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and algae. While polyhydroxyalkanoates have been of general interest because
of their biodegradable nature, their actual use as a plastic material has been
hampered by their thermal instability. For example, poly-3-hydroxybutyrate
(PHB) is a natural energy-storage product of bacteria and algae, and is present
in discrete granules within the cell cytoplasm. However, unlike other biologically
synthesized polymers such as proteins and polysaccharides, PHB is
thermoplastic having a high degree of crystallinity and a well-defined melt
temperature of about 180°C. Unfortunately, PHB becomes unstable and
degrades at elevated temperatures near its melt temperature. Due to this
thermal instability, commercial applications of PHB have been extremely limited.
As a result, investigators have studied other polyhydroxyalkanoates such
as poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), in the hopes of
discovering a polyhydroxyalkanoate having sufficient thermal stability and other
suitable chemical and physical properties for use in practical applications.
Unfortunately, polyhydroxyalkanoates such as PHB and PHBV are difficult to
process into films suitable for backsheet applications. As previously discussed,
the thermal instabilty of PHB makes such processing nearly impossible.
Furthermore, the slow crystallization rates and flow properties of PHB and PHBV
make film processing difficult. Examples of PHB homopolymer and PHBV
copolymers are described in U.S. Patent 4,393,167, Holmes et al., issued July
12, 1983, and U.S. Patent 4,880,592, issued November 14, 1989. PHBV
copolymers are commercially available from Imperial Chemical Industries under
the tradename BIOPOL. PHBYV copolymers are currently produced with valerate
contents ranging from about 5 to about 24 mol%. Increasing valerate content
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"plastic article"” means a copol yner processed into a film sheet) fiber,
foam nolded article, nonwoven fabric, elastonmer or adhesive. WO 00l 37120
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nore preferably from about 90% tjo ab t 99.5% m)r preferably still from
about 95%to about 99.5% When f t he pres invention is processed
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and wherein at least 50% of the random repeating monomer units have the
structure of the first monomer unit. Such plastic articles include films, sheets,
fibers, foams, molded articles, nonwoven fabrics, elastomers, and adhesives.

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

DETAILED DESCRIPTION

The present invention answers the need for a biodegradable copolymer
which is capable of being easily processed into a plastic article. The present
invention further answers the need for disposable plastic articles with increased
biodegradability and/or compostabiiity.

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




1 03 UN 2003 PCT/US99129481 In one enbodi nent of the present invention,
"RLis a Cl alkyl and nis 1, thereby formng the nononeric repeht/Utinil

3~ hydr oxybMQ 80 | n anot her enbodi ment of the present invefGTa/E9RMSEs a
C2 alkyl and nis 1, thereby form ng the nononeric repeat unit

3-hydroxyval erate. In another enbodi nent gf the present invention, Rl is H
and nis 2, thereby form ng the nononeric repeat unit 4-hydroxybutyrate. In
anot her enbodi nent of the present invention, RLis Hand n is 1, thereby

form ng the nonoReric repeat. unj - hvdr @Xypropi gnat e. .1 n anot her

enbodi nent, the ggpéisfﬁeﬁlqﬂg'gf uléqrﬁpﬁ'%ggpr ?tﬁ\?inpmﬁ{ s i aed gtheror
more additi mgrédigmsUsvHictviday rndieafectutherenddedult tanh€ BddedHz This Germ
wherein R3 | " . , o ol . C1l1 ) C12
Cl3 Cl4 0151‘3@‘1@"’%57@%% tgﬁél%)i%{%?ﬁ ggraﬁa;?kceoﬁyﬁ's;t@ﬁ%ﬁ“%ﬁgr 2: and
wherein the addi fpas@d iremeins "alel"moeans@ saliveated earbonicantaiRitichaintvaich
second RRWMU | | N . i 0,
11, 12, 13, mﬁﬁgfﬁ%yoigﬂ%n%gigigf@gggg@%cfgﬁgﬁ? f é’?,@_ﬁ’%y g&ﬁf@?@sﬁ'&ée&'
preferred enbodi ABMSESHETRIn, pRlk8RNT MeRR B GRbomgandaiging chaip whigh may bes)
Cy, ICE) Clg iehoufdStu rﬁé&(i.@l%n&?&bb@l&onﬁlﬁz the Ghai]@l}Zdhr @@hn@étg@l@d%i.{é){'
or al kenyl ; i s eferre odj Q e, present inyention,
R s o C1 STRST G dov® BorRlscr il PaBin gt SREL o RiaBRnBar BR aunififed
3- hydr oxybufmone-eor poly-Qootinsubstitbtedi. nent of the present invention, R3 is a
C2 alkyl and mis 1, thereby form ng the nononeric repeat unit

3- hydr oxyval er at8s usedaher¢ior "Bhifodmeams af polybydrayaitanoate mfi the, pR&ent H
and mis 2,;{BgfigPy formng the nononeric repeat unit 4-hydroxybutyrate. In
nme

mB .

anot her enbodinent of the present invention) R3is Hand mis 1, thereby

form ng the nono leAl At vpinpt AHL0iHRX B;p,qé raf I
bi odegr adabl e Pl—ﬁsgugfedtr%zgﬁf e?glr?t nia:?went [ o%&@ggg I SI 'ﬁ%m?v(\g’ Wﬁg@
first RRMJ havi ngs UsedHergigl tPEBV" Indars the\c@SOFmép ful B IRvdtokibUR}ratd-tb- O

o+ (GR) MB-%ydroxyvalerate).

As used herein, "PHBMV" means the copolymer poly(3-hydroxybutyrate-
co-3-hydroxy-4-methylvalerate).

As used herein, "biodegradable" means the ability of a compound to
ultimately be degraded completely into CO2 and water or biomass by
microorganisms and/or natural environmental factors.

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

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

composting facility.



~PCT/l‘JS99/29481 wherein RLis H or Cl or C alkyl, and nis 1 ﬁr Lﬁl; @Fd a
second RRMU having the structure CH3 CHCH3 O O CH CH2- Cvx/rﬂe el 5 | east

50% of thewRRIN3Z120ave the structure of the first RRMJ. Pref erablugss/rpasel

bi odegr adabl e PHAs of the present invention conprising three RRMJs, have a
first RRMJ having the structure R~ O Il 07 CH (CH2)~- Cwherein RLis H,
or ClL or C2 alkyl or alkenyl, and nis 1 or 2; a second RRMJ havi ng the
structure CH3 CH CH3 O OCH CH2- C and a third RRMJ having the structure

o o0 S PRRBLEL TS b Pl P T cnd oo il

and mis 1 meafs thaericiundergdemasl fG@Yoatl debeaddRdAsiMane dompstingC procesef

e st R St Behd 8k Bt S BNt Ol 26l B el

unit. 1 Oplidde @DOR SINPOSIEL PEocessPCAS a 388Ul dthelp@ymieh dit switifbe present

Bi odegr adabl e AR rather than a sheet. In the final phase of the composting process, the
finished compost will be subjected to a screening step. Typically, the polymer
shreds will not pass through the screens if they have retained the size they had
immediately after the shredding step. The compostable materials of the present
invention will have lost enough of their integrity during the composting process to
allow partially degraded shreds to pass through the screens. However, it is
conceivable that a composting facility might subject the solid waste stream to a
very rigorous shredding and a rather coarse screening, in which case
nondegradable polymers like polyethylene would meet requirement (2).
Therefore, meeting requirement (2) is not enough for a material to be
compostable within the present definition.

What distinguishes the compostable material as defined herein from
material like polyethylene is requirement (3), that the material ultimately
biodegrade in the soil. This biodegradability requirement is not essential to the
composting process or the use of composting soil. Solid waste and the compost
resulting therefrom may contain all kinds of nonbiodegradable materials, for
example, sand. However, to avoid a build up of man-made materials in the soll,
it is required herein that such materials be fully biodegradable. By the same
token, it is not at all necessary that this biodegradation be fast. As long as the
material itself and intermediate decomposition products are not toxic or
otherwise harmful to the soil or crops, it is fully acceptable that their
biodegradation takes several months or even years, since this requirement is
present only to avoid an accumulation of man-made materials in the soil.

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

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

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



.The bi odegradabl e PHAs of the present invention can be synthesized by
synthetic chemi cal or biological based nethods. A chemical apbfoith 2003

i nvol ves t heardorsgi2openi ng pol yneri zation of (i-lactone nMONONEPESTAS99/29481
descri bed bel ow. The catalysts or initiators used can be a variety of
materials such as al um noxanes, distannoxages, or al koxy-zinc and

al koxy-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 ); G oss,

R A, Y. Zhang) onr ad, d RW Lenz) M ECULES, Vol . 21, pp...
2657- 2668 (1988) GP H?r?&i"gfgf P.f?c%.s'@af’z&?a‘%'?%?tB@ncPrﬁ.Se"ﬁegmygﬂtéqn
Spassky, POLYMER, Nl o 3 B 2310 2310 (1950): Tanahach N Fand "y, By
passky, , - ; Tanahashi, N., an : i,
I\/ACROVD_ECULégiﬁ\J/&\é%@f,&55a8%32-5733 (1991 ): Hori, Y., M Suzuki, Y.
Takahashi, A. Ymaguchi, and T. N shishita, MACROMOLECULES) Vol . 26) pp.
4388-4.390 (1993); and Kemitzer,-J.E., S.P. MCarthy, and R A G oss,
MACROVOLECULES, Vol . 26, pp. 122%-122%1(1993)). T roduction of isotactic
pol ymer can be acconplished by p Iyne, zation of nanti omerically pure

nononmer and a non-racem zing initi torC Wi ith etention or inversion
Qr_, 5 b §nrm Tgation of racenic

of configuration of the stereocent
eferentially polyrerizes one enanti oner.

nonomer with an initiator which
For exanpl e:whfih ROisA, GFE Qaﬁﬁ?_ 1Qahd InlisQ or @ i sbE8nd R -
C CH3 cH CH3 O3 Random'Copo1I yme qlgﬁé'lw The natural l'y derived F@F—qu#éosfﬂ%e
present invetfY@H&re isotactic and have the R absol ute configuration at
the stereocenters in the polymer ackbeglg. Al ternatj vely, isotactic
polymers may be nmade where the copfigu ion of thel stereocenters is
predom nantly S. Both isotactic teri hs wil | have the sanme physi cal
properties and nost of the sane chemc Tdaldsi viQiles except when a
stereospecific reagent, such as a @nz&%, oéé i ndbllved. Atactic pol yners,
polymers wi th random i ncorporatiop of RENC 2f‘5Té?_ centers, can be
produced fromracem ¢ nononmers and pol ynmerization Thitiators or catalysts

L Ao e B heongaadnsner OpRGATTI M) ol LU 0 oo
oL SR 1 AL VM LGRS, e

cat al ysts) (atdeastaboutr60%lmdse podferably afdeshabbut 70%; Meoreqreférably.at least

Ni shi shita, ﬁ%;!g - (1993)). Alternatively,
i sotactic po%%@%h E rrgfggézbe'&%ﬁ% 8%@?3@%%6%@%bner s if the

pol yneri zati on calViiersa RHé eftherprasertdinveation v pyodessedristoeaditmi, sheet, @rer
the other. [ogesdshe ﬂ,%r{ Q@é@%{@ﬁ%%ﬁ?%@%%%beé@é@é% Bf ﬁwé’ﬁR’iAUs have

st er eo- honopol yners, S ck copolyners, or a mxture o

st er eo- bl ocRhecHBIGHHER Of dhe ﬁéﬁté?ém%Hﬁﬁb%’r@rwef?@b'ﬁérﬁf’cﬁhﬁ%ﬂﬁ%e‘@ ahout
Borgne, A aob,Nmopeaseferably.still FidaY BBt 85%. todboup B8 %2 FhdstitblerabR8h% to
Tanahashi ) N'b @%%zg Doi , CROMOLECULES, Vol . 24, pp. 5732-5733 (1991 );
and Benvenut3®° Ad R W Lenz, J. POLYM Sci.: PART A: POLYM CHEM) Vol.
29, pp. 793-805 (Weeh p)PHRwmfehe présettangentioncistmrbyedsedaindéo nmovmal diber atuce

Gt o7 cocent e BSp RIS (e f FURGTRCor ABWHTRIGTY) Brelira RO bl BpSuf®die o

S. P. M Cart labaadt BR586 o thesfirsiREROMSLIEDE HEe sticturesof the fitst RRMIX:9more

1993 whi | i DL 0 ; off
Stor empol v e aBlY fibir 2bdlitagh 16 8baLYes SR BRAGRAR Sl oA Fati B8
" Vol . 30, pp.toBdwutB9.5%093)). For exanple, preparation of
pol y( 3- hydr oxybutyyidre acPHANhereb&mTAdE Rtlors AP PIACEBESd BT &1 Blddiemer or

2K o oap AbAtesva Prafabh (s qeautca0toRa FkoS! 18 REMDE ke the

t he fol | oW rrythRiYecsf the feBERRM¢caut i ons are nmade to exclude air and

noi sture. The la ne no r urified) drj.ed). and stored . under |

at nosphere)) p- b:}[\{iﬁﬂ Qc?’g'{g oiﬁégapr?%rlﬁk nlv-eﬂhg'ﬁr'ﬁp‘?@?%%ﬁ%ﬁg’tgngtw%g?h ed
nol ar rati o,prefetablefroarabowt 85%itogbout 99:5%I af the RRMblsehawl theal structure of

ar gon- pur ge apd .borosi || =g of l.as Lt
rubber sept H? Ef]‘ﬁ‘é E@{@ rF‘?g ié{ﬁ&géﬁ% J{[@ﬁ.%@gdgg °a§8agpgﬁtﬁg‘%gst¥%|'ﬁpf%n
vi a syri nge.préferablybstill fromaateut B6% toabdut@%9%i x t he reagents (but not
contact the rubber septum and then heated in an oil bath at the desired
tenperature for the prescribed tine. As the reaction proceeds the m xture
becones viscous and may solidify. If isotactic polynmer is produced) solid
pol ymer precipitates out until the entire nass solidifies. The product can
then be cool ed, renoved fromthe tube, and rid of residual nononer by
vacuum drying. Alternatively, the product can be dissolved in an

o, o S o o o N R T o



_Alternatively, biological synthesis of the bi odegradable PHAsO ﬁﬁfédba in the
present invention may be carried out by fermentation with the 3 oper

or gani sm (W& e@¥¥n20r genetically engineered) with the properpd¢redsimas
(single or nmulticonponent). Biological synthesis may al so be carried out

wi th botanical species genetically enginegred to express the copol yners of
interest (see Wrld Patent Application No. 93-02187, Sonerville) Poirier
and Denni s, published February 4) 1993; and U.S. Patent No. 5, 650, 555,
Dennis et al., issued July 22 1997, and U.S. Pate No. R,510,041, Nawrath
et al., issued pcorpelgr,nbﬁgg&?ntaqut%pogﬁg,en nye@dﬂ'ﬁ%ﬂs Yot 1 égﬁ,arﬁjpn ST,
1187- 1189 ( t9&epy.folningtthklmonameiib eepedtumit hydmexybuotyysteal | inity (d~c) of

i - talli : f : ' t f,
end-use propert | 03 RS RSaERR A plegtos RRAOR, RIS KO R S
5099 cryst alll tnerepyifpeningitbe sqruinperie sepaab usit Sohydrangvaleiate, and suitable
for products Schnaéncﬁ}b?ﬁte!nﬁbdﬂih%g?%ttﬁbn@f'é§gni—%e‘?x"tiﬁﬁt R1 1991 RYY §f hylene,

on the other hand, is, flexible and tough, and is suitable for products $uch
as food w apRem®@hy fgEPIFadBe KRRROMeENS Eergatiunitdyhyqrexyeutyeater mned in a nunber
?E S\g?ysa i ns:It udi ng andtayr t@i—ﬁtfddagbhofmf tilef present ir?.!enﬁ@ﬁ{ll_ﬁhgs Q?'é?ﬁd ?%lerw,

, dens sure s, _and i.nfrar sorption. The nost suitable
net hod depehﬁ%egggﬂrmwgﬁﬁﬁm‘?q%e%%f?@eagé@ﬁgdey&p?( ORIAY&Scti on i s nost
appropri at e when lhiandteer enboaimeat)ciine cdpolyrher mskefylriapire pessarft inkention

037U N 2005 BPHRER R g AU EORIORRMIN A fne Shotre 12 %1 o T

anor phous parts. of the material dcat tpér xrays inpq diffuse or broad range
of angles, while crystals diffradt x-rays into slarp, precisely defined
angl es. The total Scattered int T lits-(Edhdmar@y—however. This ~ all ows
cal cul ation of the anobunt of crydqtalline material [in a sanple if the

anor phous and crystalline diffracted intensities €an be separated. A very

preci se net wokroiasRBesH, dewﬂne?i, O, Byl 6ICEMITCIC Ty, BfF T+ fi,i cCisreqges

i t [1iit | 2% Vi G FLJ t | | ,
X RAY. SCATTEHANG i SVRITETTE 95 Vaiaihy! SERLEDNIS AT aht o, iy apd gigreining
Al exander, thg allditaMalRRERACIIeOhOIMBEEHEDS: bAItHROAMVIERIIO GNOE, sdtaner RRKLE ger
Pub. Co. iNng, tal i f i t
of heat nt  [rercratly the SodNmerRORFRdl 31 sT6YE 8,9, TEM, 12, 3 4350 iR en
matter. Thi §7hé§t18¢2@gggmﬁe@sﬁer§@t nBAMYs.ed by a nunber of thermal

bryerall e mmtert e PRAgHed eritRidiaeRElE e picatnt fonton | R 5™ O, T2V
mel t | recrysEd |Q53§6-c¢7.p$&n3§gé%oo<§¢mfamz»oém 19515 16eHRI C181 RER1OSC
can quite aalkyl ot glmmﬂ@?ﬁ/gnﬁ |rga‘_||_vve|I ght fraction crystallini ';ny (See THERMAL
CHARACTERI ZATI ON,OF P . . . ; ress w
Vork, 2080y and® AbEEAT e AN ORATh Rt fie R MRS R B feh e b its
New Yor k, (@00}, therdbytfoemihgribetrnesomeric epealuaitc-hydrakybutyratad pure

h Ceri h : Pt i ! '
STel i the degr ee hAnSHER Bibddifinf6RHe prosBRMEIER, REMs £ CRRARY Aq AR
vol umes, buf, thareby &efiming themonemeric iepeaunib-hydremupierai®: copol yners) of

honbgeneous st r ugh WbthdMbmbBBIMES 8 BRN PPestimt GAVETtHN, RIS eHPARPHI 81BN so
that no bubbles or large voids exist i neétwlfﬁﬁ_'arrpl e. |Lf purely crystalline

and aror photiergbY femaing she MNemari 1rpea ¥% 8¥he infrared

absor ption spect 1gnamthé’ EmbobPHRNbE tHe }o@ese@ft isgsretiom, R:s a4 yarichinh iigi 1,y -
(see Tadoko&_&r E ST,RU%URE OF CRYSTALh NFEPG‘EYNER% . Io&ﬁn Wley & Sons,
New York, (487gby forming e mpnomeris: EPeaRUR!t &iVEEPVRIORIBRAIR: ques will often
.give rise to sli ¢referablyf f sowsit hiodegradable~d?HBscafs ehehepreseat basedtion
different p i I NG} E i enents often give
hi gher val ugémghiwﬁehﬁvﬁp%@%o éﬁ?‘ﬁ@ E\%ﬁﬁégﬁ%{g ﬁ@%onti nuous
.changing of the density in the interface between crystalline and anorphous
pol ymer (or copolyner) material. Wile xray diffraction does nat detect
this matter as crystalline, density nmeasurenents will be affected by this
interface region. WO 001 37120 15 1 O JUN 2003 PCT/ US99I 29481 I n general,
PHAs of the present invention preferably have a crystallinity of from about
0.1 %to about 99% as neasured via x-ray diffraction; nore preferably from
about 2% to about 80% nore preferably still from about 20%to abaut 70%
Wien a PHA of the present invention is to be processed into a film the
anmount of crystallinity in such PHA is nore preferably fromabout 2% to
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 amunt of

oy N ™~ IR " o Y T T I a N7 a1 I PN .Y



_ Wien a PHA of the present invention is to be processed into Qgs?)@m gjsastic
fiber, the ambunt of crystallinity in such PHA is nore preferab from
about 30% WO eI 80% as neasured via x-ray diffraction; nmorf&l P2r43b y
from about 40%to about 80% nore preferably still from about 50%to about
80% When a PHA of the present inventionqg to be processed into a nol ded
article, the anount of crystallinity in such PHA is nore preferably from
about 10%to about 80% as neasured via x-ray diffraction; nore preferably
from about 20%to about 70% nore preferably still from about 30%to about
60% When a PHA of the present invention is to be processed into an

el ast oner or adhesive, the anou of crystatlinity T n such PHA is nore
preferably | ess than about 50% 4gs medured via x-©ay diffracti on; nore
preferably | ess than about 30% {more lpreferably stliljl |ess than about 20%
Melt Tenperature Preferably) t Bro@idra@blod, f the present

i nvention have a nelt tenperaturle (Tm of from abouy 30C to about 160C,
nore preferably from about 60C to about 140C, nore preferably. (]l from
about 90C t avhareintR1HCor C1100C2i alyinapddsis T\m?éﬁ@ﬁf@ope‘ﬁ/ééb}d# PEYEY 16
Plastic Artiyleg, &ep®risingi PHA The PHAs of the present invention can be
processed into a varitety of plastic articles, inclyding but not limted to,
films, sheets, fibers, foans) nolded CHyticles, ngnwoven fabrics,

el astoners, and adhesives. A Filns I one enbodi mgnt of the present
invention, the plastic article i$ a fidf-l{n__m.buse@ erein, "filn nmeans an
extrenmely thin continuous piece of a substance h#dviing a high length to

t hi ckness ratio and a high w dt o-tligkn +agi Wile there is no
requi renent for a precise upper Limt of thicknes a preferred upper limt

woul d be 0.254 mm nore preferab i1l about 0.01 not e, prafarably
still about V&Il afiea °gr°5tﬂé%m sdiaye @F %{quﬁqrﬁt&ép@ﬁﬁg"ﬁﬂﬁr ts being
continuous) i.e.)pdidrABy heves biodegramable siPtdAsi tofmibie bpresentf finvandion
barrier to nol ecul es sucfl){%ﬁ at pospher | f en. The film
of the pres&AMRISGINER Uﬁe%ﬁ%?%@ﬁng r'{f&i}%g{r&(/aa%t?u%lj)‘(jsposabl e
products including, but not limted to, disposable diapers, shrink-wapping
(e.qg., food waps, consumer product waps, pallet dl or crate waps, and
the like)) or bags (grocery bags|, foggn st orage bazs, sandwi ch bags,

reseal abl e "Ziploc"-type bags, darba bags, and 'h like). In a preferred
enbodi nent of the present inventigﬂL{% g_igtngi_ he present invention is
| i quid inpervious and suitable flor” us€'in 24t bert |di sposabl e sanitary
garnents such as di sposabl e di apers, fem nine hygi ene products and the

like. More R,r,@g,gfnaﬁhws H ) é“"%mﬁ’ ¢k ©F ekerlylVERd n0B)1 of Bddsbéend RRMU

i ncreased bi odegradabr|i't or“conpostabi I'ity, have the foll ow ng
properti es: having thecstrusdui@ recti on (MD) tensile nodul us from about 10, 000
to about 100,000 Ibs.lsqg. in. (6895 f-jr08 dynes/sg. cmto 6.895 x 109
dyneslsgq. cm, b) a MD tear stremgth §Y Bt least 70 grans per 25.4 p, m of

t hi ckness, c¢) a cross nmachi ne dinfecti (CD) tear gtrength of at |east 70
grans per 25.4 ~ of thickness, d) an iympac Hare h of at |east 12 cm as
measured by falling ball drop) e}l a rmli sture transport rate | ess than about
0.0012 grans per square centine Op‘e‘ He- 02’s,

and a third RRMU having the structure
¥ ]
O—CH—(CH2)m—C

wherein R3 is H, or a C4, Ca, C3. C4, Cs. Cg, C7, Cs, Ca. C10, C11, C12, C13,
C14, C45, C16, C17, C18. or C1g alkyl or alkenyl; and m is 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.



_f) a*nodulus at 60C of at l|least 5.52 x 107 dyneslsq. cm (BOOL]I RIS‘@NS@U in),
and g) a thickness fromabout 12 pmto about 75 pm 10J 0 %
001 37120 PGId big$9229481 17 Met hods for testing for such perfmenwsl
criteria are discussed in nore detail below. Prior to Applicants'

i nvention) polyhydroxyal kanoates st udi ed fqr use in conmercial plastics
production presented significant inpedi rrenté to their use in plastics. As
di scussed above, pol yhydroxyal kanoates such as PHB and the copol yner PHBV
are difficult_to process due to their thermal instability. Furthernore,
such pol yhydr2X1aeg!sih BiedeguadablesBBEASy| | y difficult to process into filns

due to their slow C'Fb(éb?bldég?é’(!é&@ P%@offﬁ@bréﬁﬁtﬁnM%ﬁ%Q%E%fhee%d by

copol yners of ggrlse a second

t
GoF T nea apove iR RSB Bloah of eip gkl B8r<d idliBpsy A dnsamic ammroach involves
sur pri si ngly thastieg-openimngopebsnérntatiohi birg3- lamq:rwrrabhpms %smd@scdbéd) Hat&wor

PHBV. | | l; d

weh ot oie SHERElT oAl JUGES el 168 o Wafety P IRBCTRRY AU s
three (3) carajblmmoxanpSodi&ﬂ@nqxan@@dror|aikowaIbcwubraéldmyralummumhmmpounds
fol l owi ng prqggsta mPfeE' Cygarbrﬁdas RQMPR! ?ﬁre‘it@nPUBF‘Hwﬁ"?& FART2AL 0

melt tenperature, cryst ni t ove

melt rheol ogyds P 4 @-%554&95[1 ?yGEQﬁsertﬁ nd- &hang@,hé dforrad, aadté?/%ai-eﬂﬁe
| ongest st r aightrOUBNEILLEE, VBE 2"1‘3%' UQB%VZ%BSD AsE)edns! tytois A P Bakat R,

| 2 b db |
gﬂayac}t,\gr |( s% |‘fe2[ ons GV%) t}ﬁr’%s'%c 8"%%&%@ r@?@@%?&@@e‘i@ﬁr@m ev)eﬁ-reom
t he crystal IBnrgnee Af are Ni rSpasiRl), PohemeRry VelsuBDj ngp.i r23a2¢28>1998(31%9)

f f
et 1 Y TR BBt O S
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If 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)).
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between crystalline and amorphous polymer (or copolymer) material. While x-
ray diffraction does not detect this matter as crystalline, density measurements
will be affected by this interface region.
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develop a fiber-fine structure (see ESPE-2). This fine structure 10JU
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Pat. 2,681, 3219)i sajﬁﬁb%qwse foem M)&H&m@@bt)hﬁﬂé#m-R Gaeth, assigned to
BASF), or by polynerizing the polystyrene in the presence of the bl ow ng
agent (U.S. Pat. 2,983,692, issued May 9) 1961, G 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 | ow density preforned beads. These prefornmed beads are aged,
sonmetinmes in nmultiple steps for correct cell size, and then packed into

nol ds and fused together by heat and further expansion (S. J. Skinner) S.
Baxter, and P.J. Gey, Trans. J. PLAST. INST. Vol. 32, p. 180 (1964)}.
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materials, usually in flat sheet form conposed primarily, or entirely) of
fibers assenbl ed in webs that are manufactured by processes other than
spi nni ng, weaving, or knitting. A general overview of nonwoven fabrics can
be found in the ENCYCLOPEDI A OF POLYMER SClI ENGE AND ENG NEERI NG Second
Edition, VO. 10, . pp. 204-226 (referred to hereafter as "EPSE-4"). O her
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devel oped. For exanple, webs are fornmed fromlong, virtually endl ess
filaments directly frombul k polyner; both web and fibers are produced
simul taneously (see EPSE-4). A variety of web-nmaki ng nethods are known,

i ncludi ng carding, air-laying, wet-form ng) spinbonding, and neltbl ow ng.
The carding process is derived fromthe ancient manual nethods of fiber
carding, where natural staple fibers were mani pul ated by beds of needl es.
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Pol y( 3- hydr oxybut ;% L{sed heéelﬂ ds%exe val er at e- co- CZ r oxy- 4met I?y val er ate co
a

- 3- hydr oxysithsianes, d)aving @r@gaﬂ@wtb;ﬁc’ftmcm@%gatw figfp medtBdartaickaess,

Exanpl e 1,p5 tmhfe'iﬂéin%%e 'té}réll“ash?hcs{é]thﬁn@QMInmhomr%ambomréE .B8n@of 83. 6
mmol ), [S]- -ethylﬁF‘ro pi ol act one

[ S - 3i sopribgyaame gharaetedsiics@s 85 tn teﬂ%g %P&eﬁlsﬁ)and manufacture, with the

[S]-3- penté’)ldérpﬂﬁhoﬂ'?élt Qﬁéetf)r?b 4S°S> diffe?,. andmhhg @r@lﬂmo&mg meatumen onSuch
abl’e Si

char ge. gle Layer Fj

Pol y( 3- hy gpgﬁﬂ?@?r a{?esﬁﬁngs%y?n‘g %ﬁ f%?f’barpér%qr@? WS&W%P (OIBHgﬁ/) of
conposi t i onahufavtwicgwidtiibasl er at e/ 95 nol e% butyrate is introduced into a
single screw extruder (Rheom x Model 202) with screw dianeter of 0.75 inch.
A constant taper screw having 20:1 length to dianeter ratio and a 3:1
conpression ratio is enployed. The tenperature of both heating zones of the
extruder barrel is 25C above the nelt tenperature of the PHBW. The
extruder is equipped with a die of width 6 inch and a die gap of 0.04 inch.
The die is maintained at 20C above the nelt tenperature of the PHBW. The
copolymer is nelted within the extruder and punped to the die at the other
end
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" rpmis kepvooomst@nt at 30 rpm The copolymer is forced thraushutssrodie and
irs collected on a take-up roll collection system (Postex) at a rate that

allows crystallization of the polyner before take-up. The width of these
films are nomnally 4 inch and the thickness are approximately 0.002 i nch.
EXAMPLE 7 Conpostable Single Layer FilmFilnms of PHBW (95:5) are nade by
nmelting the material between Teflon sheets in a Carver Press (Fred S.
carver Incl, me o fagiie at 20C above the melt tenperature.

Pressure on thesaaeet %e%raese@fwﬁnbﬁﬁeé@aﬁm@uge uerhtna:fﬁfes%peéﬁﬁbﬂab%lbﬁwﬂ 25

nm t hi ck. Thel%ft rpg are then i entlﬁ %/ﬂcoole to roorga rrpﬁ gture é

Dl ac ng i haS Rl Thetaaehmatysihpiofe SarlinPrormises SodiammaKe Jmea e

fSth s tOf Cﬁ@dlﬁe’c:c _tolonmweesheetatgn OneE¥kafple B Castpadtturdibe Mbithiis &jeﬁcrlﬁgagw
eets o of c 0si ns

(95:5) andE ')%Sg'%&%égp%ﬁggf@%n%@eW%n%ggekgd%n& "8¥“ e, BBFymer

wi th good oalygdermtgarri er properties but a poor water vapor transm ssion
rate, or a iinki | mthat may be water soluble such a poiy(vinyl
al cohol ) (?’\/A) filnms are E{l aced in carver press stacked in the

fol I owi ng or der Relipgnvpresiuses apisvwiBopessiomipgigly preshine olissstionremamtatiens) .
Ipepggfwe/r {Begv Séé‘ceﬂél;rgEi g{g@qﬁg?goa{ }irmnglr?émf G\Q/ﬁ&eakfﬁéetrﬁ&]@\é@ is l@dReeat ure
PHBMWV( 95: 5 Cﬁ%‘%—@ﬁ%‘érﬂﬁ E@é 'EZWN%EN@N%&? -ﬁ/o{ Rﬂ@@sﬁpé Hghn
rcgl eas?dbfiMI elyhgnd ngml Nea/ Y@r\ke(ﬁQSB)Phefelh@ﬁérQ@ﬁeﬂr@dm@ra%t'lER%EEP(&l\R : 8

ost a Sao0s (& er d l,ape oradl n IS
vt on ek BfE Ry, 8t A5 POy AR YAl Riko BT baf i iickPest icyger
i nt ended fmhenm;mﬂ ofhmacbivid direationtmrietatiorki | ogr am si ze range. These

di mensi onsi can ed proportlonately for different S|ze chlldren or
for adult ?nco £8rin) according to standard practic

Backsheet: 0.0200- pr@d@@e m pnpﬁeet@ﬁlspg@t dmopr ashgetg with hfgh throughput
pol y(3hydr@awha'é i€used nathrylmeda@mmsmeow ahebﬁpe'aed as

descri bed 3(?11 t0 3 not che war dl y
on bot b i BRSPS, Vel 59 m%ﬂ@r%ﬁ@ dgiﬁ BnEBlerbansA. DiSwan. U n
2003 Id ~t V@M&ﬁhﬁo?@d;\@%@/ A&@iﬁaﬁ%l@ev@ﬂe@ﬂeﬁo Nerri@mﬂQYh)ar TEthd Y
bonded st apl,e L ene fibers rcu

pol ypropyl‘%{ﬁ? ‘Pr%é“?%g sboﬁt?glfﬁ ﬁﬂe%ﬁcﬂﬁaﬁﬂﬁg cﬁmv% %[lsh
sides to asupmﬂ'tedam-aeneeneo’sozaeﬁ roay deebgnhosekéwenh lmpoﬂhsnrrwﬁvectﬁ e:

conpri ses %%I g eégf ﬁﬁwﬁéﬁ xéfWOdTlﬁ’n'él 19 ﬁf'@oﬁtrgl %Bﬁnéﬁgﬁ]tiﬁgtc&%hhgﬁgi

mat eri al

t hi ck, call@ﬁtﬁﬂaéd CaAetmerataredgﬁL@Hu maﬂeowzzf %vuenﬁo"ﬁo&h@he‘ermntmfem }iPAt
both si desrﬁé)s@nmcarawﬁb f@@ﬂtﬁbté?fngl%@ﬂﬁ@hldgeﬁ@%h Tife feddmi #h s Wwhagd tife | eg

bands: four i ndivyidual S r si th
370 | ¢ HHRNES S SPpHgchR e, BHIABH e Hergetano P IrausEs ff FHokRe
rel axed stgft itk shid 1@ 8eEp ﬁoxnﬁeteamal uhr‘cl@eeedaTHeffaﬁémng Hip adjabts te ng

The of ast ?ﬁ%ﬁ*thc%&ee‘é??atewgﬂﬁ% SRR 41K i oD BTVaE 1ol Rice EESR2

bands clos®st to, and farthest from the core, respectively) are stretched
to ca. 50.2 cm g ositioned between the topsheetl backsheet al ong each
| ongi t udi nal si bands per side) of the core. The inner bands al ong
each side are posanotbreerobodieningfftherprerentinvesiien: the @astier atticte dode

(measur ed ffehm AdGsed Aiefe il dbe?! rdfofs @ @ﬂbkfaré)%gérosEaPrcan%%hweﬁecmacI ng

el enent al ong eac |aper co 1sin exi

t opsheet / H%F&g'shé‘éﬂg reahigh é@ngﬂaai%@di tdio; 3k A %naﬂtqresmecv% Ararneraige

g{ r te Pghggrcﬁfteg\;f gw @rmsréhe Orsbeéwr Ee%@n@'l#@ﬁ% S@mt c@bﬁ@ngtdePbL#mesebIEﬁge hﬁr?er‘
) it

bands, NGINEERINGd leivxg Bi gﬂg‘% ’PCP Ipé’n@p%n&?%' -ﬁw%ﬁ\’@cﬁegr%%% eNe‘f’he

t ops heet | basrks fee@BS)aér&@éMaﬁer $efehez§| t@l &s "ERSE-RY). gThedfioers bhthis presemtact

to elasti Ch\%eent}om are usefu? as tef’ales |rlo yarns for garments. The fibers of the present

invention are also useful for manufacturing lightweight fibrous materials useful in



. EXAMPLE 10 Conpost abl e Li ahtwei aht Pantiliner A Iightweight paptjyli g0e3

sui tabl e f.or use between nenstrual periods conprises a pad (surface area
117 cn2; SH¥ROABII2Pelt 3.0 g) containing 1.0 g of absorbent gRCT/UAY2%8leri al
particles (commercial polyacrylate; N ppon Shokubai); said pad being

I nt er posed between a porous forned-fil mpgopsheet according to U. S. Patent
4,463, 045 and a backsheet which conprises a 0.03 mmthickness 92:8

pol y( 3- hydr oxybut yr at e- co- 3- hydr oxy- 4- net hyl val erate) copol yner copol yner

Vo™ O NS Rt ARG SRR Broteets PrER o pontrlEbiAM Sosth. S e =
product i rel$hespdrimaseen hausettBemabprEsNEa¢IaRy reWMEdvVespstusk ceverisnwesdt war d

fromits ' ar usy isRath kN (i n f le 10
(surface ﬁgéﬁﬁ”ﬁ@é??%%% Rey P ore) IORE (B End)) mbrAe,
4, 687, 478,PeRaRIitY.b AY ! aEpech 43 £ S’rr@%&&ﬁ@ﬂ%@twaﬂa Gsidrred in

nat eri al s tefres bh @efghtestpendglrsard Btk giofostanliity. 10. EXAVPLE 12 Conpost abl e
Sheet The fil m preparatian rocedutﬁe i s, modifi ci ng

f 6 dified b I
the die on the "SkEAHRIPEF7eR B Ao b%f?tga%aofquﬁHg?z"gﬁﬁ%f(&rrﬁ?%qlﬁgfség cm
and w dt h with ammalalgiassptrafisibon eéempesatome i reuels duetplvi sdoed  teynmperaturei (sget he
heet . ) " ) . .
The sheet S Gl s (HIENSA SXEludeS SRS, ks WNF ERISCCbRipdtisSY sudt BB
32 cm Shésmpast haispliksrs navtcdlipwssinglysigrief andti-gonstituant fibeks wherabnaiafed.

EXAMPLE 1 igH ta) 4 b RISEeskl 9 Lxal tel
95 nmo(e% %f@?g?gﬁ]?gtfﬁt?@@%é{d i nt gi”aéa\i]@gl ghggfrbee\ﬁ/s g{amégr%%égnﬁ(éwbdel
n

202) with welgngation rato pregky JOpRE Mo Anghihighgre recevay ¥emi ljgeo: 1
| engt h t o def@feition thahineraadfieerd, 1 conpression ratio i s enployed. The

t enper at ur,e of ricﬁ hdheg‘:i!nglionﬁ tof the extruder barrel is 25C above the
nmelt tenperatu 3 N Ut ruder is equi pped with a nozzle die
cont ai ni ng 5 orliHe filears aif theegpresent iB@Ontion nTde bei processed nising @dvartety @C
above the The : Il I Lt hip.the
oxtruder - SovenigEh e ivelikhoEh tner o IRLUE, £t dBR Iffed td, dhBy 12,
rpmis keBPiNGdiGt @t SpiENiga, 2peh wehepipgingrerCombingtiops @hthraghthree basic and

the nelt edrgodgsed efe bitBAMUsedr € | ead through a region where a rapid air
streamis appli ch .t hat tggidRm ner fibers.elongates an?ecslhi ns to

ied s h
appr oxi mat el y Mé“?lilflfsc%“@f‘gt% afetlde RIESERL INYENtiPBelS heated @PavR ifs The
fibers arenglihdg poinedndnhe nisitetbPHAIS favicedAhrautth alisplnndet.i Arspiindrebiera

| enaths, 2 GRhehARY 18a1 BHRCEL A By SB%l e Riebh Bhehs Y Bkl
(40 g) of (seenh&SB-RhnThenst ePmuitehyPMAlierpassked2hroughe o dndlingazeneawhere g of
gc‘{_&gg?z Lﬁ).‘spil?iﬂg\ WRBIbsP aRd™ R YinehS tran'sfetred fd Mot Wawilp 994 RRE-dH*
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.
In wet spinning, a PHA of the present invention is also dissolved and the
solution is forced through a spinneret which is submerged in a coagulation bath
(see ESPE-2). As the PHA solution emerges from the spinneret orifices within
the coagulation bath, the PHA is either precipitated or chemically regenerated.
Usually, all these processes need further 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



_ benzenesul phonhydrazi de are charged to the m xi ng chanber of R ORABOR0R type
600 nelt b ui pped with roller blades. The m xi ng cha

t-enperaturws 7é§'?ed above the nelting tenperature of PHBNVrm’ﬁIn{SQ%/Z?%\’V t he
degradati on tenperature of the bl ow ng agent (158C). After mxing for 10

m nutes at 60 rpm the copolynmer m xture Bs collected and is transferred to
a heated al um num pan, spread about so that the resulting nass is about 0.5
cmin thickness. The copolyner is then place in an oven (National Appliance
Conpany, mislehamgsijzexh by highddegrad ef RAENMMIniy enddmperiantationagfbath thed i s
held at th r PROD npletely nolten (ca. 5

The gblﬁaméﬁpﬁd; rﬁ%émﬁ’g%é}%ﬁ rai géém[%edféﬁ@gat which tenperature the

bI OWI ng agéh &@é&@&s and copol ymer begins foamng. At this point the

copol yner foam 'Ir$ arr@mé!xe@n{ﬁdéf”ﬂnbhﬁ d?Vtﬁ'é Rgseht nWéHﬁ%H 'ﬂ'ﬂé %MERI@% %vgn at

a tenperat maxi num cr yst, I zatLon I about 380C).
The copol yﬂ@?" f% oI‘f‘J‘é“F‘t ASnus e'@\%n%%m%@%%ﬁlpﬁ'& Ef(ﬁ?ﬂill@sfﬁt ygpheh whose

Fl exi bl e ngﬁaf’am ﬂéﬂ%ﬂ;ﬂuh@sobeéhafmib%térﬁla"? eefearedn byhahkoldreydree of
modi fi cations

pol y( 3- hydPHQ&%ﬁ‘ﬁzgﬁﬁ% disgributed fheouanoylits, bulksep ARTMB /AL FRT. Hmerican

conposi ti oSoﬁ@tyrrﬁd)re%s'emgl)dndalv‘fmemals FhiladelgitiauPy.y 41862 PHEBACH Mo-pBiasei s

o ecton BafsBli YRR I uhlon FIEVBHE i BofRAR a0 SoMldhel oF A sufhati
CS- 183 (Qmokymemremhbfaranclndemﬂuulﬂrspolvmeps@éﬂycowlym)ers)TMpaed@@pmmce of
the rotor gpd f%b[]rfétooglé‘érjl ? NWdEoﬁEB&E @atc%mwgmme‘? R L 11, fiobn

t enper at ur ate u e ams of
(95:5) is E\Hlﬁ’:’gé éfdéﬁ P‘ﬁFﬁinﬁ ?'b'iﬁé%l"@%t%ﬁtfs )-3 mnutes. The

mol ten copol yrrerrhesQwéhahé ¥s msmldutteﬂ intd Spo@ﬂe@ndr wmerdangd tdw/.ts rvﬂin@}’g alré p
coat i n

flvetlmesl ?Hbg haped st eel m)ddf a gy 19
nol d si | i cBRESHIERER %t‘é’ e MPESTIRR SO PEC §1O5F ReR-galiednBiatedal,per qu
of the M nwhbbe ddliisdamre aner-tdreneated esughvthategases mayepassdfrestyothrtegmhel by

o cces 0. 0 ok fiadske! ratfiFRRv RIS Tl rtiapale sl R i 8REY e
pi ece and Othes. inch wide at the ends. These nolded parts are suitable for

mechani cal testg 0 N |
PCTI USO0/ 20481 Co Eoams. e fohplerl Bt hid RIS dnEWIGiE fobms.  This

Pol y( 3- hyd? éﬁ?ﬂ%tjﬁfhi%béée@%ﬁrMCH'BHA%W\}ﬁ%P&C@FUE%M%/ﬁ&TM BHB{R) of
conposi ti 07,2 ﬁmha%emesmlxﬁieeroahesoaﬁeterfeVe@tm@/aaaeMIaSeriamérpd hig{ 0 a

oS s T ‘?iéi@ﬂs&ﬁ?x'ﬁ%ﬁ’ A RS o200 AR o Wbt Wher L Bt At e

and a 31 Zﬁrmnqnecems waapped sreund ay245. cmheandrqd)arc at umitorof ratetdi 1hlaa15mg
ft d

BrE, The el Pader Toatds it dcin o AU, SCteRt afe fghEN  WSich] ey,

di amet er 500 m‘TFom oﬁmiumam rapplications a@cm&&@sngheccvqurttemmngre of

the PHBMW. mIDl%ngH' %(H?rsthﬁ:tl{@i &&ﬂp%bﬁt§ I Fe S Li8 s%'f‘ﬂa@!dé@ﬁﬁ afBahfey di e

at the other en ruder. The screw rpmis et SonsTaRt &t 30 rpm

The pol ynemateyial hawiagt incseaged: Ibmﬁgfaaﬁemtm@nﬁ’@rt @@meseﬁtamw woudr effer e
l'ead thr Ouﬂfbéhdr%riéfté‘."*'tér&rﬁéd‘t@puﬁie@'ﬂac&bbﬁ@msucﬂw éBF}bdl?ﬁ i) ﬁdﬁb@? afriae

pol ynmer fi Ion d,t Q_appro
di anet er oft@ f‘-ﬁb AN r c ‘g fooijlo f#ﬂ’”e epc)rjysg@qegeapﬁer(’soﬁg@gh%& '5m'%her
car dboar d tmiet'maﬂ'h%ul@tion svm)m only sufrestly degsaddbiatalterrddtivempaped weapsr ea

cont i nues, FOTPE Gtles bamprFigte SRR §Fhe Budoent HGEMAL nal 8 iremal

di stri but |msulatmg|mepertmgmfn;solgswrem,ayete@redpodegredable| and/os compostainie..

Most fi ber The mat
st hen ¢ r DNERETRler il Bhe 05 S5 Bt fodd \BKe Tl cot oddpaokafiRE" . 1]

Falls, W) and ippameddpalysyreteochins ata vsed@s coshioned pecking: maissials mre 5C
bel ow t he PR ALY et is
renmoved fr%}rﬂn Phﬁg}pére SS. %WOEBTB%R egg%ﬁggﬁé)ﬁgqgl ?F@%ﬂgﬁv
(70: 30) arqhip:6empyising aiMigAtaidhareseat 'rwsﬂmlﬁe%@fmﬁ Wﬁ@@@soq yStyeae 2oc
above the 4R} thARAEA 48R DRs@sgratiabiity t &d/sheedrmpostabitiyist eshilke ptigtuce
films of approximately 0.5 mmthick. The films are then identically cooled
to roomtenperature by placing the nolds between |large (5 kg) al um num
plates and allowing the filns to cool to roomtenperature. The filns are
aged for 2 days, then subsequently cut into strips 10 cmlong and 1 cm

wi de. The strips are then placed in an Instron universal testing nachi ne
(Model 1122, Canton, MA) and are elongated at a rate of 1 in/mn until 300%
el ongati on of the original Iengt h |s achl eved The f| I s are heI d eI ongat ed

o r



. EXAWPLE 19 Conpost abl e Adhesi ve PHBW (50:50) may be used as UaJlb}PtZDd?EH
adhesive in the foll ow ng manner. About 1 g of PHBW (50:50) i s placed

bet ween t W PUBTRRr fil s, such as pol yvinyl al cohol) (PVA) PCIYUS99/29481

pol y( 3- hydroxybutyrate) (PHB) or any other PHA which has a nelting

tenperature at |east 10C higher than PHBMV {50:50). The filnsl adhesive

assenbly is placed in a Carver Press (Fred S. Carver Inc., Menononee Fails)

W) and is then pressed at a tenperature 5C above the nelt tenperature of

e b oo o 0 B o &
t enper at urmanylcbrmpmbh isohtgme andeiguidsniadiudergevatdrove are hereby i ncorporated
in their elnti rjt!:éﬂgél refffgrﬂf@. LE ':ldsreunderst ood that the exanples and
enbodi nent’s de | lustrative purposes only and that
various nodi fi cEe femmerofdhamgesentrinvérdion miayreoprosessedesimgggeseational one
2o o1 1000, BBTTREL o Moy o B8, bl )
CLAI MED | $pam progucipsdnnelyes snanding aripid siohgnes (@) cepdlymar)doipasesicoas
topsheet; |47 @dngity camindr i pRYey BAHSthRACKHIRAING AR bE&itd s8e ECTIrodal e
copol yner, wherei nint e, bj O%Eﬂ]r ad&\tl)&jﬁe c%ﬁgo{%érr%'ravcg{gorl ses, at | Igiast two,n
randonl y PEReSRIGTy ﬁ&?@r@@ g QUifRated VEIEENRIGYIAUSIY: @isRaiSeAd
nonomer unhé pelymere(stt copdiyneer),OsiRierBgl sinallOpafidies( @hd) dispersingeligiar R
e oo B et odend s R eR " 208 SR (hO TR B EafShdiahos
t he randomprgcesspeal hese rameonell initiatisnhaele grhwtstandc cell estabilizatiort.i ridany
randomy [&0GaLs e TRAAR crditd, 'grdRdard stabilize cells.

Expandable formulations rely on increasing the pressure within the
initiated cells relative to that of the surroundings. The cells are stabilized by
either chemical (e.g. crosslinking, polymerization) or physical means
(crystallization, melt-glass transition). Polystyrene is an example of a polymer
that is foamed by of this kind of process. A blowing agent such as isomeric
pentanes and hexanes or halocarbons (H. R. Lasman, MODERN PLaAsTICS, Vol.
42(1A), p. 314 (1964)) 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 blowing agent (U.S. Pat.
2,983,692, issued May 9, 1961, G. 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 muitiple
steps for correct cell size, and then packed into molds and fused together by
heat and further expansion (S. J. Skinner, S. 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 polyethylene and
polypropylene are often made in this manner. A decomposing blowing agent is
premixed with the polymer (or copolymer) and fed through an extruder under
elevated temperature and pressure such that the blowing agent partially
decomposes. When the material exits the extruder, it enters a lower pressure



. C) an absorbent core positioned between the topsheet and the packshesms. 2,
The absorbem)oe/gimg:l e of claim1l wherein the biodegradabl e C@R?Mf%thl
conpri ses one or nore additional randomy repeatl ng nmononer units having
the structure ... 1 0J UN 2003 48 R3 ? Il O CH (CH2)m C wherein R3 is
H or a C -C 9 alkyl or alkenyl; and m § 1 or 2; and wherein the 5

addi tional randomy repeating nononer units are not the sane as the first
random y repeati nmononer unit or the second randomy repeating nononer
unit. 3. Anzmorgmwtaaepualwmm anfAgeoeiingatakeq plartep gesubiing 1rorasawne

conpri sing I I r
o SoPATLANIAT Lo SB At B O R

andony 1 cBBE I nYahonBrer Mint 06RMLHE. HGEIEEMODR PAST, ol PAThCPRES, C
i s wherein ®g54y).H or G or C2 al kyI and n i s 1 or 2; the second randomy
repeating mnoneﬁlspersmn procEehsesesst E)Pootuceefoams by di gl_rtac ing glspersmg SOlIdC(l)-ll‘ gasC
into the polymer (or copolymer) phase and then, when necessary, stabilizing the
mixture (ECT). In one such process, frothing, a gas is mechanically dispersed in
the polymer or monomer phase, producing a foam of temporary stability. This
foam is then chemically stabilized by crosslinking or polymerization. Latex foam
rubber is manufactured in this way (see ECT).
E. Molded Articles
In another embodiment of the present invention, the plastic article is a
molded article. As used herein, "molded article" means objects that are formed
from polymer or copolymer materials (e.g., PHA) which are injected,
compressed, or blown by means of a gas into shape defined by a female mold.
These objects can be solid objects like toys, or hollow like bottles and
containers.
Injection molding of thermoplastics is a multi-step process by which a
PHA of the present invention is heated until it is molten, 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, screw plasticator with injection, and reciprocating screw devices (see
ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING, Vol. 8, pp. 102-138, John
Wiley and Sons, New York, (1986); 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, directional valve, a cylinder without a spreader,
and a ram. After plastication by the screw, the ram forces the melt into the
mold. A reciprocating screw injection machine is composed of a barrel and a
screw. The screw rotates to melt and mix the material and then moves forward
to force the melt into the mold.
Compression molding in thermoplastics consists of charging a quantity of
a PHA of the present invention in the lower half of an open die. The top and
bottom halves of the die are brought together under pressure, and then molten
PHA conforms to the shape of the die. The mold is then cooled to harden the

plastic (see EPSE-3).
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usually in flat sheet form, composed primarily, or entirely, of fibers assembled in

webs that are manufactured by processes other than spinning, weaving, or
knitting. A general overview of nonwoven fabrics can be found in the
ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING, Second Edition, Vol. 10,
pp. 204-226 (referred to hereafter as "EPSE-4"). Other names for these
materials are bonded fabrics, formed fabrics, or engineered fabrics. The
thickness of the fabric sheets may vary from 25 mm to several centimeters, and
the weight from 10 g/m2 to 1 kg/m2. Nonwoven fabrics have a wide range of
physical properties depending on the material and process used in forming the
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to-fiber friction created by entanglement, and reinforcement by other materials

such as foams and films (see EPSE-4).

1. Method of Manufacture of Nonwoven Fabrics

The nonwoven fabrics of the present invention may be made by
conventional techniques known in the art. The production of nonwoven fabrics
involves: 1) making fibers of various lengths and diameters; 2) creating a web of
these fibers; and 3) bonding of fibers within the web by adhesive, or
mechanical-frictional forces created by fiber contact or entanglement. |In
addition to these steps, reinforcing the web by forming a composite with other
materials (e.g., yarns, scrims, films, nettings, and unbonded webs) is sometimes
preferred. Variations of one or several of these steps allows for the enormous
range of nonwoven fiber types. The 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 invention, "staple fibers" are of relatively uniform length, ca. 1.3-
10.2 cm, 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. Extruded fibers are also produced as continuous filaments without
crimp. The processes for forming webs from staple fibers are different from
those using continuous filaments. The products obtained from staple and
filament fiber webs may differ substantially in properties (see EPSE-4).

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

a. Web-making methods

The characteristics of the fiber web determine the physical properties of
the final product. These characteristics depend largely on fiber architecture,
which is determined by the mode of web formation. Fiber architecture includes
the predominant fiber direction, whether oriented or random, fiber shape
(straight, hooked, or curled), the extent of interfiber engagement or
entanglement, crimp, and compaction (web-density control). Web
characteristics are also influenced by fiber diameter, length, web weight, and
chemical and mechanical properties of the polymer (see EPSE-4).

The choice of method for forming the web is determined by fiber length.
Initially, the methods for forming webs from staple-length fibers (fibers long
enough to be handied 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 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 endless filaments directly from bulk polymer; both web and fibers are
produced simuitaneously (see EPSE-4). A variety of web-making methods are
known, including carding, air-laying, 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 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 US Patent No.
3,338,992, G. A. Kinney, assigned to E.l. du Pont de Nemours & Co., Inc,,
issued August 29, 1967). The fibers are separated by teeth or needles and
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introduced into an airstream.  Total randomization would exclude any
preferential orientation when the fibers are collected on the screen.

Wet-forming processes employ very short .fibers. Initially, webs are
formed from short fibers by modified papermaking techniques. The fibers are
continuously dispersed in a large volume of water and caught on a moving
endless wire screen. Once the web is caught on the screen, it is transferred to
belts or felts and dried on heated drums (see EPSE-4).

The spunbonded web process involves making fibers and web
simultaneously, directly from bulk polymer. The bulk polymer is melted,
extruded, and drawn (often by triboelectric forces) to filaments that are
randomized and deposited onto belts as a continuous web. The filaments are
virtually endless. The spunbond process produces webs of low crimp filaments
in the normal diameter range of about 1.7 dtex (1.5 den) or slightly higher. The
birefringence and uniformity of diameter of these filaments are similar to
standard textile fibers and filaments (see EPSE-4). Each production line is
suitable for a specific polymer and a single-bonding system (see U.S. Pat.
4,163,305 (Aug. 7, 1979), V. Semjonow and J. Foedrowitz (to Hoechst AG)).

Webs are also made directly from bulk polymers by the meltblown
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 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 simultaneously formed into a web where melting and
resolidification, and possibly static forces, hold them together (see EPSE-4).
The web consists primarily of filaments with very fine diameters.

b. Web bonding

The bonding of fibers 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 covalent bonds

between binder and fibers (see EPSE-4).
G. Elastomers

In another embodiment of the present invention, the plastic article is an
elastomer. As used herein "elastomer" refers to materials which exhibit both
long-range deformability on application of stress and essentially complete
recovery on removal. A general discussion on elastomers can be found in the
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106-127 (hereafter referred to as "EPSE-5"). Preferably, an elastomer of the
present invention, at room temperature, can be stretched repeatedly to at least
twice its original length and, after removal of the tensile load, will immediately
and forcibly return to approximately its original length. Elastomers of the present
invention are above the glass-transition temperature Tg and amorphous in the
unstressed state to exhibit high local segmental mobility necessary for
deformation. The chains are flexible and intermolecular (interchain) forces are
weak. The elastomers of the present invention possess a sufficient number of
chemical or physical cross-links to form a continuous network in order to
restrain chain slippage.

Thermoplastic elastomers of the present invention have many of the
properties of conventional elastomers such as vulcanized rubbers, but are
processed as thermoplastics rather than thermosets. Transition from a fluid 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 which are processed into an
elastomer have sufficiently high branch content to enable them to act as
thermoplastic elastomers, with the crystalline areas acting as the hard segment
and the amorphous segments acting as the soft segment. Thermoplastic
elastomers of the present invention can be processed on conventional plastics
equipment, such as injection molders.

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

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

toughness in stiffer materials.

H. Adhesive
In another embodiment of the present invention, the plastic article is an

adhesive. As used herein "adhesive" means a material that joins two other
materials, called adherends, together. A general discussion on adhesives can
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be found in the Encyclopedia of Polymer Science and Engineering, Vol. 1, pp.
547-577, (hereafter referred to as "EPSE-6"). In one embodiment of the present
invention, the adhesive is applied as a liquid, preferably of a low viscosity. In the
liquid form the adhesive wets the adherend surface and flows into the crevices in
the adherend surfaces. The liquid form of the adhesive is obtained by heating to
the point that flow occurs, dissolving or dispersing the material in a solvent, or
starting with liquid monomers or oligomers that polymerize or react after
application. The adhesive then undergoes a phase change to a solid either by
cooling, solvent evaporation, or reaction, in order for the joint to acquire the
necessary strength to resist shearing forces. However, pressure-sensitive
adhesives are an exception, since no phase change occurs.

The PHAs of the present invention may be processed into a variety of
adhesives, 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 poiymer or
copolymer (e.g., a PHA of the present invention) that is heated to obtain 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-melt adhesives. The primary feature of
hot-melt adhesives is the ability of the thermoplastic material to flow above a
certain temperature, high above the normal use temperature of the bond. Upon
cooling, the material hardens, either through passing through the glass transition
temperature of one of the components, or the crystallization temperature. This
hardening lends physical integrity to the bond. In PHAs, the mode of
solidification is crystallization.

2. Solutions and dispersions.

The adhesives of the present invention may be applied either as
solutions, in water or an organic solvent, or in the form of aqueous dispersions.
In either form, the solvent must be removed after application for the adhesive to
attain the required solid form. The solution or dispersion is usually applied to
one of the surfaces to be bonded, and the solvent removed before the second
surface is joined; often, heating is required to expedite the drying step. With
porous substrates, such as paper or wood, final drying can take place after
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although values from 0 to 50% are most common.

As used herein, "dispersion" refers to when adhesives are prepared by
true emulsion polymerization or dispersed as larger particles in some carrier
fluid. In addition to their economic advantage, dispersions containing 40-50%
solids offer lower viscosity than solutions, even if the solids are high molecular-
weight polymers (EPSE-6). Adhesive dispersions of the present invention may
be prepared by high shear in the presence of surfactants to obtain waterborne
formulations, procedures which are well known to those skilled in the art.

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 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 removes the desired length from a roll. Many bandages

are held to the skin by pressure-sensitive adhesives.
Disposable Personal Care Products

The present invention further relates to disposable personal care
products comprising a PHA of the present invention. For example, compostabie
absorbent articles comprising a liquid pervious topsheet, a liquid impervious
backsheet comprising a film of the present invention (i.e., a film comprising a
PHA of the present invention), and an absorbent core positioned between the
topsheet and backsheet. Such absorbent articles include infant diapers, adult
incontinent briefs and pads, and feminine hygiene pads and liners.

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

foam mattress pads.
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absorbent articles of the present invention, such as disposable diapers, typically
have a thickness of from 0.01 mm to about 0.2 mm, preferably from 0.012 mm
to about 0.05] mm.

In general, the liquid impervious backsheet is combined with a liquid
pervious topsheet and an absorbent core positioned between the topsheet and
the backsheet. Optionally, elastic members and tape tab fasteners can be
included. While the topsheet, the backsheet, the absorbent core and elastic
members may be assembled in a variety of well known configurations, a
preferred diaper configuration is described generally in 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 readily
penetrate through its thickness. A suitable topsheet may be manufactured from
a wide range of materials such as porous foams, reticulated foams, apertured
plastic films, natural fibers (e.g., wood or cotton fibers), synthetic fibers (e.g.,
polyester or polypropylene fibers) or from a combination of natural and synthetic
fibers. Preferably, the topsheet is made of a hydrophobic material to isolate the
wearer's skin from liquids in the absorbent core.

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

There are a number of manufacturing techniques which may be used to
manufacture the topsheet. For example, the topsheet may be woven, non-
woven, spunbonded, carded, or the like. A preferred topsheet is carded, and
thermally bonded by means well known to those skilled in the fabrics art.
Preferably, the topsheet has a weight from about 18 to about 25 g/m2, a
minimum dried tensile strength of at least about 400 g/cm in the machine
direction, and a wet tensile strength of at least about 55 g/cm in the cross-

machine direction.
In a preferred embodiment of the present invention, the top sheet

comprises a PHA of the present invention.
The topsheet and the backsheet are joined together in any suitable

manner. As used herein, the term "joined" encompasses configurations
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: and the backsheet are affixed directly to each other in the diaper periphery by
attachment means such as an adhesive or any other attachment means known
in the art. For example, a uniform, continuous layer of adhesive, a patterned
layer of adhesive, or an array of separate lines or spots of adhesive may be
used to affix the topsheet to the backsheet.

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

Tape tab fasteners are typically applied to the back waistband region of
the diaper to provide a fastening means for holding the diaper on the wearer.
The tape tab fasteners can be any of those well known in the art, such as the
fastening tape disclosed in U.S. Patent 3,848,594 issued to Kenneth B. Buell on
November 19, 1974. These tape tab fasteners or other diaper fastening means
are typically applied near the corners of the diaper.

Preferred diapers have elastic members disposed adjacent the periphery
of the diaper, preferably along each longitudinal edge so that the elastic
members tend to draw and hold the diaper against the legs of the wearer. The
elastic members are secured to the diaper in an contractible condition so that in
a normally unrestrained configuration the elastic members effectively contract or
gather the diaper. The elastic members can be secured in an contractible
condition in at least two ways. For example, the elastic members may be
stretched and secured while the diaper is in an uncontracted condition.
Alternatively, the diaper may be contracted, for example, by pleating, an elastic
member secured and connected to the diaper while the elastic members are in
their relaxed or unstretched condition.

The elastic members may take a multitude of configurations. For
example, the width of the elastic members may be varied from about 0.25 mm to
about 25 mm or more; the elastic members may comprise a single strand of
elastic material or the elastic members may be rectangular or curvilinear. Still
further, the elastic members may be affixed to the diaper in any of several ways
which are known in the art. For example the elastic members may be
ultrasonically bonded, heat and pressure sealed into the diaper using a variety of
bonding patterns, or the elastic members may simply be glued to the diaper.
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the absorbent article or dlaper Further, the size and absorbent capacity of the
absorbent core may vary to accommodate wearers ranging from infants through
adults.

A preferred embodiment of the diaper has an hour-glass shaped
absorbent core. The absorbent core is preferably an absorbent member
comprising 2 web or batt of airfelt, wood pulp fibers, and/or a particulate
absorbent polymeric composition disposed therein.

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

Other examples of absorbent articles according to the present invention
are sanitary napkins designed to receive and contain vaginal discharges such as
menses. Disposable sanitary napkins are designed to be held adjacent to the
human body through the agency of a garment, such as an undergarment or a
panty or by a specially designed belt. Examples of the kinds of sanitary. napkins
to which the present invention is readily adapted are shown in U.S. Patent
4,687,478, entitled "Shaped Sanitary Napkin With Flaps" which issued to Kees
J. Van Tilburg on August 18, 1987, and in U.S. Patent 4,589,876, entitied
"Sanitary Napkin" which issued to Kees J. Van Tilburg on May 20, 1986. It will
be apparent that the films of the present invention comprising a PHA of the
present invention described herein may be used as the liquid impervious
backsheet of such sanitary napkins. On the other hand it will be understood the
present invention is not limited to any specific sanitary napkin configuration or
structure.

In general, sanitary napkins comprise a liquid impervious backsheet, a
liquid pervious topsheet, and an absorbent core placed between the backsheet
and the topsheet. The backsheet comprises a PHA of the present invention.
The topsheet may comprise any of the topsheet materials discussed with
respect to diapers.” The adhesives used in may also comprise a PHA of the
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present invention. The absorbent core may comprise any of the absorbent core
materials discussed with respect to diapers, including a PHA of the present
invention.

importantly, the absorbent articles according to the present invention are
biodegradable and/or compostable to a greater extent than conventional
absorbent articles which employ materials such as a polyolefin (e.g., a
polyethylene) backsheet.

EXAMPLE 1
Poly(3-hydroxybutyrate-co-3-hydroxy-4-methylvalerate)

Poly(3-hydroxybutyrate-co-3-hydroxy-4-methylvalerate) is  prepared
according to the general methods described above and based on the publish.ed
procedure of Hori et al. (Hori, Y., M. Suzuki, Y. Takahashi, A. Yomaguchi, and T.
Nishishita, MACROMOLECULES, Vol. 26, pp. 5533-5534 (1993)) for the
polymerization  of  B-butyrolactone. Specifically, purified [S)-3-
methylpropiolactone ([S}-B-butyrolactone) (9.50 g, 110 mmol) and [S}-3-
isopropylpropiolactone (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 according to R. Okawara and M. Wada, (J.
ORGANOMET. CHEM. (1963), Vol. 1, pp. 81-88) and dried overnight in vacuo at
80°C is dissolved in dry toluene to make a 0.18 M solution. Via syringe, 0.65 mL
of the initiator solution (0.12 mmol distannoxane) is added to the tube. The tube
is gently swirled to mix the contents and then heated at 100°C for 4 h by
immersing its lower half in an oil bath. As the reaction proceeds, the contents of
the tube become viscous. After the required time, the tube is removed from the
oil bath and allowed to cool to room temperature. The solid is dissolved in
chloroform. It is recovered by precipitation into a hexane-ether mixture, collected
by filtration, and dried under vacuum. The comonomer composition of the
copolymer is determined by TH-NMR spectroscopy and found, within
experimental error, to be the same as the charge ratio (95:5). Molecular weight
is determined by size exclusion chromatography with chloroform as the mobile
phase, and narrow polystyrene standards are used for calibration.

EXAMPLE 2
Poly(3-hydroxyvalerate-co-3-hydroxy-4-methylvalerate)

Poly(3-hydroxyvalerate-co-3-hydroxy-4-methylvalerate) is prepared by

following the same procedure as in Example 1, with the exception that [S]-3-
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EXAMPLE 3
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate-co-3-hydroxy-4-methylvalerate)
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate-co-3-hydroxy-4-
methylvalerate) is prepared by following the same procedure as in Example 1,
with the exception that [S]-3-methylpropiolactone (7.20 g, 83.6 mmol), [S]-3-
ethylpropiolactone (1.14 g, 11.4 mmol), and [S}-3-isopropylpropiolactone (0.71 g,
5.0 mmol) are used as the monomer charge.
EXAMPLE 4
Poly(3-hydroxybutyrate-co-3-hydroxy-4-methylvalerate-co-3-hydroxyoctanoate)
Poly(3-hydroxybutyrate-co-3-hydroxy-4-methylvalerate-co-3-
hydroxyoctanoate) is prepared by following the same procedure as in Example
1, with the exception that [S]-3-methylpropiolactone (9.50 g, 110 mmol), {S]-3-
isopropylpropiolactone (0.41 g, 2.9 mmol), and [S]-3-pentylpropiolactone (0.50 g,
2.9 mmol) are used as the monomer charge.

EXAMPLE §
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate-co-
3-hydroxy-4-methyivalerate-co-3-hydroxyoctanoate)

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate-co-3-hydroxy-4-
methylvalerate-co-3-hydroxyoctanoate) is prepared by following the same
procedure as in Example 1, with the exception that [S]-3-methylpropiolactone
(7.20 g, 83.6 mmol), [S]-3-ethylpropiolactone (1.14 g, 11.4 mmol), [S]-3-
isopropylpropiolactone (0.36 g, 2.5 mmol), and [S}-3-pentylpropiolactone (0.43 g,
2.5 mmol) are used as the monomer charge. '

EXAMPLE 6
Compostable Single Layer Film

Poly(3-hydroxybutyrate-co-3-hydroxy-4-methylvalerate) copolymer
(PHBMV) of composition 5 mole% methylvalerate/ 95 mole% butyrate is
introduced into a single screw extruder (Rheomix Model 202) with screw
diameter of 0.75 inch. A constant taper screw having 20:1 length to diameter
ratio and a 3:1 compression ratio is employed. The temperature of both heating
zones of the extruder barrel is 25°C above the melt temperature of the PHBMV.
The extruder is equipped with a die of width 6 inch and a die gap of 0.04 inch.
The die is maintained at 20°C above the melt temperature of the PHBMV. The
copolymer is melted within the extruder and pumped to the die at the other end
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width of these films are nominally 4 inch and the thickness are approximately
0.002 inch.
EXAMPLE 7
Compostable Single Laver Film

Films of PHBMV (85:5) are made by meiting the material between Teflon
sheets in a Carver Press (Fred S. Carver Inc., Menomonee Falls, WI) at 20°C
above the melt temperature. Pressure on the sheets are adjusted to produce
films of approximately 0.25 mm thick. The films are then identically cooled to
room temperature by placing the molds between large (5 kg) aluminum plates
and allowing the films to cool to room temperature.

EXAMPLE 8
Compostable Multilayer Film

Sheets of PHBMV film may be prepared as in Example 6 of compositions
PHBMV (95:5) and PHBMYV (50:50). These sheets may then encase a sheet of
a polymer with good oxygen barrier properties but a poor water vapor
transmission rate, or a polymer film that may be water soluble such a poly(vinyl
alcohol) (PVA). The films are placed in carver press stacked in the following
order PHBMV/(95:5), PHBMV(50:50), PVA, PHBMV(50:50), PHBMV(95:5). The
material is then pressed at a temperature 5°C above the melt temperature of
PHBMV(50:50), but still below the melting temperature of the PHBMV(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 9
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 modified
proportionately for different size children, or for adult incontinence briefs,
according to standard practice.

1. Backsheet; 0.020 - 0.038 mm film consisting of a 92:8 poly(3-
hydroxybutyrate-co-3-hydroxy-4-methylvalerate)  copolymer (prepared as
described in Example 1); width at top and bottom 33 cm; notched inwardly on
both sides to a width-at-center of 28.5 cm; length 50.2 cm.
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2. Topsheet: carded and thermally bonded staple-length polypropylene
fibers (Hercules type 151 polypropylene), width at top and bottom 33 cm;
notched inwardly on both sides to a width-at-center of 28.5 cm; length 50.2 cm.

3. Absorbent core: comprises 28.6 g of cellulose wood pulp and 4.9 g of
absorbent gelling material particles (commercial polyacrylate from Nippon
Shokubai); 8.4 mm thick, calendered; width at top and bottom 28.6 cm; notched
inwardly at both sides to a width-at-center of 10.2 cm; length 44.5 cm.

4. Elastic leg bands: four individual rubber strips (2 per side); width 4.77
mm; length 370 mm; thickness 0.178 mm (all the foregoing dimensions being in
the relaxed state).

The diaper is prepared in standard fashion by positioning the core
material covered with the topsheet on the backsheet and gluing.

The elastic bands (designated "inner" and "outer", corresponding to the
bands closest to, and farthest from, the core, respectively) are stretched to ca.
50.2 cm and positioned between the topsheet/backsheet along each longitudinal
side (2 bands per side) of the core. The inner bands along each side are
positioned ca. 55 mm from the narrowest width of the core (measured from the
inner edge of the elastic bank). This provides a spacing element along each
side of the diaper comprising the flexible topsheet/backsheet material between
the inner elastic and the curved edge of the core. The inner bands are glued
down along their length in the stretched state. The outer bands are positioned
ca. 13 mm from the inner bands, and are glued down along their length in the
stretched state. The topsheet/backsheet assembly is flexible, and the glued-
down bands contract to elasticize the sides of the diaper.

EXAMPLE 10
Compostable Lightweight Pantiliner

A lightweight pantiliner suitable for use between menstrual periods
comprises a pad (surface area 117 cm?2; SSK air felt 3.0 g) containing 1.0 g of
absorbent gelling material particles (commercial polyacrylate; Nippon Shokubai);
said pad being interposed between a porous formed-film topsheet according to
U.S. Patent 4,463,045 and a backsheet which comprises a 0.03 mm thickness
92:8 poly(3-hydroxybutyrate-co-3-hydroxy-4-methylvalerate) copolymer
copolymer film, as prepared in accordance with Example 1.




310% u& ()- ! F3"10% u- u& ()-ff#Y10% u& ()- 10 JUN 2003
10% u& () -! 10%iu& () - 3ddeelf yfj aBMA! DOS! " 10% u& ()-

10% u& () -3BMENHRL ()-@ 10% u& ()- 133 PCT/US99/29481
"10% u- u& () - @10% u& ()-j!j kkkkkkkuV7! S10%&' ()- 109& ()-#10%& ()- 10-u-u
10-u-u 10-u-u!3!'10% u-u& ()-210% u& () 4gkkel ?mXnbnmma?uv7!!

"109%wW& () - 10%& ()-m 10%&' ()-!3"109%& ()-y3" 109& ()-#&10%& ()-mstttttaB77!

100Y5! 109%&' ()-!'Y5!' 10%{& ()-Y4109%&' ()-12 109%& ()- | "10%& ()-0
"109% ()-tttttuuvj H7! 10!'< 0" 10%& y EO ‘() -2#Y10%& () -
10" 10%m um

10%9& ()-!-10%&' ()- 10 10v. wwx=yz: !
Compostable Sanitary Napkin

A catamenial product in the form of a sanitary napkin having two flaps
extending outward from its absorbent core is prepared using a pad in the
manner of Example 10 (surface area 117 cm2; 8.5 g SSK air felt), per the design
of U.S. Patent 4,687,478, Van Tillburg, August 18, 1987. The backsheet and
topsheet materials are the same as described in Example 10.

EXAMPLE 12
Compostable Sheet

The film preparation procedure of Example 6 is modified by replacing the
die on the extruder with a slot die of thickness approximately 0.25 cm and width
15 cm. Take-up after extrusion is 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 are obtained.

EXAMPLE 13
Compostable Fiber

PHBMV of composition 5 mole% methylvalerate/ 95 mole% butyrate is
introduced into a single screw extruder (Rheomix Model 202) with screw
diameter of 0.75 inch. A constant taper screw having 20:1 length to diameter
ratio and a 3:1 compression ratio is employed. The temperature of both heating
zones of the extruder barrel is 25°C above the melt temperature of the PHBMV.
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 PHBMV.
The polymer is melted within the extruder and pumped to the die at the other
end of the extruder. The screw rpm is kept constant at 30 rpm. The polymer is
forced through the die and the melted extruded fibers are lead through a region
where a rapid air stream is applied such that the polymer fibers elongates and
thins to approximately one fifth of the diameter of the orifices (ca. 100 mm). The
fibers are collected on a cardboard mat. A wide distribution of fiber lengths are
obtained up several cm in length. Most fiber lengths (over 50%) are in the range

of 1.3to 15 cm.

EXAMPLE 14
Compostable Rigid Foam
PHBMV (40 g) of composition 5§ mole% methylvalerate/ 95 mole%
butyrate and 4 g of a common blowing agent, p,p'-oxy-bis




& ()~210"10%ggé& ()-2!"0"10% " & ()-20"10%& ()-2!0"10% M M () I BosWoud® ()-2
{11111} ) b@b obBAYe " 10%& () - sS10%& () -, &10%& () - f#10%& () - 109-30809/20481

10g0" 10%g&’ () - 276WU3bC! OF" 109%& () -+ Y

OF"10% z- z& () - +! OF" 10%&' () - +! DOF" 10%)0% ()-+ OF" 109&' () - +!

BF" 10%2& () - +6EFGHWYW S1! >F" 10%@e&' () 4t 9 109@ ()-!)0(10% i & () - #

10%@ ()- 10 10

10! OF" 109&' () - +W 9gawl3r S1! ! OF" 10%@g& ()-m ! 20F" 109%&' ()-m ! &0F" 10%@&&' () - m
| +OF" 10%@gEe2enssulpbPnhpdeaerlq pren chayged ot (mmm@tnﬁs@mberva { la@Rbeemsx () - y

#1090 & S % 1 %

& () Fe iy L ECORAGES & 'beégﬁ."@ A T il

& ()-F+ r I“%@HJU&'? reat@@b@w gm(t)e,mperature of PHBMV, bu below the
degradation temperature of the blowmg agent (158°C). After mixing for 10

minutes at 60 rpm, the copolymer mixture is collected and is transferred to a
heated aluminum pan, spread about so that the resulting mass is about 0.5 cm
in thickness. The copolymer is then place in an oven (National Appliance
Company, model 5830) and heated to the PHBMV melt temperature again, and
is held at that temperature until the copolymer is completely molten (ca. 5 min).
The oven temperature 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 PHBMV (about 80°C).
The copolymer is left in this oven for 6 hours.
EXAMPLE 15
Compostable Flexible Foam

The procedure of Example 14 is used with the following modifications: 40
g of poly(3-hydroxybutyrate-co-3-hydroxy-4-methylvalerate) copolymer of
composition 60 mole% methylvalerate/ 40 mole% butyrate (PHBMV (40:60)) is
used in place of PHBMV (95:5).

EXAMPLE 16
Compostable Molded Article

Injection molded articles are obtained by using a Mini Max Molder model
CS-183 (Custom Scientific Instruments, Whippeny, N.J.). The 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 PHBMV (95:5) is charged
to the stator cup and allowed to melt for 3 minutes. The molten copolymer is
radially mixed by raising and lowering the rotor tip five times. A dumbbell-
shaped stee! mold is sprayed with a light coating of mold silicone release agent.
The mold is placed on the mold support wheel of the Mini Max Molder and the
molten polymer is injected into the mold by action of the rotor tip. The
copolymer is molded into a dumbbell shaped pieces 0.03 inch thick, 1 inch long,
0.125 inch wide at the middle of the piece and 0.25 inch wide at the ends.
These molded parts are suitable for mechanical testing.
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EXAMPLE 17
Compostable Nonwoven Fabric

Poly(3-hydroxybutyrate-co-3-hydroxy-4-methylvalerate) copolymer
(PHBMV) of composition 2 mole% methylvalerate/ 98 mole% butyrate is
introduced into a single screw extruder (Rheomix Model 202, Paramus, NJ) with
screw diameter of 0.75 inch. A constant taper screw having 20:1 length to
diameter ratio and a 3:1 compression ratio is employed. The temperature of
both heating zones of the extruder barrel is 25°C above the melt temperature of
the PHBMV. 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 PHBMV. The polymer is melted within the extruder and pumped to the die
at the other end of the extruder. The screw rpm is kept constant at 30 rpm. The
polymer is forced through the die and the melted extruded fibers are lead
through a region where a rapid air stream is applied such that the polymer fibers
elongates and thins to approximately one fifth of the diameter of the orifices (ca.
100 mm). The fibers are collected on a cardboard mat. The mat is moved in a
fashion so that a 10 cm x 10 cm area is covered uniformly with fibers. Collection
of fibers on the mat continues, until there is approximately 0.5 cm thick fiber mat.
A wide distribution of fiber lengths are obtained up several inches in length.
Most fiber lengths (over 50%) are in the range of 0.5 to 6 inches. 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 PHBMV. The resulting nonwoven sheet is removed

from the press.

EXAMPLE 18
Compostable Elastomer

Films of PHBMV (70:30) are made by melting the material between
Teflon sheets in a at 20°C above the melt temperature. Pressure on the sheets
is adjusted to produce fiims of approximately 0.5 mm thick. The films are then
identically cooled to room temperature by placing the molds between large (5
kg) aluminum plates and allowing the films to cool to room temperature. The
films are aged for 2 days, then subsequently cut into strips 10 cm long and 1 cm
wide. The strips are then placed in an Instron universal testing machine (Model
1122, Canton, MA) and are elongated at a rate of 1 in/min until 300% elongation
of the original length is achieved. The films are held elongated for two days until
crystallinity develops further. The strips are removed from the instron and upon
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Compostable Adhesive

PHBMYV (50:50) may be used as a hot-melt adhesive in the following
manner. About 1g of PHBMV (50:50) is placed between two polymer films, such
as poly(vinyl alcohol) (PVA), or poly(3-hydroxybutyrate) (PHB) or any other PHA
which has a melting temperature at least 10°C higher than PHBMV (50:50). The
films/adhesive assembly is placed in a Carver Press (Fred S. Carver Inc.,
Menomonee Falls, Wi) and is then pressed at a temperatufe 5°C above the melt
temperature of PHB:MV (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.

It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light
thereof will be suggested to one skilled in the art and are to be included in the
spirit and purview of this application and scope of the appended claims.
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b) a liquid impervious backsheet comprising a biodegradable copolymer, wherein the
biodegradable copolymer comprises at least two randomly repeating monomer units
wherein the first randomly repeating monomer unit has the structure

10
R 0
O— CH— (CH2)n— C-

wherein R'is a C; alkyl and n is 1; the second randomly repeating monomer unit has the

structure

15 CI3H3

(':H—-CHg ﬁ)

40— CH—CH,— C—
R &

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

the first randomly repeating monomer unit; and
20

¢) an absorbent core positioned between the topsheet and the backsheet.

2. The absorbent article of claim 1 wherein the biodegradable copolymer comprises one

or more additional randomly repeating monomer units having the structure
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O—CH—(CHy)m—C

wherein R*is H, or a C; -Cjo alkyl or alkenyl; and m is 1 or 2; and wherein the

additional randomly repeating monomer units are not the same as the first randomly

repeating monomer unit or the second randomly repeating monomer unit.
3. An absorbent article comprising:

a) a liquid pervious topsheet comprising a biodegradable copolymer, wherein the
biodegradable copolymer comprises at least two randomly repeating monomer units
wherein the first randomly repeating monomer unit has the structure

R’ 0

l il

O—CH—(CH2)s— C
wherein R'is H, or C, or Cyalkyl, and n is 1 or 2; the second randomly repeating

monomer unit has the structure

pmne —

o
CI:H——CH3 0
—+O0—CH— CH,— C—

and wherein at least 50% of the randomly repeating monomer units have the structure of
the first randomly repeating monomer unit; and R' is a C; alkyl and nis 1 and
b) a liquid impervious backsheet; and

¢) an absorbent core positioned between the topsheet and the backsheet.



