlgroform It i rechgdlAls

precipitation into a hexane-ether m xture, 4&o0l | ect ed by
dri ed under vacw;lgg,s Cliigeggnononer conposition of the copolyner is
determ ned by [err[H NVR,Sp ec roscopy and w thin experinental error,
to be the same ks t nb REF BBl ea‘i‘ﬂ“&’"ﬁ‘% agt)mc{ewag%maomr racieniges By Hithed
by size excl usi the bitdegradtisigcapslymei édmpriskoaleast nwosrahdwenlyokjeatng heaemerand
narr ow pol ystyr 2

Pol v( 3- hydroxyp?@%%ﬁn eﬁ%gﬁﬁq’g&d Oﬁ%yéﬁfng@nb&%@ﬁ&%s tméuﬁe

Pol y( 3- hydr oxypr opi onat e- co- hydro emeoat e) @7 prepared accor di ng to
the general procedure described a Oéi_&_‘t 6‘%"3%6& Cc i sopropoxi de as
inititator. The initiator is prepar 2sT fTon of dry isopropanol
'to a l.1 Msolution of . diethyl zint in tol uene. ven-dried and then
fl'amed, dry argeherelnuBAde Byares talkye gntlonsis 150r ﬁn}heca‘;qgeqtl rendomly repeptingm i s
char ged Vi a SYr ijdd6m¥é¥ ifrlit Kas fe Srubthiféd nmol) [err]-propiolactone and 0.68 ¢
(6.0 mml) [err]-propyl propiol actone. Ethyl zi nc | sgpropoxi de in toluene -
(205 m of 1.1 Msolution, 0.225 nmpl) ¢§H,add “syringe. The reaction
is allowed to proceed at 50C for 4.0_6_ Ls cool ed and di ssol ved
in CHCO [err] and recover ed by preci pltatl |n o ajrapidly stirred

et her-hexane - 40 m xture \()3 1 v/v). The resultan I's isolated by
filtration and dmnédvhesieat Jeast:$a¥aof theorandemiyesepeating. monomer umisNRye the

Conpost abl e Si n@irgetbr@efthdfitsttandomly repeating monomer unit; preferably. the plastic article
is in the form of a film, sheet, fiber, flexible foam, rigid foam, molded article,

nonwoven fabric, elastomer, or adhesive; more preferably a film.

2. The plastic article of Claim 1, characterized in that the copolymer compnses
one or more additional randomly repeating monomer units havmg the structure

R2
] o
O—CHE—(CHZ)E.‘—C‘}
wherein R2 is H, or a C3-C}g alkyl or alkenyl; and m is 1 or 2; and wherein the

additional randomly repeating monomer units are not the same as the first randomly
repeating monomer unit or the second randomly repeating monomer unit.

3. The plastic article of Claim 1, characterized in that Rlis a C, alkyl and m is
\ : :
| 4. The plastic ai'ticle' of Claim 1, characterized in that R} isHand m is 1.
S. The plastic article of Claim 1, characterized in that R! is H and m is 2.
6. An abéorbent article comprising:

a) a liquid pervious topsheet;
b}  aliquid impervious backsheet comprising a biodegradable copolymer,
characterized in that the biodegradable copolymer comprises at least

< Sheet Has Been Replaced

i



ol e% hexanoat te is introduced into ats aoxe

ext ruder (Rheo h screw di aneter of 0.75 i NCH At

t aper screw havi’ ng 20 ength to di aneter ‘%atl o and a 3:1 conpression =
ratio is enpl oyed. The t enperat ure of. bot h4heat | ng zones of the extruder

Pol sy(‘B hydr oxybut i@te CO- 3- hl/udr oxyhexanoat e) ( PHB- Hx) TPesidion 5

barrel is 25C above the nglt t rature of the PHB- extru

equi pped with a die of wi Y T8 Eﬁghregﬁ%}l THPOMES NG W efﬂ"%? ﬁ‘“ goﬂi eis
mai nt ai ned at - 20[ err] C abrepeatinganoneimer ewinhesthe suetuod  t he PHB- Hx. The
copolynmer is nelted within the extruder purrped t the die at the other
end of the extruder. The screw rpmi $. ke constan 30 rpm The
copolynmer is forced through the die a take-up roll

coll ection system (Postex) at a rate that a?lo s al'lization of the

pol ymer before take-up. T f n I |nch and
. the thicknesses are apprOX| ma e hnsg-ig gzﬁﬁ%l “d@i@ﬂﬁé Q‘aonhﬁ l"émngl e
Layer FilmFilns of PHB- aS(tQGStB)CIIEFe made by nelting the materi aI bet ween
Teflon sheets in a Carver Press (Fred;S. @agyer Inc Menononee .Fal s, W)
at 20[err] C above the nelt tenperatur Prigsdur e onut e sheets are adj ust ed
to produce filns of approximtely O. -@mGHE—cRH,FhEe—i | ms are t hen
identically cooled to roomtenperaturé by placing thel nolds between |arge

(5 kg) alunminumplates and, t J re.
EXAMPLE 5 Conpostabl e Ml tltl?da%}%@ ¢ '%hfsb/"n&'?‘Qﬁﬁ@ghx@et‘ﬁg%&gg?%@esgar ed
as in Exanpl e 4 of conposhdvedhestpigeureief thedirst randomlypeprating (‘909'5%!)“““

sheets may then encasg a shstbrieht corppbsiioned bérvBeroihe topakset ad ﬂhabidksl’feet
properties.but a poor water vapor transm ssion rate, or a polynmer filmthat
may be water sol uble such a poly(vinyl alcohol) (BVA). The fil ms arezb&l aced
in carver press7staclfhel absprbens drticle fi Glginy Goeharavigmized (1 3ha \the bisEegmrdably: 50) |

PVA, PHB- Hx(50¢ éttEorhpris8S one -or ThSreNRidRional rahforhip SRp&EMiRS TShomer @nits
tenperature 5cn§5@/’émt he It t enper at ure of PHB-Hx(g E gbut still bel ow

the melting tenpPayag thestrys fehe PHB- Hx(95: 5) .- After corrpre55| on at 2000 Ib

for R2 0
| il
' _ O—CH—(C Hz)ﬁ—CJ‘r

wherein R2 is H. or a C1-Cyo alkyl or alkenyl; and m is 1 or 2; and wherein the
additional randomly repeating monomer units are not the same as the first randomly
repeating monomer unit or the second randomly repeating monomer unit; preferably
the absorbent article is in the form of a disposable diaper, sanitary napkin, or
pantiliner.

8. The absorbent article of Claim 7, characterized in that the liquid pervious
topsheet comprises 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

R' 0
‘PO—CH —(CH,)=— c-}

wherein R! is H or Cy alkyl and n is 1 or 2; the second monomer unit has the
structure ' '

: Thls Sheet Has Been Replaced




30 ®gih, ":he pres:ure s rel eased and the filmis allowed to cool to room

t enper at ur e. ost abl e Di sposabl e D aperf/~A~disposabl e
baby di aper acco ﬂ H m,ent ion is prepar ed as folfl &kl sphe o
di mensions | sted *are 0 o ntendecf for use with &chilrkg, ) Hdseg

6-10 kil ogram size range. These dinensjions can be nodified proporLbfat
for different size children, or for adult '-jl’épntlne briefs, accordi Q
standard practice. 1. Backsheet 0. 02Q_p-O0cA38- CEW% consisting of a 92:8
pol y( 3- hydroxybutyrate co- hydroxyhex noat e) copolynernl (prepared as
described in Exanple 1); width at top and bottogm 33 cm notched i nwardly on
both sides to a vﬁ"ét"ﬂ'leé&m #ideast p0%of the random repeating mogomer unis have thergpishiset .
carded and- thermthqﬁhomadn@traﬁasngﬁagsdiermityprOpyl ene fibers (Hercul es :
type 151 pol ypropylene); widih 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 conprises 2.6 glls abserbent artiele vaf Sdaimuil, pvherin shegabsorbentaastiele ladditionsdly | | ng
material parti claﬁn;{rem ot a{or@eiamcﬁ\x:lneér@dfswgeu NMdpBeH 1SRk hL &fﬁenm

t hi ck, cal endere WI d notched | nwa

bot h 51 des 1o a praplerll iy gl the CARsi LRgHRGr AOBPLAFS ﬂ”be?%g%ﬁr ¢l eg
bands: four indi mpdba‘ier rahbiacteriged in phat (i thedegmidehdy copilyhndr comprisesnat lehst mgo h
370 mm thi ckneSﬁn@orm&e ih@rhorlohfer miseaﬁeraq tge m%&m})%geaxd MnbAler

. relaxed state). The d gﬁgﬂ IS prepared 1 n standard fashi on by S|t|on| ng
the core materi QfNRASERGHUGUE ¢ he topsheet on the backsheet and -gl ui ng.
The el astic bands (designated "inner"randgiouter”, cg‘;liaspondl ng to the

bands cl osest to, and farthest from {he dore, respe(tttlvel y) are stretched
O—CH—-—(CHZ) C

wherein R1 is H or C5 alkyl, and nis 1 or 2; the second monomer unit has the -

structure
¢y 21
O—CHZ—CHZ—C

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

10. . A biodegradable copolymer comprising at least two randomly repeating
monomer units characterized in that the first randomly repeatmg monomer unit has
the structure

R 9

O—CH;—(CH,)=C
wherein R! is H or Co alkyl, and n is 1 or 2; the second 'random'ly repeating
monomer unit has the structure

R
O I
O—CH;(CHz)m—C}

; and wherein at least 50% of the randomly repeating monomer units have the
structure of the first randormly repeating monomer unit.
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each side are positiomedcal 58 ntn from the narrowest FiéiAcs"Qf
(measured fromthe inner edge of the elastst bank). This prov §DspaC|
el ement al ong each side of the diaper conprising the erX| bl e

t opsheet / backshéet n@herbiadeghuizbie ecopohaner nof rClaimadii ccharactetitd @urthad tedge
of the core. Thg; a saabi%ae&golﬁﬁe Srisled N0 & ABR s&mhanal ?ﬂ%ﬂ\l\' Regelfing

stretched state. e out e S are POSI'[I oned ca. m't he 1 nrier
bands, and are §l°ﬂ%’ﬂerd6%§ 2YIBH He SHEEHS ength in the stretched state. The

to ga. 50.2 cm and p the topsheet/backskeet al ong each
| ongi tudi nal side (2 !!lﬁm l uﬂml)f the core. The i ong
Ldt h o

43 topsheet/backsheet assenbly is flexgh and t gl ued- down bands
contract to elasticize the sides thq d| a er. LE 7 Conpost abl e

Li ght wei ght Pantiliner A |ightwei gitOp&ht(CHe ‘}gbl e for use between
nmenstrual periods conprises a pad surface ar ea 117 cnerr]; SSK air felt

3.0 g) containi %erﬂeupne i@fuabﬁar@p@t gaighld}ganaaglpranal mpigrit bpbesvr{eeqm&r ci al

Formd. 11 1m { opetiiatnal 8 wafvd)af’eswe%oesm 7 Boidhb S Bt Bl

whi ch conpri sesrepaatxrtgm&ommnn bi thesecond r@doly rppd:aylogmmmqnbutyr at e- co-
hydr oxyhexanoat e) copolynmer film as prepared in accordance wth Exanple 1.
EXAMPLE 8 Conpostabl e Sanitary Napkin A catanmenial product in the formof a
sani tary napkin having two flaps extending outward fromits absorbent core
is prepared using a pad in the manner of Exanple 15 (surface area 117
cnferr]; 85 g SSK air felt), per the design of U S. Patent 4,687,478, Van
Till burg, August 18, 1987. The backsheet and topsheet naterials are the
sane as described in Exanple 1. EXAMPLE 9

__—————/
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Conpesiaﬁie Di sposable Di aper The dlaper of Exanple 6 is nodified by

repl aci ng the backsheet with a bacKsheet conS|st|ng of a 0.020 to O. 038 nmm
thickness filmconprising a 92:4:4 -
pol y( 3- hydr oxybut yr at e- co- hydr oxydecanoat e- co- hydr oxyhexanoat €) copol yner
film EXAMPLE 10 Conpostabl e Sheet The fil m preparati on procedure of
Exanple 4 is nodified by replacing the die on the extruder with a-slot die
of thickness approximately 0.25 cmand width 15 cm Take-up after extrusion
is acconplished by inserting the sheet energing fromthe extruder between .
two counter-rotating cylinders. The sheet is drawn fromthe extruder in '
this manner and cut in lengths of 32 cm Sheets of approximately 13 cm w de
and 0.18 cmthick are obtained. EXAMPLE 11 Conpostabl e Fi ber PHB- Hx of
conposition 5 nol e% hexanoate/ 95 nol e% butyrate is introduced into a
single screw extruder (Rheom x Mbddel 202) with screw 44 di aneter of 0.75
‘inch. A constant taper screw having 20:1 length to diraneter ratio and a 3:1 -
conpression ratio is enployed. The tenperature of both heating zones of the
extruder barrel’ is 25C above the nelt tenperature of the PHB-Hx. The -

‘ext ruder ihs gqui ppeBIODEGRADABLECCOPOIYMERSAND PLASTIC ARTICLES arret.](car )
500 mm The die is nai j ature of the
PHB- Hx. The pol yner: |sﬁ?\g"{I ?Iﬁq ?%Bﬁde%ggﬁtge‘ﬁagm@m the die at
the other end of the extruder. QAPBE constant at 30 rpm
The polyner is forced through the dLe and the melted extruded fibers are

| ead through a region where a rapid ait.streamis applied such that the

pol ymer fibers elongates and thins to approximately .one fifth of the -

di aneter of the orifices (ca. 100 nm. The fibers areée collected on a
cardboard mat..A wide distribution of {g&pRalgnot hs

The present invention relates to biodegradable PHA copolymers
comprising at least two randomly repeating monomer units (RRMU) wherein

the first RRMU has the structure _
"o
H—(CHy)C

wherein R1 is H or C alkyl, and n is 1 or 2; the second RRMU has the

structure
O—CH,—C Hz—-C

; and wherein at least 50% of the RRMUs have the structure of the first
RRMU. The present invention further relates to plastic articles comprising
said biodegradable PHA copolymers, The present invention further relates
to an absorbent article comprising a liquid pervious topsheet, a liquid
impervious backshset comprising a film comprising a PHA of the present
invention and an absorbent core positioned between the tapsheet and the
backsheet. |



Gboug M-

are obtained up several cmin length. Mst fiber |Iengths (over 50% are i'n
fthe range of 1.3 to 15 cm EXAMPLE 12 Conpostabl e R gi d Foam PHB- Hx (40A@O§
of conposition 5 nole% hexanoate/ 95 nol e% butyrate and 4 g of a commo

bl owi ng agent, p, p' -oxy-bis benzenesuldphonhydrazi de are charged to the

m xi ng chanber of a Rheom x type 600 nelt bl ender equipped with roller
bl ades. The ni xIRgagRaFAaRCeepERapufdTsE REREE 9%035 €t IPé'eﬁEIntQi ng

t enper at ur e 1 afreREBohY, thekebekoprblededgaadati on tenperature of the bl ow ng
t (158 0. . j X : e he
e CLoCL eI, b ofl Mk o g Syl

m xture i s collect ran eated al num pan, spread
abOUT SO théﬁiodhégeadafiﬂe”cbpﬂlgmmrﬂpﬂsebmﬂIeﬁftStvmr;'a'ndorrﬂy cépeating fﬁmegmler )
copolyner is then place Ln an oven (Nationa i gnce .Conpa nodel 5830
and heat 8d tupits H@W\Bﬂ&ﬁ%ﬁndpéﬁbéé%ﬁqﬁﬁnﬁ ’Eﬂkﬂéﬁ%,)r "Eﬂg"aiséhﬁgﬁli%fet hat
tenperature until the copolyner is conpletely nolten (ca. 5 mn). The oven
tenperature is then raised to 160[err]C at which tenperature the bl ow ng
“agent degrades and copol ymer begi ns gbam ng. Ap this point the copol ymer .
foamis renoved fromthe oven ard i slpl aced i ntlo second oven at a
Qf gt

tenperature of the maxi mumcrys aPrTe Dar & t he PHB- Hx (about 80C).
The copolyner is left in this ovéen for 6 hours. MPLE 13 Conpost abl e

Fl exi bl e FoagngkBm R o€ efvF €,0faliyraamd & 21icr st sédondtrandbmily espeating
nodi fications: 40 g of Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) of

45 conposi t i Man@DehBNitbehtieHBEIWe 40 nol e% butyrate (PHB-Hx (40:60)) is
used in 1%I ace of PHB-Hx (95:5). EXAMPLE 14 Conpostable Ml ded Article

GE
{O—CH—-CHz—-—C —}

- and wherein at least 50% of the randomly repeating monomer. unit have the
structure of the first randomly repeating monomer unit.
In accordance with a second aspect of'thé present

invention, there is provided an
“absorbent article comprising:

a) a liquid pervious topsheet;
b) a liquid impervious backsheet comprising a biodegradable
copolymer, wherein the. biodegradable copolymer comprises at least two
10  randomly repeating monomer units wherein the first randomly repeating monomer

unit has the structure
' rR! 0

-Po—c':H—(.CHz),,—P:_]-

wherein R is H or C, alkyl, and n is 1 or 2; the second monomer unit has the

I % Hy ?I)
L o—CH—cH,—C 4—

L

and wherein at least 50% of the random repeating monomer units have the

15  structure

structure of the first randomly repeating monomer unit; and

20 o) an absorbent core positioned between the topsheet and the backsheet.
REPLACEMENT SHEET
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I'nj ection nolded articles are obtained by using a Mni Max Ml der nodel
£S-183 (Custom Scientific Instruments, Whippeny, N.J.). The tenperature of
the rotor and strator cup is held constant at 20[err] C above the nelt
~tenperature of the pol yhydroxyal kanoa§g used. About 0.5 grams of PHB-Hx
(95:5) ts chargegntg éhe stator.ggp.and,allomed to nelt for 3 mnutes. The
mol ten copol ymer - Ps2FEAFaPRGentiEl Bythirdi ASPaRd PEwkhengresentotor tip
five tines. Andenbbehl|-thapedist pebvi@ed 4S sprayed with a light coating of
nold silicone release agent. The nold is placed on the nold support wheel
of the Mi0i Max Ml Biodegratiableecomdlyrmer pohiprigingi st least ovedanddmiyt fepeating by
action of the rotor tig. TFe copol yner is nolded into a dunbbel| shaped
pi eces 0.03 ML HRIES, 1 WNREIN Iﬂb?ngﬁ;gb. ndomiy ciepgating Amongreen Ll Bagithe ne
pi ece and 0. ZRykfied W de at the ends. These nolded parts are suitable for
mechani cal testing. EXAMPLE 15 Conpostabl e Nonwoven Fabric
Pol y( 3- hydr oxybut yr at e- co- 3- hydr oxyhexanoat e) ( PHB- Hx) of conposition 2
nol e% hexanoate/ 98 nol e% butyrate is introduced into a single screw
extruder (Rheom x Model 202, Par s,RlI\U) with e@rew dianeter of 0.75 inch.
A constant taper screw having 20: 101_ w@% di grreﬁ er ratio and a 3:1
conpression ratio is enployed. The™temper g~ oth heating zones of the
extruder barrel is 25C above the nelt ‘tenperature of the PHB-Hx. The
ext ruder 16s aehergineR’ s tHh oa Gyoalkyle adiden dontt af 12; rthe Seoond irandormfy rhpmatingr _
500 mm The die is maintained at, 20[err] C above the nelt tenperature of the
PHB- Hx. The %?m?r‘i'@t%ﬁﬁﬁ@&tw&”ﬁn the extruder and punped to the die at
the other end of the extruder. The screw rpmis kept constant at 30 rpm
The polyner is forced through the die and the nelted extruded fibers are
| ead through a region where a rapid aiC;&fream i& applied such that the
pol ymer fibers elongates and thing to a%ﬁ_reoxi matlely one fifth of the
di ameter of the orifices (ca. 1007m@—CreCH; re collected on a
cardboard mat. The mat is noved in a fashion so that a 10 cmx 10 cm area
is covered uniformy with fibers. Collection of fibers on the mat
continues, until there is approximately 0.5 cmthick fiber mat. A w de
di stri bugfon of fiber |lengths are obtained up several inches in

; and wherein at least 50% of the randomly repeating monomer units have the
structure of the first randomly repeating monomer unit.
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46 | ength. Most fiber lengths (over 50% are in the range of 0.5 to 6
isnches. The mat is then transferred to a Carver Press (Fred S. Carver Inc.,
Menononee Falls, W) and pressed at a 1000 Ib force for 10 m nutes at
tenperature 5[err]C below the nelting tenperature of the PHB-Hx. The

resul ting nonwoven sheet is renoved from:t e press. 47 EXAVPLE 16
Conpost abl e El astoner Filnms. of PHB-Hx (70:30 ) are nade by neltlng the

material between Tef Mtwe sheessnt n |ﬁ\{éﬁuo%00 r%t&?%@l ﬁrswonﬁg%%: g)fﬁ?&n% -
P e on the roduce fi

tFneiiurThe fil n@mhf%ig%]k%géﬁfﬁ c%‘?ﬂ°§)fy’5‘8’c?| SPRRYISRG AL e IRRS ﬁaf“lﬂ‘?efmg%mam ng
the nmol ds bet we&@Peatingempsomgr yins.um num pl ates and allowing the. films to
cool {0 1 oom L emper alThereTt ik bor? A RATEIASY 12 pRYE ke bobREAE | ¥
cut into strips W%Z%# ga | er n}égt“ S are

Instron univers&°y %ﬂ n%?ﬁﬂm ¢ “&ﬁi@l sop ﬁle6rF°”I\FK}53§n€It least two

el ongated at a randoroly repealing manumdr BHIR%whereirythd Airst AhoridiReoLinAS the

l ength is achi egggctyfde films are held el ongated for two days until

crystallinity develops further. The strips are renoved fromthe Instron and
upon subsequent extension the mat(i%lal Rleturns togtfs fornmer (post Instron

treatnment) |ength. EXAMPLE 17 Conp @cﬁn vdl RHB- Hx (50: 50) may be
used as a hot-nelt adhesive in the Scé)'ﬂ Eﬁaimi About 1 g of PHB- Hx

(50:50) is placed between two yrer films, such as poly(vinyl alcohol)
(PVA), or pol y( ¥hepeirdx !ﬁJHyPéCa)alkﬂl-mdMIsangr 2 ther sdtidAdwhondmbasniahas
el ting tenper athg stradtuteeast 10[ err] C hi gher than PHB-

. (|3 H, C")
O—CHz-—CHz-—C

; and wherein at least 50% of the random repeating monomer units have the
structure of the first monomer unit. Such plastic articles include films,
sheets, fibers, foams, molded articles, nonwoven fabrics, elastomers, and
adhesives. _

The present invention further relates to an absorbent article
comprising a liquid pervious topsheet, a biddegradable liquid impervious
backsheet comprising a film comprising a biodegradable PHA, 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 capable of being easily processed into a plastic article.
The present invention further answers the need for disposable plastic
articles with increased biodegradability and/or compostability.

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

As used herein, "comprising” means that other steps and other
ingredients which do not affect thz end result can be added. This term
encompasses the terms "consisting of" and "consisting essentially of".

As used herein, "alkyl" means a saturated carbon-containing - chain
which may be straight or branched; and substituted (mono- or poly-) or
unsubstituted.
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‘Hx (50:50). The filns/ adhesive assenbl—-y——ks—plwrver Press (Fred
S. Carver Inc., Menononee Falls, W) and at a tenperature
*5C above the mel t t enperature of PHO B( SHIMQﬁM'#Mr ession at 2000 Ib
force for 30 mn, the pressure is rel easetl an filmassenmbly is
allowed to cool to roomtenperature. Al publications nentioned herei nabove
are hereby incorporated in their entirety by reference. It is understood
that the exanples and enbodi ments descrilygd herein are for illustrative
purposes only and that various nodifications or changes in |ight thereof
will be suggested to one skilled in the CAIMSd are to be included in the

t d h I t, t h ded cl
35 cLane 11 ah Blaie SEREeamRHNBE: & RistohRshle e dnaB R oot
wherein the hiqasdmbid cepsipmel XomprisesTitiIsas tho faRdsiiy Yepeating Aibomer
repeating nononmer 5 wunits wherein the first randonm éFre peati ng nononer

unit has Phe usits whetsie thefins] ragderdy repepling anemer ypit opa the stapgtyie and n i s
1 or 2; the second randonly repeating nmononer unit has the structure 10
[err] and wherein at |east 50% of the randomy repeating nononmer unit have
the structure of the first randonly rgpeating mgnomer unit. 2. The
plastic article of claim1, wher¢in the plasticijarficle is in the formof a
15 film sheet, fiber, flexibl e%@mﬁ TH&F)fo&mnol ded article, nonwoven
fabric, elastomer, or adhesive. The plastic article of claim1 or

~claim2, whergidleihhg' B ASSI € aan(yplamd A i5M bR RS BeRbnd rhihddiyirepeatifi®
pI astic article of any one of clains 1 to 3, wherein the copol ymer
monomer unit has the structure
10
C;H 0
7 1]
O—CH—CH,—C ]
; and wherein at least 50% of the randomly repeating monomer unit have the
_ structure of the first randomly repeating monomer unit, ' |
2, The plastic article of claim 1, wherein the plastic article is in the form of a
15  film, sheet, fiber, flexible foam, rigid foam, molded article, nonwoven fabric,
elastomer, or adhesive.

3. The plastic article of claim 1 or claim 2, wherein the plastic article is in the
form of a film. _ .
4, The plastic article of any one of claims 1 to 3, wherein the copolymer

20 comprises one or more additional randomly repeating monomer units having the
structure |

R

0
%O—(l:H—(CHz)m—g-—}

wherein R? is H, or a C,-Cyq alkyl or alkenyl; and m is 1 or 2; and wherein the
25 additional randomly repeating monomer units are not the same as the first
randomly repeating monomer unit or the second randomly repeating monomer
unit.
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20 conprises one o m I random y repeating nonomer units

havi ng the structurummmm mlmﬂ ,eln Rlerr] is H or a (ferr]-(err]

al kyl or alkenyl; and nfist1 'r 2; *and wherein the 25 additional randomy
repeating nonomer units are not the same s the first randonly repeating

ohastic artifie ofaRFegRede Rah phERI®ie PRnP TN wihan &' i HeTmeg o7y

al kyl and n bAd h.is 6, The pl astlc artlcle of any one of clainms 1 to 3,
wherein Rlerr] is_Hand nis he plastic article of any one of

claims 1 to §; \/\HQP%P??SRPEF‘HG Pfsa'W %!?ﬁj°f1°l?'§"521 tas3, Wh%ﬁ'“éﬁs‘ér"béﬁ‘f’ ndgsdicle .
compriSing: @) . fhe bm.&.ga nevw@b{.ﬁ&aha fns Plo 3, iharbfiR e H BREHYL 9U1°

backsheet™ conpri si e ra e copo ere egradabl e
copol yner conrl&QaabsoﬁmmsBHEMEcdﬁpnmamdon1y repeatlng nmonomer units
wherein the first randog%é atlf% gqaener unit has the structure [err]
wherein R err] is a}y ord 9 nis 1 or 2; the second nononer

unit has the 15 s)trUCéumauﬁer.h]peaﬂausﬂh%raekghe@t 'c@ﬁﬁhs.ﬁa%epf bid¥gratnm
repeating nononer ‘units have the structure of first randomy" repeat| ng

nmononmer uni t copelymen  vhereinathe bbiodegisdabler @opobrmeromupmsw@énlaasé two

he° b o r et iRl mSomser Ll BREERHE P4 aiiel nbe Al danfer o
repeati ng nopaitBes the spudtargd Ng the structure [err] 25
R o)

-@O-—éH——(CH—_,)n—(":—]-

wherein R' is H or C, alkyl, and n _is 1 or 2; the second monomer unit has the

” (’:3 H, ('?
-[O—CH—CH,—C —}—

and wherein at least 50% of the random repeating monomer units have the

15  structure

structure of the first réndomly repeating monomer unit; and

20 ¢ an absorbent core positioned between the topsheet and the backsheet.
9. The absorbent article of claim 8, wherein the biodegradable copolymer
comprises one or more additional randomly repeating monomer units having the

structure

2

| 0
| Lo-duond]
25
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50 wherein Rlerr] is H or a (Jerr]-Cerr] al kyi mmmm Is 1 or
2; and wherein the additional randomy repeating l,“ﬂ m,not t he
same as the first randomy repeating nononer unit of tthe'lsedond random y
repeating nmononer 5 unit. 10. The absor t article of claim8 or claim,
wherein the absorbenf article is in the formof a disposable diaper,
sani t ary. napkyhereisrRpienti or ae€,-ClglalkylTorealhbsydr bndiim & §iorl 2 arfd wihateih her
‘claim 10, whergin t | i qui d_pervi ous topsheet conprises a bi odegradabl e
copol yner, w?&ﬁ&l°ﬁa{]ﬁ%“%9qﬁﬁae’gﬁ%&asfﬂﬁ é"‘i'ﬁPrR%"oHB‘lti/r?é? RAnihe sadeaps| bgstirstwo
randonl y repeahddiflynfepestig brdcmaMaiebp tHd18edddd eabl
yVepeatig i Nge Fﬁﬁ?w%ﬁeé@grﬁhgﬁgl |

nmononmer unit has the structure [err] wherein Rerr
and n is ® ouni: the second nonomer unit has the 15 structure [err] and

wherein at | t %.Qf eat i ng. ngnoper .units have th .
structure of e‘??\e ﬁﬂ re/s SP é%ggéﬁi%@gp‘gﬁﬁ ﬁar ﬁ’%%n%ewﬁgm”?. s,gbsorhent ar%ﬂg 1S
absorbent ar tin tHeefoah of laadispdable diapérrsdfitaryhggiah Noripaatifdsor bent article
additional ly gonptr'hse O&‘?ﬁ or r:rqre el astic nenbers di sposed adjacent to the
peri phery of aid 8ahs9 nt arv¢le |of claife? o flaime 1@ whereln thenliayid nergpuges a
bi odegr adabl Qofgm@ Ye daet el [ e yRher | at

| east two randoni y& r%ﬁ%%%gﬁgéngﬁghgﬁdgﬁﬁsggé\ﬁgﬁgkn t%géi#'i{ﬁ?t b:fog%#{pﬁe

r epeat i n025 copalymensomprises bhleashwostandomiy epeatidgemohomiee UAIts WReegin theés H

or (Jerr] al : dn i .or 2. the secon noper unit has the 5
str uqct ur]e [ e:ﬁHt raﬁé]omly resea]tmg m&horer unit has t?uerg?ruct,ure

R o
{—O—éH—-(CHgn—%—JL

wherein R' is H or C, alkyl, and n is 1 or 2; the second monomer unit has the
15  structure '

(':3 H, ?I) 1
AFO—CH—CHz——C—I—
; and wherein at least 50% of the random repeating monomer units have the
structure of the first randomly repeating monomer unit.

20 12. The absorbent article of claim 9 or claim 10, wherein the absorbent article
additionally comprises one or more"elastic members disposed adjacent to the
periphery of said absorbent artiCle,_ wherein the elastic member comprises a
biodegradable copolymer, wherein the biodegradable copolymér comprises at
least two randomly repeating monomer units wherein the first randomly repeating

25 monomer unit has the structure
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“and wherein at |east 50% of the randomrepeating mononmer units have the
structure of the first randomy repeating nonomer
*bi odegradabl e copol ymer conprising at |east two ra u noner
units, wherein the first randomy repeatgg m)norrer ml“ﬂmunﬂé“l “mmcture
Jerr] 15 wherein Rlerr] is Hor (err] alkyl, and i< 1tor"2;%the second
random y repeating nononer unit has the structure [err]. 20 and wherein at

| east 50% of the randonly repeating mpnonmer ‘units have the structure of the
first randomy repeating nmononerpunif. 14. Th& bhodegradabl e copol yner of
claim 13, wherein the biodegradabice-cppoly (6354518 E}rlses one or .nore

addi ti onal randonly repeating nokomer units~ 25 having the structure 52
[err] wherein R[err is H or err] alkyl or alkenyl; and mis 1
or 2: wher el‘ﬁ e '&dﬂlqu%n%lﬁylcgﬂ‘éldeﬂsg 8 pe &g ﬁ@‘:‘?ﬁ%ﬁ‘l‘?@?"\ﬁﬁlwfkﬁ%h?ot
the sane g HF: fef st randonly repeating nononmer unit or the second
random-y repea I'ng nononer unit. 15. A plastic article according to claim
1, substantially as hereinbefore described with reference to any one of the
Exanples. 10 16. An absorbent arti c accor di ng to claim8, substantially -
as hereinbefore described wth r ere 7to0 an %e of the Exanples. 17. A

bi odegr adabl e copol yner accor di ng-De-CHa+CH,-23C bstantially as
her ei nbef ore described with referlence to any onedof the Exanpl es.

REPLACENENT SH E -I\-therg’mAaGleagtg %O% of the random repeating monomer units have the
structure of the first randomly repeating monomer unit.

10 13. A biodegradable copolymer comprising at least two randomly repeating

monomer units, wherein fhe first randomly repeating monomer unit has the

structure

.} 9
r O—CH-—(CHz)n—C—}

15 whérein R'is H or C, alkyl, and n is 1 or 2; the second randomly repeating
monomer unit has the structure '

20
- and wherein at least 50% of the randomly repeating monomer units have the
structure of the first randomly repeating monomer unit.
14. The biodegradable copolymer of claim_13, wherein the biodegradable
copolymer comprises one of more édditional randomly repeating monomer units

25  having the structure
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* [+ L | s *

R? 0

|
-[-O-—CH—(CHZ),,,——%—]—_

wherein R? is H, or a C,-C,q alkyl or alkenyl; and m is 1 or 2; wherein the
additional randomly repeating monomer units are not the same as the first
randomly repeating monomer unit or the second randomly repeating monomer
unit. |

15. A plastic article according to claim 1, substantially as hereinbefore
described with reference to any one of the Examples. '

16.  An absorbent article according to claim 8, substantially as hereinbefore
described with reference to any one of the Examples.

17. A biodegradable copolymer according to claim 13, substantially as
hereinbefore described with reference to any one of the Examples.
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