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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 coliection can cause processing probiems that
25 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 separating
the different components. Disposable products of this type generally

30 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. Backshest materigls typically

35 comprise flexible polyethylene sheets. Absorbent core materials typically
comprise wood pulp fibers or wood pulp fibers in combination with
absorbent gelling materials. Although such_products largely comprise



2 materials which would be expected ultinmately to degrade, and although
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Far example, the resins should be thermoplastic such that conventional film
processing methods can be emplayed. These methods include cast film
and blown film extrusion of single layer structures and cast or blown film
25 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 operatlons

where the films are used to fabricate absorbent articles. Properties such as
30 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

35 transmission are important since they influence the absorbent article's
durability and containment while being worn. -



durability and contai nment whil e bei ng worn. 3 Once the absorbent
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: 20 temperatures near its melt temperature. Due io 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

25 - other suitable chemical and physical properties for use in practical
applications. ~ Unfortunately, polyhydroxyalkanoates such as PHB and
PHBV 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

30 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. PHBV copolymers are commercially
available from Imperial Chemical Industries under the tradename BIOPOL.

35 PHBV copolymers are currently produced with valerate contents ranging
from about 5 to about 24 mol%. Increasing valerate content decreases the



avai l abl e from I nperial Chem cal |ndustries under the tradename BI OPOL. 35
PHBV copol yners are currently produced with valerate contents ranging from
about 5 to about 24 nol % Increasing val erate content decreases the 4 .
melt tenperature, crystallinity, and stiffness of the polynmer. An overview
of BIOPCL technol ogy is provided in BUSI NESS 2000+ (Wnter, 1990). Due to
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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 usable product, topsoil, through
composting. To satisfy this need, there is a preliminary need for a

25 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 prowde a blodegradable
 polyhydroxyalkanoate copolymer.
30 It is also an object of the present invention to provide plastic articles
comprising a biodegradable polyhydroxyalkanoate.

it is also an object of the present invention to pr_ovide' a method of
using a biodegradable polyhydroxyalkanoate to make plastic articles. _

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

35 sanitary garment comprising a film comprising a biodegradable
polyhydroxyalkanoate



It is also an object of the present invention to provide a method of using
a bi odegradabl e pol yhydroxyal kanoate to nake plastic articles. It is also
an obj ect of the present invention to provide a disposable 35 sanitary 2
garment conprising a film conprising a biodegradable

pol yhydr oxyal.kanoat e. 5 SUMMARY The present invention relates to -
novel bi odegradabl e pol yhydroxyal kanoat e cgpol ymers conprising at |east
two randomy repeating nonomer units. 5 The present invention

~further relates to plastic articles comgium M),g;\a bi odegr adabl e copol yner,
wherein the copol yner,, conpri ses a e

units wherein the fi f’ b mprsaent un‘f‘t’eﬁta%“ t hF—?'%'lersuct T‘Sre? %?P HE{’W
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f oans, nol ded a rics oners adnéesrves.
present inventi §HU¢iW'?her relates to an absorbent arti cI e conprising a
l'iquid pervious topsheet, a biodegrddabl g I'iquid infervious 20 backsheet
conprising a filmconprising a biod gra bl e PHA, d an absorbent core

posi ti oned between the topsheet an Egpleﬁ; TAI LED DESCRI PTI ON The
present invention answers the need or a e@ a l.e copol ymer which is

capabl e of being easily processed io a pI astic art¥icle. 25 The present
invention f @t hwhereisvBilsistieon€qdof Bp alkgipandin és §l os2i theasecard snandrher
i ncreased bi odegiaqdah fhist t%rp,gy or conpostability. As used herein, "ASTM
means American %@?i et ytHf'aoérfr estei ng and Materials. As used herein,

"conprising" nmeans that ot her st eps @and R@her
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wherein R2 is a C4, Cs, Cg. C7. Cg, Ca, C10. C11. 012, €13, C14. C15.
C4s, C17. Ctg. or Cqg alkyl or alkenyl; and wherein at least 50% of the
15 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
20 backsheet comprising a film comprising a blodegradable 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.
25 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 hersin, "comprising" means that other steps and other
30 ingredients which do not affect the end result can be added. This term
- encompasses the terms “"consisting of* and “consisting essentially of*.



30 ingredients which do not affect the end result can be added. This term
enconpasses the terns "consisting of" and "consisting essentially of". |
As used herein, "alkyl" means a saturated carbon-containing chain which may
be straight or branched; and substituted (nono- or poly-) or unsubstituted.
As used herein, "al kenyl" neans a carbon-containing chain which 5 nmay be
nonounsaturated (i.e., one double bond in Bhe chain) or polyunsaturated
(i.e., two or nore double bonds in the chain); straight or branched; and
substituted (nono- s RSeY Herdin, Uatkylisheand edsatdsatedecarbondiontainiPighchaipans
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"PHBV' neans thesub!ﬁmu;eder poI y(3 hydroxybutyrate co- 3- hydroxyval erate).
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wi Il be subj ect@flohvihcithtbé PEGiiRements: (1) the material is capable of being processed

in & composting facility for solid waste; (2) if so processed, the material will
20 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 sohd waste submitted
to a composting facility for processing does not necessarily end up in the
final compost. Certain coniposting facilities subject the solid waste stream

25 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

30 “capable” of being processed in a composting facility.

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

35 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



step in an early phase of the conposting process. As a result, the pol yner
35 filmwll be present as shreds rather than a sheet. In the final phase
of the conposting process, the finished conmpost will be subjected to-a -
screening step. Typically, the polynmer shreds will not pass through the .
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However, to -avodédfiaitioni | d up of man- made materials in the soil, it Is
requi red hefei n thatvfr% ﬁéétrl?@cﬁw plo¥ dw%ﬂéﬁﬂaé% Eefuﬁ’é’dh@?elﬁaf?@n
token, it is not at nec E at t 3? @}?% Qn f Stltﬂ@? II ong
as the materi al Material "%ﬁ]qu)fﬁt Yﬁﬁﬁlﬁt@%@@mﬁﬁsﬁ i ptb BuAse
toxi c or otherwbipd eadﬁMthe)sbmeTm b:odegwabdnppsqunremem lSll‘ldtyesaeDthabl'e
that their biod I

at their blo eg H:Jgﬁn Oéeéea%% u @t &ﬁpﬁ:?stﬁ\ﬁeﬁﬂ’e%ﬁd vﬁ’:\é@é%nﬁhhﬁ

requi rement S avol d an ac e materjals
in the soil. Al r:omspét yesuliognthesefromnmay £o8 tain @l mseggm%@gf?@a% e

ratios, unlﬁs PRAEHAlISC P axam fie; alzpd. OHoWevks o &oid a build Tpeop vegentade
o el et kel P 2880 SO PRNE Pl W’“""“*éﬁé@g“ ﬁ?’?{y
t he honopol ymer guadal@lopollqmé!ne Faame tNSel‘GJsédSh@‘Pte?h alt pea%ssewath@t dhis-
means a’ copol ynﬁiod&ggéeéﬁ&ﬁi bé“f@sta fAs' Bn 85B§ethe fiabeial itsemendointethediate
article, nonmv%@c&%posx fon proé S "ars ngi tox% oes'tP{§n~|se harmful to the soil or

20 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-macde materials in the soil.

All copolymer composition ratios recited herein refer to mole ratios; -
unless specifically indicated otherwise. -

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

As used herein, "plastic article" means a copolymer processed into a
ﬁlm; sheet, fiber, foam, molded article, nonwoven fabric, elastomer or

30 adhesive. :

PHAs useful for processing into plastic articles of the present
invention comprise at least two randomly repeating monomer units (RRMU).
The first RRMU has the structure
voog
O-CH—(CHz)n—C



PHAs useful for processing into plastic articles of the present invention
conprise at least two randomy repeating nononer units (RRMJ). The first
RRMJ has the structure [err] 8 wherein Rlerr] is H or C[err] or (Jerk]
alkyl, and nis 1 or 2. The second RRMJ has the structure [err] wherein
Rlerr] is a derr], (Jerr], (err], Cerr], (err], derr], (err], Jerr],
Cerr], err], derr], derr], 5 derr], gerr], (err], or Jerr] alkyl
or al kenyl. In one enbodi nent of the present i nventi-on, at |east about 50%
but | ess than llﬂ%lrpR“tbQ-leﬁyfat arid Wed ior 2of Thesebbng RFBAYhagor e
preferably at tgg}% §§-g§t 60% nore pre erably at | east about 70% nore
preferably at | t 80% nore preferably still at |east about 90% 10
When a PHA of the present invention.is ptdcessed info a film sheet, or
soft elastic fiber, preferably frontabo 50% t o jpbput 99. 9% of the RRMUs
have the structure of the first gn-i-(r;H—noHQ—m: rably from about 80%
to about 99.5% nore preferably sti from about 90Poto about 99% 15

When a PHA of the present |nvent|on |s processed into a nornmal fiber or

nmol ded article i2jLht d f u %
v(zﬁ‘er%m R 1995@ gﬁ@@{,n@g tergucture ke ?;2«3 Cya0 @Qg C]%O 0

to about 99._.5% éﬁ g | I-T st
more pref er Rl &hote: oYt % more preferably still from
about 95%to about da. @% epbodiment oftrenpreserhirvention, st leashaboul/80%, dwti s

ErR(I\)/fJgS?I g\cjel tnLg lgtgs ?fﬁ@ﬁqgﬁ% @fr the! 'RI BW§ habe tﬁé %irﬁ&ﬁpébﬁh@%sﬁﬁm Fridfe
i nvention is per@t%’?b T.]f%aso{ Mﬁ "Eﬁréf%rreg%?@yf l?_@,ﬁa%(ﬁypug@@ﬁo%%ut |
99. 5% of t he RRreferhblyeat leastaboutt80%; Riore pfefetably stilk at Wbmtr@%
f bl b 7 f
prefer abl y 4fy om abo h%@x %tlfei-inﬁtbg%e g:?eéﬁ,ﬁt nﬁ\‘?érﬂuo?arng rﬁb@é’és)écth’céé S r?@f’

95% to about 99. 5% n one I nve
C[ err] al kyl arff goftselastienfiben prefarablyy frope %Hbrﬁg'f’c o @beut 999% of the
3- hydr oxybut yr aRRMU$ taavet ey striiafugte netheo first RRMUE LAY, monee praferablyRlfrom |

is a Jerr] alk OLﬁrgb?%Oto Bobst do. Sn’}leﬁ'\%pé{ or Y38l shill SroPRNEG 0% 18 ot ¢

3- hydroxyval erate
%.

15 When a PHA of the present invention s processed into a normat fiber
or molded article {e.g., injected or blown molded) preferably from about 80%
to about 99.5% of the first RRMUs have the structure of the first RRMU;
more preferably from about 0% to about 99.5%; more preferably still from
about 95% to about 99.5%.

20 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

25 of the first RRMU; more preferably from about 90% to about 99.5%; more
preferably still from about 95% to about 99.5%.

In one embodiment of the present invention, R1 is a C1 alkyl and n is
1, thereby forming the monomeric repeat unit 3-hydroxybutyrate.
In another embodiment of the present invention, R1 is a G alkyl and

30 nis 1, thereby forming the monomeric repeat unit 3-hydroxyvalerate.

- In another embodiment of the present invention, R1is Hand n is 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 monorqeric repeat unit 3-hydroxypropicnate.



I n anot her enbodi nent of the present invention, Rerr] is Hand nis 2,
thereby form ng the nononeric repeat unit 4- hydroxybutyrate | n anot her _
enbodi ment of the present invention, Rlerr] is Hand n is 1, thereby N
form ng the nonomeric repeat unit 3-hydroxyprop|onate I n anot her

enbodi nent, the copol ymer useful in the present invention conprises one or
nore additional RRMJs having the structure @err] wherein Rerr] is H or a

Cerr], Cerr], (err], derr], derr], (err], derr], Cerr], derr],
Cerr], C(ferr], erln]ancﬁheﬁmbbhlmﬁ[xeme} co;ﬁi[ﬂwnle]r usé[uém the m[asenq mve{mom]

or (Jerr] al kyI e f eddi tional
RRMUJs are not t%ﬁp%%épﬁwe 4£MR'§M e sec '?F%gk% Preferably the
copol ymer conprises 3, 4, 5, 6, 7, 8 9R310 11, 1@,| 13, 14, 15, 16, 17,
18, 19, 20 or nore different RRMJs.| In h preferred” mbodi nent of the '
present invention, Rlerr] is a Cé&r ?"'@[‘ (C} H2)p—G err], (Jerr], (err],
C derr], (err], Jerr], dJerr], |Jerr], dJerr], err], C[err], Cerr],
Cerr], C[err] derr or CJerr] atkyl or_ alken mis. 1l lph a
preferred errboo\ivh%lfﬁlnk‘;tﬂié pr asent C Qnﬁeﬁﬁﬁﬁ;s'%@r?’}’ 8 Foca0r ]é]'leill'l&/‘lzand

mltshl tggrsgbycf;g o?agct,geoagnmw i1 d, OP fo ARk oralkgnylpagdm isrhioe2; and
ano er e oal ne IS
1, thereby f or n 8%"“@%%{@%@ Fﬁh%_ﬁ%‘%@?@?@%? P%xg\g/e{ﬁéeﬁ%t RR L}%r ﬂ?
enbodi nent of t$ecqndBEMUI rRrsfenably the @099')/“@"%‘%&

of the pr Qieﬁn."n"vee'%"‘.%ﬁ'“‘%‘tégg”‘“ “g%g;@”f“ﬁ%@“?@r gSan”%i’d' e
nonomeri c repeat Unl FH d prese '8 a ! \; C2’
bi odegr adabie PEAs cnf CHeCe d.i-,anCa; m@grﬂ:wncqarrmzu%s.t %4Rﬁlvlss G C 47,
E{éf?]RﬁVEyPav'eﬁak G/ kb el %’?*3‘2%“ MU i ne the saruct ( coer ]
25 wherei n when R er r]agre "é?q]e ?P H?ﬁjpwsiegyim%ﬁ%'g?r? '§aa W‘]
Cerr], Clerr],affienid 1, tﬁeeebﬂfor&[ingme ma[rmmqr;cmpeag umtpmdrgxymttyra Ekenyl
g[“gprf*[eg!er;]s e thﬁe‘? %r]\b thehe'o? e eﬁgﬁn 913t b CTatylland
Cerr], det?], mdsetut erﬁyefp,npmg) eCﬂ"@FP e’&l PeB uq °xyz¥%lf en R[err]
is Hand nis 1 or 2 In Bhottdr embbdimidnt éf[therdreséiﬁtanm}ntion R3isHand mis 2,

thereby forming the monomeric repeat unit 4-hydroxybutyrate.
in another embodiment of the present invention, R3isHand mis 1,
thereby forming the monomeric repeat unit 3-hydroxypropionate.
20 " Preferably, novel biodegradable PHAs of the present invention
comprising two RRMUs have a first RRMU having the structure
R’ |
O—C‘ H—(C Hz)n—g

wherein R1 is H, or Cq or C3 alkyl, and n is 1 or 2; and a second RRMU
having the structure ’

: o)
. Il
%O—CH—'C H,—C

25

wherein when R is G4 or C2 and nis 1, R? is a C42, C13, C14, C15, C16.
C47, G1g. o C1g alkyl or alkenyl; when R1is C1 orCo and nis 2, R2 is a
C4. Cs, Ca. C7. Ca, Cy, C10, C11, C12. €13, C14, C15. C16. C47. C18. oF
C1g alkyl or alkenyl; and when R1 is Hand nis 1 or 2, RZ 2 C4, Cs, Ce.



10 (ferr], Cerr],Jerr], (err], C(err], Cerr], (err], (err], (err],
Cerr], (err], derr], or (Jerr] alkyl or alkenyl; and wherein at | east
50% of the RRMJs have the structure of the first RRMJ. Preferably Rerr] Is
an al kyl. Preferably, novel biodegradable PHAs of the present invention 5
conprising three RRMUs, have a first RRMU having the structure [err]
wherein Rlerr] is H or Clerr] or (Jerr] alyyl or alkenyl, and nis 1.or 2;
a second RRMU having the structure [err] 10 wherein Rerr] is a (Jerr],
Cerr], Cerr],cq eglc r r I r ( r by ,
Cerr], derr], @e?’ri]a;;% '[rjj?‘,"l'%i?'rl]b‘sugpq ?f‘ ékbwgpqgl gg@%%%g?ra
third RRMU havi RS r B '@ﬂgé??? S s%fgvathgrsgx g, oy the
Cerr], Cerr], fick RRMY. PrefedabhORErislan &kl r], Cerr], derr], Jerr],
Cerr], CJerr], 15 d , e e , Ii ;
Clerr] alkyl_or al ke%ﬁel:%tﬂ&’ n'ﬁ‘;se] 1b'c%ﬁ9?d_%b§? anHlAgt _qfeq%gdt Rgg%f‘éef’ ‘?%ég{tﬁﬁNUs
have the st rdict GP@PHSINgibree REMHm\have adirghRRMY hawing the rusties i s not
the sane, as the first randomy repdati. monomer unit or the second
random y repeating nonomer unit. Synjthesis of Bio radabl e PHAs 20
The bi odegradabl e PHAs of the presegtolp b@[}) synt hesi zed by
synthetic chem cal or biological baged nethods. chem cal approach :
i nvol ves the ring-openi-ng polynerization of B-lactore nononmers as described.
bel ow. The cat a| @inoR 1iiaihi at &+ onLlal aben dsealkenylr aadyn é8 Inert 8 idasecanskh
as alum noxanesgmgt}@vw%wgtm%@l koxy-zi nc and al koxy- 25 al um num
conpounds (see Agostini, D.E., J.B. Lando, and J.R Shelton, J. POLYM SCl.
PART A-1, Vol. 9, pp. 2775-2787 (1971); ﬁ"’oss, R.?
-and R'W Lenz, MACROMOLECULES, Vol . {21, Ap. 2657-3b
P., |. Barakat, R Jerome, and P. T 6 H-WRRomG-
4407- 4412 (1993); Le Borgne, A and |N Spassky, YMER, Vol . 30, pp.
2312- 2319 (1989); Tanahashi, N., and Y. Doi, MA ECULES, Vol . 24, pp.
5732- 5733 (1091)whereini R2Vs a K4, g, uBH, CY, CEnlGta€hin, CA1. Cmy B4, CeapdCs,

Ni shi shita, NAC@?%O@Q:HLQ’B\@ C1&0alkyl or alkenyl; and a third RRMU having the
structure ' _

Y. Zhang, G Konrad,
(1988); and Duboi s,
LES, Vol . 26, pp.

S
o'—CH-'-_(CHz)m—&

wherein R3 is H, or a C1, Cy, C3, C4, Cs, Cg, €7, Cg, Ca, C10. C11. C12,

16 . C43. C14. G158, C16. C47. C18. or C1g alkyl or alkenyl; and mis 1 or 2;
wherein at least 50% of the RRMUs have the structure of the first RRMU;
and wherein the third RRMUs is not the same as the first randomly
repeating monomer unit or the second randomly repeating monomer unit.
Svynthesis of Biodearadable PHAs -

20 ‘The biodegradable PHAs of the present invention can be
synthesized by synthetic chemical or biological based methods. A chemical
approach involves the ring-opening polymerization of g-lactone monomers
as described below. The catalysts or.initiators used can be a variety of
materials such as aluminoxanes, distannoxanes, or alkoxy-zin¢ and atkoxy-

25 aluminum compounds (see Agostini, D.E., J.B. Lando, and J.R. Shelton, J.
PoLym, Sci. PART A-1, Vol. 9, pp. 2775-2787 (1971), Gross, R.A., Y. Zhang,
'B. Konrad, and RW. Lenz, MACROMOLEGULES, Vol. 21, pp. 2657-2668
(1988), and Dubois, P., |. Barakat, R. Jérome, and P. Teyssié,
MAcrOMOLECULES, Vol. 26, pp. 4407-4412 (1993); Le Borgne, A. and N.



pp. 4388-4390 (1993); and Kemitzer, J.E., S.P. McCarthy, and R A Goss, 5
MACROMOLECULES, Vol . 26, pp. 1221-1229 (1993)). The production of isotactic
pol ymer can be acconplished by polynerization of an enantionerically pure;
nononer and a non-racem zing initiator, with either retention or inversion
of configuration of the stereocenter, or by polynerization of racemc
mononer with an initiator which preferentl 4y 10 polynerizes one

enanti onmer. For exanple: [err] The naturally derived PHAs of the present

invention are i Sphgsy, @&Wéﬁawlt segpahs@tbﬁﬁgcpﬂfsgaur@hhnasﬁt N.hend Y.

M G T N I e B T I

predom nant |y SY. TBsahashipacdmagushicandl E Mdrfsmmemmouamms Mokl 26,

EPELLE 1 ek o e S m iy e oo
pol yners vmt PMq‘rEGPb%"?- S’Pgn2§o py%f"??ﬁﬂ 2§> btﬁ%ébce F‘@r@f °'Be°f

produced from resrnmtn: npolgmers card  pel yamompnshm | byt i pdigmerizatiorat af y @ns

- that show no prSESﬁr‘?&ﬁénéﬂl nEhFé‘?rEorféJ?l?éP nWRHa m&m? .H@.tak&l Hith_Bltner

catal ysts oftenBEF) nerize noners o |ca uri

pol yner (e.g tealiom o K& ndNvesiany 9fs)cqndl fﬂ(‘ﬂ Q\/ls i mntew or by
Takahashi, A. Ypolmerization. oNrademit ranodber M&Wh&%ESJhlmmreﬁen@ﬂly
5533- 5534 (il@QBébtyP@trk%sr@.fé ¥ﬁ£a¥ﬁo SPLR §%§?£§48ymr can be produced from

racem c nonomner neri za ron has an enhanced reactivity
for one enantioner oyar the ofther. Dependi n n t he gr ee, of lQreferen
separate R or S g e0- ol ymers, s ere Iock c pol jor a mx

h
of stereo-bl ock 30 \copol ynel s -and—wt Ghb*pﬁﬁ-hn‘e(:s- Oe—oHeekDHQd—
Le Borgne, A and I\P Spaspkyy N., POLYMER, Vol. 30, pp'm2342-2319 (1989) 4,
Tanahashi , 12CH5; and R. D0| MACROVOLECULES, Vol . 24, pp. 5732-5733

(1991); and Benvenuti, M and R W Lenz, J. PC].YRBnd@h:CerHHﬂ!PMA
CHEM , Vol. 29, pp. 793- 805 (1991)). Sorre i nitiat orsRerCH%(@H%yst@.q re known
to produce predom nantly syndiotactic polynmers, polyners hl ternating R
and S 5 stereocenter repeat units, fromracem c nononers {See Kemit zer,
J. E, SSP. MCarthy and R A G oss, MACROMOLECULES, Vol. 26, pp. 1221- 1229

(1993)) while some Inihl 2l ghRaly denvaa’Phis o i prosant Invention ars Yostact
and have the R absolute configuration at the stereocenters in the polymer

15 backbone. Alternatively, isotactic polymers may be made where the
configuration of the stersocenters is predominantly. S. Both isotactic
materials will have the same physical properties and most of the same
chemical reactivities except when a stereospecific reagent, such as an
enzyme, is involved. Atactic polymers, polymers with random incorporation

20 of R and S stereocenters, can be produced from racemic monomers and
polymerization initiators or catalysts that show no preference for either
enantiomer while such initiators or catalysts often polymerize monomers of

high optical purity to isotactic polymer (e.g., distannoxane catalysts) (see

Hori, Y., M. Suzuki, Y. Takahashi, A. Yamaguchi, T. Nishishita,

25 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

30 copolymers and stereo-homopolymers may be produced (see Le Borgne, A.
and N. Spassky, N., POLYMER, Vol. 30, pp. 2312-2318 (1988); Tanahashi,



stereopol yners (see Hocking, P. J. and R H Marchessault, POLYM BULL.,

Vol . 30, pp. 163-170 (1993)). 10 For exanple, preparation of

pol y( 3- hydr oxybut yr at e- co- 3- hydroxyal kanoat e) copol yners wherein the N
3- hydr oxyal kanoat e conononer is a 3-al kyl -B-propiol actone wherein the al kyl
group is at |east 3 carbons long, are carried out in the foll ow ng manner.
Proper precautions are nmade to exclude air Hhd noi sture. The | actone
nononers (purified, dried, and 15 stored under inert atnosphere),

B- but yr ol act one Nan@ndaY3 M!kWAmomtﬁﬂwJEact\tﬁle% phe5d32+97@3 (H991); rand o,

ar :ngga[)gregs:/: ?@Eﬁgega@ A ARV t; Jgggﬁv ”s%ii P%&%fﬁatggdcnéﬂ qiéc
pol yneri zati on %gl prtsg%%aa(é@g Jas %mﬁdpﬁ@i)@'sﬁfl%?wﬁ{sv?@ g’}?‘ﬁ”ﬁé}%

tube is caref ul pyedominaetly t syrdictattic mymemWYme(‘éaumtmmItecmﬂmg:thm S

rubber sept ug) %ﬁe@@&ﬂep?gégﬁlbﬁ té’”?r? mc%%ﬁ%ﬁgéilﬁé?q(érﬁ pALUTEe

for the prescCrib rocee e ohes
vi scous and nay SsBi MeGapthy and RAy Sross, MOP?@MPL!E‘éUlpﬁ%d\ﬁ%‘eaa $6 i1@2101 34k
preci pi tates ouf19@8)) lwhilee senfe IrGtidtoss op Wdtalysisemay Throducedsl tthese tygesnobe

cool ed. 1 enoved sférgﬁgélgﬁ?wgge%%kﬁ Ad) B8 hdTFeH, MalcHIRAQIRT PRI ABHHT

drying. AlternatiVe ' an appr opri
sol vent (e.g. fRE: ﬁﬁ3a1@ (@Qﬁ)bred by precipitation in a nonsol vent

(e. g ; et _henghgxante g}et UreBeantp é v/ M}h pa¥afioN acgfm %él?fh-h%ﬁdi?ﬁb at\@,e%cghl
is determ ne an suc cl.usion chr a

(SEC. ol 50 knovdvAtEyEHae "Fraaqqpewr@@s BRodis s, vy osvakaosat erhoRoer
cononomer cont eis aoB-alkd-feptopiaiastane waeeelmthedalbyl guplreis atdegmstt 8 carbons
resonance (NVR) loﬁg‘ rHa?ﬁéd okt i floWin @ P r8 ei’- Bfe an rébﬁade

The S Pat ont AGHIPEREELAT %@L?ﬁq*'wae Thelfens ittt ok Lo

Bet a- _Subst i 46t e@t@e’da urdder Finepi obtneospiese), ni 8-batyedlaciorfé kwhdi na 3-alkyl-B-
éa[lr(rgrledggrrpany, p{g’?'gﬁgnuar 9‘%8&%‘6%@5@%@%%@9&3 vw%ymgétgog:\er é&
formul a R err] ZAGRANRYGN- (Aﬂ@»réﬁgﬁ’”ﬂ"é'lgﬁf’ and flamedboresilicatgrglass, ilieoae ﬁ?‘f‘y
a |qe[ re]d ﬂ g;nrl Oﬂbbi!&uwnthn aarWr@dpﬁ*nnghengm&Mﬁém icatalydteisi addédiaera i s
Conrono day ol RyPERIRORIRD i Byl Y e, € AREORY SEneIENO B
et hyl zi nc i ggpr Jgggqera}g (but not contact the rub er septum) and then heated m an oil bath
at the desired temperature for the prescribed time. As the reaction
proceeds the mixture becomes viscous and may solidify. [If isotactic
polymer is produced, solid pelymer precipitates out until the entire mass
solidifies. The product can then be cooled, removed from the tube, and rid
25  of residual monomer by vacuum drying. Alternatively, the product can be
dissolved in an appropriate solvent (e.g., chldroform) and recovered by
pracipitation in a nonsalvent (e.g., ether-hexane mixture, 3:1 v/v), and
vacuum dried. Molecular weight is determined by standard methods such
as size exclusion chromatography (SEC, also known as gel permeation
30 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-
35 Propiolactones Initiated by Alkylzinc Alkoxides", L.A. Schechtman and J.J.
Kemper, assigned to The Procter and Gamble Company, filed January 28,
1984, Such initiators have the general formula R1ZnOR2, wherein R1 and



5 O her copolymers useful in the present invention can be nmade by
substituting the starting materials (nononers) in the above procedure with
3-al kyl -B-1 actones corresponding to the nonomer units desired in the finak
copol ymer product. Alternatively, biological synthesis of the biodegradable
PHAs useful 10 in the present invention nmay be carried out by fernentation
with the proper organism (natural or genetig¢ally engineered) with the
proper feedstock (single or rnulticonmponent). Biological synthesis may al so

be carried out & hrammmbns;??%om@kymwa peeferreciemethddof¥priteesis] he
o

I foi A { | Lcat. , -.02187 .
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as food waps and garAlternatiealy, bitfogicalr s\sithedis of tthe dsiodbgradethy AHA] usefuh

b f 1 r . a i . . L ff . . i ’
Gal or | mot r?‘?éséé}?ﬁ%ﬁ%%‘ﬁéﬁtﬂ%ﬁé bgftiediont 6 ffhidatint Wit/ he proper,
sui tabl e met hod YOREEAL (DRBHaL R aenetically ergiRgerad): with Sae proper feedstosk
i s nost appr opr i(singlever mukticbinponentn oBiviagioalt syrithesi8 mapeaiss! be capdsd ioes

f th terial g | T '
otinciplo el esiithoBfafical spciotddlidloall) LR 10 ihess U B85 Gmers of
x-rays in a diffiptesesk (398 \Morid fHateat Appljcaiion Wa.| 8302187 aISeraemville cPoigier

rays into shgrp,and BehaR, Pudﬁéﬁé@ﬁeﬁﬁﬂir?ﬂ-, 1808, 4fd &) SsPatdre Mpsplicatien Bdrial i s

constant, houe! e, clbari ekl i hnd BSR4 b

material in a sanp
i ntensities can PRoleeRarSRIBNCE AVoleR4S pprct & -8R (P8HY been devel oped by

Rul and, which can detect differences in mincrystallinity as small as
S ers, VoMK Grne Dotlime Percdnt Srystlifinity Sy )E iofsacé‘g%%}y@%iﬁﬁegf\)ﬂo ymer for
: 20  copolymer) often determines what type of end-use properties the polymer
possesses. For example, highly (greater than 50%) crystaliine polyethylene
polymers are strong and stiff, and suitable for products such as plastic milk
containers. Low crystalline polyethylene, on the other hand, is flexible and
tough, and is suitable for products such as food wraps and garbage bags.
25 Crystallinity can be determined in a number of ways, inciuding x-ray
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
30 thermal properties of the material and crystal structural changes may oceur.
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 crystaiiine
35 material in a sample if the amorphous and crystalline diffracted intensities
can be separated. A very precise method has been deveioped by Ruland,
which can detect differences in percent crystallinity as small as 2% (see



El sevier: Amsterdam (1989); and Al exander, L., X-RAY DI FFRACTI ON METHODs
I N POLYMER SCI ENCE, Robert Kreiger Pub. Co., New York, (1979)). Upon
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I purely crystalline and amorphous absorption bands can be

identified, then the infrared absorption spectrum offers a convenient way of
determining crystallinity. (see Tadokoro, H., STRUCTURE OF CRYSTALLINE
POLYMERS, John Wiley & Sons, New York, (1979)).
It should be noted that different techniques will often give rise to
25  slightly different values of ®¢, because they are based on 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 amaorphous polymer {or copolymer)
material. While x-ray diffraction does not detect this matter as crystalline,
30 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%.

35 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



15 about 65% as neasured via x-ray diffraction; nore preferably from about
5% to about 50% nore preferably still from about 20%to about 40% Wen a
PHA of the present invention is to be processed into a sheet, the anmount »f
crystallinity in such PHA is nore preferably fromabout 0.1%5 to about

50% as neasured via x-ray diffraction; nore preferably from about 5%to

about 50% nore preferably still from about4@0%to about 40% Wen a PHA of
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When a PHA of the present invention is to be processed into an
elastomer or adhesive, the amount of crystallinity in such PHA is more
preferably less than about 50% as measured via x-ray diffraction; mare

25 preferably less than about 30%; more preferably still less than abaut 20%.
- Melt Temperature -
Preferably, the bicdegradable PHAs of the present invention have a
melt temperature (Tm) of from about 30°C to about 160°C, more preferably
_ from about 80°C to about 140°C, more preferably still from about 80°C to
30 about 120°C.
- 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.

3B A 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



16 substance having a high length to thickness ratio and a high width to
thi ckness ratio. Wiile there is no requirenent for a precise upper limt of
t hi ckness, a preferred upper limt would be 0.254 mm nore preferably stiil
about 0.01 mm nore preferably still- about 0.005 mm The protective value 5
of any film depends on its being continuous, i.e., wthout holes or cracks,
since it nust be an efficient barrier to nugecul es such as atnospheric
wat er vapor and oxygen. The filmof the present invention can be enpl oyed
in a variety ofsubsiposafiayimg calligls lengthuth tigickimess natio |and taediugh) width to
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praoperties:
a) a machine direction (MD) tensile modulus from about 10,000 to
about 100,000 Ibs./sq. in. (6.895 x 108 dynes/sq. em to 6.895 x
20 109 dynes/sq. cm),
b) aMD tear strength of at least 70 grams per 25.4 pm of thickness,
c) across machine direction (CD) tear strength of at least 70 grams
per 25.4 u of thickness,
d) an impact strength of at least 12 cm as measured by fatling ball
25 drop,
e) a moisture transport rate less than about 0.0012 grams per
square centimeter per 16 hours,
f)  a modulus at 60°C of at least 5.52 x 107 dynes/sq. cm (800
Ibs./8q. in), and
30 g) athickness from about 12 um to about 75 pum.
Methods for testing for 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
35 use in plastics. As discussed above, polyhydroxyalkanoates such as PHB
and the copolymer PHBV are difficuit to process due to their thermal
instability.  Furthermore, such polyhydroxyalkanoates were especially



35 wuse in plastics. As discussed above, pol yhydroxyal kanoates such as PHB
and the copolyner PHBV are difficult to process due to their thermal
instability. Furthernore, such pol yhydroxyal kanoat es were especially 17
difficult to process into filnms due to their slow crystallization rate.
Applicants have found that PHA copol yners of the present invention, which
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1. Performance Criteria and Test Methods for Films
For a film to perform satisfactorily as a compostable disposable
diaper backsheet, it must be made of resins or structures that are
25 biodegradable and it must demonstrate the following properties of high
strangth, adequate fluid barrier, appropriate modulus or flexibility, and
_adequately high melting point.
The backsheets of disposable diapers must have sufficient strength
both to process on a high speed disposable diaper converting machine and
30 to provide a "“wetproof” barrier in use on an infant. It must be sufficiently
wetproof 'so that the clothing or bedding, either that of the infant or of the
caregiver, is not wet or soiled. It must have a modulus or flexibility that is, at
the same time, low enough to be a soft, pleasing material to be used as the
outer covering of an infant diaper yet high enough to handle easily on high
35 speed disposable diaper converters without wrinkling, folding, or creasing.
It must have sufficient resistance to heat such that it will not deform, meit, or
permanently loose strength in typical hot storage conditions or loose its



caregiver, is not wet or soiled. It nust have a nodulus or flexibility that
Is, at the sane tine, |ow enough to be a soft, pleasing material to be used
as the outer covering of an infant diaper yet high enough to handl e easily
on high 35 speed disposabl e diaper converters w thout winkling, folding,
or creasing. It nmust have sufficient resistance to heat such that it wll
not deform nelt, or pernmanently | oose streﬂgth I n typical hot storage
conditions or |oose its 18 integrity on gh speed di sposabl e di aper
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particularly good at avoiding a tendency to fail in use by splitting.

It has also been found that films of sufficient barrier to moisture
transport are those that permit less than 0.0012 grams of synthetic urine to

25 pass into an absorbent paper towel per square centimeter of area per 25.4
micron thickness for every 16 hours of time when the test film is located
between the absorbent paper towel and a typical absorbent gelling material-
containing diaper core and a pressure simulating that of a baby., The
specific conditions of the test are that the area of the core is larger than that

30 of the test material, the core is loaded with synthetic urine to its theoretical
capacity and it is under a weight of about 35 g/cm2 (0.5 psi).

It has also baen 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

35 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 penetratlon tests by melting the material to be



specific conditions of the test are that the area of the core is |arger
than that 30 of the test material, the core is |oaded with synthetic urine
to its theoretical capacity and it is under a weight of about 35 g/cnferrl
(0.5 psi). It has also been found that materials of sufficient heat
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preferred, When the jaws are separating at the rate of 2.54 cm per minute and the
' recording device is running at a speed of 25.4 cm per minute, the 1% strain
point will be located at a distance of 2.54 cm from the initial point. The
tensile response is divided by the thickness of the sample material if it is not
25 0.00254 cm in thickness. Particularly soft, and therefore preferred,
materials exhibit 1% secant moduli in the range of 6.895 x 108 to 2.068 x

10° dynes/cm?2 (10.000 to 30.000 psi).

Since absorbent articies may experience temperatures as high as
140°F (60°C) during warehouse storage or shipping in trucks or railcars, it is
30 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 860°C, the modulus should not
decrease too far and allow the film to deform in the package before it

reaches the end user.

35 ' For example. a polyethylene backsheet with a room temperature
modulus of about 4 x 109 dynes/cm? (58,000 psi) may have a 60°C



materials exhibit 1% secant noduli in the range of 6.895 x 108 to 2.068 x
10[err] dynes/cnierr] (10.000 to 30.000 psi). Since absorbent articles may
experience tenperatures as high as 140[err] F (60C) during warehouse storage
or shipping in trucks or railcars, it is 30 inportant that the backsheet
filmand other conponents retain their integrity at these tenperatures.

Al though it is expected that the nodulus of, the filnms will decrease
somewhat between 20[err]C and 60[err]C, gom)dul us shoul d not decrease too
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To those skilled in.the use
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COMPOSiTES VOLUME1 by L.E. Nielsen (Marcel Dekker, 1974).

20 The mechanism of operation and procedures for using the DMA 7 are
found in Perkin-Elmer Users' Manuals 0993-8677 and 0993-8679, both
dated May, 1991. To those skilled in the use of the DMA 7, the following
run conditions should be sufficient to replicate the 60°C modulus data
presented hereinafter.

25 To measure the modulusftemperature spectrum of a film specimen,
the DMA 7 is set to run in temperature scan mode and equipped with an
extension measuring system (EMS). A film specimen approximately 3 mm
wide, 0.0254 mm thick, and of sufficient length to allow 6 to 8 mm of length
between the specimen grips is mounted in the EMS. The apparatus is then

30 enclosed in an environmenta! 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 § cycles per second. In the
temperature scan mode, the temperature is increased at a rate of

35 3.0°C/minute from 25°C to the point where the specimen melis or breaks,
while the frequency and stress are held constant. Temperature-dependent
behavior is characterized by monitoring changes in strain and the phase



presented hereinafter. 25 To measure the nodul us/tenperature
spectrumof a filmspecinen, the DMA 7 is set to run in tenperature scan
node and equi pped with an extension nmeasuring system (EMS). A film specinen
approximately 3 mmw de, 0.0254 nmthick, and of sufficient Iength to allow
6 to 8 nmof length between the specinen grips is nounted in the EM5. The
apparatus is then 30 enclosed in an envi ro?{rent al chanber swept
continuously with heliumgas. Stress is applied to the filmin the length
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die. Generally t e fovi ng
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20 die. Generally the flat web is cooled on a large moving polished metal roll.
it quickly cools, and peels off this first roll, passes over one or more
auxiliary cooling rolls, then through a set of rubber-coated pull or "haul-off"
rolls, and finally to a winder. A method of making a cast backsheet film for
the absorbent articles of the present invention is described in an example

25 below,

In blown film extrusion, the melt is extruded upward through a thin
annular die opening. This process is also referred to as tubuiar film
extrusion. Air is introduced through the center of the die to inflate the tube
and thereby causing it to expand. A moving bubble is thus formed which is

30 heid at a constant size by control of internaf air pressure. The tube of film is
cooled by air, blown through one or more chill rings surrounding the tube.
The tube is then collapsed by drawing it into a flattening frame through a
pair of pull rolls and into a winder. For backsheet applications the flattened
tubular film is subsequently slit open, unfolded, and further slit into widths

35 appropriate for use in products.

Both cast film and blown film processes can be used to produce
either monolayer or multitayer film structures. For the production of



It quickly cools, and peels off this first roll, passes over one or nore
auxiliary cooling rolls, then through a set of rubber-coated pull or "hau
off" rolls, and finally to a winder. A nethod of naking a cast backsheet
filmfor the absorbent articles of the present invention is described in an
exanple 25 below. In blown filmextrusion, the nelt is extruded upward
through a thin annular die opening. This process is also referred to as
tubular filmextrusion. Air is introduced t ugh the center of the die to
inflate the tube and thereby causing it to expand. A noving bubble is thus
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leading to poor control of layer thickness distribution in the multilayer film.

20 An alternative to feedblock coextrusion is a muilti-manifold or vane
die as disclosed in aforementioned U.S. Patents 4,152,387, 4,197,069, and
in U.S. Patent 4,533,308. Whereas in the feedbiock system melt streams
are brought together outside and prior to entering the die body, in a multi-
manifold or vane die each melt stream has its own manifold in the die where

25 the polymers spread independently in their respective manifolds. The melt
streams are married near the die exit with each melt stream at full die width.
Moveable vanes provide adjustability of the exit of each flow channel in
direct proportion to the volume of material flowing through it, allowing the
melts to flow together at the same linear flow rate, pressure, and desired

30 width.

Since the melt flow properties and meit 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

35 175°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



do not differ too greatly; otherwise flowinstabilities can result. in the
die leading to poor control of |ayer thickness distribution in the

mul tilayer film 20 An alternative to feedbl ock coextrusion is a.*
mul ti-mani fold or vane die as disclosed in aforenmentioned U S. Patents
4,152,387, 4,197,069, and in U S. Patent 4,533,308. Wereas in the

feedbl ock systemnelt streans are brought et her outside and prior to
entering the die body, in a multi- nan|fol or vane die each nelt stream
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In three iayer films, the center core layer may comprise 30 to 80
percent of the films' total thickness and each outer layer comprises 10 to 35
percent of the films' total thickness. Tie layers, when employed, each
comprise from about § percent to about 10 percent of the films' total
25 thickness.
B. Sheets
In another embodiment of the present invention, the plastic article is
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
30 thickness ratio, wherein the material is thicker than 0.264 mm. Sheeting
shares many of the same characteristics as film in terms of properties and
manufacture, with the exception that sheeting is stiffer, and has a self-
supporting nature. Such differences in stiffness and support result in some
modification of the manufacturing methods.
35 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



15 filnms conprise a center core |layer, two identical tie layers, and two
I dentical outer |layers, wherein said center core |layer is positioned
between said two tie layers, and a tie layer is positiornéd between said 1
center core |ayer and each outer |ayer. Balanced filnms, though not
essential to the filns of the present invention, are | ess prone to curling
or warpi ng than unbal anced 20 nmultilayer f%é In three layer filns, the
center core |ayer may conprise 30 to 80 pertent of the filns' total
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machi ne directi dii%éi))enThei ealendering gad:@aseemp@ys stacks of specially hardened,
driven rolls, supported in a manner so they may be bent or skewed in
position relative to each other during operation. This is to control thickness
in the calendered material. Calenders are usually made up of four rolls that
20 faorm three nips. These nips are the feed, metering and finishing nips. The
feed nip is where the polymer is supplied, mixed, and heated. Thé metering
nip reduces the thickness of the sheet to the approximate final thickness.
The finishing nip adjusts the gauge of the sheet by varying the position of
the third or middle roll. (see EPSE-2)
25 (C. Fibers
In another embadiment of the present invention, the plastic article is
a fiber. As used herein, “fiber" refers to a flexible, macroscopically
homogeneous body having a high length-to-width ratio and a small cross
section. A general overview of fibers can be found in the ENCYCLOPEDIA OF
30 PoLYMER SCIENCE AND ENGINEERING, Vol. 8, p. 647-755 and pp. 802-839,
John Wiley and Sans, New York, (1986) (hereinafter referred to as "EPSE-
2"). The fibers of the present invention are useful as textiles in yams for
garments. The fibers of the present invention are aiso useful for
manufacturing lightweight fibrous materials useful In  agricultural
35 éppllcation-s 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



To produce an unoriented cast filmor sheet with high throughput,

cal endering is used (G W Eghny, Jr. in MODERN PLASTICS, J. Agrandoff, ed.
Encycl opedi a, Vol 59(10A), pp. 220-222 (1982) and R A Elden and A 15 D
Swan, CALENDERI NG OF PLASTICS, Anerican El sevier Co., Inc., New York,
(1971)). The cal endering process enploys stacks of specially hardened,
driven rolls, supported in a manner so they y be bent or skewed in
position relative to each ot her durlng oper%ga This is to control
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characterized bytheoughyhesootingrzprtel wher ther BHI®, soliifies and is then transferred to
20 post-drawing and take-up equipment.
In dry spinning, a PHA of the present invention is dissolved and the
PHA solution is extruded under pressure through a spinneret (see EPSE-2).
The jet of PHA solution is passed through a heating zone where the solvent

- evaporates and the filament solidifies.

25 In wet spinning, a PHA of the present invention is also dissolved and
the solution is forced through a spinheret which is submerged in a
coagulation bath (see ESPE-2). As the PHA solution emerges from the
spinneret orifices within the coagulatibn bath, the PHA is either precipitated
or chemically regenerated. Usually, all these processes need further

30 drawing for useful properties to be obtained, for example to serve as textile
fibers. "Drawing" refers 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 orientation of both the crystallites and the

35 - amorphous PHA chain segments.



nodul us, and hi gher recovery fromlarge deformation than normal fibers. 10
1. Met hods of Fi ber Manufacture The fibers of the present invention may
be processed using a variety of conventional techniques well-known in the:
art including, but not limted to, nelt spinning, dry spinning, and wet
spi nni ng. Conbi nations of these three basic processes are often used. 15

In nelt spinning a PHA of the present |rnmw5 on is heated above its nelting
point and the nolten PHA is forced through a spinneret. A spinneret is a
die with many sgnl | @@ £es which are varied in nunber, shape and dlaneter
(see EPSE-2). The je Iten PHA i assed throu h a cool i ere
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i nduce nol ecul aheseingfieacaferredda@sdECI"dp a fiber-fine structure (see
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substantial ly decre %r esence unmerous cells distributed
t hr oughout its B?ﬁ’l m0 €B83- 62T, Anerican Society for Testing and
Mat eri al s, Phil adel pkﬁaam@aare fut®eP )catedgbrized: imto [flexibde garsd sigid doamst eifhis n

which the solid dgsiftioA RUSastfon a particular ASTM test procedure (see ASTM D,
Vol. 37, pp. 1566-1578, American Society of Testing and Materials,
20 Philadelphia, Pa., (1978)). A flexible foam is a foam which does not rupture
when a 20 x 2.5 x 2.5 em piece is wrapped around a 2.5 cm mandre] at a
uniform rate of 1 lap/5s at 15-25°C. Foams that do rupture under this test
are referred to as rigid foams. | '
Foams find many applications as packaging, comfort cushioning,
25 insulation, and structural components. In the some areas of packaging a
foamed material having increased biodegradability and/or compostability
would offer superior benefits to currently used packaging such as
polystyrene, paper and starch foams. In hot food containers, polystyrene
offers significantly higher thermal insulation over the only currently
30 degradable alternative, paper wraps. Foamed articles comprising a PHA of
the present invention have the thermal insulating properties of polystyrene,
yet are biodegradable and/or compostable. These materlals are ideal for
hot food take-out and cold food packaging.
Foamed polystyrene chips are used as cushioned packing materials
35 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.



conposed of a synthetic polynmer or rubber include cellular polyners (or
copol yners), expanded pl astics and foaned pl astics (ENCYCLOPEDI A OF 10
CHEM CAL TECHNOLOGY, Vol. 11, John Wley & Sons, New York (1980), R
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 foans whosg7 cells. are inter-connected such
that gases may pass freely 15 through the cells. Cosed-cell materials
have cel | s t hat Uatike ditker emmmmlableopan!@mrfg onatedathsatch as st‘aralrr,s sacke PHA
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of Foam Manuf acputyenéh(hai i feaméd bbe)mhnem of proessOA biywihg ayent sashds

usi ng isomeric pentanes and. hexanes or halocarbons (H. R. Lasman, MODERN

20 PLasTics, Vol. 42(1A), p. 314 (1864)) is mixed with the polymer (or

copolymer) either by heating and allowing the blowing agent to penetrate

the polymer (U.S. Pat. 2,681,321, issued June 15, 1954, F. Stastny and R.

Gaeth, assigned to BASF), or by polymerizing the polystyrene in the

presence of the biowing agent (U.S. Pat. 2,983,682, issued May 9, 1961, G.

26 F. D'Alelio, assigned to Koppers Co.). Fabrication of articles are usually

carried out in multiple steps, the first of which uses steam, hot water or hot

air to expand the polymer into low density preformed beads. These

preformed beads are aged, sometimes in multiple steps for correct cell size,

and then packed into molds and fused together by heat and further

30 expansion (S. J. Skinner, 8. Baxter, and P.J. Grey, Trans. J. PLAST. INST.

Vol. 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 polysthylene

35 and polypropylene are often made in this manner. A decomposing biowing

agent is premixed with the polymer (or copolymer) and fed through an

extruder under elevated temperature and pressure such that the blowing



5 conventional procedures well-known to those skilled in the art. A
predoni nant nethod of foam production invol ves expanding a fluid pol ymer
(or copolynmer) phase to a | ow density cellular phase and then preserving
this state (see ECT). O her processes include | eaching out materials that
have been previously dispersed in the polyner (or copolyner), sintering 10
smal | particles and di spersing cellular paréécles in a polynmer (or

copol ynmer). Three steps nmake up the expansi on process. These are cel
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are aged, sonetnes | l,ti ple steps for correct cell size, and then
packed into nol an 588t her by heat, and further 30 expansion (S.
J. Skinner, S. Baxteln another embadieyentfdne préserft’ummhtidﬂ\lﬂ’fe pladtic &ficlepis
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t enperat ure and®g @% rse such that the bl ow ng 28 agent partially
deconposes.2@When t he Imjattion atoldingt of theamepthstickeis.a multbstepr process by which a
PHA of the present invention is heated until it is moiten, then forced into a
closed mold where it is shaped, and finally solidified by cooling. There are
a variety of machines that are used in injection molding. Three common
types are ram, scraw plasticator with injection, and reciprocating screw
25 devices (see ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING, Vol. 8,
. pp. 102-138, John Wiley and Sons, New York, (1988); hereinafter referred
to as "EPSE-3"). A ram injection molding machine is composed of a
cylinder, spreader, and plunger. The plunger forces the melt in the mold. A
“screw plasticator with a second stage injection consists of a plasticator,
30 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 barre!l and a screw.
The screw rotates to melt and mix the material and then moves forward to
force the meilt into the mold. ,
35 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,



a lower pressure zone. Sinultaneous expansion and cooling take place,
resulting in a stable cellular structure owing to rapid crystallization of
the polyner (R H Hansen, SPE J., Vol. 18, p. 77 (1962), W T. Higgins, :
MOD. 5 PLAST., Vol.. 31(7), p. 99, (1954)). D spersion processes produce
foanms by directing dispersing solid or gas into the polyner (or copol yner)
phase and then, when necessary, stabilizinggghe m xture (ECT). In one such
process, frothing, a gas is mechanically dispersed in the pol yner or
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20 through material conservation and higher throughput. Another important

feature of blow molding is that since it uses only a female mold, slight

changes in extrusion conditions at the parison nozzie can vary wall

thickness (see EPSE-3). This is an advantage with structures whose

necessary wall thicknesses cannot be predicted in advance. Evaluation of

25 articles of several thicknesses can be undertaken, and the thinnest, thus

' lightest and cheapest, article that meets specifications can be used.
F. Nonwovens

In another embodiment of the present invention, the plastic article is

_ a nonwoven. As used herein "nonwoven" means porous, textile like

30 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 nanwoven 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").

35 Other names for these materials are bonded fabrics, formed fabrics, or

engineered fabrics. The thickness of the fabric shests may vary from 25

mm to several centimeters, and the welght from 10 g/m? to 1 kg/m2.



29 and then nolten PHA conforns to the shape of the die. The nold is then
cooled to harden the plastic (see EPSE-3). Blow nolding is used for
produci ng bottles and other holl ow objects (see EPSE-3). In this process,1a
tube of nolten PHA known as a parison is 5 extruded into a closed, hollow
nol d. The parison is then expanded by a gas, thrusting the PHA agai nst the
wal | s of a nold. Subsequent cooling hardens3the plastic. The nold is then
opened and the article renoved. Bl ow nolding has a nunber of advantages
over injection Merwovgn fahecy heved wide sanpe ot physisal srepertina depending on
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term “staple fibers" was originally applied to fibers of natural origin long
enough to be processed on textile machinery, but excluding endless
filaments, eg, silk. In the present context, as applied to PHA of the present
ins)ention, "staple fibers" are of relatively uniform length, ca. 1.3-10.2 cm,
25 with a regular crimp i.e., a three-dimensional wavelike shape. Regenerated
and other extruded fibers are endless as formed. They are cut during the
manufacturing process to a specified length to meet a processing or market
need. Exiruded fibers are also produced as continuous filaments without
crimp. The processes for forming webs from staple fibers are different from
30 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
compasition, determine the ultimate properties of the fabric. Web structure
and bonding maximize inherent fiber characteristics (see EPSE-4). Other

35 materials that may be used in the nonwavens of the present invention in
combination with the PHA are wood pulp; regenerated fibers including
viscose rayon and celiulose acetate; and synthetic fibers like poly(ethylene



mmto several centinmeters, and the weight from210 g/nferr] to 1 kg/nferr].
30 Nonwoven: fabrics have a wi de range of physical properties depending on
the material and process used in formng the web. A fabric nmay be self-
supporting and stiff as paper or drapable as a conventional cloth fabric.
In contrast to conventional textiles, the fundanental structure of all 5
nonwovens is a web of fibers arranged nnreég | ess random y ( NONWOVENS
IND., Vol. 17, p. 36 (Mar. 1986), NONWOVEN LD, Vol. 1, p. 36 (May- June
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length. Initially, the methods for forming webs from staple-length fibers
(fibers long enough to be handled by conventional spinning equipment,
usually from about 1.2 to about 20 cm long, but not endless) are based on
the textile-carding process, whereas web formation from short fibers is
25 based on papermaking technologies. Although these technologies are still
in use, other methods have been subsequently developed. For example,
webs. are formed from long, virtually endiess filaments directly from butk
polymer; both web and fibers are produced simultaneously {see EPSE-4).
A variety of web-making methods are known, including carding, air-laying,
30 wet-forming, spinbonding, and meltblowing.

The carding process is derived from the ancient manual methods of
fiber carding, where natural staple fibers were manipulated by beds of
needles. In carding, clumps of staple fibers are separated mechanically into
individual fibers and formed into a coherent web by the mechanical action of

35 moving beds of closely spaced needles. .

in the air-laying process, the orientation created by carding is

effectively improved by capturing fibers'on a screen from an airstream (see



and bondi ng maxi m ze inherent fiber characteristics (see EPSE-4). O her 35
materials that nay be used in the nonwovens of the present invention in
conbination with the PHA are wood pul p; regenerated fibers including P
vi scose rayon and cel lul ose acetate; and synthetic fibers |ike

pol y(et hyl ene 31 terephthal ate) (PET), nylon-6, nylon 6,6, polypropylene
(PP), and poly(vinyl alcohol). Facings of dgsposable diapers or sanitary
napki ns made from PHA nonwoven fabrics of the present invention preferably
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Webs are also made directly from bulk polymers by the meitblown
process (see US Patent No. 3,322,607, S.L. Jung, assigned to E.l. duPont
de Nemours & Co., Inc., May 30, 1967). The molten PHA is forced through

25 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 simultansously 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.

30 b.  Webbonding - |

The bonding of fibers gives 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

35 covalent bonds between binder and fibers (see EPSE-4).



The carding process is derived fromthe ancient manual nethods of fiber
cardi hg, where natural staple fibers were mani pul ated by beds of .needl es.
In carding, clunps of staple fibers are separated nechanically into \
i ndi vidual fibers and fornmed into a coherent web by the nmechani cal action
of 35 noving beds of closely spaced needles. In the air-laying process,
the orientation created by carding is effecB8vely inproved by capturing
fibers on a screen froman airstream (see 32 US Patent No. 3,338,992, G
A. Kinney, assidéhed t&lagtiomerdu Pont de Nenours & Co., Inc., issued August
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58 melt to a solid is reversible. Thermoplastic elastomers of the present

_invention are multiphase systems, where at least one phase is soft and

rubbery and another hard. With thermoplastic elastomers, the transition

from a processible melt to a solid, rubberlike object is rapid and reversible

and takes place upon cooling. Preferably, PHAs of the present invention

25 which are processead into an slastomer have sufficiently high branch content

to enable them to act as thermoplastic elastomers, with the crystalline areas

actihg as the hard segment and the amorphous segments acting as the soft

segment. Thermoplastic elastomers of the present invention can be
processed an conventional plastics equipment, such as injection molders.

30 Important structural parameters for thermoplastic elastomears 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.
35 Elastomers of the present invention comprising a PHA of the present
invention can also be used in blend formulations with other polymers (or



and resolidification, and possibly static forces, hold themtogether (see
EPSE-4). The web consists primarily of filanments with very fine dianeters.
30 b. Web bondi ng The bondi ng of fibers gives the strength to the webx
and influences other properties. Both adhesive and nechani cal nmeans are
used. Mechani cal bondi ng enpl oys the engagenent of fibers by frictional
forces. Bonding can al so be achieved by chegjcal reaction, i.e., formation
of 35 coval ent bonds between binder and fibers (see EPSE-4). 33 G

El astonmers In a@@gﬁﬁf&%’gﬁd"ﬁaémeﬁiéw’&é ﬂo%@fged'fs%”imﬁa{& éﬁ]eﬂg?ﬁé nd

article is an e " As herern el ast gmer ers'to mate
whi ch exhi bit bUghnNessIn shitier matenialbi ity on application of stress and
essentially 5 FEonpl gdpesieovery on renoval . A general discussion on

“elastonmers can be fo | l, s SCl.en ' o
Engi neeri ng, Second Eglgpé)g'\netr%gg&é% gﬁqﬁ%@?%sﬁﬁ(' %@g%‘\)ﬁf ﬁ??ﬁ?@gﬁfﬂd&!sas
"EPSE-5"). Mt efanaghesiven Anuseddiersin tadhesivel gneans rematenal that jaiastwo

| engLh and. af t ooy (KEREISE aNear BRSSP topolrans A (BeTeral HideLesion an

. , g .t ensi . |

for gi bly retur ngpgeﬁgg%{o%rh&f%&f?upas'noﬁﬁi élﬁ?yq?@?&%n $fEP8m%e§§ '%?\é'et ﬁg‘d

present invent i Enginesringoéol fle pph SI-5T7 affnsrealtar tefensed do ase"BRSERL). In

SeecElors [y andienesapahethne masult oo e mhothaTe sebietd e

(i nterchai nfd f oﬁﬁ‘é‘g' BF%BVMK .°?ﬁ1£’weY'3§?§i rlgqé?%ﬂgiﬁaﬁ@ ‘E‘F&‘g}oﬁs“’.%@fﬁ the,,

possess a suffi edbatendsiriaceand flewsdato the grayices in ther adhsrendissirfaces.ofinea

i astoners of 1 i Rt BF thé BAHRSNEIY ol B! Rty 1o N4 emOtet ©flow

conventional el 3§?‘Jﬁerd§55§{!|\5iﬁ9a§r 9@%&%0945&%5‘%‘% in F"&P@- (Rl ostading with

t her nopl asti cs fiquide mdriommersher radigetriers that piolymeride om reatt after 2dpplication.t o

a solidis VeS| ' I r j b

e i t] phige: 1peidheshi HERPLAGpIG & 2SR Iche g(;?e% i Ao

another hard. WePephepYARAIratenc s eaacdions dn prdert Fknne iRt tPofegu e the

processi bl e nel netessaryadtrahgth tblyesist ishealing fordes. r Howeven pressuressdyisitivend

whi ch are. pr ocedigenegfre Srfoidtiiel sfEchlinedt eatERASiaR DT O Cont ent
to enable themto actThesPHASofdbearesentdnventinnenay bei ArRcesseddniaa yeripheof
ar eas 20 adheslves, including but not limited to, hot melt, solution, dispersion and
pressure sensitive adhesives,
1. Hot-melt Adhesives.
' As used herein, "hot-melt adhesive" refers to a thermoplastic polymer
or copolymer {e.g., a PHA of the preéent invention) that is heated to obtain
25 a liquid of flowable viscosity, and, after application, cooled to obtain a solid.
Generally, the molecular weight of the adhesive is tailored to provide
flowability 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-
30 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
35 lends physical integrity to the bond. In PHAs, the mode of solidification is
crystallization. ' '



acting as the hard segnment and the anorphous segnents acting as the soft
segnent. Thernopl astic el astoners of the present invention can be processed
an conventional plastics equi pnment, such as injection nolders. 30 ~

| mportant structural paranmeters for thernoplastic elastonmers are the

nol ecul ar wei ght, the nature of the soft and hard segnents, and the ratio
of soft to hard segnents. The ratio of hardako soft segnents effects the
total nodulus of the elastomer, increasing wth the proportion of the hard

segnents. 35 2. @@@ﬁg{g&gﬁdgﬁsﬁgoagesent i nvention conpri si ng a PHA of
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20 3. Pressure-sensitive Adhesives.

Another type of adhesive of the present invention is a pressure-
sensitive adhesive. Unlike other adhesives, the pressure-sensitive
adhesives do not change their phySical state from the initial application, to
the final breaking of the adhesive bond. They remain permanently

25 deformable, and may alter under even slight application of pressure. They
are adhesives that in dry form are permanently tacky at room temperature
and that firmly adhere to surfaces upon mere contact. The most common
form of pressure-sensitive adhesive is on a backing, usually in tape form.
Common masking tape, for example, is manually applied after the user .

30 removes the desired length from a roll. Many bandages are he!d 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,

35 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




25 a liquid of flowable viscosity, and, after application, cooled to
obtain a solid. Generally, the nolecular weight of the adhesive is tailored
to provide flowability in the nelt, but still be strong enough in the solid
formto resist shearing forces experienced in the application. Due to their
t her nopl astic properties, the PHAs of the present I nvention are
particularly useful as hot- 30 mel t adhesg The primary feature of

hot -nmelt adhesives is the ability of the th nDpIastlc material to flow
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20 3. Pr essUrandtneBddkenedt heptivaally, Maéiittmemtizes @indagbe 1aly fagténéfdecan

priesent 1nvent! g il YIS S WBBLALYC A8 Hakldfeet, thE dblsBrtirtore and
elastic members may be assembled in a variety of well known

20 configurations, a preferrad diaper configuration is described generally in

U.S. Patent 3,860,003, entitled "Contractible Side Portion for Disposable

Diaper" which issued to Kenneth B. Buell on January 14, 1975, :

The topsheet is preferably, soft-feeling, and non-irritating to the

wearer's skin. Further, the topsheet is liquid pervious, permitting liquids to

25 readily penetrate through its thickness. A suitable topsheet may be

manufactured from a wide range of materials such as porous foams,

reticulated foams, apertured plastic films, natural fibers (e.g., wood or cotton

fibers), synthetic fibers (e.g., polyester or polypropylene fibers) or from a

~ combination of natural and synthetic fibers. Preferably, the topsheet is

30 made of a hydrophobic material to isolate the wearer's skin from liquids 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.

35 There are a number of manufacturing techniques which may be used
to manufacture the topsheet. For example, the topsheet may be woven,
nan-woven, spunbonded, carded, or the like. A preferred topsheet is



“adhesi ves do not change their physical state fromthe initial application,
to the final breaking of the adhesive bond. They remain pernmanently 25

def ormabl e, and nay alter under even slight application of pressure. They.
are adhesives that in dry formare pernmanently tacky at room tenperature
and that firmy adhere to surfaces upon nere contact. The nbst conmon form
of pressuresensitive adhesive is on a backlgg usually in tape form Common
maski ng tape, for exanple, is nanually applTed after the user 30 renoves
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backsheet.
20 In a preferred embodiment of the present mventlon the adhesive
comprises a PHA of the present invention.

Tape tab fasteners are typically applied to the back walstband 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 ar,

25 such as the fastening tape disclosed in U.S. Patent 3,848,594 issued to
Kenneth B. Buell on November 19, 1874. These tape tab fasteners or other
diaper fastening means are typically apphed near the corners of the diaper.

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

30 elastic members tend to draw and hold the diaper against the legs of the
wearer. The elastic members are secured to the diaper in an contractible
condition so that in a normally unrestrained configuration the elastic
members effectively contract or gather the diaper. The elastic members can
be secured in an contractible condition in at least two ways. For example,

35 the elastic members may be stretched and secured while the diaper is in an
unconfracted condition. Alternatively, the diaper may be contracted, for
example, by pleating, an elastic member secured and connected to the



20 configurations, a preferred diaper configuration is described generally
in U S Patent 3,860,003, entitled "Contractible Side Portion for
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| engt h of at | eattandbofuelasficrmatsial or the errﬂroerrm@ersnumyebeabctangular or

manuf acturi ng t g, iu‘}’é’aﬁ"s 'fﬁRhBPXhQ%lé’siE%b&H@é‘% On aﬁf&éﬁt&ﬂ?ﬂ%ﬁ%{ﬁor

exanpl e, the tops eet WOVEn,  non-Woven,

like. A preferr &% W@Ys whigh c%fPo‘é’EPW%r‘l’al %ﬁﬂgl
wel |l known to t hmbem inagche nitrdsonicelly bonded, . hé%t@nd ptéssure lseatempmme

has a wei ghygfr o} | [

strength of at lcaga H%mé W?égrfn tlgén‘?ﬁgf tg%n nbog:tﬁg !Qgﬁ& ﬁ‘@g{b@? +§y
tensile strengt ﬁ"BPyaRe 9'é'§§tt°é ¢iapsf. g/cmin 5 the cross-nmachine
direction. In a prefdénradpesfemddmrembodiménte opr Jﬁesemeﬁwleﬁﬁont hige t &tRstic

sheet conprises &EE@E oéorbﬁﬁsé)%eﬁiﬂtoﬂﬂgﬁp%%e% in 'og.‘opsheet and the

backsheet are jolne oge e nanner. used herein, the
term "j oi ned" enconpadeabserbent cees Of)ﬂi‘é Q'@Pel'/\h‘epéﬁiloﬂﬁﬁ hebpaaa dhe tepsheet

directly joiged g mmsha@ksﬂrheta&br@édﬂd@re@németrﬁmur@eiurdu rﬁ@twidet\mrtdw

the backsheet byt HFTSPHY TRPrdB o trttrnotRf hiTeede ARHERL A &R
turn are affixedramn @ wideavagateof materialsnr cTher tofiale sbsarbemt canaeityt Qfosh@et
aggl t Egr bag ksgtefééacsﬁrger?f &réedhdwaeﬁdwe\ie?aSég&%gaméh@ithI thet 86si haeelr uid
Preang kn)c/)wnyu n tlﬂgdua]pt or E‘gq, ﬁﬁgﬁ%& yse é’?ﬁ pgrsﬁ{bent art:&e or Jlaper u&ﬁerm?
20 size and absorbent capacity of the absorbent core may vary to
accommoadate wearers ranging from infants through adults.

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

25 absorbent polymeric composition disposed therein.

In a preferred embodiment of the present invention, the absorbent
polymeric compos:tlon of the absorbent core comprlses a PHA of the
prasent invention.

Other examples of absorbent articles according to the present

30 invention are sanitary napkins d_ésigned 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
35 adapted are shown in U.8. 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, entitled "Sanitary Napkin" which issued



continuous | ayer of adhesive, a patterned |ayer of adhesive, or an array of
separate lines or spots of adhesive may be used to affix the topsheet to

t he backsheet. 20 . I'n a preferred enbodi nent of the present invention,
t he adhesive conprises a PHA of the present invention. Tape tab fasteners
are typically applied to the back wai st band reglon of the diaper to provide
a fastening neans for hol ding the di aper ong he mearer The tape tab
fasteners can be any of those well known | he art, such as the

on Novenber o, 4 KRS8 riblng G Gy 2 %ﬁ?qﬁﬂ"ﬁﬁﬁé}%&ﬂg’%@e aF s Bme
means are typi cAN® Presautiiaventisn comprisioges PHA of ke eregant inventen dedcribed
di apers have el agkéin mayhss %séusmw tﬁﬁi&%ﬁénﬁ&@s %&kﬂk@étyopéu&r@f%éﬁnt%ﬂ?r

e o0 aw andeRBi: « ARe SRR heldPE wifl s aérainod s pissert imyaton is

el astic nenbérs r@nbnuieddbamwapepifm sinijeey napkiarconfiguratian o strectads.ti on so

t hat [ f

b fectvel v contr act "'?)?%“Sf‘ﬁgfg’“mﬁ’m Sy gfae"‘?‘i‘ah‘é‘ 63 backsheet,
secured in an ﬁgn@igﬁmgﬁ a:lgt?ggpjﬁm %da?r'l Egmm %&?spaﬁﬁa 'é%ﬁﬁﬁ"eth%S
the elastic ne S 8 t etindThec t leonmprisel @p@EHA sof then
unconlt ract ed lcowééérﬁnmv@nhéﬁnatﬂ‘(& gsﬁ@@t %Q}peéo @eaﬁf”éd( Qﬁéegoggh%%§8
G aper uni | 48 ndhasplate Wishusind Wil iespaet i Alsness. syt oy
condi ti on. The @lsos comprisabe RHA® thekpresent linventide. oTheoabsgriieat icons .méapr
exanpl e, the W dohgise! By edfaﬁe' ﬁb%ﬁf o exn&%n\é?g gk fssaq é}ﬁﬁ‘rﬁ BefPto

nmto about 25 or more rs Ry conprise a Si
of elastic rrate:an%ﬁerﬁ-r’nf:h@'@%? ofthi Bresent {nvse ¥'F’Ect angul ar or -

curvil i near. Stl Il umpbetantly,ccdbstrbentratibies adtayding tofthetrdsémt ihbention

di

cl ast i ¢ monter o o SURlebrolES G hBosaB o dgtdiinfblrent HafidMadion,
the 10 di aper @ﬁﬁd@% varticta SyW@nc?b@mnlmg rpatetrralmwcbram rolyelefio (Mghea s
may sinply - be glpobmthylehbdadketiest. | n a preferred enbodi ment of the present

i nvention, the elastic menbers conprise Ml-ﬁ_gf the present invention.
Poly(3-hvdroxybutyrate-co-3-hydroxyoctanoate

‘ 20 Poly(3-hydroxybutyrate-co-3-hydroxyoctanoate) is prepared

according to the general methods described above and based on the

published procedure of Hori et al. (Hori, Y., M. Suzuki, Y. Takahashi, A.

Yaomaguchi, and T. Nishishita, MACROMOLECULES, Vol. 26, pp. §533-5534

(1993)) for the polymerization of B-butyrolactone. Specifically, purified [S)-

25 3-methylpropiolactone ([S]-B-butyrolactone) (9.50 g, 110 mmol) and [S]-3-

pentylpropiolacmne' (0.83 g, 5.8 mmol) are charged into a septum sealed,

argon purged, dry, glass tube via syringe. The initiator, 1,3-dichloro-

1,1,3,3-tetrabutyldistannoxane prepared éccording to R. Okawara and M.

Wada, (J. ORGANOMET. CHEM. (1963), Vol. 1, pp. 81-88) and dried overnight

30 in vacuo at B0°C is dissolved in dry toluene to make a 0.18 M solution. Via

syringe, 0.65 mL of the initiator solution {(0.12 mmol distannoxane) is added

to the tube. The tube is gently swirled to mix the contents and then heated

at 100°C for 4 h by immersing its lower half in an oil bath. As the reaction

proceeds, the contents of the tube become viscous. After the required time,

35 the tube is removed from the oil bath and allowed to cool to room
temperature. The solid is dissolved in chloroform. 1t is recovered by

precipitation into a hexane-ether mixture, collected by filtration, and dried



The absorbent core of the diaper is positioned between the topsheet 15 and
backsheet. The absorbent core nmay be manufactured in a wde variety of

si zes and shapes (e.g., rectangul ar, hourglass, asymetrical, etc.) and "
froma wde variety of materials. The total absorbent capacity of the

absor bent core shoul d, however, be conpatible with the designed |iquid-

| oading for the intended use of the absorb#ht article or diaper. Further,
the 20 size and absorbent capacity of the absorbent core may vary to
accomodat e wedMNEes vaelimg f?fam icemanamen reampesiien t f hepreorolymer is

ot b cor o enRg by iy MR sty ShATSUnd wanie g el b

of airfelt, (Sé%ﬁp ﬁrh% ??'B%l% tﬁ&n@%?eéag%gggg M@ggﬁ a’é(ﬁ%@'?’g@n "Wﬁfll C
conposi tion di skmﬁaeiexwgsr@nmhromagographmmtbobréo@mnmntthemqmb plnasmmnd
nvention,_She Al BERStyPaNe SRindGrdPERASEd R cafibfdinabsor bent cor e

conprises a PHA of the present inventi exanpl es of absorbent
articles according to the present 30 |‘? are sani tary napki ns
designed to receive and dge 043 » ginses.

D sposabl e sanitary L ceat h
body t hrough tI;l Igyﬂ or?%ga* @-@:Scb 9d}6§ém£hﬂ?bgrﬁr§nt rpw&égﬂ
by a special | y "ae¥¥ggadae same "E'fﬁ ee@*”lﬂ X#ap 17 ﬁﬁﬁgﬂnmﬁg
whi ch t he pbesaenethyivepiotactones (9.6ad, IMmﬁlmdﬂapd@]—armm}mmplolacttins (OFGn ent
4,687,478, entid | Wﬁ Fl aps" which issued to
Kees J. Van Ti It l?re%imc')ﬁnzugus?@qgmq% ané(l %S Pat ent 4, 589, 876,
entitled "Sanitary Napkin" which i ssueEXAMgb Kees J. Van Til burg on My
20, 1986. It will be appPaipt3-hydrox nyaté-m-&hxdmgegmté)nvent i on

PHA of
Cher T i qurd. e vi ofSIEERIRERpURS RS hﬂ?@%&bgﬁ%gﬁs@' ”*&“?a%%f?ﬁgr and
it will bel@nddpiewing thesapiermeedurs/anin Bxamplest, wih the pregptiqnthat

specific sanit cmethymnhpaalamﬁe BI63], 110 ramo)t antt[s;r&butylp@pim“ﬂones(m4 ary

ond an_absor benr® FEe3re usdR R B Mot REEC ARt S, and (he ¢ opsheet - The.
backsheet conprises a PHA of the presemXAMPBE®X on. The topsheet may
conprise any of the topshegividly \ethfe-8b odthRoatespect to
di apers. TBS adhesi ‘Boly(Efydroxyvaldrate-co-3-hydroxyactanoate) is prepared by
foltowing the same procedure as in Example 1, with the exceptlon that [S]-3-
ethylproplolactone (9.50 g, 94.9 mmol) and [S]-3-pentylpropiolactone (0.71
g, 5.0 mmol) are used as the monomer charge.
EXAMPLE § -
25 Polv(3-hydroxybutyrate-co-3-hvdroxydecanoate)
Poly(3-hydroxybutyrate-co-3-hydroxydecanoate) is prepared by
following the same procedure described in Example 1, with the exception
that [S]-3-methylpropiclactone (8.50 ‘g, 110 mmol) and [S]-3-
heptylpropiolactone (0.99 g, 5.8 mmol) are used as the monomer charge.
30 : : EXAMPLE 6
Poly(3-hvdroxybutyrate-co-3-hydroxvdocosanoate)
Poly(3-hydroxybutyrate-co-3-hydroxydocosanoate) is prepared by
following the same procedure as in Example 1, with the exception that [S]-3-
methylpropidlactone (9.5 g, 110 mmol) and [S}-3-hexadecylpropiolactons
35 (1.96 g, 5.8 mmol) are used as the monomer charge.

yor



al so conprise a PHA of the present invention. The absorbent core may
conprise any of the absorbent core materials discussed with respect to

di apers, including a PHA of the present invention. Inportantly, the s
absorbent articles according to the present invention 15 are bi odegradable
and/ or tonpostable to a greater extent than conventional absorbent articles
whi ch enploy materials such as a pol yol efigy (e. g. , a polyethylene
backsheet. EXAMPLE 1 Pol v(3-hydroxvbutyrate-co-3-hydroxvoctanoate) 20

Pol y( 3- hydr oxybut yr at e- co- 3- hydr oxyoctamMpz_)E7 S prepared according to
t he general nethods deslsl _ ? bI procedure of

Hori et al. E '
Ni shi shita, NA%QM@J[ mwutwate-cw-hmoxwmdsmq@93)5) fpnepraned by
pol ymeri zat i onfalfowiag tHey s@ne HroosdureRRGh EXeMp)¥ 1, Rith fHecsk m@} n%ﬁat ]3-3

pentyl pr opi'D S*ffe‘f'“ﬁ%@‘@?hgoﬁesf%‘y Ry AR

argon purged, 8r%.8 gmelkanesedasthemongmer thargeni ti ator, 1, 34- chI or o-
1,1,3, 3- tetrabutyr di stannoxane preparegxgmrgjgng to R Ckawara and M
V\ada (J. ORGANO 963), 88 and dried overnight
30 In vacuo at 86fE FEROCIGNOMe )
solution. Via syri n8@IY(@'ngwbufyrawew-ﬁrhs{@omaﬁmm-coﬁ-(O 12 mol

Cont ot oHDe) | Dpdrengostahoate) s, pRibardd by Bfiowh ?"‘n%?asﬂﬁﬁ” teRSdife B ihy'?
in-an oil bat hEX%Bﬁ'i with thed %Eéé ﬁl’g E‘FRF%O@F &r%@e&tﬁ%@me
vi 3co|u|s ALt terl'mmii rekﬁ]+3-ethylpmp olﬁone he1tibeg, s TE4DVREnd), orahde [S){3-bat h
and al | oned to

pEMYIp rbHo‘Ié&Bﬁ%y oS egats% Famdi gﬁreSBéé&’aHth?o’?{U {rdcﬁaﬁgxt e

D

chl orof orm I s"recovered a hexane-‘et
col l ected by f| | tration, and dri ed vacuum The conononer
conposi ti & of M g npy) and

found, within expr d R %e &g%t ‘ ar ge rat I 0
(95: 5) Mol ec ar we tjhp F'JJQBDIty m ne 8 | Z&€ "excC usron chromatography
with chl orof or ‘HQ"Y )e'-‘prpagaareénByyollﬁwrnmﬁhgwweypmdyr%mnus
are used for cBkamphe # pwithBleMBkdeption that [S]-3-methylpropiolactone (9.50 g, 110.

Pol y(3- hydr oxygiiaff, 2! R1%Rp8nt B8 SMRERE .41 ¢ 2.9 mmol), and [S}3-

20 heptylpropiolactone (0.50 g, 2.9 mmol) are used as the monomer charge.

EXAMPLE 10
Polv(3-hydroxybutyrate-co-3-hydroxyvalerate-ca-
3-hydroxyoctanoate-co-3-hydroxydecanoate
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate-co-3-

25  hydroxyoctanoate-co-3-hydroxydecanoate) is prepared by following the
same procedure as in Example 1, with the exception that [S]-3-
methyipropiolactone (7.20 g, 83.6 mmol), [S]-3-ethylpropiolactone (1.14 g,
11.4 mmol), [S}-3-pentylpropiolactone (0.36 g, 2.5 mmol), and [S}-3-
heptylpropiolactone (0.43 g, 2.5 mmol) are used as the monomer charge.

30 EXAMPLE 11

' . Compostable Single Laver Film

Poly(3-hydroxybutyrate-¢o-3-hydroxyoctanoate) (PHB-O) of
composition 5 mole% octanoate/ 85 mole% butyrate is introduced into a
single screw extruder (Rheomix Model 202) with screw diameter of 0.75

35 inch. A constant taper screw having 20:1 length to diameter ratic and a 3:1
compression ratio is employed. The temperature of both heating zones of
the extruder barre! is 25°C above the melt temperature of the PHB-O. The




Pol y( 3- hydr oxybut yr at e- co- 3- hydroxynonanoate) is prepared by follow ng the
sane procedure as in Exanple 1, with the exception that [S]-3- 10 .
met hyl propi ol actone (9.50 g, 110 nmol) and [ S] - 3- hexyl propi ol act one (0. 91
g, 5.8 mmol) are used as the nononer charge. EXAMPLE 3

Pol y( 3- hydr oxybut yr at e- co- 3- hydr oxyheot anoat e)

Pol y(3- hydr oxybut yr at e- co- 3- hydr oxyhept and@te) is prepared by 15 foll ow ng
the sanme procedure as in Exanple 1, with the exception that [§]-3-

met hy| pr opi ol ttawier i exuippead withetie ahwidiss Behuand ardigigepact 0108 i@h74 g,
5.8 mmol ) ar e THedidss MAnfEHRedRt 20°6" S5y témperature of the PHB-O.

Pol y( 3- hydr oxy.n%l er at & 0- 3- vdg?vao { ag}oﬁ?t e) 2 .

Pol y( 3-hydr oxyV4f EPBPYMES- 1SRG %W‘g‘&q gxieyder; and pugnadip the, dieat 18 ng
the sane procextheread afith®eximider.1 Thei sdrew rpreisciapti comstdrtat[3 rm. The

et hyl propi gl a . | de 3 r opi ol one .71
g, 5.0 n’m)lg) ar% ﬁ rg%r g% ftaﬁ%%rréﬁrgggﬁ %ﬁap%ebwﬁﬁg%EQSW J tQEé% r&P

Pol y( 3- hydr ox an Sysiem iﬁgﬁp&at@@;ﬁdg@@uows crystallization of the polymer

Pﬁl y(3- hydr oxbmfoyer take-op- 3Thedwidity df thasatfihs ha?mhpomirmgdq iagh Larid OYieng

t he sane proc : wi th the exception that

[ S] - 3- net hyl pﬁﬂﬁﬁﬁgg?géngB?go’g@a?@@ﬁm% and ([S]-3 heptyl propi ol act one
(0.99 g, 5.8 nml) are used as the moBEMMPERI2ge. 30

EXAMPLE 6180l y( 3- hydr oxvbut yr at@ampostaBleoSihais: 4

in®)
the’ Same procedur o Ak (T EEBLO MSEPER WEE By B B Toaulol Bebietn'®
met hyl pr opi ol ak@ftoneshapts i a Garyerfregs (Frad SSICaaverdned dengmenee Falisowd) 35
é 1|- 9?39,h 3} gx rﬂfﬁﬂ@‘(ﬁébo#@@ﬁ'e #selt ttgngéerem%r mg?g% on thé khedtMVBi&adjusted
pol y( - hydr oy BuPAdies. 808 8 SPBSIMIBREIC AR e thick.  Tne Sy arg, then
f ol I owi ng1Bhe idemiicgiiyocaniad doaoomtemperptuse by placingtthe rridshetaeentiarge
R RBP oy iyl S i itw e e
char ge. L 1_3
Compostable Multilaver Film
Sheets of PHB-O fiim may be prepared as in Example 11 of
20 compositions PHB-O (95:5) and PHB-O (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(viny! alcohol) (PVA). The films are placed in carver press
stacked in the following order PHB-0(95:5), PHB-0O(50:50), PVA, PHB-
25 O(50:50), PHB-O(95:5). The material is then pressed at a temperature 5°C
above the melt temperature of PHB-0(50:50), but still below the melting
temperature of the PHB-0(95:5). After compression at 2000 Ib for 30 min,
the pressure is released and the film is allowed to cool to room temperature.
EXAMPLE 14
30 Compostable Disposable Diaper
A disposable baby diaper according to this invention is prepared as
follows. The dimensions listed are for a diaper intended for use with a child
in the 6-10 kilogram size range. These dimensions can be madified
“proportionately for different size children, or for adult incontinence briefs,
35 according to standard practice.
1. Backsheet: 0.020 - 0.038 mm film consisting of a 92:8 poly(3-
hydroxybutyrate—co—hydrox_yoctanoate) copolymer (prepared as described in




EXAMPLE 8 Pol y(3-h droxybutyrate-co-3-h droxyval erate-co-3-h

dr oxyoct anoat e) Pol y(3-hydroxybutyrate-co-3-hydroxyval erat e-co-3- 10

hydr oxyoct anoate) is prepared by follow ng the sane procedure as in Exanpl
1, with the exception that [S]-3-nethyl propiolactone (7.20 g, 83.6 mnol),
[ S] - 3-ethyl propiol actone (1. 14 g, 11.4 mmol), and [S]- 3-

pentyl propi ol actone (0.71 g, 5.0 muol) are4%]|sed as the nononer charge.
EXAMPLE 9 15 Pol y3- hydr oxybut yr at e- co- 3-h dr oxyoct anoat e- co- 3-h

gr gxydegI anoat eExdrtaple( 8); widtosy top dﬁ?i}bﬁtt_@m 33 e ot m&g\a@-&f)bém sides

r oxydecano A e ol | owin same procedufe as In Exa

1?/ W t% t he e%’%ﬂ@ﬁ%tﬁ‘%ﬂﬁéfpga rﬂ&PBPﬂb#@?é‘é‘ﬂ-onep(g, 50 g, 110 m"ml),rrp

[ S] - 3- pent yl propi ol &ct orkopst@etl garded andolthermally baidet &@ple-length

hept yl pr opi ol : i FaTR ' n

EXAVPLE 10 Pol i Pﬁ’g‘é‘%ﬁ?éﬁfﬂﬁg- ;if“ﬁ"@ Y FfRrckyery Gitih &' @pdnd
o ST e iy

3- hydr oxyot a g%cgo% sm?es to a width—at-:_:enter of 28.5
Pol y( 3- hydr oxydso; iengthe S6&2 emhydr oxyval er at e- co- 3- 25 _ _
hydr oxyoct anoat e- 3.3 Al eMTRnen Winiirides 4 60sackiRod: WbaU bl BHE £8™

procedure as in?Efxa le 1, Wll&_h t he e_ceBtlpn X

net hyl propi ol &t n@gg?’.?bﬁf‘tg,ge BOcMatesigl parjcles. {eapmereal polyacaviate from g,
11. 4 ol ), [ SNippopeBhgkybaipi &idanmotiick(| Caléndered. widthreit top and bdttord-28.6
hept yl pr oRigol a5hORGchS rd & BOM S8 Go Lo aRktAS RdPIPTE S &R et 3O

EXAMPLE 11 Conp gt ai)I e S ngl e Layer
Pol y( 3- hydr ox% W&t e- co- 3- hydr oxyoct anoat &) (PHB- O of conposition
mol €% oct anoat e/ 954.miladtid legybands:i fournhdividiuatubber atips (21pee sitie).cuwidth

constant taper 2L 100 R b K BT il B theorslnng Giendons

e

l e

5

conpr essi on r RBYIR therplayed statak  enperature of both heating zones of the

extruder H&rrel is Phédiapér BOprsddred iftdtandSrapRshion By Posithmimithé).cotée

Pnch e ai o T EBYetd Winfl B fodbnatt hind papfchel seB dfa’SY e b o

The copol yner is nefbe®lagtinbands édesignates: “innar" gadpcuters, corceshanding toe
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

20 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 flexible
topsheet/backsheet material between the inner elastic and the curved edge

25. 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 fength in the stretched state. The
topshest/backsheet assembly is flexible, and the glusd-down bands contract
to elasticize the sides of the diaper. '

30 - EXAMPLE 15

Compostable Lightweight Pantiliner
A lightweight pantiliner suitable for use between menstrual periods
- comprises a pad (surface area 117 em?; SSK air felt 3.0 g) containing 1.0 g
of absorbent gelling material particles (commercial polyacrylate; Nippon

35 Shokubai); said pad being interposed betwsen a porous formed-film
topsheet according to U.S. Patent 4,463,045 and a backsheet which
comprises a 0.03 mm thickness 92:8 poly(3-hydroxybutyrate-co-



other end of the extruder. The screw rpmis kept constant at 30 rpm The 5
copolynmer is forced through the die and is collected on a take-up rol
col l ection system (Postex) at a rate that allows crystallization of the =
pol ynmer before take-up. The width of these filns are nomnally 4 inch and
the thickness are approximately 0.002 i nch. EXAMPLE 12 .10

Conpostabl e Sindle Layer FilmFilnms of PHB4@ (95:5) are made by nelting the
mat eri al between Teflon sheets in a Carver Press (Fred S. Carver Inc.,
Menomonee Fal | $iydwsyostarkaite) comiginey 6ilshhas prégared M etssrdafce Wit S EWEMpRY
the sheets areq4adjusted to produce filns of approximately 0.25 nmthick.
The filnms are then 15 identically cooled to roomtenperature by placing
the mol ds between large (5 kg) al uni nufXAMRIE 18nd all owing the filns to
cool to room tenperature. EXAVMPLEompostime Samithey NHbkih! ayer Fil m Sheets of

PHB-Q fil m gay be pr 1 [ 0 onpositians, PHB-0
(95:6) and PHB-O (56‘:‘: %%ﬁq?ﬁ%éﬁgﬁégn@ FRR/ R &é%ggg%{ BRRKID RRVIRY o) rer
e st e (i oW A A o
rate, or a pol emddren deskanple S (saiate sRba't? GH2e8 PUSK Wit per

al cohol) (PVA) el ace r press sfacked 1 n the

fol | owi ng orde;(h%:%-s %gfgié B%Ee%( ébgﬁé&&' ?ﬁiﬁgfg' UGWRESHR, SHEBY7. The
PHB- 0( 95: 5). Thackshesti and itepsheet patesialsl age the tsameeaatdeseribgdrin] Exarhplee
“the nelt te¢ppergture of PHB-0(50:50), but still below the nelting
tenperature of the PHB-0(95:5). After &%m n at 2000 Ib for 30 mn,

the pressure is released and the film to cool to room
t enperature. EXAMPLE 14 30 Compostable DisposabteDidomsl € Di sposabl e Di aper -

o i sposap e baby dihatdiaBeref Exatipld14 '8 modedy AIbIACnG HRPBLALHES with
foll ows. The di rsﬁn%lsﬁns Ilst.eg alrog §r2$ g@Bsr I'nt ende Qr use Wt

child in the 621 gt SAnsisyRg of 2,8.02610.2. 038 am ess film comprising @
proportiont@el P2f&r didly(@rhydroxymeyrateioirydroryddcancats)! t copuhrhenendim

]lc)!‘l efs, 36 ac bP&%%Qo@%@PQ%% E&gﬁ@lga 1. Backsheet: 0.020 - 0.038 mm
Il mconsisting of a : 8 poly(3- hydrox t yrat e- co- hydr oxyoct anoat e)
copol yner (prepared as described in E&&MPLEH _

LCompostable Shest
The film preparation procedure of Example 11 is modified by

20 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 accomplished by
inserting the sheet emerging from the extruder between two counter-rotating
cylinders. The sheet is drawn from the extruder in this manner and cut in
lengths of 32 cm. Sheets of approximately 13 cm wide and 0.18 cm thick

25 are obtained. | : '

EXAMPLE 19

Compostable Fiber
PHB-O of composition 5 mole% octanoate/ 95 mole% butyrate is
introduced into a single screw extruder (Rheomix Model 202) with screw
30 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-O. The extruder is equipped with a nozzle die
containing 5 orifices of diameter 500 mm. The die is maintained at 20°C
35 above the melt temperature of the PHB-O. The polymer is melted within the
-~ extruder and pumped to the die at the other end of the extruder. The screw
rm is kept constant at 30 rpm. The polymer Is forced through the die and



Example 1); width at top and bottom 33 cm notched inwardly on both sides
to a wdth-at-center of 28.5 cm length 50.2 cm 2. Topsheet: carded and
thermal |y bonded stapl e-1ength pol ypropyl ene fibers (Hercules type 151 *
pol ypropyl ene); -width at top and 5 bottom 33 cm notched inwardly on both
sides to a wdth-at-center of 28.5 cm lerigth 50.2 cm 3. Absorbent core:
conprises 28.6 g of cellulose wood pulp angg4.9 g of absorbent gelling
material particles (conmercial polyacrylate from N ppon Shokubai); 8.4 mm

f) hit ﬁk, | gal etndeﬂ‘EdmeMedtt' bxﬁbdf@ﬁitﬁ?ﬁ &rel 128 afroégﬁga ﬁmgm%%g@%E:r trgir?/ at
(0] sitdes 1o - - r . Cc en . Cc . I'c I e
bands: four i-n f‘%gl'ﬂ_u%l %%ngér;%?'fitﬂép(téep‘g%’y@eagﬁt?erw ﬁpﬁgg%ef’?aﬁﬁﬁl?’ﬁldf’h °
370 mm t hi ckndRrogimateivienedifth ofidhe sliameterpfdinecorificass(daei10§ inm)t hThe
rel axed stat e)fibér are collecldtfofliEadbbard MR Hidd %ir?dlﬁi%hdqffﬁ@ﬂl%ﬁé

ﬁ t on the bac eet

i tioning th . | dwth the t
e ol oing® PSRl b sdverdlesh i sfhih Wis: et Janatslever 50%) are in

cor r espondi ng the rengeiidd tedsmmst to, and farthest from the core,
respectively) are stretched to ca. 50. gﬂz ositioned between the

t opsheet/ backsheet al ong each 20 _| ongi ql al, sjpde (2 bands per side) of
the core. The inner bands along e ®oned ca. 55 mmfromthe
narrowest width of PHB-Od¥e ghefasampositionih mbke% wotanceiegko indleth Ieltgsite C

bank) . Thi I &Pl i 0 :Sj ' .

compt | 51 g X het] S Be Lo ?EE&?@Q‘%%%%‘? B Eaibis bE R esihHiidzide
elastic and t HESHIYE§INpyhe enixing ¢ %mS’GF of ariRhaamix typa R0 melt Hlaner down
al ong their | eaguipped witte reliercbldded, sThieemixihg chamberbiensiseratife 19 Hddteaed

1 fr [ I LT i n
tC ﬁé s? r (rantﬁn c hegrasééa‘(tée .tﬁe}ﬁg‘%‘“g{%ng A 2 rghgtttﬁgggs*g'mn%@; ?é"%ﬁ 2§+ b?%frgghgo@ he
gl ued- down barfGEIRESRLFe of "l‘% wWsgiagent (158° G dftergnixing:foni19sinutepat 80
EXAIVPIB:E 1f55rCOﬂ'pmstﬂdd eopolynere nikturddst toligetsd And wﬂ&fwisfﬁﬁed)a?]gé |Heéa§§% .
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. mperature 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-O
(about 80°C). The copolymer is left in this oven for 6 hours.

25 EXAMPLE 21
Compostable Flexible Foam

The procedure of. Examplé 20 is used with the following
modifications: 40 g of Poly(3-hydroxybutyrate-co-3-hydroxyoctanoate) of
composition 60 mole% octanoate/ 40 mole% butyrate (PHB-O (40:60)) is

30 used in place of PHB-O (95:5). | | |
EXAMPLE 22
Compostable Molded Article .
lnjectiqn molded articles are obtained by using a Mini Max Molder
model CS-183 (Custom Scientific Instruments, Whippeny, N.J.). The
35 temperature of the rotor and strator cup is held constant at 20°C above the
melt temperature of the polyhydroxyalkanoate used. About 0.5 grams of
PHB-O (95:5) is charged to the stator cup and aliowed to melt for 3 minutes.



. 44 hydroxyoct anoate) copolyner film as prepared in accordance with

Exanpl e 1. EXAMPLE 16 Conpostable S anitary Napkin 5 A cat aneni al
product in the formof a sanitary napkin having two flaps extendi ng outward
fromits absorbent core is prepared using a pad in the nmanner of Exanple 15
(surface area 117 cnferr]; 8.5 g SSK air felt), per the design of U.S.
Patent 4,687,478, Van Tillburg, August 18,4¢987. The backsheet and topsheet
materials are the sane as described in Exanple 10 15. EXAVPLE 17

Conpost abl e Di The saditen ébpﬂ eT"@réHuQWl‘mQéd Eyaamsr@ éAd'téwaﬁ fmeeﬂotev Y tip

hckneod 11 oS REECI A M hbiPgSATRr loct SR T8 sBiaya B a fight cRating of "™

pol y(3- hydr oxylmlCilﬁféiP@n% mlﬂ@de@gpﬂéciheemebd lsmipmwoarthefmdalms(qppeuavlwélas
greggghgrecei in Edﬁﬂﬁé' mrﬁ)Ma;EW&’é:Eaﬁé tﬁ@m%@labﬁn%ﬁetu J‘e'B@g ihtdTrR ﬁ%% ion
extruder witth ﬁg@)rb?f gf‘% f%*PnD‘m chﬁ@sggﬁé “‘\7%0'% %ﬁv@ﬁgewsa@ﬁe%
cm Take-up afpiereeXd.03dncm thickadcimebl Iombe(ﬂ) 1)815 nmsfemtldegattthe mitkité ofrthegi ng

from the -extrugigke GG réﬂogti ;&Ef&%
dr awn fromtheﬂeé&grugﬁ{;?gsﬁl\gaﬁaqéﬁéﬁ an cﬂtﬂeﬁ engt artyﬁ cmblésﬁ)eets
a

of appr oxi matel nd 0.18 cmthick 25 are obt ai ned EXAMPLE 19
Conpost abl e Fi ber PHB- O of conpositi o EXAMPLES2BCt anoat e/ 95 nol e% butyrate

is introduged into a si ngl e scrgghg&{ﬁ %W%Wel 202) W th screw
30 diameter of 0.7 0:1 length to
di aneter ratio and Oii!'(ihlg‘?ﬁ??/ Whiraie-eend-RyqroxosiaggRie) The(méﬁ‘[@r at ur® of

both heati ng zeomaposifionH2 reclefi detarite£ D8 mo@!{eebmty&tebneviﬁtrbhec@@hﬁto a
contat n v o g, SRR el e gee P WLl o1
35 above the igmeter 8hcP.46uinchor Ancomstentotapmeie SﬁEﬁVyn'%ﬁV"ﬂQ 201t lemgth ttai n
t he 15  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-O. 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-O. The polymer is melted within the
20 extruder and pumped to the die at the other end of the extruder. The screw
rpm is kept constant at 30 rpm. The polymer is forced through the die and
the melted extruded fibers are tead through a region where a rapid air
stream is applied such that the polymer fibers elongates and thins to
approximately one fifth of the diameter of the orifices (ca. 100 - mm). The
25 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
fength. Most fiber lengths (over 50%) are in the range of 0.5 to 6 inches,
30 The mat is then transferred to a Carver Press (Fred S. Carver Inc.,
Menomonee Falls, WI) and pressed at a 1000 Ib force for 10 minutes at
temperature 5°C below the melting temperature of the PHB-O. The
resulting nonwoven sheet is removed from the press.
: : EXAMPLE 24
35 Compostable Elastomer
Films of PHB-O (70:30) are made by melting the material betwean
- Teflon sheets ina at 20°C above the melt temperature. Pressure on the



extruder and punped to the die at the other end of the extruder. The screw
rpomis kept constant at 30 rpm The polyner is forced through the die and
45 the nmelted extruded fibers are | ead through a region where a rapid ai#f
streamis applied such that the polyner fibers elongates and thins to
approximately one fifth of the dianeter of the orifices (ca. 100 nm. The
fibers are collected on a cardboard mat. i de di stribution of fiber

|l engths 5 are obtained up several cmin length. Mst fiber |engths (over

509 In th : : t iR O

PO (40 g) ofteaiEs dtusted 1o produycetints Wadgrogha oo B INIGR, s IRAST)
of a conmon bl &R rergidantically cepled ptas reem; tBTBRBINHEH Yd PESINR 1BRe ged
toI It he lr)nI xijng thtwben |arged SRy @Umidun lt89 anel dlidwing dee fitmsitopod! o fltdm_m

rol I er bl ades. : e

tenperature oft i ?%m{)&utg ﬁ*e?g@vﬁ%hée'%%é@gé{ ?o%%%rrpera?ure .tﬁe&%I %‘Wﬁg
agent (158[ err stjps APrcn longiang T 6m wirey Theesirips a5e then plggad inan dBSERs) ner
mbxt ;Jr e i tshcgl lepiersalrtaeting mdchind gMods! 112023 CartbadMA )landare glengated atoal
about so tha 1 S | Y

copolynmer is tk%% %fﬁ@kh"ﬂggﬁé%% %‘%ﬁ&#&%?ﬁk%prg ﬁ@ﬁ%@%@%‘%ﬁ"y",ﬂ%&e|%30)
and heated to files rsheldrelangatedhiardwordaysgmntih crystallindy develops fumaer. The
terme{ ature ;mtsitr'ipé @ﬁcm%waagrdtns t?@gmmchnﬂvgﬁgﬁ é@?seqlﬁn% Dxidhsibh fih, thée
oven tenperature s n rais 0 nr | rature the

bl owi ngrrggent &%@?Eafegﬁaﬁﬁa‘é’dﬁoﬁwr ?ﬁ)‘g‘}i'ﬂ%ﬂ?'ﬁ&ﬁ? gﬁg\ﬁ&ﬁﬁs poi nt the

copol ymer foamis renoved fromthe oveEXAMPLE 25 aced into a second oven at

a tenperature of the maxinum cryst @dmpaaétadle Adhssivé t he PHB- O (about
EXANPLE 21 Gompost a1 4B (3pisTh el he e e b wall Silidsiv | he faliaying
with the foll owhagnerodAbouhlgafPHBA (50550) is placed between two poiymerofilms.
oot Shoat 5 g0 BAEHA BB BRAOTPIOCHS pol(aSEROSIU RN oy
(95:5). ExavPLEter Bhweidbhas gunalingAemrergture at least 10° igher than PHE-

O (50:50). The films/adhesive assembly is placed in a Carver Press (Fred
8. Carver Inc., Menomonee Falls, WI) and is then pressed at a temperature
5°C above the melt temperature of PHO:B (50:50). After compression at
2000 Ib force for 30 min, the pressure is released and the bonded film
assembly is allowed to cool to room temperature.

All publications mentioned hereinabove are hereby incorporated in
their entirety by reference, _

i 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,



I njection nolded articles are obtained by using a Mni Max Ml der nodel

CS- 183 (Custom Scientific Instrunments, Wi ppeny, N Wure
of the rotor and strator cup is held constant at 20[er l mﬂ‘“‘%{@
tenperature of the pol yhydroxyal kanoate used. About O. Bm

(95:5) is charged to the stator cup and allowed to nelt*fof F ni"nut'es.

46 The nolten copol ymer is radially m xed4By raising and | owering the rotor
tip five ti mes‘m E@be&] -shaped steel nold is sprayed with a |ight
coating of nol el ease agent. The nold is placed on the nold
support wheel bf t bk phistic aitizle ddmplisingentiiotigradable espobehgrpeliaractenizegdn tied
into the nold i to a
durbbel | shapeq. bﬁ’“%%%g‘g%ggfm‘&ﬁ@f EifHisch of el o IRRUOHG rebuliR shoniel 7 C
ni ddl e of the "}ﬁ'té ﬁrﬁmwwwamsmﬁeo@wd@tWéwwmed parts are
sui tabl e for nechanical testing. MPLE 23 10

Conpost abl e Nonwoven Fabric Pol y( 3t hyd xybutyra et co- 3- hydr oxyoct anoat e)
(PHB- O of conposition 2 nol e% % butyrate is
introduced into a single screw extfpuder ( eomx del 202, Paranus, NIJ)
with screw dianeter of 0.75 inch. constant taper- screw havi ng 20:1 length
to 15 di amet e¥hareiniRs &l or @) or Eorglkdsaidomis hior : the ssepndomaadomiphespeating

- tenperature ofmbainierimithadtheZtmetmr®f the extruder barrel is 25C above the
melt tenperature of the PHB-O The extruder is equirpped with a nozzle die
containing 5 orifices of dianeter P00 rRﬁ The dig 1s naintained at 20[err]C
above the nmelt tenperature of the PHB-A The pol ris melted within the
20 extruder and punped to the di GR—feHer _ of the extruder. The
screw rpmis kept constant at 30 rpm The polynmer |s forced through the die
and the nelted extrlj&hed fibers arekl ead through a f+egion where a rapid air
stream is applWhateis Rehistah@g-Q jrpealkyd loy ralienyl; bust whedetmafaleass 588 of Hienrendamly
appr oxi mat el y r@ﬁ&t‘izg nidnoRter Lilits BivaTRE &Fu&&retdﬁhé)ﬁx‘s{ l'zﬁﬁénﬁfx%peétﬁ% %3omefhe
25 fibers are collected on a cardboard mat. The I's nmoved 1N a fashion

so that a 10 ¢ 10 cmarea is covered umforrﬂy W|th fibers. Collection
of fibers on the mat continues, until there is approximately 0.5 cmthick

fiber mat. ge dnfetglge;g ee% cfgm Sﬁﬁ%%&%%d% &aﬁgﬁ@ﬂmﬂ il ?sv,?gﬁ.g

inches in Ieng e range of
6 i nches. sheet, fiber, foam, molde artlcle nonwovén fabric, elastomer. or adhesive,
preferably a film,

3. The plastic article of Claim 2, characterized in that R1 is a Cy or C5 alkyt and
nis 1.

4, The plastic article of Claim 2, characterized in that R1 is H and nis 2.

5. The plastic article of Claim 2, characterized in that the copolymer comprises
one or more additional randomly repeating monomer units having the structure
3
R

O—"é H—(C Hz)m—g

wherein R3 is H, or a C-C1g 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.



30 The mat i.s then transferred to a Carver Press (Fred S. Carver Inc.,
Menonmonee Falls, W) and pressed at a 1000 | b force for 10 m nutes at
tenperature 5[err]C below the nelting tenperature of the PHB- O The .
resul ti ng nonwoven sheet Is renoved fromthe press.

Conpost abl e El astoner .Filns of PHB-O (70:30) are made by

mat eri al between Tefl on sheets in a at 20[ g¢r] C above t @,w I .
Pressure on the 47 sheets is adjusted to produce fil ms*oc ap

0.5 mmthick. The filns are then |dent|cally cool ed to.room tenperature by
pl aci ng the nolgls b%ﬂ‘ﬁ%ﬁrﬂeﬂ{%cl@% um num pl ates and all ow ng the
films to cool ‘to roo terrpera ure. 1m; are aged for 2 days, then
subsequent |y cut mt”g] st ré lg Be‘EWPFEﬂPQ ed 1 cmwide. The strips are then
pl aced in an I nstrorm)uni weliqad xmwﬁbﬁgbmﬂaeﬂeor@ﬁnﬁ@ a biodagrad@isie icopolyhiy,

s | STl T 1SS SO i s

until crystallinity develt¥gsrandemlycrepeating sopemper H?‘ﬁ wherein the fighh) repdomly
instron and upon subseque&gpeatix; mbﬁi&rumhﬁaMEQﬂmahreretur ns to its former
(post Instron treatnent) | ength. IVPLE 25 Conpost-pbl e Adhesi ve PHB- O

(50:50) may be used as a hot-nelt dhesRVe in t heQf bl | om ng manner. About

1g of PHB-O (50:50) is placed bet @ﬂ;r"f | ms, such as pol y(vinyl
al cohol) (PVA), or pol y(3-hydroxyb tg)r B r any ot her PHA which has

a melting tenperature at |east 10[err] C higher thand PHB- O (50:50). The

films/adhesive assenbly 'sﬁh&&ﬂ%u id ?Laorcé \b“rrC RSE 4dd RGs I o2k (RS séddnd

Menononee Falls, W) and %gg r essed t(:é@g{\atur‘_%trS[err]'C above the

“melt tenperature of PHO E§“{‘ “5&\?5@6’“8'8%9'8 §0 Ib force for

30 min, the pressure is rel eased an 2onded filq assenbly is allowed to

cool to roomtenperature. Al publi ati 3?15 ment i gnefl herei nabove are hereby

incorporated in their entirety by @-r-emq-e?cn%—i derstood that the '
or i

exanpl es and enbodi nents described.herein are | ustrati ve purposes
only and that various nodificationstor changes in IJght thereof will be

suggested to one skilled yherbi®RPisly @€ 3 eyl Or alkenyl; and wherein at least 50% of
the randomly repeating monomer units have the structure of the first
randomly repeating monomer unit; and
c) an absorbent core positioned between the topsheet and the backsheet.

7. The absorbent asticle of Claim 6 characterized in that the biodegradable
copolymer comprises one or more additional randomly repeating monomer units
having the structure
il R
O—CH—(CHz2)m—C

wherein R3 is H, or 2 C{.Cj¢ 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 dxaper, sanitary napkin, or
pantiliner,



be included in the spirit and purview of this application and scope of the
appended cl ai ms. 48 What is Cained is: 1. A plas

conprising a bi odegradabl e copol ynmer, characterized in "m‘a"m

bi odegr adabl e copol yner conprises at | east two randonl yl mu”m,r‘ m
units wherein the first randonly repeating nmonomer unit has the 8trecture
[err] wherein Rlerr] is H or Cerr] or (J&r] alkyl; and nis 1 or 2; the
second- randonly repedting monomer unit has the structure [err] wherein
Rlerr] is a (Jerr]-Cerr] alkyl or alkenyl; and wherein at |east 50% of the
random y repeatg, ng moamarbeﬁw aﬁctaaafectahﬁ ‘ﬁtchk\ﬁ&déhﬂed)fn tHae thd u.aa:drﬁadiMy

repeating mono article of (O aim ract |zed
in that the pl ??Shg& PP}?P&F% sa a 'f’&f Ja’bf‘?eé"t" oW Sn, WhEEl, tﬁﬁ)l g‘é’ %rrafi?
nonwoven fabri @opelmsxt oPmprises rat delist b gandomdy ecpedtingg mdnomer wdits whettie the
plastic articl %rﬁfraﬁﬂlﬂﬁ)eam% idriuhRthat thelsh@buR €rr] is a (ferr] or
Cerr] alkyl and nis he pl astic articleqof Caim2,
characterized in that Rlerr] is H gnd rR1s 2. 5. 0| The plastlc article of
Claim 2, characterized in that the cop(érﬁ/rrer conpllijses one or nore
addi ti onal randomy repeating nono T he structure [err]
wherei-n Rlerr] is H or a (err]-Clerr] alkyl or aljkenyl; and mis 1 or

Same a5 the 11 raEaRIoed J’Q{}e‘w SR T A T s e“‘s‘Z*%on"S"‘P‘*%%é“nﬁ%

repeating monorf@ANOHIEF fnit has SB"-“"‘“W An absorbent article conprising: a)

a liquid pervious topsheet; a liquid |nperV|ous backsheet conpri sing
a bi odegradabl e copol yner, charact r|ze |n that e bi odegradabl e

copol ymer conprises at least two r nononer units wherein

the first randomy

wherein R2 is.a C4-Cyg alkyl or alkenyl; and wherein at least 50% of the randomly
repeating monomer units have the structure of the first randomly repeating monomer.
unit. |

9. The absorbent article of Claim 6, wherein the absorbent article additionally
comprises one or more elastic members disposed adjacent to the periphery of the
diaper, characterized in that the elastic member comprises a biodegradable
copolymer, wherein the biodegradable copolymer comprises at least two randomly
repeating monomer units wherein the first monomer unit has the structure

3 ?
O-CH—(CHp)-C

wherein Rl is H, or Cj or C2 alkyl, and n is 1 or 2; the second randomly repeating
monomer unit has the structure '
2
R ?

| |
0—CH—CH—C

‘wherein R? is a C4-C1g alkyl or alkenyl; and wherein at least 50% of the randomly
repeating monomer units have the structure of the first randomly repeating monomer
unit.



repeating nononer unit has the structure [err] wherein err
Cerr] or (Jerr] alkyl, and nis 1 or 2; the second ran% "m

nononer unit has the structure [err] wherein Rerr] is ﬂmﬂgmm”"l
al kyl or al kenyl; and wherein at |east 50% of the randorriy rep&at Fngs
nononer units have the structure of the first randomy repeating nononer
unit; and c) - an absorbent core position between the topsheet and the
backsheet. 7. The absorbent article of aim6 characterized in that the

bi odegr adabl e q@pol yAESiodra: abeeéom@néer camﬁrex@dat tida3h alvor ?dﬁd@ﬁilw réﬁl@ﬁﬁé' ng

nmononer units havin the S

Clerr]-Cerr] aﬁ‘?&ﬂ (NS ﬁ e“?ﬁdkﬁ{‘?tsth%ﬁ‘ "E“d" ¥ r?d?@?‘%ﬁ H‘(’PHE’eéHBﬁtthaﬁ)nal
randonl y r epeatthestrunarener unl ts are not the sane as the first randonmy
repeati ng nononer unit or the seco ranﬂorﬂy repedti ng nononer unit,
preferably the absorbent article i e formdD la di sposabl e di aper,
sanitary napkin, or pantiliner. % ‘[_r slorbent article of Claim
7, characterized in that the |iqui % L‘g zg'b t conprises a

bi odegr adabl e copol yner, wherein t blodegradable opol ynmer conprises at

| east two rando.iaﬁefenﬁqdeﬁtm,r& OPBOTYraliyl) 4nd RElr & 2, thb gedond Yanddanlg adpsating
repeati ng nono nﬂﬁ%{h%ea@(gé&cture [err] wherein Rerr] is H or

Cerr] or C[err 2; t he second randomy repeating
nononer unit hasthe structure[err in Rerglais.a (Jerr]-Cerr]

al kyl or al kenyl; and wherein at |e st % of thés ndom y repeating
nonomer units have the structure off+Qe-CH+CHs y repeating nonomner
unit. 9. The absorbent article of Claim®6, where}jn the absorbent article
additionally conprises one or nore klastic nenbers di sposed adj acent to the

pe[)l pgery gf bIt hehe}eta{mfenm KR CralS &@Pn ish, R¥%Gb 21049 - €12kt ofRikesyl; wheRi ses

a bi odegr adabl g po t I at

| east two randd eg %’H"Wﬁ% (ﬂhﬁ’l?gﬁ&ﬁ ’?“3%’5‘&? aﬁﬁ%g}(rﬂi ‘swgg& hﬁ?f

has the struct LaF C4-Cyo alkyl or alkenyl; and wherein at least 50% of the randomly
repeating monomer units have the structure of the first randomly repeating monomer
unit, :

11. A biodegradable copolymer comprising at least three randomly repeating
monomer units characterized in that the first randomly repeating monomer unit has
the structure
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O-CH—(CH)n—C

wherein Rl is H, or Cq or Cg alkyl, and n is 1 or 2; the second randomly repeating
monomer unit has the structure
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~-0—CH—CH,—C

wherein RZ is a C4-C19 alkyl or alkenyl the third randomly repeatmg monomer unit
has the structure
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[err] wherein Rlerr] is Hor (JQerr] or (Jerr] alkyl, and nis 1 or 2; the
second randomy repeating nononer unit has the structure [err] wherein
Rlerr] is a (Jerr]-Cerr] alkyl or alkenyl; and wherein at |east 50% of the
random y repeating nononer units have the structure of the first randomy
repeati ng nononer unit. 10. A bi odegr adabl e copol ynmer conpri sing at

| east two randonly repeating nmononer unitsggharacterized in that the first
random y repeating rmnorrer unit has the structure [err] wherein Rerr] is
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al kyl or aI kenyl ; ?. wherein, | eas % he randomry repeati ng
nononmer units 1{5?/%‘ P OPPSE P e of the first randomy repeating nononer
unit. 11. A bi odegr adabl e copol yrer conprising at | east three randomy
repeating nMoNONEY UMk big sﬁ&a&sﬁ&ah@ﬂﬂtit@oﬁnhﬁ&s&ﬁ@ﬁﬁﬂé fo%@i’ﬁ -4 epeating
mononer unit has the structure [err] wherein Rerr| 1Is l‘-ll err] or
Cerr] alkyl, and nis 1 or 2; the second randomy repeati ng nonomer unit
has the structuBe [ ehshrinkhwray charcterizéd inshat iCjamprisefherfilh of kfty bf Clairad Rany| ;
the third randomy repeating nononmer unit has the structure [err] 52
wherein Rlerr] is H or a (Jerr]-(err] alkyl or alkenyl; and mis 1 or 2;
wherein at |east 50% of the randomly repeating nonomer units have the
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repeati ng nononer unit; and wherein the third randomy repeating nononer
unit is not the sane as the first randomy repeating nononmer unit or the

second randonly repeati ng nononer unit. 12. A bag characterized i nms.f_
it conprises the filmof any of dains 2-4. 13. A shrink-w ap ' _
characterized in that it conprises the filmof any of Cains 2-4.

BIODEGRADABLE COPOLYMERS ANﬁ PLASTIC ARTICLES
COMPRISING BIODEGRADABLE COPOLYMERS

ABSTRACT

The present invention relates to biodagradéble PHA copolymers
comprising at least two randomly repeating monomer units. The present
invention further relates to a plastic article comprising a biodegradable
copolymer, wherein the biodegradable copolymer comprises at least two
randomly repeating monomer units (RRMU) wherein the first RRMU has the

structure
R el
O—-CH—(CHy)C

wherein R1 is H, or C1 or C2 alky], and n is 1 or 2; the second RRMU has

the structure
A
O—CH—CH,—C

wherein R2 is a C4-Cqg alkyl or alkenyl; and wherein at least 50% of the
RRMUs have the structure of the first RRMU. The present invention further
relates to an absorbent article comprising a liquid pervious fopsheet. a
liquid impervious backsheet comprising a film comprising a PHA of the
present invention and an absorbent core positioned between the topshest
and the backshest.



