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*TECHNI CAL FI ELD The present gventlon relates to polyneric
compositions that are 15 bi odegradabl e and that can be nelt processed
i nto various forns, including films, fibers, and nonwovens, which
products have substantially uniform physical properties, and physi cal
and t hernonechanical integrity. Filns fornmed from preferred polyneric
conpositions are suitable for 'use as backsheets in articles such as

di apers, sanitary napkins, pantiliners, and 20 the |like, which are
adapted for absorbing various bodily-fl uids.

BACKGROUND OF THE | NVENTI ON ' : Several polyners have been
described in the art as being degradabl e, bi odegr adabl e, conpost abl e,
and the |ike. However, the polyners typically suffer from sone

limtation in physical properties which detracts fromtheir 25 wutility in
a nunber .of applications. For exanple, for economc reasons it is
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BIODEGRADABLE POLYMERIC COMPOSITIONS
'AND PRODUCTS THEREOF
- 10
TECHNICAL FIELD

The present invention relates to polymeric compositions that are
15 biodegradable and that can be melt processed into various forms, including
films, fibers, and nonwovens, which products have substantially uniform
physical properties, and physical and thermomechanical integrity. Films
formed from preferred polymeric compositions are suitable for use as
backsheets in articles such as diapers, sanitary napkins, pantiliners, and

20 - the like, which are adapted for absorbing various bodily-fluids.

BA KGROUND OF THE INVENTION

~ Several polymers have been described in the art as bemg degradable,
biodegradable, compostable, and the like. However, the polymers typically
suffer from some limitation in physical properties which detracts from their

25  utility in a number of applications. For example, for economic reasons it is
typically désirable to- process polymers by a melt process such as meit
spinning, cast film extrusion, or blown film extrusion. However, the meit
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typically desirable to proeess polymers by a nelt process such as nelt

spi nnin i I mextrusion, or blown filmextrusion. Hpgeyedes1ifg el t
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and/or set tine of the pol ymer may not be2 suitable for good nelt
processing. Thus, the product t ends to tear break, or stick during
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backsheets i memlmmim@n,r elevated temperatures, or moisture, su that they
would individually meet the initial requlrements for composting. However,
~few, if any, also | possess the mechanical, thermomechanical, and other
‘properties requnred for their practical use in a number of apphcatnons

. S One-practloel app_h_c_at_non of blodegradable.polymenc materials is in
disposable absorbent articles.  Although disposable absorbent articles
largely comprise materials which would be expected uitimately to degrade,
.and although articles of this type contribute only a very small percentage of
‘the total solid waste materials generated by consumers each year,

30 nevertheless, there is currently a perceived need to devise such disposable
products from matenals which are more readuly blodegraded and,
preferably, whlch are more readlly composted There is a particular
perceaved need to replace polyethylene backsheets in absorbent articles

_ with hquld nmpervnous fi Ims of blodegradable matenal sance the backsheet
35 |s typically one of the largest non-buodegradable components of a

¥



swith liquid inmpervious films of biodegradable material, since the backsheet
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conventional di sposabl e absorbent. artlcles' In addition to
bei ng bi odegradable, the filns enpl oyed as backsheets for absorbent
articles nmust sati sf ot her Egrfornance requirenents. For
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processes. In addi ti er exposure vat ed
t enper at ur es, tP?\‘ng‘{‘?muct shoul d have mechani cal and ot her
properties which enable it to be suitable for use in a nunber of

practical appli cat ltoiss.an tobjectacf thehpresebt cinivention o iprovidei an pblymerit) |
ompost abl 2 pr ey aton it BEidratans Und AR TS midh pRERoFR8 R fif, e
such products predusts having fsubstantially umfnmmhysmel fproperties: amdo physicabj ect
oF {1 PrOGPILEMN Mothar il Wl RoRat] B USRARE orfpolb it o
parts . also has thermomechamcal mtegnty Thus upon exposure to elevated
temperatures, a product thereof should maintain sufficient physical integrity
25 to enable it to function as required at the elevated temperature, for
example, to enable it to survive converting processes. In addition, even
after exposure to elevated temperatures, the product should have
' mechanical and other properties which enabie it to be suitable for use in a
" number of practical applications. It is a further object of the invention to
30 provide such a polymeric composition that can be used to form more readily
compostable products. Another object of the present invention is to provide
such products in the form of a fiber, nonwoven, or film. Yet another object
of the present invention is to provide disposable absorbent articles such as
disposable diapers, catamemals and the like, having component parts
'35 formed from such products.
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It is a parti Clﬁar obj ect of the present invention to provide

bi odegradabl e, liquid inmpervious filnms suijable for use in absorbent
articles, wherein the filmhas each of. the foll ow ng properties at
room t enperat ure: a) a machine direction (MD) tensile nodul us of

from about 10,000 to. 5 . about 100, 000 |bs/in[err].. (6,895x10[err]

dynes/cnierr] to }tG.'%ngﬂﬁrgWIfr °gje°t1 of t%edﬁ{§§?'3'n{'@?’?ﬂl'tz'°rg8.t%5pmy o0
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about 0.0012 grans t. meter per 16 hours; and

f) a thickness oﬁ‘})’??r%%ﬂggégigslhﬂpﬁiteregﬁss Wzl")'m croneters, 0.5 mls) to 15

about 75 mcrons (75 mcroneters, 3 mls). . : Preferred filns
al so have, at b)onatmaghinetdinectiandeamstréngthwof ldt least about 25 grams pen25.4
manuf acture, an el Q& ' . Jt. 0, i SR fHickigys 140% and a
tensile strength o@ aé h#gﬁs?@%“@é@%’nﬁgﬁ%?’?%ﬁ préferred filns have a

failure tenperature, as defined herejn, at | east aboyt 60[err]C. 20
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~pol yneric onposi t gems Pélﬁzs.armicrons-(ZS.binﬁidﬂﬁﬁé!é?é}'1emﬁ of tHicknessn be el t
processed into various forms, includlng films, tibers, and
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techni ques. In addition, the conpositions provide products havi ng

physi cal integd) t yasmeistue dranspotinate oflessrthaprabout £.0¢12 gearos per square
i ncl udi ng mechani Céénti?ﬁé‘t%??ﬁ?@&hdﬂ?é'céhdénabl e their use in a nunber of
r

practical applications. ferred conpositions are useful for forming filns

f)  a thickness of from about 12 microns (12 micrometers, 0.5 mils) to
15 about 75 microns (75 micrometers, 3 mils).

Preferred films also have, at room temperature and in the machine
direction of manufacture, an elongation at break of at least about 140% and
a tensile strength of at least 20 MPa. In addition, preferred films have a
failure temperature, as defined herein, of at least about 60°C.

» | SUMMARY OF THE INVENTION

The present invention is directed to polymeric compositions that are
biodegradable and that can be melt processed into v_ari@:us forms, including
films, fibers, and nonwovens. The c_ompbsitions have melt strengths and
. set times that enable products to be directly for.m_éd by conv_entﬁonal melt
25 processing techniques. In addition, the compositions provide products
" having physical integrity and substantially uniform physical properties,
including mechanical properties, which é_nabi_e their use in a number of
‘practical applications. Preferred compositions are useful for forming films
or fibers which are suitable, respectively, for use as backsheets or in -
30 topsheets in disposable absorbent articles. - Products of preferred polymeric
compositions also have thermomechanical integrity as described herein.



«or fibers which are suitable, respectively, for use as backsheets or in 30
t opsheetwoivsrossssposabl & absorbent articles. Products of pPETAISSFHTE®| yneric

conpositions al so have thernonechanical integrity as described herein. .
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hydroxypropyicellulose, a cellulose ester, or a mixture thereof.

25 The compositions of the present invention are useful for forming
biodegradable, liquid impervious films. Preferred blends can be melt
extruded to form biodegradable films having mechanical and
thermomechanical propertie"s' that are preferred, for example, for use in
backsheet applications. The compositions are also useful for forming

30 - fibers, for example, by melt spinning processes, and nonwoven materials
containing such fibers. ‘The nonwovens are useful, for example, as a
blodegradable topsheet in dlsposable absorbent amcles

The present invention also encompasses disposable absorbent
articles having a liquid pervious topsheet, a liquid impervious backsheet,
35 and an absorbent core positioned between the topsheet and the backsheet,



articles having a liquid pervious topsheet, a liquid inpervious backsheet,
35 and 3polbegneent core positioned between the topsheet pou/Usbsi1728
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- 6- the articles bei ng characteri zgd by including the biodegradable
potymeric conposition. In preferred Bibodi ments, the topsheet

I ncl udes a nonwoven web of fibers forned fromthe polyneric

conposi tion and/or the backsheet ' ncludes a filmforned fromthe
pol ymeri ¢ conpt@ aitisies being characterized by mnzhgmm biodegradakis pgtymeric
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20 The compositions provide products having physical properties,
including mechanical properties, which enable their use in a number of
practical applrcatrons Preferred compositions’ are useful for forming films
or fibers which have physlcal properties that are preferred as described

- herein, respectrvely, for use as backsheets or in topsheets of drsposabte

25 absorbent articles. The physrcal propertres of the products formed from the
composrtrons of the present invention are substantially uniform. The
" polyrnerlc products hersin thus have substantial uniformity of properties in

" the machine direction of manufacture and, in the case of fi Ims, in the cross
machine drrectron of manufacture It will be recognlzed by the skilled

30 artisan that, for products formed by a melt process, the physrcal propertres
in the machine direction typlcally differ from the physlcal propertres in the
cross machine drrectron

Products - of preferred polymenc composrtrons also have
thermomechanlcal integrity up to a given temperature that is above room
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tenperature. As used herein, roomterrperat'@r'e refers to tenperatures in
the range of 20[err]C to 25C. As used herein, a product of a polyner or
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t enper at ures ado rthg nempealpee ﬂ']at islaboveg reemrtagmeoature In genbealafaria given
Moreover, duri ng B§Qfé tid O(ﬁeogtrdhélﬁoaéale%sgggﬁ @‘ebﬁfé g{e?ﬁ anﬁ@r mdreS: -

duri ng convertl n OCGSSéS or conversion o sorb

articles), 8 pdapi a§rtha|qxpeﬁuqa inmpenabure mmmsgs o@ﬂéhecmh%hem yademe
article my be rreeeilibrium CONMEDAS the strongtirdetieasds fﬂ)@@eﬁ@%&tér@ as! the

particular, the,Ga0tRd Ym0 Mcrases, oF a"Gieh” oxPBSGHS emperaiure, ° Under
equilibrium conditions, the strength does not change with time at a.given
temperature. |

25 -For example, a backsheet fiim or other article component may be

- exposed to temperatures that are above room temperature during storage

or fabrication of the absorbent article. Disposable absorbent articles may

'be exposed, for example, to temperatures as high as 60°C during storage of

" the article. Moréover, during fabrication of disposable absorbent articles

30 (i.e., during converting processes or conversion of disposable absorbent

articles), a portion or all of a backsheet film or other component of the

article may be exposed to temperatures in excess of about 65°C. In

particular, the conversion process may involve exposure to temperatures

ranging from about 65°C to about 90°C. The component may be exposed

35 to even higher temperatures, for example, during hot-meit gluing
- operations. Hot-melt gluing operations may eprse the article component,



rangi ng from about 65[err]C to about 90[err]C. The corrpdnent may be exposed =~

35 to e glaer tenperatures, for exanple, during hot- rosbisH 38

oper at i ons. -melt gluing operations may expose the article conponent,
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directly or environmentally, to tenperatures ranging from about
120[err]C to about 24ﬁ£‘werr] C. The skilled artisan will understand that the
anount - githar; gir 9fr gRvicoRmeptallyy 18s teraperatungsn rargipgr et abawly

vary S?Ch| It ha120°C to abbet zm"@t The smreaeaﬂtsaha;vitua:iﬁda?szénhythbhme: arfigune Nt
may actual |y ratur
backsheet or ?%{Bg @Y)f#)gﬁgﬂ rﬁgg %%Wﬁ@tﬁ?%&i’ay vary s"f%@@tl ty
up to a gi vertheeefﬁentueutemperamresreahmcb bydben campenentumey acluallyabe less nay
be encountserq?t,ag%é%@a fgrﬂ??raﬁlregab” cation, if at that given

i

tenperature it nmaintains s cl ent phy3|cal integrity upon exposure to
that 10 terrperature for .a tinme period, which would be consi dered typl cal

by the ski | Fee backsheet orypiheryarticle cameenent,hast thermomechanical

i ntended f UnCihte’ghty Up'toea gtven teﬁfp*er@thﬁe tﬁétﬂs abiove r@dﬁpt%’rﬁﬁeratﬂré atid thet €
conmponent nust re I.n:-str upan d. af. XRo e t.o the
gi ven terrperamaYe hgpcpgn%g%gedurlng s&’gﬁgﬁtgﬁp luit %n'sdghﬁt ﬁﬁ?t i9veR

sui tabl e for temparaturesdt malrttauhsdsdfﬁaent physloallthtegmtg upar ekpostirecto thaht
exposur e. gAf tehaepefa@ﬁerfsrtaot.maﬁ 8HiG WhiEARGodld b8 Eaiidered typical B e OO

terrperature S|ca pr-op er Ies,

mechani cal pregied agisang sbeh tﬂh%& it ig s‘l"!la‘!iﬁlf%tﬁﬁé in s 'meé"ﬂeﬁltfé'ﬁﬁt!@'\ fruthe i on {

inthe #fitieckfter such exposure Th?héhﬁﬁt H\%h%ﬁt ustemain Strorsg
pol ymeric product can be

‘ f ai re tei re of.the
Dt ) P Sniia UPERcand atgr SXPosUe (o e iven dCmbSrAND Hostcis,Sbave o
tenperature Joonhterh pératurdysuch that it is suitablefisr uselin its intendedsunctidrEin  of " a

R o ﬁaﬁnﬂeﬁéﬁ%‘ Sl Rrer expodibeltp bEHIHAT ferhBbrabils b
processes suds akoveoraamstempesatne,sthes artiglel hasdphysicalupmpqmes. cnacludm The
dynani ¢ st or GugcHARIEAHSr o?&rtt{éé%&ﬁﬁ tRat ifisPSUitebFé ¥or it lntende)ﬂl‘r'l%tloﬁ% the

function of. terrperatu etermned using a dyna mechani cal
anal ysis tec '&l?e as described herein (the dynamc storage nmodul us
in tension is alternatively referred to herein as.DSM. The failure

teﬁperat]yrlel can tyRne Hreromechianichl bintagtityn@ft he polymericit proeiuet odn de t he
00", 05 T3] | ol Y obraS O 6ol "y BORGH RO
pol yneric pr demeraweeaswed)rlnewm imithg temperature at which the dynamrc
storage modulus i in tension (E') of a polymer product falls below a minimum
value required for the product to function in its lntended applscatlon
(including secondary processes such as conversion processes and end
25 use applications). The dynamio_sto_rage modulus in tension of a polymeric
product as a function of temperature can be determined using-a dynamic
~ mechanical analysis technique as described herein (the dynamic storage
“modulus in tension is alternatively referred to-herein as DSM). The failure
- temperature can then be detetmmed by noting the temperature at which the
30 DSM falls below the value that is required for the product to function in its
intended application. :

Typlcally, the DSM of a polymerlc product decreases monotomcally

with mcreasmg temperature ‘and the polymer product will exhlblt a

_ slgmt'cant maxumum decrease in the DSM whlch |s |n|t|ated at or near the
35 failure temper_ature (A stgmt” cant decrease in the DSM may also be



Wi th increasing tenperature, and the polyner product will exhibit a

si gni fi cafd osega¥s UM decrease in the DSM which is initiatefcpisesiipgar the
35 failure tenperature. (A'significant decrease i'n the DSM may al so be
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initiated at other tenperatures below the failure tenperature, for exanple,

Gt onse To° pahftBRed P ot TR Fad beldif 158 Fiifie Bhftbtilee, B Geinmt, S,
than at these @tthergles itionetemperatyrecefi the, polymer fpraduct. n Homrevenathe
occurs 5  befddigadd it DSM :H&tabegihs dét%ﬂ Hé&r e RfLPd "t'érﬁgé?atﬂfé Ishgr%&ef of
at |least two - (t)rders f ma tude Qver a positive t erat ur€ change

of - about 10[ ertharat these other temperpkires; §ypicallye HmFhanGeIn D SM RAHECRHIS | | s

or fibers tshatbegimnihg dteoruset the failure tentheranie lis dnotheodren tof attieastetvo f or

| east about 110[err].C, nost  prefer -at
Stated anot her °L|ﬂ9?4tﬁ' ft e%pesthlwo@r@et témpeaa@r? @t pwhich dhe

Comperatur e a AR Tahisedh ren s pobfiR b Bitod & dkouddtyo ea

Preferred conpositions of the present invention provi de polyneric

films or fibers. halnefpilure demperaturenpicpelymesdcdiimatorifibess that are tabeussed

60[err] G mor nPifiiisable/ disorSén! idles, HBF Cekirpleryay Est:ﬁsr?gg&ebﬁbw at
| 'east ahqut 120[err

r \
MLftbedimsor 15
or in topsipeetfiberifalls befow 20sMPas oPrefeiredr dontpasitioriss be i bredunt dnveriiidd of

be exposed duriiRYCBRONTErE s, B Abers daving: = ibke oot of dtdrestr
the present i rakoutié@Camoretpreterabiyt apleast dboti 9a%C,aeveri moresprsferably at DSM
of at |east demaa' 5 lféutal 1be§pa b‘ﬁ{"%ﬂﬁ?ﬁ"{ﬁ‘ ie%@?éb@&%‘ [err]C, nore

preferably 2 east even nore prefrerably at |east

about 110[err]C, St preferably at |east about 120[err]C.
The conpositions 'Hgt@aecé anpthss way, filresiardthess datare torkaiused aschacksheets

are deriveg frominstopshééte indISHosHbIe 2bsbibdntarfities HreferaByrEvirathsM of
pol yners. As uaﬁd e wln re er?nce t %‘polqlmer CcO n@g and_. 25
conposi tions, Pﬁ%e%é 28 joyer the, %HBB’FZ 2fange to wi g’?’ﬁﬂ&f fiBRF MBYY t he
| i ke means t hebeexpdsed dyring convernsipn, rsjoragle, o luspr cRreferred icompusitiors of
material is br ] ' Y] ' :
principally futﬁgﬁi}g%%g%%tﬁgsmﬁ?% Fﬁ@ggﬁgi‘gﬁ%@’%# a\éy ﬁ&?@g@?cosm _
bi odegr adat i orfff atleaste2tMPaal a emppecatuesceof gt loast abe i, morecpreferably 30
bi onass, apd 4t Rt dérder PSR iy 144N ERLP 0 10°
bi odegr adat i OEB-, mﬁﬁi‘t N8y hﬁﬁﬁg&al Iigr%g{%r'%dé&c%g.ge -b‘ﬂ] C, m?ﬁte
conposi tions direfargbly atleastabol20d. are also more readily '
The compoéitions used to prepare the biodegradable 'products herein
are derived from specific 6ombina_tions of two or more biodegradable
‘polymers. As used herein in reference to polymer components and
25 compositions, "biodegradable,” "biodegradability”, "biodegradation” and the
~ like means the capabi_lity_ of undergoing natural processes in which a
. material is broken down by metabolic processes of living organisms,
_ principally fungi and bacteria. In the presence of oxygen (aerobic
- biodegradation), these met_apolit; processes yield carbon dioxide, water,
30 biomass, and minerals. __Under ~ anaerobic . conditions (anaerobic
' biodegradation), methane may additionally be produced. '

The compositions of the present invention are also more readily
composted than conventional ma_te'rials such as polyethylene, as described
in further detail herein in reference to disposable absorbent articles.



conposted than conventional materials such as polyethylene, as described

in furthejoéslgjsdsd herein in reference to di sposabl e absor bpotrosssiiieises.
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I n"general, the individual blodegradable polyners 'do not thensel ves
neet all of the perfornance standards reqU|red for practlcal application in

certain products, |nclud| SROS Sor articles,
particularly, Q{pfﬁl 'B@wﬁ'ﬁiw rRﬂly'B‘@g% Qgsn%t &\9"?5§Y9¥ngt h
and/ or set ti meet al ofiitihe Iperformnncelﬂtmdardsgeqdrreélfw practieat iapplicatiorcin i s

an_econor 6al |gain prodlicl, SAGINGRiBa6s e BBt diclbY P RhorB paIEIERY, ©

products descri erern I on ucts o

i ndi vi dualpolthenindividual relymersemay not passess annegrﬁtsﬁngiln andipe set ame
i ncl uding gechaMiélsal BGIRARG! fo?SgobQ melthpr&ié%sm whithD $€ @if Ecaloptieaify

Sbsorbent ar t PEREESd, AialReR! ot bmgﬁ%ftﬁenﬁperyﬂépohggerrfatproaﬁc’saﬁssgr&sd
:ohy:1 IC tcalSt |ro; (r)]pd!rerexns Insaddjutroa trtelproduqts @f ¢he iindividuah polymersomay, natrhave

o and use. sumsleit sliysoal pribétiibs) [fRARTG thetheial piBfias” 6 WA 01
pol yners may Subseauent: procassinghanifor use inaariainy, amrsatlomsufor lexapplauin 15
exhibits gg U'&ﬁ’sc“p"d%%?é"ébdo?éént' Britiie! C¥ Addifsh, ta/gwerptwyﬁat magpﬁbt'es

upon exposure t | evat ed eratures for e

storage. . possess phygcalgre S5y Rl BicHeries, o0n SUNGH AN o

L htehl nvtent i f”'fﬁgw streng t?; @dmt redéahbistml uansmrlsswnaratodvm-ﬁmaw preferredes. |
o} nat ur a n nt-het i a 0 '
attributes V\:hl erl’éH&éy sorgent N E@gr%ﬁ%&@r y%\é@ ﬁ %f"?ﬂ@ya'

attri bu]t es pr puymenshmaqutrimve thermdmenhariml riptegsity] s:.rolrgthairth; prodact

mat eri al i c t ed,
product s. 1 re sp em?ﬁg&ﬁ%@ﬂ@éﬂr& loss in p%%sﬁ%{‘rllgfﬁwleﬁ ﬁ& EE#e ©
pol ymer from yepn@murstmglgvahd/twsrat%s forexampl e,.wrmgss@em@n or

absor bent art igtdréige. f or eXxanpl e, as a nonol ayer backsheet in such
articles. . * For ~exanpl e, some bi odegradabl e pol ymers are

Thes the neryner . Thiuincividll gRer sFlgBind 0158 brBodo S hd g™
2 :Ng In: fi cant ahndegradableapelyn(ersgobtalm from emamy rscaices, hgm batural @nd) |
sensi t [ VI %9 er ] (iﬁac‘i{ bf {)H%eéélg Irsn més n%or F‘Hré %%%t?s %léﬂ)}meﬁ

i mport ant , f obiedegradable; né‘lﬂtféﬁvﬂs many of these raltribwtes,prevent te pelymer

material to ”Wohﬁabémbt %s!e&t %iﬁgdmrwluasna ltﬁéteﬁbl t|'i’te o%ﬂa”rﬁ' Biodegraddtitéve as
a noi st ure rrrer gé m oru% ﬁam)lst re
bar rier prefera ly more readily composted products ore specifically, many
| these attnbutes prevent the polymer from. betng used singularly as a
25 matenal in drsposable absorbent artroles for example, as a monolayer

' backsheet |n such amcles

For example some brodegradable polymers are morsture sensmve

As used herean' “moisture sensrtrve polymer" means that the polymer, when

. exposed to aqueous media, may absorb srgmf icant amounts of water (e.g.,

30 more than about 10% by welght), swell, lose strength or stlffness or may
" dissolve. The moisture sensrttvrty of materlals to be used in absorbent
articles is important, for example; insofar as it relates to the ability of the

.. material to marntarn its _integrity during use of the article or to serve as a
o morsture barner Iayer For example, a film for use as a moisture barrier
s layer, e.g., a backsheet preferably has a monsture transport rate of less
than about 0.0012 grams per square centimeter per 16 hours Examples of
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+35 layer, e.g., a backsheet, preferably has a noisture transport rate of

| ess about 0.0012 grams per square centineter JRFIHSAPHSS.
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noi sture sensitive polynmers include 'i1n1t'erpenet rated networks of
destructurized starch, polyvinylal cohol and rel ated derivatives such as

t her mopl asti ¢ pQl yvi nyl al cohol conpositjons, and hydroxypropyl cel | ul ose
and its deri VH%W{'E?. sensitive . polymars, inchisleyr ilgmiengitateder Retwarkser ofr om

their thermal destacturized ystarch, polyvinglaléohet! nd orelatedC dafivaives 'suehOagge

t enperat ures. jAs used herein "thermall|y sensitiv ol ymer " nmeans a
pol yner havi n&%%%%tﬁg PSBMRV'%‘P"N' w"msmm%ﬂé 6@6‘? °§¥PV§%{=5HB'&§°
pol ynmer havi ngnd itgl derivativesisi t i on t enperature of |ess than about
65[err] C, or a polynmer having a Vicat softening 10 point of |ess than

about 45[egr] C. S‘G’thePSHdﬁHHrédéﬁlS g;}&lgr‘hgfé S¥sreefidhdt tﬁé?r | sens'givitk%se
relatively | ow nelting polmnms or ass transition tenmperatures. Such,
pol yners t end relativelyi RrREeSH ANAIET Steragn femperatuies: urAs HERA chemin,
[rﬁl ting pgi nt “tierpathp %_epsnmﬁdny?evemﬁmtarpbll?ndr mV;htg aswbltir? p:laigt of
er nronechani ° e er ensitive’' an .
"t her nonec hanﬁgw yélﬁum ggdé" A %@g@q"r‘r’?e Pﬁ)’éﬂé’eiﬁ"y"qme? egﬂ?%.s frﬁnﬁ'&ﬁpt i on,

product s f or ntemperatunenafsless tihamabeuhd§®C,cra pblymerdiaying duvicat sefteninge

t el evat t I ot A Lnal ud
pol ybut yl ene /SIY SI8SSi siton CEaturasat 20
o ooy [T ORI AT, Ik o Wtpai dsdacnei !
structures. F eq@)’(%nﬁp.@',t ﬁBnglﬂsﬁsttEﬂqsi‘th‘ p@meﬁﬁwﬂe,ap‘a. @S 3¢ rasuit; are
pol yl'actide thermaomechanically elimitedt afThe tedms acthaimallyengensitiva® and
ol ymer S tRtBmeEBgicaly tinifeof ars 1B intérrrtiaeab i bARINT n Yeifii, o
Sci ence 1990) prodiats farmead: fromethase polymers may lofser theireshape during storagét i | |
‘h | . o \ ” - .
stiff (tensil u gAYt ) e,
suf f ]ge][s 30 plblymweﬁé bRritarate and/ Polypropylehe egfiééiﬁateands@jn&aaiphaﬁc
Lo ch 3R SPWRRIAedhac waeonshcd el Sorsitis s afnel i o
Chese Tt Sﬁ!mi"""é"gfgg‘;@;%d“}z %;;"a'ga;;ggg?’ G"W;gf;g%m;;gg"ag
. . S ures. @, non-ch e.g., ata i e
d bl & | 28 d

! n SposaRte o? usnoarnneegled isotactic pglr)]/lactide: I:l:&;':das to Ibe trt]'neels'maﬁy sengitive. The

terms "atactic" and “isotactic” are defined in Polymer Science Dictiona

25 Mark S. M. Alger (Elsevier Applied Scie_nce 1990), incorporated herein by
reference. | '

Still other polymers have mechanical deficiencies. By "mechanically

limited polymer” it is meant that a product formed from the polymer is too

- stiff (tensile modulus too high), too soft (tensile modulus too low), suffers

30 from poor tensile and/or tear strengths, and/or has insufficient elongation

-properties to enable its use in a given application. On the other hand,

- polymers or compositions that are not mechanically limited provide products

‘that do not suffer from these limitations. For example, it is preferred that
films for use in disposable absorbent articles and having a thickness of from

35 about 12 microns to about 75 microns have, at room temperature, a

‘machine direction (MD) tensile modulus from about 10,000 to about



35 about 12 mcrons to about 75 mcrons have, at roomtenperature, a
machi ne dvoegbises (MD) 'tensil e nodul us from about 10,000 tBCHWSN11728 WO

96/ 08535 PCT/ US95/ 11728
-12- 100,000 I bs/in[err]; a M te r strength of at |east 25 grans
per 25.4 m crons of t hi ckness; a crléss direction (CD) tear strength
of at least 25 granms per 25.4 m crons of thlckness and an i npact
strength of at |east as _neasur ed falling bal | drop; and
ot o B of or abl 08000 IRS(nZ; s lear sirengtofialieast:2s geams paE 254 EIGAGASS on

al break of althickielss i ertissldideton(CDY ©ap sirangl GnaiBasi 25 gr gt
about 20 MPa. In thegfa?nt exst]dlof ﬁﬁﬂn:s )tthe mec gamsi‘ierm

pol yners. f or m PIFRRS Iekness, #nd An igipad, streng gh%ﬂ?ﬁét J!;é %ﬁ% measured
t hese propertimsfalling bdll drop; ard mareapteferablysalsétmave| at radmtenipenatusd,| &

71 DOl R i b WG o B0 Y A el o
pol yl acti des, ¥ecleast abput 20yMPacy dnithrccantext ef §ims, me WVsl)mlteqhd
fg”gr Eﬂgg?ﬁ' %ln@gl:f:fgﬂﬁ qnmgrasme above-notesdS gg@(ﬁﬁs P@Wﬁeéﬁ lé’ééi ohd orcul t
ext r usi on, yc}&ﬁs?lﬂrﬁpﬁaﬁsugﬁ‘téwe 9‘19‘%\%{3393 18nges %ﬁ@%ﬁ&?ﬁ@g&bamﬁﬂb
L i Hns }‘lt ber s limited polymersrincludei mllukbeie ineaterials such asamlliophanéy céliulbseer
ifficu S n
effective el {?%%angpﬁ%ana'ﬁghssef t '45% e%gfsr p@itﬁ"%ll@ﬁ\'apﬁe p%rgsl?é}ss :
ability to forpolpactides,scertainmplymydroxyalkanoatesi(e:g.hPHBV: copolymersy| amd| t

extrusi on proc&sm gctive nelt strength refers to the ‘
resi stance of a rmlmerﬁ%p‘asmpdymﬁéto be drawn- dovvn to a desired

di nensi on such as thi ckness é case of filps), or diameter or

denier (in the casOthar fRqlyness arepoqi'ﬁmlt to progass nBYaCPBMP'é‘F‘Nﬁ!t imelt nel t
strength is urprbbessés %@swndasthﬁlmméxtmsian blowrs tfilfi _BxtrGsion Sarfdetmlt ed -

L g g BrocAsbef 5L e RS 80-othL toPds, BEMD Pl
saggi ng, or drrategmpoﬂydtpelyrfreredufrmltl toameit pracass;'sit issmeant that the giolymer
nonuni form &t %ﬂcgﬁ&&tﬁw HeYthst?eﬁgth ShGioP st %ﬁﬁérﬁhaf’ 6eﬁ?&f§' frbﬁfiﬁes

nonuni form t | es I N ness

the tinme peri APilitygta ferm nﬁae&tsd\@qmmwacabfmtewtv Ryoaesenvastional sneit for
the nolten polgarisidmpridess. L 0 achieve a substantially non-tacky
physi cal state. The set tinme is mportant since, if the . pol ynmer does

e e e b 2Bt ol el T65S, B0 G4BT @ oo
and/ or to proqolymney tmheldnawntdmto afdesired aditniengioncsuchoas thicknesst (in theor
case of fi Ims), or dlameter or denier (in the case of fibers). A polymer
havrng a low effectwe melt strength is unable to withstand the minimum
~ strain that is requnred to draw the polymer melt to a desired dimension. For
25 example, the polymenc material may exhibit instabilities such as breakage,
sagging, or draw resonance. The resultant products tend to be highly
‘nonuniform in . physical . integrity, e.g., the products have significant
' nonuniformities in thickness or shape. - -

_ The set txme refers to the time penod requlred under a given set of
30 process. condntrons for the moiten polymer materlal to achieve a
s substantially non-tacky physical state. The set tlme is lmportant since, if the
polymer does not set within a sultable time during processing, blocking may

occur. Thus, the polymenc materral having residual tack may. stick to itself

andlor to processing equlpment even after cooling to room temperature or

35 below. Such residual tack may restrict the speed at which the product can



*35 below. Such residual tack may restrict the speed at which the product
can Wb 96104388 35 ' PCT/US95/11728
PCT/ US95/ 11728 EERE B -13- be
‘processed or prevent the product from bej pg.col | ected in a form of
suitable quality. Al though blocking may be mnim zed by the use of
conventional anti-block agents, it may sonetinmes be desirable to avoid the

o aﬁt‘Chpﬁ?&;? qe88, b Brayert ¥ et o, B0 RO A TRCS Bt .,

the |ike may Huitad |qu,abty n A&haugheblychnghmaw@les minimjzedr by ther usedef

suf fi ci ent antdaﬂ%ﬁﬁbn@lférﬂ%}ock%m it fla s&ﬁeﬂ'rhawe é@éif#hb‘iet g bock
agent can negatlve#y Hp % Eanl caI ert*es 0 uct or a
gi ven appl i cat4$h O Sugh asfmts,msu 182 the g9 sgt time eameénesn%m e

10 strengtsh dnporiant. ®ar exahiple Cnimaral antu-mlameagems suthoas !albeﬁm&ﬁsand

570 wei ght oo P U Pyl requifet 7R TRlavENG pIGH feils To STHBL BoaRiie Fo7 G

the use of an sufficient aoli-biapkneffedter Howo&ea@tnsucl'shrgb'lerdmls,otheeat\h-lblqck nert
or o odegr bl A el 19 th A rb 't (W TBBuoRlr "<
ot her prQﬁﬁ%'P ﬁ%‘cﬁ?o’t‘-hﬁ %oﬁmg‘l‘,uvr%déu@ high or the "tear angt teasile | ne
is influenged strerigie ard yiwer iow! er This ashéngee mrgmgsam@g usuall etsuuomwt

iggoﬁggdLﬁhgPsﬁﬁsﬂfﬁéiﬂm&%@&ﬁ%ﬁwtﬁ%ﬁﬁs relfind abddev '&3 vep goouf”
typi cal ly i ncl&d40 weightPaoi tke compysitipni r bwadditionpit roay Itle desired ts avbids
g; ® esse d k”OV’(ﬁe'L\iﬁ]é an 'ahti- BIBcIE Qgeﬁthe eeg%?g :ﬁy% r?c}t éﬂWg@?ﬂﬁtéW H‘E@i ng
process cycl e an b;ggegradabY .ew@efe thecagantds potentially toxictto maas,ocr wbeltme
poi nt of tpke-tha Q?eﬁp'lﬁt%%fé!‘)mgmﬂcanﬂye’%ﬂtﬁ me%ft‘%mmga Popétti@s’ of Ythds TES.

For exanpl e, cast ocesses to accommodat e ‘conpositions
having a rel at?@@ﬁ?‘qso‘?fd[" WWP conmpared to blown film
processes. For sem -cryst aI I I ne polyners, the set tine depends

on the rate of The set timedis|infhagriced by thehpolymiey meaterial and the ppocessing
bolyer s, t e SayPsnE ahit nciibls. 1n generfl, the' 3eb8né Bowid He BHAE MG .
t he pol ymer . ICPf goerends | Undert wonventionalbpragess condiliens.enpluch wwandifonshe
pol ymer dugg ngy bi&u%«aﬁapdéttaﬁgyab@mq;ﬁg fidift that of i rols"8uttt afl adglal |y

i medi ate as resu vitreficat S i ne

em ners
with a Tg bel oW R &'?ﬁ)éﬂaf%mﬁ melt tamperatureyof fﬁ&dﬂﬁ@"a& being EEFK‘@SSG3
set time is genhichIMayWuprChbdumwce trﬂgenéra,rmntgbr pvécessscyvle Itiowess

about 35 1
Mhich the.r adi (g ot e BEER 1 el Exffio o8 bolof 8k Sk up 5 defisEeidhy
spherulite is tsnd;ibeacamﬂnmodate longer set times. For example, cast film processes
25 tend to accommodate compositions having a relatively long set time, as
compared to blown film processes.

_ For semi-crystalline polymers, the set time depends on the rate of
crystallization of the polymer or on the glass transition temperature (i.e., Tg)

-of the polymer. For amorphous polymers, the set time depends on the

30 glass transition temperature of the polymer. In general, if the T'g is above
the temperature of the polymer during the later stages of shaping, the set
time is virtually immediate as a result of vitrefication. For semicrystalline
polymers with a Tg below the temperature at the time of shaping, a suitable

~ set time is generally achieved where the radial growth rate is at least about
35 1 micron per second. The radial growth rate is the rate at which the radius
of a growing spherulite increases with time. A spherulite is a spherical
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aggregate conposed of crystalline |anellae ranging in size from

submi croscopic to a dianeter on the order of mllineters.

Pol ymers that tend to be difficult to nelt process are exenplified by

pol ycaprol act one, and thernopl astic poI yuret hanes having a Tg bel ow t he 5

t enperatures cally enpl oye ap Such o yners.are
Coprimarily Ii m%ﬁegﬁ} tfﬁwr‘) q%dgt ?{;ef'vs %ﬁr& lﬂ'ﬁ?"qﬁssr%ﬂ Ing iR 5/SizR| from

- process submicroscopic tOadiametéryomrethe ofder of enilimeterse difficult to nelt
process are pol yhydroxy al kanoates, for exanple,

ROl Yy oLty 2yl nat tppBY KR 0 R SUGLEY B SRRy

strengt h. polycaprolactme @nﬁetheﬂnea@gmamiwema neschavipg s Jgsbelewthe al |

of the physi CQémperaturé%r Wééllye%nﬁkﬂéyéGan ﬁfellc%hhﬁiﬂg aIOSleﬁabb ftfers Sareh as
i n di sposabl e _absor,

ess a r use |n
products that PEyRAr W)Eim’t% Wo@?gdreﬁat“’éw q?ﬂg st'rﬁﬁﬁ FﬁL Wf
not degrade f zehditionsghOtiehpelymers that dend 3o . bemdlff cﬁttapnmultspracesbeamrl y

stages of co e igpa hat ch
pol yners Woulnggg;rl scrﬁggﬁta)ﬂ{’%% th@rco%‘%%t r&%hy&s&y%%%t ben?gme
part ‘of the fipelyhydropybutyrateivaleeateocopolymess| yich pelwmers are primafilyhoi nt

or Tg thayi snﬁh@%ﬁﬂﬁ.ﬁ@mm}wmdwa@ﬁy encountered in
commerci al conposting units g., above out 65[err]C Exanpl es of such

ireaﬁgéﬂe bol yost éé? {ﬁ{&' i ssfadati(gm l%:%f'rpe gs ﬁ?s%;ﬁ@é?rea@ﬂé Bhyaes' ' v ¢
cl eave pmp rties deisired far certaighdpplications|r suthbasirt disposabie absnrbemct i on
.0 YL aricie, M Blka 0L IoF By el LB t&ngtqoﬁw;ﬂ :
pol yest er copdihysris Becase thespolymens Idormtrdegraddlfaﬂdemugh tobreak uprinto
monoxi de §epOlsKidl fagriBfits |n the e%'rl'y@?i% B%Mﬁéétﬁ"ig H ”ﬁe’i‘é ) alpy

glass transition tenperatu such as. t hos

descri bed her dikglihood that such P°'Wr§rﬂé‘f“é|d %‘Freﬁf‘ﬁd&% the compost sleame
conposi ti ons @anhdirut becorRpart of the finalecdmpostc Beveralcfasteh' pel meashatréews
L o1 Lo PE, SrARE ha &#xﬂ@@%k@@ © 0 b heal) G ™
POLYMERS commercial @ompostiagainits)iesg. rabavenataut 85| \Examples taflsuchf or
:Jf] ferg;ﬁg 08! ‘f)ﬁ%ﬁs Mpﬂuﬁﬁ”ﬁ%r&l&ﬂ&éllfaéﬁgvﬁﬂedeﬁél{(éf&bl'g' ZefhydtGiticatly
cleavable polyesters suitable for use herein are polyesters that are cleaved
to low molecular Weight, biodegradable fragments via reaction with water or
water at 'acxd or basic pH, particularly at temperatures above 65°C.
~ Polymers of thls type include the aromatlclallphatlc polyester copolymers
25 described hereln oxidized ethylenelcarbon monoxide copolymers, and
aliphatic polyesters with melting points or giass transition temperatures

above about 65°C such as those described herein.

. Poly'mers'which are uée_ful_in form_iﬁg_ thé coinposi_tions of the present
invention can be classified as follows. It will be understood by the skilled
30 artisan that certain polymers may be classified in more than one group.

" A__MOISTURE SENSITIVE POLYMERS

One type of moisture sensitive .polymer suitable for use herein are the
compositions based on destructurized sta"_rch interpenetrating networks
(alternatively referred to herein as “starch lPNs_"). Thermoplastic,



«(alternatively referred to herein as "starch IPNs"). Thernoplastic,

VO 96/ 08 : PCT/USSS/11728
PCT/ USQSWWS : . 15-

* bi odegr adabl e conpositions. based on inter enetrat ed networks of starch
with a synthetic conponent such as an eth¥?ene/vinyl alcohol (EVOH)

copol yner are described in International Patent Applications WO 90/ 10671,
WO 90/ 110069. 3, WD 91/02025, WO 91/02024, WD 91/02023, European 5 Pat ent
Appl i cation N@IOQHD!QGSUQ compositions. basedeon iBtedSEnatratedanetwesks:iof starch

| ncor porat ed Ryt }lﬁﬁfé‘ﬁc ofiE %rshéﬂi)saé‘ré?'r %‘(ﬁylbﬁ@)vﬁ'rﬁoé"ﬁﬁﬁﬁl SFVbl-i)r om

Novanont under t adenane omer Cl

avai |l abl e mat &PPQ‘VWCR!? desgrbed iy lmﬁmﬂqnahﬁatqnto‘}ﬁnmhems MO 71
under the traqgyQaee/1M0089.3, Wesmme VO STIORORY, WOBHO2023NECSeahl

SLareh by el o o Sl or SEB1 B 15 8RR, IS PABRT BN PB4 B Fare ' ©
wat er . mcorporatedrbyfreferedcef Suchymateriailsare prailabletoatmercialtykfrom
starch and a atmc?dinﬁﬁﬁéﬁ ﬁ'ré‘ﬂ%ﬁ@ﬁ?me fgg?eub& %E ridnthid! ik \Commeridlly

mechani cal proper ese propertres vary

consi der abl y \@velablenfnaterial gasles 6§0§@xﬁﬂﬁlﬁfoi% abd from Wargenhambeg

film(Type AFQMar dRé rteadeifaniyy NdVo. These raatériais chﬁté‘ﬁ'g?bbté? rhum Qm%v
changes fr 20%1 Vi t

Cnange e8! Rt HywbioPt AR are th4rREsts, vary senSHYS 18 Eiasturd yaboh eyetd T

day-to-day bathe ambieftatreosphere aauveﬂms/drrectrugantmﬂmth liquid water. and end use
‘per formance are negatrvely affected. Mater-Bi filns al so absorb

ter t hi gh d
\IAﬁ g(rjdr ?r gn Itg I O\i\“é!rﬁg fo s?’\Jrenyaﬁ%l nt?ﬁ:/éqetrated%e%ﬁk (rgorﬂ ga antﬂﬁwlﬁg _
hi gh wat er abﬁﬂ&qtmwerﬁm heyextaudedwith \rﬂsyspaﬂemechamcalrmnpﬁftwr on .
through the flnhuﬂhuiornenam Qheé’é’ éh.eg% 'cOmE{derasty with humidity.

th h 30 f t
eoah 2 430 raritle e Toohis of% i i, xrhasﬁf-‘ﬁﬁé?rfpéﬁé‘qﬁe‘éé%a@m
not ‘be desiral80%ids thecrdlative hamgechadgés)fmhbom 0% to @06\ | Altrsughf

con |'end 1o Stn' RohOfh 36 BlealeS 1P, BSHIE hrockh® i Mook B3 HEL "

| eaving it colincensistent on a\day-te-day basisota the degree that eanverting rnpeoatrdnsl ms
f?Eeakiioﬁeg??ﬁ*%S%ﬁ*?Pgﬁﬂﬁgs%@nér% RegfvapEieled, el ety tall
contacted B o oMaRrEJUms dise AhEed Welee fo & Nigh degles, typically about 30%
of their initial weight. In addition to lowering the strength of the film
significantly, the high water absorp{ion also ieads to very high moisture
transmission through the film, for exampie, about 0.0024 grams/cm2/16
hours through a 30 micron film. This is beneficial in some applications
25 where breathability is desired. However, high moisture transmission may
not be desirable if the film is expected to contain large quantities of fluids,
as in the case of a diaper backsheet High water permeation can lead to
excessive condensation on the outsrde of the backsheet, leaving it cold and
“wet feeling to the touch

30 Novon films can also be extruded with good initial properties. Some,
however, like Novon grade M0O14 are so sensitive to water they quickly fall
apart, disperse into smaller pamcles, and vnrtually dissolve when contacted
or immersed in liquid water. '

Another type of moisture sensitive polymer that is useful herein is



Anot her type of noisture sensitive polymer that is useful herei n IS W -
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-16- wo”’gaosf’yw nyl aI cohol (hereinafter alternatively referre tZ% as
PVA(s)) and derivatives thereof. Chem cally, PVA can be described as
a pol yhydric . al cohol with hydroxyl “dBoups extending from al ternate
carbon atons. It is represented structurally as having the foll ow ng .
repeating units: [err] PVA is prepared via hydrolysis of

“pol yvi nyl acet spalyvibgbeaicohal (hereinafter altertatively céfernedr ¢oyas sPVA\(@))cand be

bt d
o e s i, i) ey, ot 60 SRR )
Corp. under t HRicoReldwith hydopxy @roups extending frome altematgrearben atomsof ItAs/A i s
~wel | document eg réké?ﬂeefstr%ﬁ!réllyeusﬁﬁvmg the fbnéwmgqeeehﬁﬁghhﬂa can be found

I n Handbook of V\ater Sol ubl'e Gins and Resins, R L. Davidson, Editor;
Chapter 20, p. 20-17 (MG aw H{4ECH Ho— CH — cp{_)?.l n incorporated by

" reference. . Unnmodi fied PVA is not th rnoplastic. = However, when
PVAis 15 plasticized with appropr %@e addi t.i , thernopl astic rrat erials
can be 5 obtained. PVA can be pl i ci zed eMher externally by bl ending
PVA with a- - suitable plasticizer, or internally, for exanple, by

copol yneri zi ng PVAPVIAiS prepared vualhyﬂvdﬂyasrﬂfwywnylaoetmpwepmdmg on the

ol beut ar ' wal g tgﬁd'% (FLDREPAVEB. BV be BpiRinG ) » s yiR et Soia in

havi ng a nunb otamldagadrtmtemeteaor ot yetercnnly: QHdstcmnetmalbbamnlawe)o

gr ans/ nol e. d\@\!@t,

externally pl ast | Cl ze%f gge?a anese rg%?ﬂéé@%p@gﬁ ochure G '
CS1103E/ 11092 enti P . " incorporated herein 25
by referen, . des c%"’%&o¢99r§8@5) gft}é{}éx@é}’ﬂga"ﬁl‘@ﬂ’ﬁq z8rbriefipyeryiew on
gﬁnelr SI Iby its bmi@égm%é’ud&%ﬁ/@é'@ndeiﬁl Handisdtk bheVater tﬂeoseﬁlisréhd hat
shou e c

enpl oyed in B_e_sﬁ_g m@m%‘@é??'grgéiﬂf Pﬁ?%‘?’a&n? ?hv n :
26- 88 and 30- d®rein incotparated byseferenwee descri bed. in the above-referenced
brochure, are 30 preferred since they are relatively high nolecular

wei ght materials syhinddfiffed PVA is not thermoplastic. However, when PVA is
15 'plastlcuzed with appropnate addltlves thermoplastic materials can be
obtained. PVA can be pIastncuzed either externally by blendlng PVA with a
suitable plasticizer, or internally, for example, by copolymerizing PVA with a
suitable plasticizing copolymer.

Extemal plastncnzers mclude glycerel ethylen'e glycol, and low -
20 molecular weight polyethylene glycols for example, polyethylene glycols
having a number average molecular welght of from about 200 to about 1500
grams/mole. Certaln grades of MOWIOL polyvmyl alcohol may be
externally plast:clzed 'Hoechst Celanese Corp. technical brochure G-
. CS1103E/1092 entitled "MOWIOL Polywnyl Alcohol," mcorporated herein
25 . by reference, describes in detail the external plastlcszers that are generally
used with the MOWIOL resins, and the mixing procedure that should be
followed. Once plasticized, any of the MOWIOL grades can be employed in
the compositions of the present invention. The 18-88, 26-88 and 30-92
grades, which .are described in the above-referenced brochure, are
30 preferred since they are relatively high molecular weight materiais suitable
for film and fiber applications.



for filmand fiber applications. WD 96/ 08535
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Internal ly plasticized, thernoplastic PVA conpositions suitable for use
‘herein, and particularly as conponents for_the filns of the present
I nventi on, . are sold by Air Pr oduct § ¥nd Cheni cal s, Inc. of Allentown,
Pennsyl vani a, under the tradenane Vinex. Vinex resins are internally
pl asti ci zed 5 conpositions achieved by copolynerizing PVA with a

pol y(al kyl eneoxy) Internallypigsticized, therenanlastic BWARarapesilions; suitahladaruse
Tl Sl ole) A by oo gt S b piefrd e
internal ly ploag'fq 5?5’2%3! A'%gf‘ﬁ?}fﬂ?%ﬁqdc(:hem'ca'ﬁo% R?Ié"egg‘% ' E@Hﬁﬁg‘gwi@gs
\éi 82t8 hg4gncor pandér dheotradehameeMinexcs iVinex Oresins cares dntermally plastidized f
) ) ) er PO, s .. , i 0
Vi nex corrpogsTi t%ﬁgbg@%?s%%%&#) ?6|¥r §§5§'§&%3F8§]3VSA with A) #ﬁ@“&@é&g)
Bul | etin entitacylateraMore detailest disclostres ¢f theseimatesials are given in U.S.
Resins by OO”{/PQ{drﬁﬁi 4510648 BHd ¥.675/360; %m”ﬁéreiﬁ%&@ofd%@rbgfég%cﬁy
. it

reference. A énﬁ\X 2000 series exlists,, and 1 s especially preférred for use
in 15 filmfShli AgoRarpSathedlor Jnekingadriemaly, plastidzady, thermppiastio oz
?Egi et e\ﬁ nepoyméyualdoihlbmaam;sﬂsmdwrvna telhBSimmpéndhm nil'llp&lyunethanés figr
r equi rerrenios fg'rsdc’%gthbq'%?gq;%g% ﬂga'@@k?h@%ﬁg%ggét%ﬁ&yz{éfg%l e?.‘e
Vi nex 2019 i s biesiegeadation of pdingxecompasitionsals disclasedalin cam oAiruPeoduatsi n.
The 2019 h : Y Y ' : ' . _
Cenperature i nigcimcal palleiBhgfisd *Metyingd0r e HGdeqiaaBBIRY B Vipex
gr adg ver sgst 1Besis ?qu;ﬁggrgﬁt@ gg-’ Krameryg h&f@@);gcmfg atedeRy 2019
may be used to i i i i
co?/r'ponents of 'réfgfédt?le.'z‘%r CO ositirI gf)'grt;i ga{lgelsgemallf’bré .ﬁegt Puse in
ol by oxy IS EuhGrepaataats. » SickCgisterials, tar sxanypls Yinex, 293¢ ands

: pcg: yvi nyl cgl c oWiriexc 21#4s farm tougty, eteal Fesistarit| filinsewhiohnif not folo dlaéis twater

anese Corp. £ EX , r e , . .

Anot her noi s![D u?%lhgg\;gl %Qﬁpo&%&r tbﬁat&‘hggg‘ﬂggﬁ_s %ei Flequéren.nents for
hydr oxypr opy! bigidegradable hacksheetsvel abserbent articlesheMinax 2019Fs( angtherPC
s a no olyﬂiﬁrcﬁf‘éﬂé HASR_ Siiidtilefor usk Hereimu 2l THeL 20 9%h S Ybwer

properties 3 ampng cel lul ose derivatives. These i nclude sol ubil in
bot h wat er 2indmolecular wejght anda ipwersprocessiog temperatura than the "T?’béfw“
properties thaand@034t (16090 for the 2019 gradeversigs! 1808 Cefor thel 2034rdrid-2¢44 such

o bl o cum SERdast e \this 2019 may Bo UstUiR Lo 1R i fia deqtSbStion
reference, theopl the i other owwcompmments eef oftheHPELlymenl comrisition, tparticuladyd as

a base materi alaii, | I r CLJ di "
fil m making opé?%?g?r%xyaqdﬁ@rararta% %‘?’gc élgége% %';eggﬁécgtas fg‘fqtr%@é@ Qlﬁgté%'zed
25 polyvinyl alcohol compositions are also available from the Hoechst

Celanese Corp., for example, under the tradename MOWIOL.

Another moisture sensitive polymer that may be used herein is
“hydroxypropyi cellulose (alternatively referred to herein as HPC(s)). HPC is
 a non-ionic cellulose ether with an uhusual combination of properties

30 among cellulose derivatives. These include solubility in both water and
polar organic solvents as well as plastic flow properties that permit its use
for molded and extruded articles such as films. -As described in the
aforementioned Handbook of Water Soluble Gums and Resins, Chapter 13,
herein incorporated by reference, the plastic flow properties of HPC enable

35 it to be used as a base material in extrusion, biow, or injection molding, and
fiim-making operations. Thermally processed products formed by these
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-18 -  wo96ne8® hods retain their water solubilities, arepdrossaizsabl e,
and can even be ~ nmade to be edible. The chem cal cell ul ose
used to prepare' HPC is derived from wood pul p or cotton linters. The
cellulose is treated with aqueous sodi umi®-5 hydr oxi de to form-al kal i

cel lul ose which, in turn, is reacted w th propyl ene . oxide to yield the
fol |l owi ng enplrlcal structure: 9@\& ere n has a range of 3
to 4.5 and x Methods retaip thair _wséﬁrtspl ties, are bl@ﬂﬁa@dabalqrﬂ cameven be

avai | abl e fronadétebe edidiec. under the tradename 10 KLUCEL. B.
THERMALLY SENSI TI VE POLYMERS ~ Thermally sensitive polymers

311 bhat o) “pol o<t SharlcH'HIEiGHH 1364 dp preppts FEC SRt ol e &1 .
are known t o podp tﬂrocetjoadhmees an@iheocglidoss|is. treated Mlhhmgboeensodlumes of

o) | o BoiGe 16 R Hikdi BOIUIBSS SicH 3R B TRl feacted WhECGREibhe

dlrectlylnto varl ou onts or so

points are t &¥ident) xﬁelogmadwlwmemwca! WPFF meny appl i cations. For
exanpl e, thermally sensitive, ali phat i c pol yest ers are not singularly

sui tabl e for formng ad ?( F.' sposabl e absor bent
articles, 20  Pol ycapr ol act one (al ter nat ively referred to herein as

ol vorter o s eNeS &'aflp 16 Ak R RLEE M B BOFH 000,

ri ng openi ng Gosnmersialiy,t HBE is avaitablefsomoHercuybes Ingt under the tradename

seven- nefnp dcg% corrpound As described =~ in Union Carbide Brochure
F- 60456 entlt one Polyrrers " her ein 25 i ncor porated by reference,

t he pol yrrerl : “tia ] HO R- OH; where R:is an
al i phati c secsr ERVENaLDE N I wlENhe follow ng structure:,

err .
err] Thermally sensitive polymers suitable for use herein include certain
 linear, saturated (i.e., aliphatic) polyesters. Many thermally sensitive,
aliphatic polye'siers are known to be biodegradable and compostabte -
15 - Although some types of thermally sensitive, aliphatic polyesters can be melt
processed drrectly into various products their meltmg points of softening
points ‘are too low ‘to allow their use alorie_in many applications. For..
‘example, thermally sensitive, aliphatic polyesters are not singularly suitable
for formmg a monolayer backsheet for disposable absorbent amcles

20 Polycaprolactone (alternatlvely referred to berem as PCL(s)) is an
example of a preferred biodegradable, aliphatic polyest_er for use in the -
present invention. .it can be produced via the ring opening polymerization
of epsilon-caprolactone, a seven-membered ring ccmpound_. As described
in Union Carbide Brochure F-60456 entitied "Tone Polymers," herein

25 . incorporated by reference the polymerization is initiated with-a diol (HO-R-

. OH, where R |s an allphatlc segment} to produce polymers with the
following structure -

HO—R-[-O—C— (CHJstsOH -

where n is the'r{eg'ree' of polymerization.



where n is the degree of polynerization. WO 96/ 08535 :

PCT/ US95/ ' _ -19- 111728
Pol ycaprol%%(gfﬁzor%”pol yners ar.e available from Uni on Car bi depcrmsgs "

Cor poration under the tradename TONE in a variety of nolecular weight
grades. For exanple, TONE pol yners P-300 amli- P- 700 have degrees of

pol yneri zati on of about 95 and 400 respectively, corresponding to nunber
5 average nol ecul ar wei ghts of -about 10,000 and 40, 000 grans/ nole. TONE
P-767 is prepared fRPeycaprojastons polymersriarg (@\ailabls &apy olUnicmnE&arbide

monomer_and haLipBHTAY uAYEF §IE HaRleRBHIE TOME Sh'a Yarielodt MdleB9dr weight
grans/ mol e. TONE B- 787 has a eg[ree ﬁ)olgmerl zation of about 0 an
an even hi gher Siafesr Fofaxamplaoi Q!iﬁzﬂom $nP-300 and 7-790 haxe degrees of
gr ?ns/ ol Ie t polymerizatidroof beut 96 ahd 400 respelctivel9, hbﬂ&ﬁﬁéndliﬁ?etﬁtmm‘ber f
ol ycaprol agto rs. havi _aV. o\ 0
%0, 000 or . mdr o egage maSyEFBiais bEdnG HIDG0 PG Pq WpReinle. “FORE
pol ycapr ol act ofe7§¢é| jeveprepaced oma a specialiiigh purityagrade| of idaprolactariet of
about 80, 000 0'riGRori6F 2Rl Ras @ $umbelSav Mofetllar weight of about 43,000

Pol ycapr ol act one pol ynmers_havi ng _nunber average no we

about 40, 000 grgiﬁg'ﬁ ple. amNgr%%lsgrhaﬁaﬁ m'%P?PQWME@é'G"iQf@g’OM 78Qg@nd
wat er resi stantarf idvén Hige&Ptndraber ieragdWrithedulao weight of aboutt 86WoD r] C
(140[err]F) thq?é'% h"gllgs could function as backsheets for absorbent
articles. Wo SM0%'€f their Tow melti ng points, backsheets consisting

of 100% pol ycaprol actone are difficult to stabilize in storage

envi ronments - Romowsac fin nipet filmsr of (thes présemb oinveatipr, rfolycapnolactoried

L 15 5 5 R AP M0 g

f

encountered du abrr'cation.

QO her types of Rret@arred.| [Especially pesfered arg: pelysapririactone pelymens having @e
in the conposi tnumﬁeroévérbg_eﬁhél‘e%mar! WEiRht io? rabdik 80000 gramsvgér ﬁfdlﬁn(_é.@*
reaction of _an @*E?%@ i carboxylic acid and a diol. "As described’in "An
over vi ew of PP 4 3)-adabi lity," Kl enchuk, Mdern Plastics (August
1989); incorporated herein by reference, many of these pol yesters are 30
bi odegr adabl e si ncePolyegpralactene polymérsdavingenumber averagér mbiecutar weights

oo ooy o Ao Qi S ERs bt U DX Dl ool s SR
vi a the gener alwateg resistantofiimsaoiexcept for their low melfing point of about 60°C
' (140°F), these films could function as backsheets for absorbent articles.

20 Because of their low melting points, backsheets consisting of 100%
polycaprolactone are difficult to stabilize in storage environments

approaching temperatures of about 60°C, and would have difficuity

| withstanding the high temperatures that may be e_ncountefed during

disposable absorbent article fabrication.

25 Other types of thermally sensitive, aliphatic polyesters suitable for use
in the compositions of the'pfesant invention are those derived from the
-reaction of an aliphatic dicarboxylic acid and a diol. As described in "An

.- Overview of Plastics Degradability," Klemchuk, Modern Plastics (August
- 1989); incorporated herein by reference, many of these polyesters are
30 biodegradable since they are susceptible to enzymatic hydrolysis.
~ Moreover, the acid and alcohol fragments of the hydrolysis are also easily
- assimilated by microorganisms.

'Su_ch leyeStérs ar;é _prepared vié the generalized reaction shown
~ below: o '
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where Rerr] I's a Ilnear nmet hyl ene chain -(CHZ Y[err] with 2 < x < 10,
Rierr] is al so a linear nethylene &Ball’l -(CH2-)[err] with 2 <y < 10;
and n is the degree of pol yrrerl zaf Exanpl es of these types of

al i phatic pol yesters include: Pol yet hyl ene adi pate where x=2
and y=4; Tm(i.e., nelt point erat gy =50[err] C

Poly(1,3 pr opaned| ol adi pate) where x and 4 Tm=38[err] C

Poly (1,4 but oJ_ pat whe, m=48C . - Pol
(1,4 butanedi Bac@ﬁe) vm)ére XH? and y [errlff 10 Poly
(1, 3 propanedi ol sucm nat e) ‘where x=3 and y =2; Tm=47[err]C Pol y

(1,4 butanediol glutarate) where x=4 and y=3; Tn¥47[err]C .
Further exanples of thermally s@nsiti W@, aI | phatic polyesters can be

~found in Polymer Handbook Third| Edi ti dh ‘Brandrup and E.'H. | nmmergut,
John Wley & Sons #9909 R Se0++ 0n Rb+— 4 OHS 67, herein |ncorporat ed by
15 reference. C. POLYMERS DI FFI COLT TO I\/ELT PROCESS.

Poly (hydroxy al kanoates) (alternatively referred to herein as PHA(S))
form one cl ass ofwheteyRyris & linearomethyldrie chain {GH2-Jcwith 2% xsl 10,y fiwds.

Pol'y <hydr°%|§l ﬁel%?ﬁ%thgfé?\eb&aﬁl {T(’éﬁéa %b&’z‘ﬁeg'é’fél éﬁd)ﬁ‘uFXHégfégrego

car boxylic aci des 'natura
of polymenzatlon Examp es of these types of aliphatic polyesters include:

5 Polyethylene adipate where x=2 and y-4 Tm (i.e., melt point |
temperature) =50°C -

Poly (1 ,3.'prqpane_diol _ed_lpate) where x=.'3_' a-rlcl. y=4 _Tm=3§°¢
Poly (1,4 butanediol adipate) where x=4 and y=4; Tm;48'°C'
Poly (1,4 butanediol sebacate) where x=4 and y=8; Tm=64°C
| 10 Poly (1,3 propanediol:-soooin'ate) where x=3 and yéz; 'Tm=f47’C
: Poly (1 4 butanedlol glut_arate) where x=.4'and y=3, :l'm=47‘c |

~ Further examples of thermally sensmve allphatlc polyesters can be
found in Polymer Handbook, Third Edition, J. Brandrup and E. H. Immergut,
John Wiley & Sons (1989), Seotlon Vi, pages 56-67 herem lncorporated by

15 reference.

C. PQLYMERS DlFFlCQLT TO MELT PROCE§§

~ Poly (hydroxy alkanoates) (altematlvely referred to herein as PHA(s))

. form onhe class of polymers that are difficult to process by melt methods.
Poly (hydroxy alkanoates) can be synthetically derived from hydroxy

20  carboxylic acids. - This class of polymer also'includes naturally derived
polymers such as polyhydroxybutyrate (PHB), including homopolymers of 3-
hydroxybutyrate and 4-hydroxybutyrate. ‘Other PHAs include oOpolymers of

PHB with hydroxy acids, for example, oopolymers of PHB with 3-
hydroxyproplonate 3-hydroxyvalerate 3-hydroxyhexanoate 3-

25  hydroxyoctanoate, or longer chain hydroxy acids (e.g., Cg - C12 hydroxy



*pol yners such as pol yhydroxybutyrate (PHB), including honmopol yners of 3-
hydr oxyb r nd 4- hydroxybutyrate. O her PHAs incl ude of
PHB wi t huﬁé(??@%?gaci ds, for exanple, copol yners of PHB w tgegl_ﬂsyﬁﬁrﬁs
“hydr oxypr opi onat e, 3- hydr oxyval er at e, 3- hydr oxyhexanoat e, 3- 25
hydr oxyoct anoat e, or |onger chain hydroxy23eids (e.g., Clerr] - Clerr]
gglr USYs/ 1'172\54\D 06108535 | 21 i ds)
: - - aci ds

andf copol ymer sagitisy andl. cipulyriters therebt (Tresl ®HA an beopreBominantly of R(-)
configuration, - St 0 ck, or
ot her conbi nat?ﬁ]ﬁg?%;gﬂgﬁa%ﬂ c8ﬁ$?&g§‘5@)¢[8ﬁ% é\’l. %I F%@Wa%‘?é@o%ﬁ by
t he skill ed arethensombinatien of Bl apd+$(+) configurationerAs will be ungderstopddiy t he
repeat 5 Uning <k i r 57 1R<H ¥ '
count ercl oc kvmm?g ﬁ||é&&.@9g¥f§gk§fggﬁgisgeg{siagﬁ? s ':g@}.g%ﬁfé\;g?mwgtp b?eeﬁa?
copol yner donsiiRit Of the pelymerte fotate plangpplafized F'GE&&‘ Srﬁqtét%: sener
EF' yrkrer vv]Ij@ ch elockwiseadirettiontrespestively. A racembopéi'ym][ cbﬁ@ibt#ibﬂﬁbthER(dpm or

ock confi gur . B r S (6] % tyrate
honopol yner an%w‘ %i) 68??% HP%?WHF@ﬁ&?e#@gWg%Eﬁoﬁ 9%9%égégé8dés%‘?ﬁlbed
.in U.S. patentcombination3ingiuddy random or block|configueationsjul y 12, 1983, and
U.S. Patent 4,880,592, - Martini et al., issued Novenber 14, 1989, both
ref erences incor PoPRifRfted - exanifles! oY polshpareRyButyfi KetebuITRieY Nae the

generalized strucfure sho | ow. ) ] .

[err] 10 p&yﬁydrwwxWSR@giﬁge (GaPPlymessy &Ry gessribad: inpb)S. patent

ﬁgch cgoff)l yrreD?.seeﬂemnﬂruam'sfétlaL, fssuedaip é_ﬁr omlaz,eaﬁam._si Phlte:ﬁmsso,sslz, of
w Castl e, .e er eyt r na e Biopol . nmers

are produced 'f@%’h@t %gr r'rﬁ‘degt thxgg'ﬁeg HE%U l‘%&t théggﬁ% mcorpor%?e&l

Al cal i genes eubhergimiby. refeBanqgeol \WHBY copolymees have theo deneralizedhstracture

val erate cont egf %P&Mlg fromabout 5 to about 95 nol % and are currently

commercially availlable With valerate contents ranging from about 5 to about
12 mol % | ncreasgpng val erat E'_‘:ontemt cdecreases the nelti n% poi nt,

73
0 CH O = .CH
I | 2 I | 3

e CH Lc ,CH
// \CHZ/ \0A4 \CHz/ \0//

b

15 . Hyerxyvaléfate (HV) |

b

Hydroxybutyrate (HB)

- Such copblymefs are commercially available from Zeneca Bioproducts
of New Castle, Delaware, under the tradename Biopol. The Biopol
polymers are produced from the fermentation of sugar by the bacterium
Alcaligenes eutrophus. PHBV polymers are have been produced with

20 - valerate contents ranging from about 5 to about 95 mol%, and are currently
. commercially available with valerate contents ranging from about 5 to about
- 12 mol%. Increasing valerate content decreases the melting point,
crystallinity, and stiffness of the polymer. An overview of Biopol technology
is provided.in Business 2000+ (Winter 1990), incorporated herein by

25 reference. = |

‘Other examples of copolymers of PHB and other hydroxy acids, e.g., .
Cs - C12 hydroxy acids, are described in copending U.S. Patent Application
Serial No. 08/189,015, filed Jan. 28, 1994; copending U.S. Patent



crystallinity, and stiffness of the polynmer. An overview of Biopol

technol o s provided in Business 2000+ (Wnter 199 i rated
her ei n b?/*ofglmrsgference. - Ot her exanpl es of C%ngﬂf@ng?gﬁfgf PHB
and ot her hydroxy acids, e.g., C6 - Cl2 hydroxy acids, are described
i n-copending U.S. Patent Application -22Seri al No. 08/189,015, filed
Jan. 28, 1994; copending U S. Patent WO 96/ 08535
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copendi ng U. S%égﬂéngb%%%t at#%élés '.olz'aﬁe(\@éjggy'zjige,%3g?n'fi ed 1%%’ 2%',“’
1994. The di seapending bS. RatanbApplicationSerial. Nep0BRA7,538, filed May 23,
i neor por at ed hfg%n bYné ©Ufichi¥iRes Nof NBash €BE | fHilsk: ddtoR dplicatibRst apd are
suitable for use: eretlﬁg are,described b 5} .Shi manur et al.,

vRCT oDl ecidl esiNCarpOrateddiereiby refersass,in Fieitientively., GHer pplymersdhat are |
ﬁhidrrarmr?ket _aéuitaﬂ;wcrdrbms';e?om@{wwfawnﬂas_ bﬂmsbyncﬁcosnih)am_a,ofet(@.;?»-d
ydr oxyal kanoi r en. : _ . n t ed,
0 aat ur at cHeCimiGistlie, 20, Al IB6AL kB Ndreir Y [ Ferdfintal! o
hydr oxyal kanoi Shimearounastatedescribe isotactitinomapialyroatscand copalymers iof §R)-3-

come T £ kSl S AU LR b bk Wi s,

OXypropl onate, I QXY. \d_ .
hydr oxyval ¥ at&nsaiid dh%".égang gh"aaclﬂ%%/a romatigosides chaiggdnntheesn 15

are al so descriyrgxydlkandie a6idi arsrontrid | @t.i OThi®.ref¥PenBd’ B8R0 Aescribes
i ncor por at ed herein -t?){sarcef r.ence
Al

exhi bi t t her metRRAMINELS; CONFRIRING; i_’?}’dm"ya"ka&?éF‘{tP’ﬁ-Bx‘_rP] %{3@? R %dbte -

typi cal 'y encasheins,edsdch i ras ¢ Sahvydroxypropionate,pr dewadroxynityrdits,noand! e5-

Fivms. ot ort SsFerpRadie ARty PRIqkatGRes gl iro' UG 15 Lo RIS "
strengths ¥nd amey alseodeseribed f inonintemetignaletPublicatiopudin.t VYO 94/00506ey
tend to be difihbstHorated HBtbin Y AstBFShcePHA al so tends to suffer from

t her mal degr'adation. at very hi'gh tenperatures such as may be encountered
 nd PEEV. may be SEPMIvarivBiEnpREs a0 il henioneSiatEal infegrty *°
telnsj[ : Sel - mmuhestel(ﬂpﬁpat_upés ;hatjrma} be typiea!lytlelnlntmn@wd mai)'lgamhvartilngo
brne formed 1riygeessed’ ol §Sbosibig; sbéciBant ffkuEe, 8% piRousip ugitted i)
. general | y 3r efreference 4o backsheet filmae dinfortunately, Relyhydsoxyalkaraates tendta et
et bt ar b A el et 8 rhEf B r i Teng 11l e hie
they tend to be dglfﬁgult to melt process. PHA also tends to suffer from
thermal degradation at very high temperatures such as may be encountered
~ during melt processing. In addition, unmodified PHA, and especially PHB
25 and PHBV, may be stiff and brittle, i.e., they- have a relatively high tensile
modulus (typically greater than about 1000 MPa) and a relatively low
~ elongation at break (typically .Ié_ss than about 10%). - PHAs formed from
.. hydroxy acids containing at least 6 C 'a_tcms_ are generally preferred for their
- . mechanical properties. However, the set time tends to increase with an
30 increasing C number. Therefore, the particular. PHA will be selected as

needed for a given appl_ication and proq_essing_ method. .

| Pdlycaprolact’bne and some pOIyurethéhe§ may also be conéidergd to
be difficuit to meit process. However, the primary limitations associated
with these polymers are, respectively, - their thermal sensitivity and
35 mechanical limitations. L



needed for a given application and processi ng net hod.
Pol ycaprol‘gatyglgfsegnd sone poI yurethanes may al so be consi depggyisosizes D€

difficult process. “However, the primary I'i'mitations associ ated

Wi th these polynmers are, respectlvely their thermal- sensitivity and 35
mechani cal |imtations. WO 96/ 08535 -23-

PCT/ US95/ 11728 _ -23- D.
MECHANI CALLY LI M TED POLYMERS One type of nmechanically limted
pol ymer that ‘i sPsuj ALE¥ LIMITED Y cel lul ose esters and

pl astici zed derivatives thereof. Cellul ose esters are produced by t he

chem cal nodificati omeofy gﬁeb{‘ %Qé}?alﬂ{?ély ﬂﬁ'lltgeepolyﬁert *F’%tfli‘msuﬂaﬁ?é fof | sg 0se

acet ates, cell t}‘ose acet | onat e ace

but yrat es (her N9f&IN &fe eﬁeﬁ B'mSt sters, apdRlasticized, dggivatiyas thereof. @M%ﬁe
and CAB(s), resgstets ard produteddsy the ehemidal iYhodificdliors of ¢ellulose and include

ot orence. ol 18 gird, é?m%ﬁﬁf’% pentaips,, crlifed BORBlS pRipicngls, and

particular 10 ceiltioze anetateumutmtqaj(hatemaﬂgemematwam refeeradr tos @scBA(H), a

| furi d f f
zg”?;hcoﬁf' & téAPés)caéﬁ& yeﬁa(é)n Hegg ?I Cﬁé\nﬂééﬁﬂgﬁa% maagﬁn plastics
cellulose tria c PR 0Bl FawrHill 1 OO%@@'@H incomarated BY on
or, in other weieremedeatmos@ésw:te prépaped by reactmg csliuibsswith gﬁmcular

L1 acer e RO, i rIiGh il B pant 03 sl i

substitution. catalyst. Inthe case afi€ACARe aeactiondis first samad outt witly aeetipiacid c
d d d f
Zome of the. acefnd acetic ancRids \éBrodyce Laldseflbeite, UhicH Comtgih hodtfy, .
general |y cont a‘lQp%Qaﬁ%tYthtﬂgtloerfpllbrﬁiheérwprdst @ degeas-of | substitution. of
Plastic CAB gr aé!@éthB?Oe"mel triat@té ig'then partiafy h?d oire glbﬁ@ b éﬂef of thet %
er0¥m

I
Eact han Chel caPoRb] SradRs 3udh Tt e 6 product Contaips. 2beut cety

tradename Teni tmbstltutlon _ Fully fornul ated grades of cellul ose esters -
may also contain 25 plasticizers, heat stabilizers, and ultraviolet

[ koL 00 | R Al A8 e moce pySg b B M s oBBl, .,

very | ow | evel sanhydrigdshoe butyric acidsorabetyrjeranhwdrige for someyptthe asetic racid | ns
which are desirgqd 'aReli€ drhydRde 29ABStc grades of CAP generally contain 39 to 47%
20 propiony! and 2 to 9% acetyl content. Plastic CAB grades generally contain
26 to 39% butyryl and 12.to 15% acetyl content. Commercially, CA, CAB,
and CAP are obtained from Eastman Chemical Co., Inc., of Kingsport,
Tennessee, under the tradename Tenite.

Fully formulated grades of cellulose esters may also contain
25 plasticizers, heat stabilizers, and ultraviolet inhibitors. High levels of these
| stabilizers and inhibitors may further siow the rate of biodegradation of
-cellulose esters. Zero or very low levels of such stabilizers are generally

- preferred in films which are desired to be biodegradable.

'Although raw cellulose and its regenerated film (cellophane) and fiber

30 (rayon) forms are readily biodegradable, the esterification of cellulose can

make it quite stable to microbial attack. As described in Polymer

 Degradation, W. Schnabel (Macmillan 1981), herein incorporated by
reference, this enhanced resistance to biodegradation results from the

inability of cellulose-specific enzymes to attack the substituted portions of



Al t hough raw cellul ose and its regenerated film (cell ophane) and fi ber 30"
(rayon) w@ogwes3s € readily biodegradable, the esterificatipoTAsosmalisul ose
can .make it quite stable to microbial attack. As described in
Pol ymer Degradati on, W Schnabel %%/acm' | lan 1981), herein

i hcor porated by TeferenceL this efihanced resistance to
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flexibility, additionctialplasticizerksheets for absorbent articles. Even in the
presence of pl asticizers, the tear propagation resistance of

cel l ul ose ester fPld§ﬁc 8d! @8llulose elstal»sf Oguchucds aCAl | AP oaAd OAB cale v

bel 10- 15
e o 10 15 Qe b potCposapre W e o B BB
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ow for such appllcatlons typlca %ei) 1% 'l 8 grams per 25.4 microns of

thickness in the machine direction.

25 Some blends of cellulose esters, and plasticized derivatives thereof,
with aliphatic polyesters can form another type of mechanically limited

~ polymer that is useful herein. It is well known that cellulose esters form

- miscible blends with many aliphatic polyesters. U.S. Patent 3,642,507,

* herein incorporated by reference, discloses the formulation of printing inks

30 with lmproved flexibility by blending a celiulose ester with polycaprolactone.
U.S. Patent 3,922,239, herein mcorporated by reference, also discloses the

. preparation ' of thermoplastlc blends of cellulose esters and
polycaprolactone and other cyclic ester polymers ‘The addntlon of the

. polyesters was found to lower the modulus of the blend signifi cantly below
35 that of the cellulose ester and to impart |mproved melt processabnllty

toughness, and impact resistance.



‘U.S. Patent 3,922,239, herein incorporated by reference, also discloses the
pr epar at iwp 9¢oss3st hernopl astic blends of cellulose est@ecTuses72s
pol ycapr ol actone and ot her.eyclic ester polyners.--The addition of the

‘pol yesters was found to | ower the nodul us the blend significantly below
35  that of the cellulose ester and to i- T inproved nelt processability,
~ toughness, and inpact resistance. WO 96/ 08535
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processing difficult.

Another polymer that can be classified as being mechanically limited

25 is polylactide (alternatively referred to herein as PLA(s)). PLA is a

semicrystalline polymer having a relatively high meit point ranging from
about 100 to about 130°C, depending on the degree of crystallinity which in .

turn depends on the relative amounts of the R(+) and S(-) enantiomers in

" the polymer. The homopolymer tends to be more useful for fiber and

3 nonwoven applications than for film apphcatlons This is because the

polymer, having a giass transition temperature of about 65°C, tends to form’

films of the polymer which are stiff and brittle. Although these limitations

can be reduced by adding a plasticizer, the plasticizer level typically

required for a significant influence (at least about 20 weight %) tends to

35 excessively reduce the meit strength of the polymer such that extrusion

processing is difficult. In addition, such plasticized films tend to have a



filnms of the polyner which are stiff and brittle. Al though these
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pol ymer such that extrusion processing is difficult. In addition,
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20 the glass transition temperature of the copolymers is preferably reduced to
below 65°C, within the range of normal compostmg operattons Although
hydrolysis of the films and fibers of the copolymer is shown to take place in
boiling water (100°C), evidence of the extent or rate to which true
biodegradation occurs is not presented. |

5 Yet another approach to increasing the hydrodegradablllty of aromatic
polyesters is descrrbed in International Patent Application WO 91/02015,
'publlshed February 21 1991, herein tncorporated by reference This

) publication discloses hydrodegradable polyesters based on the random
copolymerlzatton of aromatic and allphatlc polyesters More specifically,

30 the random copolymers are derived from aromatic polyesters such as PET
or PBT randomly tnterrupted with alnphatlo hydrodegredable link polymers
such as polyglycolic acid, polylactlc acid, polycaprolactone _
polyhydroxybutyrate, polyhydroxybutyretelvalerate polybutylene oxalate,
polyethylene adlpate polyethylene carbonate polybutylene carbonate and
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Another type of hydrolytically cleavable polyester that may be used in
the - present invention includes oxidized ethylene-carbon monoxide
copolymers. Copolymers of ethylene and carbon monoxide are disclosed in

25 U.S. Patent 2,495,286 issued to Brubaker, herein incorporated by
reference. It has been found that such ethylene/carbon monoxide polymers
can be oxidized to yield aliphatic polyesters that are hydrolytically

- degradable. Polymers of this type are described in U.S. Patent 4,829,711,
herein incorporated by reference. - This patent describes a process for

30 converting a polyketone, for example an ethylene/carbon monoxide (herein
alternatively referred to as ECO) copolymer, to a polyester. - The process
involves the reaction of the ECO copolymer with an organic peroxyacid
oxidizing agent in an inert liquid medium at temperatures between -20°C to
150°C. Substantially all or only a portion of the ketone functionality can be

35 - converted to ester groups depending upon the reaction conditions. |



I nvol ves the reaction of the ECO copolymer with an organi c peroxyacid
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to . 150[err]C. Substantially all or only a portion of the ketone
functionality can be 35 converted to eféer'groups dependi ng upon the.
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oxi dation to the QoS Patemtdd, 087 997V@tends this processhle poiyketonbs o@htam@abl e
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granms per nol QSWkeP conqglrﬁ?g 0253{& %%W%PSDW"%P?%%’PEW ?}8?“9& ?Qp EFX\'QQabI e
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fraction, the armrcm éIOI’l %git II nd
degrada lon occur epend. on the number of ester groups present and the
20 number average molecular weight of- .the- polymer between ester groups.
The lower the '.mplecular weight  fragments resulting - from  hydrolysis
become, the more susceptible they become to microbial attack and
biodegradation. For purposes of biodegradation and compostability, the
number average molecular welght of the polymer chains between. ester
25  groups is preferably below 1000 grams per mole, most preferably below

about 500 grams per mole

Yet another family of hydrolytically cleavable and buodegradable
polyesters includes high melting aliphatic polyesters defined, herein, as’

- those having glass transition temperatures or melting points above 65°C.

30 - Such materials may not undergo initial decompositien-and breakup during
the early stages of typical, commercial compostirig processes since the
crystalline fraction, the amorphous fraction, or both the crystalline and
amorphous fractions of these materials may be below their melting points or
-glass transition temperatures - at normal composting temperatures.

35 According to the present invention, high melting aliphatic polyesters can be
combined- in blends with other, more rapidly degrading materials, for
example, moisture sensitive or thermally sensitive polymers, to enhance
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(1, 4-butanedi oblastbinigt ﬁﬂ:sﬁ'b% Eio‘éﬁbf&ﬁble” Fﬁ?ﬁ tRéOéfS%iﬁéntfdﬂed list of TPE
20 classes, only a select group of thermoplastac polyurethanes, specifically
aliphatic polyester-based polyurethanes are generally recognized as being
biodegradable.

Biodegradable polyurethanes can be prepared from low molecular

‘weight aliphatic' polyesters derived from . epsilon-caprolactone or the

25 reaction products of a dlol-dlcarboxyhc acid condensation. In general,
these low molecular weight polyesters have number average molecular

. weights of less than 10,000 grams per mole and frequently as low as 1,000

to 2,000 grams per mole. Examples of biodegradable polyester urethanes
derived from polyethyleneglycol adipate, poly (1, 3-propanediol adipate)

30 and poly (1, 4-butanediol adipate) are disclosed in "The Prospects for
" Biodegradable Plastics," F. Rodriguez, Chem Tech (July 1971),
incorporated herein by reference.  Aliphatic polyester urethanes suitable for

use herein are available from Morton International, Inc. under the
tradename Morthane. For example, Morthane PN03-204 and Morthane
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positive 20 ptadiene, ,IQMGTI tthgnpqycaprolactone content ‘can be varied from
: about 20 to about 80 welght percent and the diene content vaned from
about 80 to about 20 weight percent Copolymers havrng tensile strengths
in the range of between 245 and 2,000 pounds per square inch and
elongations to b_r_eia_k inthe range from 400 to 560 percent are obtained.

25 The polycaprolactonelpolydlene block copolymers can be prepared

having various archltectures For example an A-B dlblock copolymer has a

- block of polymer A segments coupled toa block of B polymer segments. An

. A-B-A triblock copolymer has a block of B segments coupled to a block of A

segments at each of its terminal ends. An -(A-B)n - multlblock copolymer

- 30 has altematmg sequences of A and B segments where n is a positive
lnteger greater than 1.

. For ‘toughening and increasing: the tear strengths: of films of the
present invention, A-B-A triblock or ~(A-B)y- ~ multiblock copolymers in
which the A blocks include polycaprolactone, and n is a po’sitive integer
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different pri | descri bed.
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polymers. As is understood by those skilled in the art, conpatible bl ends

typl cal ly exhibit Wa@&gomn&m@pmw&unﬁm@n am@em@g froaublepdsafrt v,
conp | i ,,.Poe,
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order of m crodescribat.at | east one mechani cal property, generally
substantially all machanl cal properties, which is dimnished

rel ative to each offgh HWsHidill'éaf:oﬁ’@W% aiibid %ﬁrﬁt%bl nds

| nconpati ble ble ds of ten have relati vel Wstren s a e ongatlons

to break 15 polymers. Thg is Yngeestoodhy @Psﬂﬂ" arty epmpatible blends

t hernopl astic @jptcatppexh:but synégist ﬁerrarmqnsatdeasttmebureéﬁsmdﬁbtdpemyoauct s,
such as fibers _and
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mechani cal propeopertiest ace typically intermediate those of the mdxvndual polymers
. Semicompatible polymers typically exhibit mechanical properties that are
20 between those of the individual polymers making up the biend. In contrast,
" incompatible blends . typically exhibit phase separation on a macroscale
(i.e., on the order of microns) and at least one mechanical property,
generally substantially all mechanical properties, which is diminished
relative to each of the individual polymers making up the bilend.
25 Incompatible blends often have relatively low strengths and low elongations
to break.

. The compositions of the present iﬁvention are thermoplastic and can
be melt processed into biodegradable products, such as fibers and films,
having physical integrity. Products formed from preferred compositions

30 exhibit thermomechanical integrity and mechanical properties that enabile
their use in a number of practical applications. For example, certain
preferred compositions are suitable for application in disposable absorbent
articles, e.g., as a topsheet or backsheet material.

The compositions may be described as being a blend of two or more
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20 These materials are partlcul ly useful for i partlng good melt processing

(by increasing melt strength and reducmg set time) and tensile properties

. which are generally suitable for film and fiber applications.

_ The moisture sensitive. polymers: classified as thermoplastic polyvinyl
alcohol compositions and starch IPNs tend to. be compatib_le with the
25 aliphatic polyester-based polyurethanes and polycaprolactone used hérein,
but incompatible with polylactides, cellulose esters, hydroxypropyl celiulose,

- and polyhydroxyalkanoates

R ¢ has been found that. polycaprolactone and allphatlc polyester-based

, polyurethanes can compatibilize a mixture - including a thermoplastic
30 polyvinyl alcohol composition and/or starch IPN, and one or more of a
polylactide, celiulose - ester, - hydroxypropyl . - cellulose, or
polyhydroxyalkanoate. This compatibilization can occur when the combined
amount of polycaprolactone and/or polyurethane exceeds the combined
amount of the 'polylactide, cellulose ester, hydroxypropyl celiulose, and
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pol yners in |iBlendprbased enatbei tajal meight of the kiedegradable eplyrmersuin dne e

bal ance of strpgidy and flexibility. Typically, a total of at |east about
20 30 weight % of polycaprol actone and/or pol yurethane is needed to

T a0 Y ror e ¢ L ERGtarTed” poHGR il 1R 1d o Clherhanp" 3dHSive 3o
polycaprolactone and aliphatic polyester-based polyurethanes. These
materials impart flexibility and strength to the polymeric product and have
been found to be Compatible with other polymers. In general,
polycaprolactone is preferred when improvements in tensile and tear

25 strength are of greatest importance; while polyurethane is preferred when
increases in flexibility (evidenced by a decrease in modulus) are desired.
-The skilled artisan will be able to select appropriate levels of these
- polymers in light of the teachings herein in order to achieve a suitabie
balance of strength -and flexibility. Typically, a total of at least about 20 -
30 weight % of polycaprolactone_' and/or polyurethane is needed to measurably
affect the mechanical properties of the product, and usually not more than
about 60 weight % total is used so as to not restrict the effective upper
temperature use to about 60°C. However, in compositions including blends
of polyhydroxyalkanoates, as much as 80 weight % polycaprolactone and/or
35 polyurethane can be used as further described herein.
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conposi tions to app | cat’l on PHA (or ot her
pol ymer i rrpart Q ther m)rrechanl cal integrity as

In preferred embodiments, the particular PHA-(or other polymer which

2s may be employed to impart thermomechanical integrity as previously

described) is selected primarily according to its melting point. Preferably,

the PHA or other polymer has a melting point that is greater than the

" maximum temperature to which the product wull be exposed during any

: secondary fabrication, ' storage, or end use. For ‘example, PHBV

30  copolymers with less than about 20 moli% 3-hydroxyvalerate are particularly

useful in compositions or products with maximum exposure temperatures of

- less than 120°C. For compositions to be used in backshest applications,

the PHA (or other polymer imparting thermomechanical integrity as

previously deecrlbed) preferably has a melting point of at least about 60°C,

35 more preferably 'at least ‘about 90°C, even more preferably at least about
110°C, most preferably at least about 120°C.
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. Additionally or alternatively, the polymer molecular orientation which resuits

- 25 from meit extrusion methods may impart thermomechanical integrity.

A secondary criteria for selecting a PHA is the molecular weight of the
PHA. Where the PHA is a minor component, e.g., present in an amount of
" less than about 15% of the total polymer composition, the molecular weight
" must be high enough to impart sufficient thermomechanical integrity to the
30 composition as required for a given application. For most applications,
including films and fiber products to be used in disposable absorbent
articles, good thermomechanical integrity is typically achieved with a PHA
number average molecular wéight in the range of from about 104 - 106
gramslmolé. Number averég_e mo'iecu_lar weights in the range of from about

35 100,000 to about 900,000 grams/mole are preferred.
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levels greater than about 25 weight % are not economically preferred. In

25 addition, polymer compositions having PHA at these higher levels tend to

exhibit processing difficulties (increased set time and decreased meit

5 strength) Moreover, the hngher levels of PHA can degrade the mechanical

', propertles of end products of the composrtlon espeoually where the PHA is

. PHB or PHBV. For all of these reasons, composltrons contammg more than

30 about 20 to about 25 welght % PHA may not be preferred.  For film

applications, a practlcal upper limit of PHA i is about 40 to about 45 weight

%. This ensures that the PHA is the dlspersed phase and thereby

minimizes the negatlves assoclated wnth the PHA in film applications. For

fiber applications a practxcal upper fimit is about 70 to about 80 weight %

35 PHA. For fi bers, the remainder is typlcally of a material that imparts
sufficient melt strength eg.,a mechanically limited polymer
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in ~ desired balance between flexibility and strength. For example, the
" composition may include from about 20 to about 80 weight percent of the
25 mechanically limited 'polymér and from about 80 to about 20 weight percent
of an elastomer, based on the total weight of the biodegradable polymers
present in the composition. |

- Hydrolytically cleavable polyesters are typically used in compositions

containing more rapidly biodegradable polymers selected from moisture

30 sensitive polymers, thermally sensitive polymers, polymers difficuit to melt
process, and mixtures thereof. Blending with such other pblymers tends to
enhance the initial breakup and ultimate degradation of the polyester
polymers. " When used, aromatidaliphétic polyester copolymers typically

_ make up from about 60 weight percent to about 95 weight percent of the
35 blend, based on the total weight of the biodegradabile polymers present in
the composition. Oxidized ECO copolymers' are useful in the compaositions



t he conposition. Oxidized ECO copol yners are useful in the conpositions
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99 wei ght percent of the t ot al wei_'g?ﬁ'of the polyners in the
conposi tion. H gh nmelting aliphatic pol yesters may be used in bl ends

w th ot her biodegradabl e polyners 5 wherein the high nelting aliphatic
pol yest er mak & the present dnvantion tooimpart heat resrstaocs@ngtmomureersslstancm

total weight hdtda?\ tl?btl‘iyﬁi dlh érﬁéuﬁt%%ﬁ@lr@'f?&n 1t eight perfBRtlothgd 1 N

the conpositi ent t ob ? op% t

tends to | oweF‘r’}?héVQQWs @W’bgysgnﬂﬂll Bg ¢ofppesitian. | ?"9"(‘J t"ﬂ@"'[lgt ?Eﬂfﬁé o

el-ongati on, % estarsngidy. bempsed int bergdsh with dther :bliotlegradlﬁbler Polyrhersce
?ro

amount | of %E‘iﬁﬁ%t%t’ e afiBlc ptspe e s ot bous B oot

anount of
about 80% of S8weight percaat ghthedbtallivweight qﬁtheyolymetsandbemootposuhon
Surprisingly, it has been found that certain conpositions including an

25 Phal ow, "exhi ot Q’V?g""s%?? 158 " eBfhpodiions e *ﬁ?‘éﬁrﬂé’@ﬁ'ﬂ ‘ uded
B ot 9"t % Biaecratale iathier SHALS 1 ouies dustarale Tbocie ATFLARnGrsase
COWpontent s of théeultinrate@selongation, tear strengtir errtpaceostrengthﬁland)nmtsturehe
presen |
Do ymer s 301 cLosiitanf rHEtg to the col ol THeplegRiferts Wiicalll Useflin BB
Eglr%gglet hgges amouut[hcbf from atpmltytﬁ%rtl:l abouh 80%, prederably: fronv bdut lZQ“/_nstOChf ‘
| S oI’ r =4z (0]
mel t processa%spg% g0k q‘?fan = Jpal W%'@ﬁ Bl‘ H gonrﬁélist ?ﬁermm c‘?tl51
integrity. Th§§fpl’tl$laglvorlb6!ﬁ3t berp fqump that certatrtemrrmqsmnsenmclydmngnh and
set time that gfipRatid/pbiidkteriitisedpolylrdthane, WeichcomabsitibRs e’ débtsibad

havi ng ph SI o I nte 1y The, [.esu ct mechani cal
propertie EP' Eﬁ@b hgqer%éc,tﬁugé E gﬁ'ﬂ ?%'gs[lal\éoﬁtgength of extrudedi ng
baclés heetﬁ anprddlmstedft thesb dompositions teris berexceedi thatsof the individual
products have ity as previously described.

The corrp03|t|8h@%8ﬁgﬁ§s mﬁﬁ%tlon may thus include a- 30

pol yhydr oxyal kanoat e and at Ieast one second polyner. selected from

pol yl acti des, aI i Bﬁ%fﬁﬂ@dpoW@ﬂPEKlﬂbﬁsed pﬂl@urﬂﬁ?%es'nvéﬂﬂoﬂl xipglude a

thereof. - :ﬁhﬂ@nblﬁte Plabider b8 eérboﬁldrent lyéniefs C @Rkl | Jrom
i ncludes a_ - g‘gj yd gg{, ék noat e $ roI aciyone According to
t hese | at 2@r polyl odi mEHPaUE e ﬂﬂ%ﬁﬁ dd| PP n‘é?thnpﬁcl ud@89at
| east one addpblmptolactone It has been found that such composltlons tend to provide
a particularly surtable oombrnatlon of melt processablllty, mechanical
propertles and thermomechamcal mtegrlty Thus the composrtlons tend to
_ ~exhibit a melt strength and set time that are surtable for melt processing to
25 form products havmg physroal integrity. The resultant products may have
mechanical propertles that enable their use. in several applications,
including backsheets and topsheets of dtsposable absorbent articles. The
~ products have thermomechanical integrity as previously described.

The composltxons of the present |nvent|on may thus include a

30 polyhydroxyalkanoate and at least one second polymer selected from
- polylactldes allphatlc polyester-based polyurethanes ‘and mlxtures thereof.
In altematuve preferred embodlments the composltton includes a
polyhydroxyalkanoate and polycaprolactone Aocordmg to these latter
embodlments the oomposutron addltlonally mcludes at least one additional

35 polymer whlch tends to enhance the melt processablllty of the composltlon



35 polyner which tends to enhance the nelt processability of the
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“the conpositions may contain a plasticizer such as described herein,

whi'ch tends to inprove the nechanical pro¥erties of the conposition

In those preferred conpositions.which include a pol yhydroxyal kanoat e
polyner, certain preferred conditions have been identified. For exanple, it

5 hast been ;?wmy oftthe wtr}dosalﬁnsahavtoﬂu&imaim?stjd%afsdm_ ?H@sd:r?ahdfd?ﬁeﬁeﬁﬁ,d ]EO

i mpart a su ; viel. _ Lnteqr gver the range o

tenper atur es. WIah Sy amBrei felReRhafe FopsBlei bt Ftfipaa age o

di sposabl e absor-bent articles. In addition, the structure of the particular

EISA i nfl uences t hédn thaﬁ%meizreﬁ)gomggsavﬂtudp include @ polylydroxyalkangatef t he
conposi ti identi e}

prefer ;rgd co %&%Wb%ﬁﬁﬂrpahfi‘ﬁ ?u%guan sI | \ﬁ&tﬁ? bdcﬁntlggdérE?H Mrﬁﬁ%aged

pol yur et haﬁe,n?'ﬁaﬁ l?%e’bg?\ﬁdaﬁ'!a} aﬁﬁ%? r?%‘tﬁ(ﬁ ?’S i’ét°ft‘¥?§ Hicis required to

pﬁl yur et Ihane_ iimpatte a sufficieriti level of lmmdmwhaﬁn‘a_ltin%rmeiﬁgbﬁ the 'rbﬁg‘ecbfop

the total wei ' [ 0 Lhigher Levels

15 pollyur et hg%hpgﬁt{‘%g %ieﬁen@air%%ebggu@gk%gﬁ M%ﬁaqr@ﬁ&o ga'?)% shf&ggo?{'? ,

e.g., ~ t idisposable absothentartideds Inoadditibnh theywtralbture afoth@oparticularl n

addition, {NePHA influehdesthd miiehaRudt p%@:érﬁ%§aﬁ8ftﬁé%§lggr6&§§m| SftheC2!

Any of

integrity for use i | Sposa ent.artic Wher e

. . . aDs
a plasticil9er CPE‘H%[L]{%"H@G RravipHsly fescy FQS‘%ﬁposi tions, it has - 20 been

found that at |east about 5 to about 10 wei ght % based on the total
conposition, is typitivodd preferredrcomnpaositioris whithrirtludeoanl aliphatie\sulpester- n

hani cal pr i i ' hani cal, .
fond to occur PRSe0 BOyuiethat; f "BLOURERY pidtelB8; 6 fiid, Whe fovel of
pl asticizer polyurethapesinghezaospasition ttass thantaboui @0 weight®bgbaséd on

[ t | £f el : t rgngH r and

et time ncr oo 1ol wejont 8F ¢ dBlirfefy i e coirSitor Al HiGRer oI
The pl ast i18i z PPyureihagee films Jormed fram doe icnmesamt&mf tmberigof seftn @Baut 5
to ?bou}) | 25;%; th@lt%ns}reeﬁ'@aﬁl _Rlsytbends to foal_l%lé\b%%mﬁ 102000 P&t ZR%dldmi, the
Phe composi t1 SAMPbSen ferids: i itk sulfitient, SprERehsNca|dISaEite Pb.se in
conposi tions dispdsable absorbent articlésivent i on, which include a
pol yhydr oxyal kanoate, w Il now be descri bed. (a) Conpositions

i ncl uding polyhy digixysd K30138iGzéM inRludedCi e preferred compositions, it has

20 been found that at least about 5 to about 10 weight %, based on the total

composition, is typically réquired to achieve meaningful improvements in

mechanical properties. Further improvements in mechanical properties

tend to occur as the plasticizer level is increased. However, at plasticizer

levels greater than about 20 to about 25 weight %, processing tends to

25 become more difficult (melt strength decreases and set time increases) and

the product tends to be greasy to the touch. The plasticizer is preferably

used in an amount ranging from about 5 to about 25%, more preferably

‘from about 5 to about 20%, most preferably from about 10 to about 20%,
based on the total weight of the composition. ' :

30 Particular embodirnents'of the 'bref_erred compositions of the present
invention, which include a polyhydroxyalkahoate, will now be described.

(@) Compositions including polvhvdroxvalkanoate and polviactide

According to one preferred embodiment of the present invention, the



According to one preferred enbodi nent of the present invention, the WO -~
96/ 0853340 06/08535 ' : PCRUBOS/HY28 11728
-40 - ~composition includes at .| east one pol yhydroxyal kanoat e and
at | east one polylactide. For filmapplications, it is typically
preferred to include a pl asticizer4®n the conposition. |

-1t has been found that PLA tends to enhance. the nelt strength and to 5
reduce bl ocking of the preferred conpositions according to the present

i nventi on whi compuositiateireiudes ahdeass one polyhydrayalkansate ranchat least one
conposi tions L NG PhA ¢tan her inki ad iav B I brfed 9B, | i red,
at relativel yﬁ%a%ﬁiés] ti E{’Qg@ﬁ I'-g_eglllésg}wvr\‘ﬁgt ﬁglﬁm tﬁ’g'é’ﬁg? n%‘%ﬁ?dnglbt iRfude
processabi | i t plasticizer inthe gaMPESRIOs; ti on. Thus, the resultant conposition
tends to have an 10 acceptable nelt strength -and does not tend to bl ock:
unaccept abl y, and |nRas been fouhd thatdPLA ¢ends td eahahes the msit staengthyarid:to

Co be 11 mi fod IR APGRIG of, the prefBfieds Boposficll booditing'té 1Y prBeRfc! "0
benefits are duvertionpawhicho includeerRLAow The mecbanicabt prapseties | of ythe pLA
and PHA. O hercgﬁ@%ﬁcﬁn@imn&m_f } B8Gnédified with a plasticizsr, B8 desired,

Cheni cal Prod h ghl Cible & th P th

-t he el t i@l reletivaly law Plasticizet ovalsiwithak Fedusing, the, melt BrocesSaBIRE .

it nventors hatotfsmteh cfa?'ngphmohi. t YTHUY; 'thes rad_l_tbftt [ompositicretendseoanave an
ere e exten ~'bloqcki ng.,. SUG r n

Nor eovgr , 1o nﬁ????ﬁ%ﬁ% "ﬁﬁ %&?&9‘9 q@qé%saﬁ?g%nb&tgﬁ@? thgﬁq}% égﬁé ?‘gary 20‘

tend to requi e mddifibe rwitleva| plastigizers aisc mayr beonacessary 9 gblain desired
-mechani cal pr | 8S.1 r 0 ) il A GRS Ik i | d if t&m
Pria and pLA . Hiedaricel BonspiE il dHReRing, 46008 Irited by tRedry i 1€

According to tbelieveditbat thenmelt pracessingebenefits arpcdue,ip parkt ﬁ_%:ﬂ?reyelow
contain from I?Wl)éf ’é%%bi%lg _a’ftP]Hﬂ'aﬁ@%’HAQ'EWWYﬁbM@QR@MiZGd TAP
t ly, t 90% -ab . 20% pal id b . on th |

et Ght  of 18he.ichony ikasimen, Chemical drocbPtebERP R Befies.cate gty SBgb,”
conpat i bl e b_qumﬂ-f tm-lA botir tve el and inrthen solid staté. tihbaswesrhfoundaby the
integrity and ne rocessahi ity [ SV
from Y "o SRsenbinBhis hat Bion BFCRURY irepsds BT BORmESethblaty
. from 30 altheret0the cextent.of Auockingy iskchi that meltcpranessing !ﬁ)t"ﬁm%ﬂg ht

of these M réH?)eY,”Eér%pogﬁbﬁscﬂm?Qﬁlyt ed"PemePHA bindex iellulose ester
synergi stic mechanical . gro;laerﬁ gg?ge%i%, , _the E}\II mat e_gl ongeatyp?n
and tear <0rertgnd tor raquire A higher level of; pIaslitizer , 10- ACNIBYR B (@VER 4 t he
i ndi vi dual  polygBRanical properties, as compared to compositions primarily formed from

PHA and PLA. Thus, the former compositions tend to have a greasy feel.

According to this embodiment of the invention, the composition may

contain from about 10% to about 80% ' polyhydroxyalkanoate and,

25 respectively, from about 90% to about 20% polylactide, based on the total

weight of these polymers. These levels of PHA and PLA tend to provide a

compatible blend having a desirable combination' of thermomechanical

" integrity and melt processability. Preferably, the composition contains from

" about 20% to about 60% polyhydroxyalkancate and, respectively, from

30 about 80% to about 40% polylactid'e', based on the total weight of these

polymers. This composition unexpectedly _qxhi_bits synergistic_: mechanical

properties (e.g., the ultimate elongation and tear strength of a blend of
these polymers exceeds that of the individual polymers).

| ‘The compositions ‘formed from a polyhydroxyalkanoate and a
35 polylactide are . particularly suitable. for- forming fibers and for use in



“The conpositions forned from a pol yhydroxyal kanoate and a 35

pol yl act i W@ ogfogs3garti cul arl y suitable for formng fibers apdThUS9S/LI7R8 | N

WD 96/ 08535 PCT/ US95/ 11728
- 41- t opsheet appl i‘cations. For fi I m appl ications, the conposition
preferably additionally contains a ﬂl asticizer as previously
described, typically from about 10 to about 20% pl astici zer, based

on the weight of the conposition Conposi tions including a
pol yhydr oxval kalepgheetqaplicatiansphAiarcfilm mpllm%t@a gormpasitiony praferabiy

compos i on | nctoHoRay BoARfne B pilefesr B m‘%ﬁ?ﬁw‘mm"f@gﬁw fom
ali phatic, pol y@?@ 1@@%@‘@@({%% P@Dsg'ﬁ\é@¥%§ﬁeydfa \‘Q"‘I?Rgthq FRMPESIIGY; ti on

preferably includes fromabout 20%to about 80% poI yhydr oxyal kanoat e 10
and, respective(b), Compositions @@dadingalaowolviydraxiafkareatenandbanedliphatic

the total 'gh I his conposition tends to provide
conpati bl e\m‘i sfe?%%@ea gonbl nation of ther m)mechanl cal
dintegrity, nel t processability, and_nmechani.cal properties .

pr ef er abi y, iman a&temﬂslyp{y preferred embadiment pf ﬂm)s(ﬂsenzmeqt@n hut
55% 15 pol ybmﬁposmh kaoldes dtridast Gﬁéfﬁdl*lhwruxyélkaﬁﬁa@%d tap l@&studng! 5%

o or i ngly beaptiasingobpsterhsel RalHstiand o E S JRMING fikye hb Eifigosition
mec h?nl cal pr onrefemw/\mdhd?}s drom Mﬁﬂ%ﬂor abouinB0% polyl’tydwoqlaﬂennate

F ormn | 0,

erpl oy 1evalSs ofint [E¥peRFPdR. Fi abfyt'B0% ?’B%%’PS’HWLE} b a3, L
total wei ght of thenéotsl weightaghilihese fojymers. i n hraecammmmutends to provide c)
Conposi tions i BGJnPQﬂBﬂ bﬁand%oh&@i:‘@r Qxﬁﬁltgﬂﬁo%ﬁrblﬁéhorﬁ'df pih%h'n@:mechamcal

pol yest er - based ur et an

preferred errbod| tyomel t’???%““%ﬁ‘ H’%%‘eﬁnel\)‘oreﬁe}era&yv
al i phatic pol yetreer d:mapobuMyucmHme dfromat dboatt 20% poloy! aatioule £586

Compost b1 onthr eﬁsﬁﬁﬁﬁf‘%ﬁ?%@” ol (st AL B 783, Boold o

pol yhydroxyal kapolyuesthanembaisedt omOtha dtotdl oweigravop dhgsecpolymerand krbas
20% to about 805’&lgf?is}fylft Baas: ﬁlﬁ&?dtﬂéﬂ ttlﬁ%é Oé&hPﬁgiggﬁé %&hfb‘i}esﬁmerglgﬁc

polyners in the

conpati bl e or smceanm! P&R@ﬂﬂ%\ﬂb%ﬂ prgfetred, |f9|é%¥a!nlél§nm h%ﬁ'ﬁ@ﬁe!ﬁ

For forming fibers and nonwovens, it wsll typically be preferred to
20 - employ levels of PHA of from about 60 to about 90 weight %, based on the
total weight of the biodegradabie polymers in the composition.

(c) gomggs:t!ons including golyhzdroyalkanoate, an__ aliphatic

olyester-based polyurethane and a pol Iactld

in another preferred embodiment of the present invention, at least one

25 aliphatic polyester based polyurethane and at least one polylactide are
" used together in the composition mcludmg polyhydroxyalkanoate This
composition preferably contains from about 10% to about 70%
polyhydroxyalkanoate from about '10% to about 70% polylactide, and from
20% to about 80% polyurethane based on the total weight of these

30 polymers in the composition. These composmons tend to provide
compatible or semicompatible blends having a suitable combination of
thermomechanical integrity, melt processability, and mechanical properties.

In general, the higher the polyuréthane content, the better the overall
mechanical properties of the products formed from the composition. More



t her nonechani cal integrity, nelt processability, and nmechani cal properties.
I n gener gJo oda83si gher -t he pol yuret hane content, the bett esctbspsayesal |
mechani cal properties of the products forned from the conposi tion. l\/bre
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_preferably, the conposition contains fromabout 10% to about 45% .

pol yhydr oxyal kanoat from about .10%to about 45% pol yl actide, and from
about 45% to aPSIRraBhY, 8 yeRmeRositien mtéwsorfrqueage@tan%. it abaut; 145%

pol ymers in t hgolg Walkamatahm @bBuDI0% wwsbmrws%omymnde 8Rd Frond |

5 propertles for usge in hee L,h additi t hese
conposi ti ons p% 3?\*#%9@%0% ﬁﬁﬁﬂ?ﬂ &{ﬁ fatal Y"B'Qﬂtt‘ﬁgt‘ﬁ% t he
st-orage and f amlymrs amthe compesmcas shuase ed'nposmods smwlpm\ademmwal

icles. K d 1d
fhe ©1% B0 BropBHiLh WNidt arb suilbbje Tof Sk i batkarlbent! il sl hegd |
typically be compositians pravideysufiicientthermemeshanjcabintegrity 49 withstand ithe:t
for "di sposabl estoraqe anabravrkeﬂbn Processes as¥ptisd wnhaa.shaeaabneaaayérb%%

pl asticizer is don th osi ti
(d) Conpositi o?@gf

TR fogming, B1rGE 76 e e ABsk S5 indhige 5 plasiBReR in e

and an addi tcampd:srbcrmategrderatbl IewepdlhqmaduMzs ohtheefikmndm witktypicallych
processabi {4 t preferret?1 where tHé‘ fﬂ’rﬂ OSIf §6 "B tyskd g3 é%{'ﬁ{s@é@f ?§P ?tsﬁa&tab? the

present invent'l on I-0n |nclu
pol yhydr oxyal k%bﬁ&ibéﬂf §6|°}3ﬁaprtﬁm‘b'n@t least about§%a plasticizer dscempltiyedonal

bi odegr adabl e g agl gﬁl t ' ~ processing of the (!

bl end rel atlve to a bI en tquHA an B W thout 20 intending to be boun

by theory, it b Ii._eve, that Eh addltlnal pol. ymer. . nodi fies the
sitions | _po roxyglkapogte. ; pelycaprolactong;

mel t rheol ogy S _L82 :
reduces the dermnaddmoh ht Hiude '
ective nelt

processi ng, Dbi [Eécgggpﬁri of - a Pt L 1t ,

strength of t i on i S belleved to be increased relative to the 25
i ndi vi dual conponents. ' It has been surprisingly found that the
- addi tional pol ynerlneamakemtwely prefereedrembadiment ahithia present inveptionethe of

br ocess. enhancaediion irtiudss Bpicasl one polyfitoriaikensate? E"{VPE*W'*%‘EP“'
!to he like are rﬁﬂjﬂé egst 9@??&#*‘?%&%@9&?@% E@eﬁt‘f@@é ﬁf
| ndeed, these rsmnessm@ ofntren biard velativé aonad Blendiofi PHA and POL. mWrthbupf
g'r L{jﬁgte Qt 70° ”Hﬂ?encﬁr?&?o Bgaﬁo&r?&’ 59 IPISOR](tl{ %Sbglf'e\}%doﬁ'@ ?ﬁg ad@!ttronal polymer
modifies the melt rheology of a blend of PHA and PCL It is believed that
_this reduces the draw resonance that has been found to occur when meit
processing binary blends of a PHA and PCL. In addition, the effective melt
strength of the composmon is beheved to be mcreased relative to the
25  individuat components.

_ It has been surprlsangly found that the addltronal polymer enhances
. the melt prccessablllty of a vanety of dlfferent composmons lncludxng PHA
. and PCL. In contrast. typrcal process enhancers such as antiblocking
| agents, nucleatmg agents and the like are not as unxversally applicable in
jo0 these compositions. Indeed these types of enhancers were found to limit
the number of different compcsmons that cculd be extrusion processed into
products. | | |

"Suitable additional polymers for enhancing the melt prccessability'
include polylactides; aliphatic polyester-based polyurethanes; thermoplastic



Sui tabl e additional polynmers for enhancing the melt processability

i ncl ude powyo swissskes; al irphatic pol yester-based poI yuret hanescTUS95/11728
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pol y(vi nyl al cohol) conposi ti ons; starch-bad8d int er penetrating networ Ks;
hydr oxypr opyl cel | ul ose; cellul ose esters; and m xtures thereof.

(d)(1) Enbodi ment wherein the additional polynmer is-an aliphatic

pol yest er - based PRIV{Mindt alaakol) comgpositions; sstarshibagsed dntenpenetmatiigrmetwarkst he
present inventi qﬁydrbig,epropymeuulaeap@amésweﬁem HridSmBtdesRYEorxyal kanoat e,

pol ycapr ol act one |'east one al | phatic pol yester - based

pol yur et hane. Pr ef co 05|t| n cont gi ns from abut J.O%
to about 70% PHA, fr@rﬁi eht_wherein the,,gdditispa! ---‘ /BgL, 18, 20 giighatic,q
from about lo%tmlgbstet‘-béééd gol_b@remk_lguret ane, based on the total wei ght

of these polyners in the conposi tion. These conpositions tend to

provi de conpafible OAccordmIg t%e”bﬁgn'%fﬁﬁéﬂu‘ﬁem eBﬁftH?‘VEF&eﬂ S \{e?ﬁbﬁ the

bal ance of thernonmechan essabi | ahd
mechani cal pr ope$QMBasition epmntaing a pﬁhlhvdroxyallqangat@. pwyca@r@éactome and at

Btr)%g?flrglsag; ogtreleasﬂ oné Y @liphltie € polyestdrbdsyd tbayeréihaﬂ\é ﬁeféi‘arls‘iganm@;
preferred conpos%éﬁggéﬁtcgﬁ%&# ?r?fﬁ ESBU{)E{Q%’% 83‘5‘0116%5%%« frof ‘about 28%
POl yhygr o?yil k/agntﬂatﬁbput rﬁﬁﬂéaalpolycaﬂwractmnabcnnd ﬁﬁGmDabpuhp‘mﬂlﬁam Oam'%utafm%
rom abou 0 ur, a
t hese pol ymeg)s i'n ol feaﬂé%éé) Ob%glggn‘ﬁT g‘g c(’:tgﬁps‘gg'ﬁﬁr h@%&ﬁé 98%% d@ thezo
films that are p@nmp@slthml y Jihesebl compesitiens asend bt kprmdel codipatibleabor
absorbent articl i atvh'? H%]Eh
properties sui ta@'mh?dgs{éa%ﬁth an suf I Cl ent ﬂer (h%anl ca fcal .
integrity to with %mn meit hpmsﬁt?imdg@%H‘%BF‘F@&M’W@%Ce!ﬂs89"?5&54 tha |y
associ ated with ughenﬂwbeebmlm okictorid 8nd polyu?éthane the(isattet)the overall

et ¥ BchBiga Srbb8Ads, | Hiicls’ AyBRYAH | #8 composiion. A"
conposi tion contmmsuarlymrpfgrmd)mmmnm contairisyfrapy aboutt $5% tomaboat 55%
ve"oroveesho ¢ ECSIOARSeU I sagh o S 1SRRI AL,
30 unifornity, Uttme/"rf@e@bmdr Qérmlmre&me ﬂ?ﬂiﬁ@s@ﬂrt edptal Vﬁjg t af
antl, P g@hsé%tglﬁerﬂremé Fekiipositgn CORAE Lo o§iﬂah?'t3ﬁdftbf e
ando f ?Om 0 2 tcﬂum hat’ are bamcura]rﬁ/ sujtab% for Ousae gg a ackgﬁe a rd?sp%csagpe
absorbent articles. In pamcular these compositions provide physical
properties suitable for a backsheet znd sufficient thermomechanical
- integrity to withstand both the storage and fabrication processes typically
associated with disposable absorbent articles.

25 (d)(2) Embodiment wherein the additional polymer is a polylactide

, In another preferred embodiment of the present invention, the
-composition contains a polyhydroxyalkanoate, polycaprolactone, and at
least one polylactide. These compositions have surprisingly been found to
be processable by blown film methods into films having exceptional physical

30 uniformity, without the need for conventional processing aids such as anti-
block agents. Preferably, the composition contains from about 10% to
~about 70% PHA, from about 20% to about 80% polycaprolactone, and from
about 10% to about 70% polylactide, based on the total weight of these
polymers in the composition. These compositions tend to provide



about 10% to about 70% pol yl acti de, based on the total weight of these

pol ymer sypRehgdsconposttion. These conpositions tend to peexisdo11? VO
96/ 08535 PCT/U895/11728
-44 - conpati bl e or sem conpati bl e bl ends having a suitable

bal ance of ) t her nomechani cal integr#y, nelt processability, and
mechanical properties. In general, the higher the |evel of

pol ycaprol actone, the better the overall mechani cal properties of

product s f or nesnipatible her csemictimpatible | blemds having baesuitaielepdudiantcy 6pund
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D hobn To2hE87m Shout 45% to_ Ak Bk Poljcabclacioney B sk 100 1 |
{Tgyl g\(/ave (riletsihreeﬁhbbut 45 Qgtdhda?ctldeafvasedztﬁ‘r théltdthﬁwelght of théﬁ@‘p‘bl @t'rselpgthr@re ger
where the fil @M#@' t’géig éé'ﬁh%ﬂ@ﬁ%ﬁ@‘{'d% ﬁﬁhgﬁﬁ}cﬂ' gkﬂaé“cu arly's gﬁé@r be n’
grt i 3' grs] tgg piferause/as atbaakabeeta:ncdlspmnb absomtem arlicles:min partitular, theserI
p?;?erred i n cg’goyssl’t ns ? con arf Prq?eﬁ'ééelésu&gﬁ%l-ﬁpya 3:%0?@% %b% Y
greater tH&n & lﬂe’ﬁS Hétq%lt)yrﬁer wlthatanﬁebamnﬂ@%.atomge |aod ' 25

exanpl e, it h&ébriﬁ?i@nf Bdeéébﬁt ically | BSsaGatedS wWitle! di: ergbsonsent A 1 S
PHB or PHBV ang‘ the to'frgl anount ?gf m and PLA is rmresbteﬁ?i!r’;rgab%ut 25’lii

wei ght % of t R cd ‘yners .in the conposition. Conpositions containing
~other PHAs having |ower tensile noduli than PHB or PHBV may not require
a plasticizer to ﬁoo\fod'alngjfh'mﬂ it may bebdesirgd to inglide a plas}i¢ider Enitheéi nent

wh th X HE e Qf et | d
' phat i ¢ pot caTRgsin BEOREF bo \dyek b orine i, T Wil icdfy BB, "
embodi nen®0 of Prefermede wiere i theeﬁlm ds togbe| used asma@ backsheet| iqshdlsposable
“pol yest er- bas gisgfient fHibiese ¢9€|célly. 80 fdast HboA! 5°J631§lh5ﬁ|éizé|‘ 5 employed,

based on the weight of the composition. A plasticizer may be particularly
preferred in composmons containing high levels of PHA and/or PLA, e.g.,
greater than about 25 welght % of the polymers in the composition. For
25 example, it has been found that a plasticizer is preferred where the PHA is

PHB or PHBV and the total amount of PHA and PLA is more than about 25
weight % of the polymers in the composition. ‘Compositions containing

. other PHAs having lower tensile moduli ﬁhan.PHB or PHBV may not require
a plasticizer to provide suitable flexibility. |

30 (dX(3) mbodlment wh rein_the ddltlonal ol mer is é mixture
polylactide and an aliphatic mlyester-based golygret_ha@

In another pré_ferred embodiment of the _present invéntion, at least one
aliphatic polyester-based polyurethane gand ‘at least one polylactide are
used together m the compo_s'ition including the polyhydroxyalkanoate and

35 - polycaprolactone. Such compositions preferably include from about 10% to



-used together in the conposition including the polyhydroxyal kanoate and

35 pol ycamydeloggdsone. Such conpositions preferably incl ude Hororssshons 10%
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about 70% PHA, about lo%to about 70% pol- yé‘éﬁrol actone about 10%to

about 70% PLA, and about 10%to about 70% pol yur et hane, based on the

total weight of these opol ynmers in the conposition. These conpositions tend

to provi de conpakeu € rP*dénab@ub&&J%bmeamérm%rmlycmyralaetm%mmut 10% to
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I nt egr
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modul s of Pho POVREPRS éﬁté@% 09 A0y, 198 18 2Bl 408 BUA, 286 i TR 200
described for tacsbputs53%polyurethans, basgd on the tgial weiptht oimesmpolymrs in
polYCabr of 20t onihe ioBhishacthke, compdBitions pro il dysicl foBHes! 3t
al cohol corrpom& c%?ac ksheet Andrafficiapbtherpomashanical integeity W@Bﬂand both
~cellulose esterfhe stofa éhurfébnéél%r?pf'ocesses typically asSodigted®Withfisposable

preferred enbodi HE \9@& resent 1 nvention, conpositlon

i ncl udes pof¥yny@ %‘?{g’&r‘ g , pol ycapr ol actone and at least 25 one
addi ti onal polymer selected fromthernoplastic polyvinyl alcohol o
conposi tions, st ar cRot Rbimingyfilmsx\ib may becdesiréd te, inclndecal plabticizer in ¢he.

nlude 1 om 2‘559'@998% 467 EBHSEIE oty Br ¥ 99, PLplBEEHAY be

PCL, and, in coWsedat iasn, Pﬁﬂﬁ'&i}but desoribed abdor cEmMpOsitionsor noMt@ining
30 the above- npa[yhga@*ygﬂtghbb@ H;e : ebﬂﬁé‘i)af{laét total weight of

t he bi odegradabl & poly np05|t| ese conposi tions

tend to prov

sui tabl e coffbi natlom&)%ong = AP AR e Szl

properties, andthesimoplastic polyvinvl alcohol com osmons starch IPNs h dro |
cellulose, cellulose esters. and mixtures thereof

In yet another preferred embodiment of the present invention, the

composition inc.ludes'polyhydroxyalkahoate, polycaprolactone, and at least

25 one additional polymer selected from’ thermoplastic polyvinyl alcohol
compositions, starch IPNs, hydroxypropyl cellulose, and cellulose esters.

Compositions according to this embodiment of the invention preferably

include from about 10% to about 60% PHA, from about 30% to about 80%
PCL, and, 'i.n combination, from about 10% to about 60% of one or mare of

30 the above-mentioned additional polymers, based on the total weight of the
biodegradable polymers in the composition. These compositions tend to
provide compatible or semicompatible blends having a suitable combination

of thermomechanical integrity, mechanical properties, and melt
processability. In general, the highér the polycaprolactone level, the better



processability. In general, the higher the polycaprol actone |evel, the

better 6/ 06535
PCT/ Us93YQ 2@’%’? _FETIUSISIIT8

overal | nechani cal propertles It has been unexpectedly found that a
sharp break in nechanical properties occugg.-at about equal |evels of the
pol yhydr oxyal kanoat e and pol ycaprol actone, with preferred nechani cal
properties being obtained with a PCL: PHA ratio of greater than about 1:1.
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polynmers. More particularly, where the additional polyner is a
. thernopl ag§i c pol For Fetmingchithes, it map e desired tot imciidd al\blamchemmtmee

gencral |y dopBReosHiErb e i B, o odaEs B R Yih, T8 i mitaly B8 °
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functi on of t at ive nbi ned. anpunt of PHA

and/ or PLA WePB‘RkP)@ﬂ- obased c@%c‘hﬁbwlgm 8f ihec cgmpOSsition; of Ay plasticizer is

CONposi ti gys paﬂlo%ﬂéﬂylgpréfd?l'#ﬂ 4Rd canmipusitiong aontainipgl WigitYlevals: @FOPHA,

composition and/:%rxygropy llufose endlor cellulose ester, e. 8., greater than about 30

weight % of the total polymers in the composmon

t he

It has been found that the preferred amounts of certain additional
_ polymers may vary dependlng on the identity and relative weight ratios of
25 the polymers More particularly, where the addltlonal polymer is a
thermoplastlc polyvunyl alcohol composition, a starch IPN or a mixture
thereof, the preferred total amount of these moisture sensitive poiymers
' generally depends on the relative amounts of the polyhydroxyalkanoate,

'_ polycaprolactone, and any polyiactide which may be present in the
30 composition. Preferred percentages of the moisture sensitive polymer as a
function of the relative weight ratios of PCL to the combined amount of PHA
‘and/for PLA were previously described in a.more general reference to
compositions containing a PHA and a thermoplastic polyvmyl aicohol

composition and/or starch IPN.

35 (e) Other comgosmons contalnmg polymer for enhancmg meit



35 (e) Oher corrpositions containing a polynmer for enhancing nelt WO

96/ 08535 P &ﬁggg,ﬁa,;,zs
-47- wogsl[g?sgcszessabl lity Al t hough not - reqﬁr ed f
‘practicing the present invention, other conposi tions may aI so

i ncl-ude a pol ymer for enhancing the melt =-47- processability of the
conposition. For exanple, the nelt processability of a 5 blend of a

pol yhydr oxyal kanoate and a polylactide and/or aliphatic
pol yest er - based grocesgsabilityne may be enhanced by incorporating a
different, additional polynmer fromthose descrl bed above. However, it has

been found that I n suiodie . rdcifred! bt ofa Jﬁ@ethédﬁ%ééé?ﬂain%ﬁhﬁﬁmotﬁaﬁ’

be [imted. In where t i ona %
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conbi ned anount pélyester-basedr pplyurelbane may ber emhanseq' by s inddsporatinga a

more gener al ref@yw r 58? ﬁﬁféblgh@??rom tﬂése g?gét%éﬁ aBofe. P%\ﬁ%lt has

t hernopl astic po os] tion

(f) Qher conpoR® Cbﬂhaf e SHgte Siands, m%H'E'ﬁ"‘MrPf the additional polyrenmayde
i nvention al so emﬁne@asaﬁpamemasl whers teer aa@iﬂoﬁapmymer |s @ Rermpiaskc of

e conpat 1 bite. HPANAETh AFOR! SEBtPasHsi HBtiL I G BF 4 a8y thereof, polymer

maclhagl C?I pr opeln’comatlbrhdésmsrm‘btnmslycmmul may afise. Rrefersed percentages
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Itefnar y bl ends, Wg@quﬁghwga%“ﬁeoe&%e usgag tf@rﬁ?fb'pnﬁf &8&%&#9}3 @g%ﬁt ggtlos

films, fibers anef molywrethane \tai the scambineduamaunt Ofarﬁ’HAy and/em RLA awstas .

25 In one adewuw i ass&maad'.ﬁera fbré hgeﬁél%?ei’éfe ?dog%rﬁﬂ%’imo

conposition includes, at on isture s

e’ second 1ol SBRINIG EERAANY AIRETIOREsts 9pﬂvmyf9pc°@pgesvmpsmon and)
.aromati c/ al i phat stargrolPM.st er copol yners, oxidi zed et hyl ene/ car bon
nmonoxi de copol ymers, and high nmelting aliphatic. polyesters. The

(f) Other compositions of the present invention

The present invention also encompasses compaositions derived from

other blends of polymers. These compositions tend to provide compatible

20 or semicompatible . blends  having good thermomechanical integrity,

mechanical properties, and/or meilt processability. The compositions can

incilude two or more biodegradable polymers to provide binary blends,

ternary blends, etc. Such blends may be used to form products, such as
films, fibers and nonwovens, which are useful in a variety of applications.

25 in one altemative embodiment of the present invention, the
. composition includes at least one moisture sensitive polymer and at least
one second polymer selected from hydrolytically cleavable
aromatic/aliphatic  polyester - copolymers, oxidized ethylene/carbon
monoxide copolymers, and  high melting aliphatic polyesters. The
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conposition &spalscal ly i ncI udes from about 1 - 40 weight percent, preferably

‘about 1 - 30 weight percent, of the noisture sensitive polyner(s) and,
respectively, fromabout 99 - 60 wei ght péBcent, preferably about 99 - 70
wei ght percent, of the second polyner(s), the weight percentages being 5
based on the total weight of the npisture sensitive polyner(s) and the
second poly rrerc(on)posntlom typicatfyoisiciudes. fromratioytal + dOwveighy pereenty prefierably

erbodi rent . { iRl PLUSE GERRE étféeﬁﬁ qfr"@e oSS Aebitve Poly RS ABP bAR! | ©

pol yvi nyl aI coh conpositio m Xt

I n anot her al trespestively, frmAbari 9%+ 6t wejghtRercent: nsaferably abeut 999 70
conposi tion i edigHE pefdeht) BPIHE ebconaﬁ’p&l?fr%ts pqié:wen ﬁlf aFcérﬁégés %@ﬁ\

th | t d ht
et % SET Yead oBClbL it it R B i wa,ﬁiwaﬂnobm«eu e
cl egva;)I e ar orsecondalpolymen(s) pinl \thet eompqsﬁionm{ dn @&i mmedlatlyh)ﬂrefwred
car bon/ nonoxi

el astoners, t%gngv\éﬁﬁntt gr§ c@ﬁlsg%grs@%ﬁeél'{r}% ' dﬁcsteﬁéét ?heﬁﬁbla%tﬁ he
thermal |y sendalyviay lgoglnbeqmpoalnensma@bm mﬁtu(ea thaﬂeohe

conposition. In a preferred enbodi ment, the thermally Sensitive polyner is

sel ected from pol ygaghethaet anemaﬁbepbmuo@nrnehwsft tHe t@eednpqhveﬁtiamam
and mxtures t her eof.

i nvention 0s £OMRARKoN "aa"des fro'E n%ﬁd oﬁérctgg{a% g‘eﬁ@ﬂ & cent

of at |east orthemallyaeenattw polymer, Iarld treepeoti\;elygrfromdabotatnsabmm widligho '

bei ng. based oPeFrer of oAC JofBE ong. sasEna° BBy, %ﬁ?ﬁ#gﬂbﬁﬁi@@w&%
p(r)rL g g?:n(e ﬁ% a?(!i leavable a aremstic/aliphatic hDOWOHMmQOPOWmem. Ofg&‘llzeﬁ pethylene=d |
gel lul ose est rea%g Hﬁ?'iogﬁdl écaﬁaghgpsmpg‘t‘wg?dtlﬁr@ ﬁﬁﬁ ?ﬂgesl]egsst oar?gr S |
sel ected fFomelasty c‘hﬂo‘{@’@gf 99&9&@%@% eing ba the total weight of the
Addi tional tethemyally Sémgitive Cp bemdmeiceecdnog polyrhérgs) in the

e B B bbb o bR B s
the thermal | y selectedifeamppolycaprotgctone,baliphitit potyestarebasedpolyupethanes,s

sel ected from I ve polyners, elastoners, nechanicalty limted
pol ymers, hydréﬂa I?I cal%ﬁstﬁaﬁaeflvabl e aromat.ic/aliphatic polyester copolyners,

and oxi di zed eth Iene/car bon nonoxi d opol
20 Y Another embodiment o? tﬁep prZsent invention is a composition

containing from about 30-70 weight: percent -of at-least one mechanically
limited polymer and from about 70-30 weight percent of at least one
elastomer, the weight percentages being based on the total weight of the
- mechanically limited polymer(s) and the elastomer(s) in the composition. In
25 . a preferred embodiment, the mechanically limited polymer is selected from
cellulose esters, polylactides, and mixtures thereof; and the elastomer is

| 'selected from ahphetic polyester-based polyurethanes |

Addltlonal ternary or hlgher component blends acoordlng to the
- present lnventlon preferably include " at least one. thermally sensitive
30 - polymer, more preferably polycaprolactone. In alternative embodiments, _
the thermally sensitive polymer(s) is blended with one or more polymers
selected from moisture sensitive polymers, elastomers, mechanically limited
polymers, hydrolytically cleavable aromatic/aliphatic polyester copolymers,
and oxidized ethylene/carbon monoxide copolymers. ' :
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Thus, one alternative COprOSI tion accordi ng to the pr esent i nvention

‘i ncl udes at |east one mpisture sensitive polynmer, at |east one thermally
serisitive polyner, and at |east one el ast@®r. In a preferred enmbodi nent,
the noisture sensitive polymer is selected fromthernoplastic 5
pol yvi nyl al cohol corrp05| tions, starch IPNs, and mixtures thereof: the
thermal |y sensiti vah HBI 9%@'@5‘%&%@%9@&&% @neording torbecpresephinventon

sel ected from fduded at l@é&tymé PRoISEIE CsdHEitiveg W@S -at_least one thermially
anot her enbodi nent.,.of pgryrgé) nt i nventi o

i ncl udes at | eSSRSIti¥R %A@?ﬁ.%ﬁ B&WP' gﬂ 8 @&iﬁ"@ﬂl@'ﬂmrﬂﬁmsy
10 sensitive the ymoistured sené.wwiast poulymercligni seletted i fidned thermoplasticn a
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t Ihler ﬁgI | Ct hgl t Ilvysg@mtm mc?ymor ylpepolysapmlaetpee. faﬂﬁ;tte)g:c yla:ﬁtzjmteﬁ(ejSOniS
?relcﬁﬁm caljloy ?llgl?nrefefecfl pol n@r Ep%ig ﬁCt ed %'ch) ﬁ%{ﬁ?ﬁe% esters, .
t t t t t
Y T A e
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0™t ey ot e sendiive Joinf "é B 208t BBt SR, melchaficlly IRAAGEE dolin, "' =
limited preferredr embodiment; dhef moistues Isensitivecpolymer isoisplested dram and
m xtures f[;e p?é!trc PB Hyfalebﬁélt @BRipdsitions! eﬁé\%\t I',':?@ ﬁéb d)'}ﬁ&h.fres
rgo

pol yest er - base ret’hane odi nent

t he invention &dhﬂd@@%lmaﬂy F%'Wﬁ Rglymer is_selegtad from ol W@laﬁqﬂﬁil |y
cl eavabl e ar omaliplsatid lpﬂ%st@r-mée@ uréfhidtlesind Fhixtures ther€srstarid'&he

thermally nsi t| L east noi sture sensitiv

ol yror 1 32 pleshBrfaY Shited wﬂwper IS Solerbl P S S8+ Agariides.
sel ected from andywixtures thereok, . al i phati c pol yest er - based pol yur et hanes,
and m xtures thereof; . .and the noisture sensitive polynmer is selected from

30 thermopl astic npwyhnuir@#md.&em%;'tﬁégﬂése&tﬁwshuégﬁ“{ﬁe a&ﬂggg ﬁfes

t her eof . oSl t I nven

formed from a contains gf lﬁﬁét one memlytsamgw@mlvmea atlgast-one mobaﬁmlly

monoxi de copol Yited p’ﬂ(ylhéﬁf‘a‘nd at least dittelaBtimeY. | In 5 prbirbd @nitsddiment, tAad at
| east one rmls ure ?
hermally sensmve polymer is polycaprolactone; the mechanically limited
polymer is selected  from cellulose esters, polylactides, and mixtures
thereof; and the elastomer is selected from aliphatic polyester-based

polyurethanes.

Ancther embodiment of the invention is a composition including at

25  least one hydrolytically cleavable aromatic/aliphatic polyester copolymer, at

least one thermally sensitive polymer, and at least one moisture sensitive

- polymer. In a preferred embodiment, the thermally sensitive polymer is

- selected from polycaprolactone, aliphatic polyester-based polyurethanes,

and mixtufes,_thereof;-'and the moisture sensitive polymer is selected from

30 thermoplastic polyvinylalc_bhol_ compositions, starch IPNs, and mixtures
thereof. -

A composition of the present invention may also be formed from a .
- blend of at least one oxidized ethylene/carbon monoxide copolymer, at least
one thermally sensitive polymer, and at least one moisture sensitive
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polynmer. 'In"a preferred enbodi nent,. the thermally sensitive polymer is.

sel ected from pol ycaprol actone, aliphatic | yest er - based pol yur et hanes,
and m xtures thereof; and the npisture se'ng(?fi ve polymer is selected from
t her nopl asti ¢ pol yvi nyal cohol conpositions, starch IPNs, and m xtures S
t her eof . ddltlontothe

above- nent i one@OMQnéﬂt%%Qng;MQ'mO% the thermaﬂ Y (3ROSHIVES pRiymer is
i nvention may g¢eldcted from giolycaprolattdrte, aahphand)poly@stérabayed polyurei@fesE.

ant bl ocki ng agoR RS @?5#”558%' MBSk Shsiie PEMMGCTR sepctid fom
ant i oxi dant s, ﬂnerrrmplalsxm polyiinyalesholpicompasitions; cstarait iIPNsckand enixdures

antistatic ggemé} afld slip agents are typically enployed in conpositions to
be used for“formng filnms. Pro-heat stabilizers, antioxidants and

pr o- oxi dant addltlveE g g Eéglcally enployed in conpositions to be
mel t processedOPT' L COM ers rray be. used in the conposition to
nodi fy the nechani rties rpelace)ductsfo d fromt

conposition. In ge 'éragd‘t'cm %B?%%Egye-men loned-HeraPegen em@%@mﬁs%nd
tensil e strengthe paesbntanvanhmmmay tontain otheritompanents asgnay e, omiater

strength, and bsqmét e tﬁ§‘ H%ﬁﬁl&&ﬁ@ bt notphﬁ:ﬂlégt t%ﬂb‘?as%:xzers

plast|C|zer may SO’ be used to
conposi ti oot oanhblcslsmgemsnts nantistptie cagentsg 5&9 HGQEGS tRrepheat: stabilizers, t o

st o zer o %‘Pﬁ“%'}*?’%?ﬂgé?*f SauRes I PaMeRls e, T NGl Sgents, | 4
P o el £ g SBURIE agsnis and.glip.sgents &rm HPiGAly SURIGVERIN cRaPastians & o
F2)|585t ic It zer rrabeb.semor Eﬂ?\'{% fisms's Prolhdat stabilizers Lamtivxddants ndoprocex ma?tns
containin erate
Several pl astlg m% EWB?%MW% ﬁo%@%ﬁ?%%ﬁ

for use herein.’ Sw tabl e plasticizeéers are exenplified by glycerol

triacetatels Riastigizersiroay be:ssed in thecaompesitien o siod Wmeehamsal
wei ght pol ycap E?éﬁ&in@g%f products m%@ Frony h-ﬁé eempbg%ﬁnelﬂa%éﬁégai tma%mié

havi ng nunber vera%
per nole), acel§nds o loweryihe: maduiys and e"s‘lfnét@f'ﬁ 588410 Jacrease th

geg grl I ?ed i n t bitimdtev elongation)dmpatt StreRglhvnand tear striiagth of ithe, PoKymmerit
e L A g
di sposabl e2ar t composition todherabydenable meltgprapessingat lower temperatures and to
PCT/ US95/ 11728 tminimize energy requirements and thermal ‘degradation. The use of a
~ plasticizer may therefore be: particularly useful in compositions containing
high melting polymers e.g., certain polyhydroxyalkanoates. For example, a
. plasticizer may be partlcularly useful for this purpose with compositions

25 contalmng PHB and PHBV wath Iess than about 12 mol% hydroxyvalerate

rans

- Several plasticizing -oompaunds are known in the art and are suitable
© for use herein. ‘Suitable plasticizers are exemplified by glycerol triacetate,
methyl ricinolate; dihiexyl phthalate, low’ molecular weight polycaprolactone
diol or polycaprolactone triol (typically havmg number average molecular
30 weights of less than about 1000 grams per mole), acetyltri-n-butyi citrate,
and others such as those described in the above referenced U.S. Patent
Nos. 3,182,036 and 5,231,148.

- Antiblocking 'agerit's’-- act to 'p'r'eveﬁt film layers from sticking to one
another when wound into a roll or when disposable articles are packaged in



- -51- contact with one another. Typical antiblocking substances
i ncl ude wo9emssasoncenttrates of silica or talc bl ended w t RCA/USSYIATEE | C

mat eri al such as pol.yet hyl ene or pol ycaprol actone. Reduction of
*blocking in the filnms of the - pr esgﬁt,' i nvention can al so be obtained
by |l oading the filmsurface with 5 small "particles or powders such as

chal k, clay, silica, starch, and simlar materi als. Powder ed
olyneric materials (e.qg., polytetraflugroethylene) can al so _be
Eseé to reduce W’HER'G'( ﬁ@ﬂ&hﬁﬁea%ﬁptr@ﬂ- to%ﬁ’ﬁ@agﬁ?‘ﬁ&@)@c'ﬁﬂgf Subgtapees nénclude
BlresE_nt i n?/ent | eanceBiraltes iof nsilica braald bhﬁwédnwmgfirpdmud?ﬁdgéwi’ae@m as
ocki ng al one _ant. ods, e nt i
10”0t "powder s ByEHRREBbRRR claBh: Fediftion J Hindtod i fe s 8E% 1 ¥
when used, is fpraseabdinnentioh gamiaiso [be obtdined by tpadimg the film surface with
ANti Stati . | : . he: . S
exanpl o5 of ‘Sucha Darielet KrbORAGSC o a5 . "cial SRS SRl B4A Niflar
sal ts having or @atgriale.o Fowdered pelysmerigmaterials (@ o RAVistrafluatoathyleaahcan

15 Agents of -t &ise be/ased toréducéchbldtringovihért appliéa e tied stufacé iof flme &f the
because of n electri

their jonic.character . form al | nductive
| ayer on the suP'fezi?Qpé'?vem'on' chcﬁel |5Hffaﬁ§t‘r%?a*m%s ﬁ@nﬁg %%/ﬁ#rg?ﬂr?auce
constitute fronblockimg dléhe or irboomblitation with other antiblookiméthods. (The duantity
when used. . | | | e LI of
the.pr esent 19 ny2hpouder f{@b‘@%ﬁ%@@% °§§"%@'2?5°%8€§£°?§"%%3'9’a o i D
equi pnent . Exanyhes usedsisdrom about 0.5 to abeut conmmonl y derived from
.ami des of fatty acids having about 12 to 22 carbon atons. Such

agents may augment NagisRiticidieptkiviay be incorporifedip filingsof the phésdritlinverttiont he
present inventign. ch sl Bcﬁ?qaeents ,ncorporated.in

A | \
films from abouP*YMBEH,qf $ug ng%qﬁﬂfq]gtm@g?g%%gs gBF quatennary amipe.
used. Sl haviniglbiganic constituents dhaboatni2s18 icarboroatdrhe inrieagthi

e, 1 1bers, - AoBfl ookt defuse to the SEHEE o 16 Fim drd ialde of
shaped ar t| cl estheir iongncharacterhforpoan reéectncallyrm«twnéaymm the surface of
processed into f{efipd Ntisfaticﬁgen?@&&?iﬂﬁgﬁ%&@g%&uﬁ o asBut! f"/ott?eabﬁﬁ §9% Or

exanple, melt spLnpning and ne . ocesses for tormng
nonwovens from fmedﬁglgﬁﬁPfsme_afﬁ@sameﬂlléﬁ?d- wel | known. For exanpl e,
t he nonwoven may be spunbonded, nelt bl own, ' air-laid, carded,

hydroent angl ed, coniSlipadgents mdy bé indopporatad into ¢k filmsiof the préBeAbinVBhtioN
PCT/ US95/ 1.1138 to reduce drag over rollers and other forming eqt:ipment. Examples of such
agents are those co'mmonl'y derived from amides of fatty acids having about
12 to 22 carbon atoms. Such agents may augment the antiblocking
properties of the films of the present invention. Such siip agents are
commonly incorporated in films from about 0.05% to about 3% of the weight

25  of the films when used.

APPLICATIONS

The compositions of the present invention can be melt processed into
several forms, including films, fibers, nonwovens, bottles and other
containers, and other shaped articles.

30 The polymeric compositions herein can be processed into fibers by
' methods such as are known in the art, for example, melt spinning and meit
blowing. Processes for forming nonwovens from fibrous materials are also

well known. For example, the nonwoven may be spunbonded, meit blown,

- air-laid, carded, hydroentangled, combinations of the forementioned, and



- 52 - the |like. The nonwoven may be thermally bonded by neans

wel | knayd ok/Mss3s those skilled in the fabrics art. PCT/US95/11728 The

- conpositions of the present invention are also suitable for form ng
films such as are known in the art, incl ug#rgg continuous fil s, 5
apertured filns, including hydroforrred fiYns and vacuum fornmed filns, and

the like. The filns nay be processed using conventional procedures for
producing .films of bl ended pol yners on conventional film nakln%
equi prent . Tkke bkepdhie nomwovrn may be thermallydianded bymeansuvell known to

processi ng by wedd siinéd ibiHefabEesaps. Liquid inpervious filns for use as a
10 backsheet material are typical I y either cast or blown fil .

doser i bed pol yrer (e GRATEY O, ikt Briger, FNAtRR ard { fisB) BLablertan o <
of tﬂe Po: yrrefcrmmgrﬁlmses?el'\camabe Kniown inirthebarndrcluding costinuotis filmsed

t
h the 15 %P‘a““&[d s "‘r'Hé“&eT‘?@"’E*@*aé# flph B Vchbirtfirmig i, 6L °
melt mxed inthe erf’ (heIPFREassed Ring renventionaly prassdires fofat i on

prior to fil nb?é’dtidi’ﬁg Oﬂlms of blended ﬂdﬂ'rhe@(t bH'S icOnvERGONAIS fim tﬁtbki?t for
formng films of the

extrusi on net ﬁSHEPm?R’t h iﬁ%ﬁPEﬂ’"&ft@"s %ere'nd@é' n(rzpé&fq??ﬁﬁ ‘HQ“’SHBV\%XF‘?"UQ on
Technol ogy, 2prodessing'by meltextfusion methods. Liuidiimpenvious:fims forduse 493a6) ,

prend i o a8  BaBkehe ubRhAI ¥ Gpicelly 3ihgrbadtdrBipun yms™! "0, CPP 01 o1

flat web is cooled on a | arge noving polished netal roll. It - qui ckl
cool s, and peel s dnfgenersl, fmelitextaision ;metbegsowalvenblemm)m thexabove-y

cooling roll Sdes&%”edp |cacﬁ|§oﬁénts ?&We&ﬁ?bﬁﬁu%' ofthe biend. - Peilets

rolls, and cast acksgeet

. filmfor the O?the POE&%F%EWPBPBGE&%"AE%% Iy Rle gaﬁdn thenymeftm
" descri bed bel invthe filrh eextruder rtsEbfarmltematavely. if insufficient rmrhlng/\océursrin the

o1 a1 o4kt AR dnb s, LB o oy BN 89 snddelt mireq IPRE"
tube. Air i s pre-compounding exiruderiiollawed by repelietization prior to filraeatrusion: ube
and causes it to expand. A noving bubble is thus formed which is

o7 1T 15 copl cqMIE"bRlsdn MRl sl e aing, ol oo prasen u0e
surroundi ng t fYentge. lnﬂvéet%% or blown h@‘ s'@GI 'I“QM &9?% \M"Pfﬁng? € nto
a flattening ﬂesmbéchﬁm@hs@&rusibngmebhnology@ﬂﬂl Edi5 Flan A. Griff (Van
PCT/ US9S/ 2& 72ﬁlostranct Remhold 1976), herein incorporated by reference In a cast film
method the molten blend is extruded through a linear slot die. Generally
the resultant flat web is cooled on a large moving pohshed metal roll. It
'qurckly oools and peels off thns first roll, passes over one or more auxiliary
cooling rolls, then through a set of rubber-coated puII or "haul-off" rolls, and
25 finally to a winder. A method of making a cast backsheet film for the
absorbent products of the present invention is described below in the
-Examples.

In blown fi Im extrusion (also referred to as tubular film extrusmn) the

molten blend is extruded upward through a thin annular die opening to form

30 atube. Airis introduced through the center of the die to inflate the tube and
_ causes it to expand A moving bubble is thus formed which is held at
constant size by control of internal air pressure. The tube of film is cooled

by air blown thro_,ugh one or more chill rings surrounding the tube. The tube

is next eollap'se_rj by_drawi_ng it into a flattening frame through a pair of pull



L 53 - rolls and into a wi nder. For backsheet applications the

flattened WQ6M8E3S film ' i s subsequently slit open, urRGIU§1IRRd
further slit into-wi dths appropriate for use.in absorbent articles.
“Both cast filmand blown film processes camghe used to produce either 5

nonol ayer or multilayer film structures. For t he production of nonol ayer
films from a single thernoplastic material or blend of thernoplastic

 PEREGRIANCE R TRESRAN S SiA4GE i hctshdPagBitating e Rfsfied JlEF i

the filns fornei§ Subsedquretiy slihopen. unfolded, ang further siit interwidths, apptapriateray

be -particul arlwr\ugblm%gb%mfaﬁchg;e as a bi odegradabl e, |iquid
| mper vi ous. backsheet I n dlsposable absorbent articles such as

di d f T b heet f di

Chont o have suf1ci Belh SastTiiiand Bloar Ry pecasses fad b8 el uaduce Sithef ©°
(i||5 Spﬁﬁgﬁ' ?h? ; |r uioaolaymenr; mutilayparhfile smdtUrespFovltge iwoduelﬁm @ff thohelayeer
Sothieg or° fints Jrorh, o sitifle ierffiipledte Hictelial "l et B ARbrrigoiaSi

caregi ver, is nelRmpepenris onlya singlgiextryder and sirigie manjfold diesaneyequiredor
flexibility that is, at the sane tine, | ow enough to be a soft,

pl easing nateri agmmm CRIEEAQ\N%TTEWMEFHOQS of the article,
yet high enough to e easl spee I Sposabl e 20 article
converters without n crea L _ nust

sufficient resist an& %W?éé{y §@é€é ﬁ!’ﬁ ? Ijrps \X?m%écﬂgrtonaétﬁ%rqﬂmma‘fon%f’f the
per manent | y10  presenbs inventiengtmayn bey piparticutarly smlas;atedonfbrt iuses as, &S
applicable, |os

converting li neglohlv\gra%able "dc&? é&}b&%&kghﬁépﬁetﬂ# Bgﬁrq%rn&éﬁcﬁes
adhesi ves to boSkeh @8 élﬁﬁsﬁ]éﬁﬁs egpinine ngducissp&abba;cl@heets of wdispasable
For a filmto pafticRis"shedlidshave SufficiertSstrery tﬁct%lhaté o§e Cdﬁsaeﬁi‘gh 5 eed

nmust be made of .re or ruct t hat are degr and
de?mnstrate 'FB%%&S’@ S& g?’é‘l'Je ?\Q machigg; g?&g I l?%'EEP"and

isgpact t str er%t hwheddhaa’rﬁcié isiindusenr itinmustbe saffisiently watproof sblthat ¢|omng>ort
rate, and a

or f er abl y Bgﬁﬁﬂééiﬁe*&%i E I s, gl Jﬁ%?&ﬁﬂﬂ%% Belpet or
strength. Wer eseiled. It preferabiybasa medulus ot flekibility thatxispat:tha same time,
tenperatures abgyg ﬁB@éﬁ fapeas séﬁ rmﬁéﬁhbrrﬁﬁféﬁél ftﬂbﬁ%&ﬁrﬁ% {hé ouft E:GG?nné’ r

use, it mnust al Sé) ave Su anical 1nte

wi thstand such @kiiesarticle, ){ﬁd'ilghsﬁw toshandle easjiy o highs spee dlsposable ,
PCT/ US95/ 11728 article converters without wrinkling, folding, or creasing. It must have

sufficient resistance to heat such that it will not deform, melt, or permanently
lose strength in typical hot storage conditions or, as applicable, lose its
integrity on high speed disp’dsable article converting lines, which typically
use heat tunnels or hot melt adhesives to bond the components of a
25 disposable article together. |

For a film to perform satisfactorily as a biodegradable backsheet, it

must be made of resins or structures that are biodegradable and it must

" demonstrate, at room temperature, the following properties of high tear and
impact strength, adequate fluid barrier as measured by moisture transport

30 rate, and appropriate tensile modulus. Suitable backsheets also preferably
have an appropriate elongation at break and tensile strength. Where the
backsheet material will be exposed to temperatures above room
temperature during conversion, storage, or use, it must also have sufficient
thermomechanical integrity to withstand such exposure without significant



-54- negative inpact on its physical integrity or nmechani cal

propertk‘ﬁ SR e +absorbent articles may experiencpci/essspradsur es as
hi gh as err|F (60[err] O during warehouse storage or shipping in

trucks or railcars, or even as high as 195[err]F (90[err]C) or nore
during converting operations where the 94t are 5 wused to fabricate
absorbent articles, it is inportant that the backsheet film retain
its integrity at t hese tenperatures. Although it is expected that the
nodul us of thpegativesimpadt erdtscphysicalniptegrity £ maehanigakpeanarties.ncPiBg8es

fromroomt enaséa?uheahsa@ﬁﬁyeé@ate%et@mwrmess Higk a0 oF (be)d

not decrease to ar as Fow'the filmf{o rip durin g conversion ,ar, to

10 def or m i nduiRg WarRREKSEEI0FRGR OF SNIRRING N frHE Rh T8 » Or even as high |
has been foungs t88® Ff (S0PC) dramors duﬂngfconvenh'igyoneratmgs twheve theifiimblare

o operti od (ts eqig?éklrsfh & isSfustitoAttoRs, § @ hieuiy WaPPRLb&GHaR oim,
strength) in tetaim it$ éntegrityi abth!hsaemﬂlpﬂaMGSt rAthaughsit is @xpested thatithen of
15 manufact Ugaey fiof e il @ﬂ@&ﬁesee rsBHféWr?atfés)tﬁeatéﬁﬁﬁﬁiﬁﬁﬁeViﬁbﬂases' :

| npact streng ener a

e-tear stre hB{ ggulg be
as hi gh as' poffeimpraem temperatwiestossush elﬁV?F?d( temperatures; the, u h
properties prﬁéteaéeréa‘serto% mcésheeéuow the filmPtefrip aluring tbrvdrsivrs bedd

cast anolft 29SS e sREkaoe Pefera it eRERpa s o ugetie *'" "L Tl oy

preferably at |east about 70 gramns, -per 25.4 mcron th| ckness of
material in both ftHeasthean feund tiat films that aresufiicientiyrstrangdode suitable. ‘

Most f
te?rp ef;teuregreg%gga d%BPécEﬂi’é‘C ?&%&été YRk &'iﬁgasﬁﬁléahﬂlcgs &érﬂah%trr]at . ckness
25 in the crpeaperiesii (Og rgsistance o deaanee(teareeeomgahsar Fesistanee \orgiRd o
avoi ding a teggg Hgt)‘r i both the %\é&m@mr&e{wﬁ fahauheT@asssﬁé@ﬂgé lfireetion cof

det erm ned usin estl chi ne suc st ron, Model

fol | ow ngﬁASTM@“i%‘B@B@ qlgghﬁﬂsmc@l mtyre efrjﬁms? rIRRPRY; ‘getq%é (ie.,
aver age tear nﬁpmﬂtgtﬂa th)cul at ed fromflve separate neasurenents. As wll
30 be understood by the skilled artisan, the sanples are sel ected and

PUTLES aq " IodRRBLIIR N haRAS UUETBY Ss! W 8 ﬁ%sﬁletngtlhn

can be det er nconsistent mmathalrﬁghwlqn gﬁ@t,blemqapgftrgs,@ﬁeferred for gsb%gl@ eebwn i n
Can o s g ISP e adablst aeforsssles, o o permr, 36 v o

96/ 08535 . tear strength of at Ieast about 25 grams, more prefera y at eas_t,ép/ g% 111728

| still more preferably at least about 70 grams, per 25.4 micron thickness of

| material in both the machme drrectron and the cross-machine direction.

Most preferred are those backsheets that demonstrate, at room

temperature tear strengths of 100 or more grams per 25.4 micron thickness

25 in the cross-machine direction because these are particularly good at

avoiding a tendency to fail in use by sphttlng Tear strength can be

determined using a testing machine such as the Instron Model 1122

“following ASTM D 1938-85. As used herein, the tear strength is the

" average tear strength calculated from five separate measurements. As will

30 be understood by the skilled artisan, the samples are selected and mounted

in the testing machine so as to measure the tear strehgth 'in the desired

direction of manufacture.

impact strength can be determmed by a falling ball drop method such
as are known m the art. Preferred biodegradable backsheets of the present
35 invention can withstand the drop of a spherical steel ball of about 19



% 55 - mllimeters in dianeter and 27.6 to 28.6 gram mass from a

hei ght of centl nmeters so that at | east 50% of the ult in
no rupt ur%? %Fﬁ?ls siz (deformation is acceptable). #@?éispelzﬁ

‘materials are those that exhi'bit 50% or less failures (i.e., does
not-rupture) froma height of nore than 20-55-5 centineters.

Filnms of sufficient barrier to noisture for use in diapers are those that
perm.t less than 0.001 grams of synthetic urine to pass into an absorbent

paper agwﬁl per nstlmatermﬂ'n'cllameter aid areatp@s. @@rﬁmmnl?ssrfrérhl & Kreight beEZ t
ever ours or.ben
10 %aper t owel %ng'lng?? ypl (I}Q%pgbfe%%gght’d geah% %g&rfgﬁ%g‘l“ 'ﬁ nﬁﬁ‘!ﬁtﬂp%?ﬁgﬁ Fgﬁer
core and (deformstion is aceaptable)g Rretarrest materisdiy are’ Ithnsmthat feixhibit 50%
conditions of tlag (pg§ts Iauhlmast gy ar %ob@ahott P@ptﬁF&afrBh\ ? teof ord! §in 2Ban

that of the test rrater s 'l oa snt etic urine
toits theorétlt‘}ﬁf“@&&ﬂ&ty and |t |s under a vvel ght of about 35
g/cnferr] (0.5 psi). : It has been found that materials of

suf fici ent nodul us fmlmslefesafﬁcnent barridratokmoisture fde usadh didpers drertbhbse that

Lasst “abmut 6. cbRTng ’ég I"%‘f L85 grarps of SbBiHiccite 16 Badg 3B ER dHschbent
6. 895x10[ err] dpaper w{vg per aqua@menwmptaraomeea par 254 tieron fhickress: for
films for use a%v? @G‘fﬁiﬂﬁ?bf hﬁfiéewﬁeﬁ%é 'téﬁafgﬁf qumgbéaﬂ%eﬁ%g' absorbent

direction nu act st an el ongati1on

at break (i 1@ -paper OWQ‘I ?‘T&rﬁt @@P@ﬁ@%ﬁ‘%@ﬁs Qﬁﬁngﬁ'@aﬁﬁﬁ'@m@@dﬂ'ﬂﬂcﬁiﬁﬁﬁf eqre
manuf act ure of @ndad presisufesimulatin g&mlﬁa ey Pioé 8 éélﬁé%ﬁditiﬁﬂé&if&héftést

The tensile nod ca

det er ni ned usi n{’%%ﬂgbﬁ%gﬁgéﬂ% %%@h'a%ertth@%at&]t?‘?% ¢ tefRle el‘igﬂ
fol 1 owi ng -ASTM 15 $eRiesi withesymhm wmatbdxtslelnmmtnealecapﬁty ahe inissunder af
at least five sg% t 37&?12 be underst ood by the
skilled artisan ﬂ@a es 3Pe56? 'gl and el ongated on the

tensile testlng nachlne so as to neasure the tensile properties in the
machi ne dirdétion of thbasrkegrfeund that materials ofraeffistent medulus for ruseast y

can be quantifi bdchyhéétg é{emahsﬁafet e iteasile IFoun meehﬁdal& |HE|tﬁé 'YaaBRing! -

andl o by Lne. Iyt S G ath or Bt dhet about 6 SSIHE ReoRR bk i
melt or exhi bit abbat wsasoﬁcdymesmmB atnroom tempexateré. \thi additiond prefetredm

Cer 1o, on S8 or (a5 bdiknadt il  tapsite SR 7 B diton
PCT/ US95/ 11298 of manufacture of at least about 20 MPa and an elongation at break (i.e.,
ultimate elongation) in the machine direction of manufacture of greater than
about 140%, both at room temperature. The tensile modulus, strength, and
‘ultimate elongation can be determined using a testing machine such as the
Instron Model 1122 following ASTM D 882-3. The values stated herein are
25 the average of at least five separate measurements. As will be understood
by the skilled artisan, the samples are selected and elongated on the
tensile testing machine so as to measure the tensile properties in the
" machine direction of manufacture.

_ Thermomechamcal integrity can be quantified by the Vicat softening
30 temperature, melting point, _andlor by the dynamic storage modulus in
tension as a function of temperature of the polymeric product..

The backsheets must not melt or exhibit thermoplastsc flow to an
extent which renders them unsuitable for their intended use, under
conditions of storage, conversion, and use. In addition, preferred



- 56 - backsheets denonstrate a Vicat softening point of at |east
45[ err] »softening is tested using a Heat Di
Swo¥ ﬁsfssNo s

Appar at us I\/b 107 or equi val ent and a nodification of ASTM
D-1525. The nodification is in the reparation of the sanple.
According to the present invention, a 19'§8uare 5 millineter size film

of 4.5 to 6.5 mcron thickness is prepared for Vicat needl e
penetration tests by nelting the material to be tested into a nold of
usi ng a tenperbecksheefs démonstrdten apWicat Lsoftening .poiritxaOatredst 451G r Vicat

S armp per i Ggtening Holedfedubig € ol CisBHicH ARRERAUS MddolKlp B8P of | o1
t he tenper at urequivalent and aimodificationtof ASTM BetilS% dheimadifisation ds in Melr
Cross secti on prephralRMFéf tAbSdnisle. Accordnﬁ@%'tﬁe%e@eﬂ%Wnﬁﬁn & {9 @quapgler a

| oad of 1000 sing a un re rise,.rate of 5 err C per
hour . illime r$iZR “%%&ﬁéﬂe@g ﬁ?’ é?gkqﬁi?e 1%, P, mﬁpcf&
modul us in needl¢ penetration tests byt imeltingcthenmatbriat ¢o ibentestedrinto faamiold of of '
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nost pr ef er ablpsik{using arGanven gopimilarress) for twgminutes:afema warmup period
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fgl I ;Jr Sof erm]ersémﬁle o aaaebmaef opogth ?ﬂdierr al @agraf el{:f)gfbeu]s%byaau?urmt )
apbou err r.e eas apou err nos
preferably at (EEm% &uf‘%g%%@oﬁrf&f%?% 'Pé - The dynam c '

storage nodul us and its dependence on tenperature ' also called a
modul us/ t errper at ur Prefarced jpacksieathmaterials hayeea rdyramit cstorage modutus il on

d | |
st runent | avaripfh, PR 8 HhachiN dikdiontSr AR Bf BF lesst 20 WPa et
ot her typdd oftemRAr %ﬁé’fﬁ%@?"\é& iabout SRC: more Rretarably-akave apeut-80 G| even
anal ysi St o Sinete phéferabiyiibblio GBS 110°€, THGSH BrefeéraboBOS Bbott 120PC.

k toth | ed th t of h t Thi
o mmt 1 on 1 Statad sEiat Wk e, Rraisiiest BeckEsgiar o bRbadcly hatidg 4 o°
of Pol yrrerllc rmelﬁeml famenemperamtenWIMnsgﬂmmmpﬁrm at which ther.
Mu El s a

Pol yrers ono: BOSiEYAI QGG a8 BreyiBlsly Veshied: Prefgfad Bﬁﬂ‘?@%ﬁ
both i ncoror ehaé@ a feibira teMmpessture of a leastabout 60°CrmoredRiArAbiy aleast
operation and Zhof SHECEaveR more! ﬁrﬂférBBIy at lea!‘l%%(x@%@% most preferably at

PCT/ US95/ 1172
£?ealst about 120°C.

~ The dynamic_storage modulus and its dependence on temperature,

also called a modulusitemperature spectrum, of the films herein can be
25 measured on a dynamic mechanical analyzer (DMA) such as the Autovibron
instrument available from Iimass, Inc. of Norwell, Massachusetts Many
other types of DMA devices exist, and the use of dynamlc mechanical

- analysis to study the modulus/temperature spectra of polymers is well
known to those skilled in the art of polymer characterization. This

30 mformatlon is well summarlzed m two books gmm_hm‘@_&\a_lyﬂ_

T. Murayama (Elsevier Publishing Co. 1978); and ‘Mechanical Properties of
oixmers and gomggsntes, Volume 1, L.E. Nlelsen (Marcel Dekker 1974),

- both moorporated herein by reference

3s The mechanism of ope‘ration and procedures for using the



¢~ B7- Aut ovi bron are found in the Imass user instruction nmanual
entitl ed wo 9608535 AUt omati on System for Rheovi bron Vi scoel aBCOmS95#11728

revised July, 1982, - = - incorporated herein by reference. To those
‘skilled in the use of the = AutOV|bro$7or equi val ent instrunents, the
follTow ng run conditions will be sufficient to replicate the sanple

failure terrperature data presented herei nafter.
nmeasure the nod us/tenperature S il ms

Nrout bron 1o AUIRVES Stsh fBLBA oI thea mesa, useh oS oR maPHaber'tgd
ext ensi on neasUAutgmation SystemVBr. Rhebwbron? Vistostastompter)ti revisedy Jdly 882,10
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sanmple is Autgubé@m & @qmvaienhtrwmﬂs,t the fqlwlmwunscmwma willl bien
the machines . gufficight 6t réblicate MABY safiplé Sfailufd Stefititefird S dbfa {préSented

encl osed in an envi ronnent al chanber swept with nitrogen gas. Stress
is applied to thegeinafter. ¢ | nin the | ength direction to achieve a
deformation or strain of about 0.1 . percent of the original length. A

dynani ¢ si nusoi dal sTo aneasuse a!palmmuludtemperature spegtrm rofra filmasgecimen,ncy
o e cye s, b Aibiton Nl $RFIGhDERS, foan modd'eha8diipRba Wi sh ©f

1[err] C per -mnu romrao errpera
speci men nelts e;ﬁerw@ameasngmess@@eme(ﬂ@bnaeﬂm sea@malsr approximately 3 mm

characteri zgd hyidaD0id254 feh HidK Ed bﬂs@ﬁé@hﬂ Iyt tt@%uaha&?o ] érﬁ%f%ﬁgtﬁ n

time between str ss and strain. St oy age nodul us “val ues I n Pasc .
(1 MPa: 1. OxLo[RSTWReRy Hies SpRpiEian ariRsois. MQuntad d Hie @ripsconhie SampIgnis
with ot heslectati aarrh tnolirted asuch tkmt fthecmsumss detdririnéd dhUhe Maching deo

cony of the Al or. il . ERY: ApRAiatT ¥ Thed' BhchRed” of
further revi eweruironmental chamben eweptrmthamtmgemgas Sttrlessus rqnpiledmo_etm
whi ch the s{sor iy fPghd léhgth durectléi'fo?é’?er ey Conp%@‘?%tudnsmd?frﬁfn”bﬁﬁ ﬁ'ifﬁelCt ly

fromthe spectrum

appl i cations arRereanheftheriginal length. | Adynamig siryisoidial straipis appliadiesthenave
the following F&pﬁ%ﬁ*ﬁéh@c éiﬁrequ%ﬂcydcﬂtﬁonc élés raséc?’cnﬂ5 "Ftﬁ&!m éz*a%ref ig m

kst about To0BCHSSBd.ANA fie of 1°C Pt iimide érﬁfrégrﬁ netatke i haidnt
di rect |t on of naseérecther spedimeh rhelts or breaks. 2U‘emperah4ré-@epeﬁdemebéhmﬂo¢ is t
P bt de fflﬁa“h&%rﬁg%ﬁkéé &%ﬁ@\tﬁ@ﬁés‘aﬁﬁﬂ?ﬂiﬁffemam the JHERGirbfHiee iR
accept abl e fi belime detwaen stress andostrains . Storagal madubus Vpluessnrmqga-PascaIs

conposi tions for NP b N .Ox108 dgRes/EmR) 'd?éscélémbfédls?(ihé'bdi'hﬁnﬁ@ﬁ% WO
96/ 08535 J 1728
other data and displayed as functions of temperature on a vi sp ay
terminal. The data are saved on computer disk and a hard copy of the
25 storage modulusltemperature spectrum is printed for further review. The
failure temperature, i.e., the temperature at which the storage modulus

drops below 20 MPa, is determined directly from the spectrum.

Preferred compositions for use in fiber applications and in nonwoven,

" including topsheet, applications, have the following properties as
30 determined on a 12-75 micron thick film: (a) a tensile modulus in the
machine direction of manufacture of at least about 1000 MPa; and (b) a
tensile strength in the machine direction of manufacture of at least about 20
MPa. These tensile properties can be determined as described above.
Compositions that provide films having these tensile properties tend to

35 provide acceptable fibers and nonwoven products. In addition, preferred
~ compositions for use in fiber applications to be used in disposable



- 58 - absorbent articles provide filns having a dynam c storage
modul us iy ddifas3s machi ne direction of manufacture of pérbssai780 MPa
at tenperatures above about 60[err]C, nore preferably above about
90[err] C, even nore preferably abovg about 110[err]C, nost .
preferably above about 120[err]C. Stated "atrot her 5 way, preferred
conpositions for use in such fiber applications provide films t hat
are defined by a specified failure temperature, which is the t enperat ure

at which the nebson Bent Artigles previda dilanskaving i eynaminstarage anoduius indhew 20

Npol Loat 1 §X's°EH%FSQSG*?‘?‘??’h%ﬁF‘%““?gﬂgmg"w et tenthardres aboust!
10 60[err]C, Epe¢empy p{ﬁ tatngngq]EC e‘é_ﬁfér{“ﬂ'@r é’rﬁéeéﬁgyabl y
_ ?th I %giﬂt . aba&m abolit AA6°PC) mosrqséfepauyeabdva/aboutl .2i8tated. afbther] C.
e a
Above.  Comos; Wl Erefaed confBBURIGHS fof us8in K it ?ﬁﬂéﬂ@ﬁﬁﬁ“ﬁ?ﬁme
t enper at ur e t ethitase gefined byfa specified failure Aempartature, avhigh isithe tempearatugea
t her momechani cgf whlaﬁﬂé'rﬁc’ldﬁlbéﬂin trie mathine’dipdQion st manufdcilitaTals Befwrgobent

article applic

As previously @{F‘zﬁ 2% PF?WQU@MW 'ECE ‘3} f&fef{ﬁmgéww?%wﬁ?dﬂ syeh fiber
useful in conpapglidationt provides filths having lae fdilure ttemiperatufs of satd Iast eabioutt he

oo oL R A i, A T B 1
agah ntSte < di SChabms $10%C, aho?t preferably at laash abouhd20%01 aTP(n)e D8Mvand €ailure
ﬁ)e(ge?n to descrl aE)se %an Heoabfé?ﬁ\ﬁ&f%s argécv\}]ﬁdg‘abﬂ{/ép ?amr?%s'ﬂc??'g Fﬁibe
| aunder ed or onﬂé’Nﬁ films bavipgcthis PSM or failyre tempesatuse tand de savidgfibers
after a singl eaHéenoﬁwém eprodfucts iRy 8 the?ﬁ'lon?élﬁﬁdiﬁlt imégHy Wat ds

whi ch the present |n ntlon ed.i.n fem-ni'ne hygi ene
garment s sith Beremsd retsnaf%]ﬂﬁéﬂao ap apblications. ' GTLOLNS
. incontinence briefs, diaper holders, training pants, and the |ike.

"Di sposabl e absﬁlmm A@REEMMMIM_S_ -a l'iquid pervious

topsheet, a liquid |nperV|ous backsheet joined to the topsheet and an 30

absorbent core posijag ?}6' ok eé}’\gﬁgbd et CRRBESHi ‘i‘)fttﬁ@ pli‘éféﬁ(}hiﬂ%n ion are

Di sposabl e absor bent: nponen |‘i,ﬁereo

t opsheet, back4$Rfbl in GHHBERRMS Qf&'@oséﬁ’@ ahgorosat 9“!91% K& %ﬁrei"hégﬁ

cgméonentfs hateema"ébyé»‘béntr arficR"aefers ©A06VIBEs WHitR Ebsols anaedoditame body
ody sur ace

O o B e Hlon A e SRRy b ihe SRS LD St (o
WD 96/ 08535 the skin of a wearer to absorb and contain the various exudates discharged
PCT/ US95/ 11728from the body. The term "disposable” is 'used herein to describe absorbent
articles which are not intended to be laundered or otherwise restored or
reused as an absorbent article after a single use. - Examples of disposable
25 absorbent artacles to which the present mventlon can be adapted include
~ feminine ‘hygiene garments such as sanitary napkins and panti-liners,

dlapers mcontmence briefs, diaper holders, tranmng pants and the Iuke

_ _ Dlsposable absorbent articles: typ:cally have a liquid pervious
topsheet, a l_uquld ‘impervious: backsheet joined: tp ‘the topsheet and an

30 absorbent core positioned between the topsheet and the backsheet.
Disposable absorbent articles and components . thereof, including the
topsheet, backsheet, absorbent core, and any individual layers of these
components, have a body surface and a garment surface. As used herein,
"body surface" lmeéns that surface of the article or component which is

35 intended to be worn toward or adjacent to the body of the wearer, while the



©- 59 - "garment surface" is on the opposite side and i's intended to
be worn W‘?&/&us or- pl aced adj acent to the wearer's unger/gsssngigs, or
m t he

away fro wearer's body, when the disposabl e absorbent article is
*worn. As positioned.i‘h the absorbent article while worn, the

topsheet is typically 5 adjacent the bﬁ%y, \/\hi | e the backsheet is

typically positioned away fromthe wearer's body. In a

preferred enbodi ment, the t"opsheet and/ or the backsheet of the
di sposabl e ab<gapBRNt surface”ds pdhe epposite sidenand isintendad tmbequrnéowaadsent

i nvention. Al téﬁ?ﬁ&tetlh%d eYni‘Btb Méafevenuﬁaer#mbpf@reprﬁsf fréinafﬁé

suitable form ncoy por at ed or m of masthe
backsheet , andﬁ%?rerﬁ Bﬂéy'f (ﬁ?ﬁ%f rﬁm@ vilsasbent, atliglet i cWOmM.| mASs
t he tops heet . ‘pasitioried iiry ¢hy, abébrbbﬁlchﬂmtwmwl WaTAS hnett eet i Rypicain | v

pocome. knodn 1RGNt BORT nRIE baeRsdt Iy ORI IR Bul i e 1

fornmed of nat eveareg'sdedyri bed in any of the patents or patent applications
referenced below in regard.-to diapers and sanitary napkins.

Cspeci a1y wel | oued BPEIEREH SmBoRimbnt, it RfsHRRt antld m'“'?g‘?‘?ﬂ(sﬁeﬁégf the

B el djsoAAs ahSBHE arisie JREIDAES 3 boVeE CAMAGANN Shihe Predo o

28 E hgcggess invertionn Althbughn the pblqnter(bo?npusatmm ehnrlwhncdrporatedqﬁ;%nivn to

abou . C n

soft-feel |€? mqg‘ﬂtabhe r‘omp'r ft 'gt R}% agﬂfqﬁt%rpaﬁgh ﬁber g&ﬂ\qcﬁ EFﬂm s thq he

topsheet is | ibkagksheet, \andier, inpthenfarm ofjalnanwaien web or ap apedtlired firaras r at e

through 11s tNhelPstieet Michiafilelf) #ia'batkshBet fid torshee ?ééﬁm?\Uegendently
opshee

conpositions o I nv

manuf act ured fIRGHCS &meﬁhﬁgebaﬁksmémﬁeaaguéucra@sp@rwpwdmsvn or as
reticul ated f asegomeéRAGWHIIRAhE a6t Fer Biample, ﬂﬁé%ﬁéhéétbﬁrb“a&@héetm Qe or

cotton fibgrs).. _other s thtlcflbe o] er or Iene
Frrion 10y S)ropRb s SUAE beskiled by Ghichr B Ralanison REIdPE HRcalens
~Preferably, t rrefereaﬁedbelmhmetegasd to.diapers andysanitahohapkinat eri al to isolate
the wearer's skin from I|qU|ds in the absorbent core. Were a

conventional t opshefine "Rirfied®froht the corpg&flﬁ%saofp?ﬁé 'p?HE?ﬁt' Ym{é’n%ﬁréf'éeine

topsheet for use in |apers co ri ses propy
fi bers havi ng @SReSiallyr well suiteg: Tor yse §§ctheaba¢|@heet edrilm matel‘laﬁ)éls§élas

pol ypropyl ene liﬁiﬁdieihﬁbr@ibu@eﬁ%ﬂsﬁ%eté s abﬁorﬂ&ﬁtﬁhﬂwl@él wm %wdﬁ?' ﬁé\@éee As

used herein, e term' %rrR 4 '%th flbera refers } fo

96/ 08535 20 thickness of fro to about 0.2 mm, preferab rorq;%?ﬂggggy o708
about 0.05| mm.

The topsheet should be compliant, soft-feeling, and non-irritating to

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

- to readily penetrate through its thickness. As an alternative to the
25 polymeric compositions of the present invention; 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), other synthetic fibers (e.g., polyester or polypropyiene fibers)

or from a' combination of natural and synthetic fibers. Preferably, the

30 topsheet is made of a hydrophobic material to isolate the wearer's skin from
liquids in the absorbent core. 'Where a conventional topsheet material is
used, a particularly preferred topsheset for use in diapers comprises staple-
length polypropylene fibers having a denier of about 1.5, such as Hercules

type 151 polypropylene marketed by Hercules, Inc. of Wilmington,

35 Delaware. As used herein, the term "staple-length fibers" refers to those



-60 - fibers having a length of at |east about 16 mm

There ar ger of manufacturing techniques which may bgcressiii72s to
manuf.act ure a nonwoven topsheet. For exanple, the topsheet nay be

woven, non-woven, spunbonded, carded, or the |like. For use in diapers, a

5 - preferred topsheet i s carded, and therB8Fly bonded by neans well known
to those skilled in the fabrrcs art. Preferably, the diaper topsheet
has a basis wei ght from about 18 to about 25 g/nferr], a mninumdry
tensil e strendibershasing a length lof at teasbeboutt®mamcm in t he machi ne
direction, and a wet tensile strength of . at least -about 55 g/cmin

the cross-machi ne 'ﬁhér%cér'eoé wmtﬂé?' of man@&étdrﬁi@s #ﬁ féhbrﬁﬁysdéeﬁ&eé‘re

j oi ned together in sui-t:al ereln term

'j-0i ned" encor?Be@ﬁ@ a@&ﬁﬁr@tﬁ‘r‘-’&ﬁ%ﬁg topsheet V\EBF 95? Sp‘Qﬁéé?eﬁ may;bect |y
joined to the mréfsrnbﬁ-wbvmfépuﬁbwmbbecarded oritihe sikectF ot useir didpers, e

o retss, s hraditpibeSt ke o bech i EsRiec by mepbl el b

menber s whi ch those skilledrin théffabrics art. tPreferably; Hhediapartopsheet has adbasis
nbodi t, t

other in the B‘E‘? Pﬂﬂ*Z?@‘e%'?&‘{‘ 8 GatiR S GR2 ¥ Mirbiridnt Oy forshl) sterigh 3288

nmeans such as l@@s m.@ QIP"hWthfﬁﬁﬁ;h'ﬁﬁtQimﬁﬂt aﬂ@@n‘!@h@?ﬂ?ﬂ@vﬁr angth gk

art. For exanjdtfeast abbiut 858/cmdnithe ¢foss-marhineddireddionsi ve, a patterned
| ayer 20 of adhesive, or an array of separate lines or spots of adhesive

Tovorbent Hor e or THE (ab4iab'Jt R RAREinds? AR il RRhar . ary suitsble . (i

backsheet. Thenammen béks used cherain, ithentenm Foined! cenicomspasses . cemf'guratrons

%5 1 rom i JHIEBy (PodiopehBel ey, ik ) g oaRuuEl by ) r‘y'@)?"% e

~~ absorbent cor éosﬂmtcﬂqueﬂwéoélae baekshﬁeéaan%penﬁwrﬁﬂpnem

o fOraL'éﬁr'%““ﬂ "“"afmq??tmt RAGHRG by B 15 Bpshiel “E’L‘e*a"c'@"'%‘gﬁat e
wear ers r agi r@e l5"ylt"llﬁ"‘o %Eﬂ' to ih Ol@qg;ﬁéﬁy nﬁ’b f t he
30 diapers ofemb@drmemettte tdpshabt andhthe baﬁaheeglaesafﬁmmecﬂydbbmh

Contai ni ng a JeGI the BarehRFy orng! dpgosstil Abfel Akte B/ Siaghment

particul ate aljpeansauchpasancadhesive or any othesattacbment smaansas m‘(éll'l in the
| n addition topf FgPak&Rble, BAHIIME confifitoidmyeP8nadrReside, age ermed ﬁh

96/ 08535 US 5/
of adhesive, or an array of separate lines or spots of adhesrve may e use

to affix the topsheet to the backsheet.

The absorbent core of the diaper is positioned between the topsheet

‘and backsheet. The absorbent core may be manufactured in a wide variety

- of sizes and shapes (e.g., rectangular, hour-giass, asymmetrical, etc.) and
25 from a wide variety of materials. The total absorbent capacity of the
absorbent core should, however, be compatible with the designed liquid

- loading for the intended use of the absarbent article. '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

- 30 diapers of the prese'nt-invention has a hour-glass shaped absorbent core.
The absorbent core is preferably an absorbent member containing a web or

batt of. airfelt (wood pulp fibers), and a partrculate absorbent polymeric
. composition. drsposed therein. - : .

In addltron to a topsheet backsheet and absorbent core, the



=61 - ' di sposabl e absorbent articles of the present invention may
further i at her conponents as are known in thep,

exanpl e, gﬁéégﬁgsgan _include a fastening system and eﬁ@??dzﬁ?gnbers
such as elastic |eg “menbers. Fastening systems, elastic nenbers,
and-ot her suitable 5 conponents of diafits and sanitary napkins are
described in the patents or patent applications referenced below in
regard to diaper and sanitary napki n confi gurati ons.

Di apers are onedisgosabfe absarbbnhbrt&nés of theprésentdnesrtivn mayemnhw include

- Wiile the t h hegt

10y be assepHe CoRPBREHSEE ars; “ﬁ%‘?ﬁsﬁr@}%ﬂ%nf'ﬁ’ - Pia bl BBERCERp, g
di aper confi gur includea @mmg)eﬁ’sgﬁﬂleaadl glasticumembrerseaucts, &oelesta; leg
entitled "Contragdibem, S ‘i*%sf’é?ﬁﬁ %ét@fnsa éIBQﬁ bh%n%é‘i’@erand"’“bﬁﬂr' sSitaslet O

Kenneth B. Buell on Jan ate |r1coF1 orate
herei n by refer EREPONRH (@ﬁﬂf’r sanianyn e§q|; pd grpéﬁgi“ﬁ&!

for 15 wuse h nt ap u@htmbowfdren&eu Belo?atmnr d 5tb, érs anddsasitdeye! |
et al. on %gﬁp g@e .1992; U.S. Patent ?521 2%&: ssued to Bﬁgll
et al. on June NapKin *and in co-pending U S. Patent Application
Serial No. 08/203, 456; f| | ed on February 28, 1994. Each of these
patents and the applDiepersoareuone type of ahsorhent articlenat the prgsentfiovention.
20 Q her \KAEHhE toghl he%?stgétﬁ&sgééﬂ the absersnt| gBEe Eaﬂdtélﬁeph%’iﬁtFE

esl celve and _cont ai n vagl na

i nventi on are sani tg@ napki ns
nd

di schar ges d@ch may ssembied jos3 3%9? | kRaWR ;| Gen ‘QF'Eat!RS?r & f?f?Efed
be hel d adj acentdiggert itonfigiratioR oty déycﬂbeb géﬂemynw 91S. aPaRIrTe3!860:003)

s an, e 0 il £ SR sl o 4 obpEe o e i bR
readily dKenmethl Bar Buslh onndanuary 14, P76, tand edichd patentris iincanporatedped
august ds,  Nergi Bl Wietbrice? P@%‘a“@h@%@@é‘é%ﬁhf?ﬁsﬁs ff?éﬁ?ﬁb A
whi ch i ssued5t o use hereirkgeasdisclosed imiU.S. Patent M;H 092 issued thye lFettaann

4,950, 264, " Thi 'Septeﬁﬁer Ebe)iQQiZeUSSmPéféhY D74 isded® BQeW‘HI ”oﬁQlune
August 21, 1990;

ssued (o' DesharZR 1893 204 I cp-pending Us§. Paiagh Anghaatan Serial Mo BY/assisd
" Bor der ed Di spodiéd enfPetsrulann28,1994.] €ach of these patentstand’the applmmh a’t@

Lo Geborn oE’akﬁ?ﬂ"?&ggpﬁigi‘%fe@ﬂ%f@eﬁéé? et 35 5 308346 B asticized

Sanitary Napkin" issued to Sneller, et al. on. My 3, . 1994. Each of
these patent® are i rothesoexemplaserofi absgrbent cadiclas according to theywpresent

96/ 08535 ~ invention. are sanitary napkins designed to receive and Boftdii?\Rgidd|23

- 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 beit. Examples
25 of the kinds of samtary napkins to which the present invention is readlly
adapted are shown in U.S. Patent _4,687,478, entitied "Shaped Sanitary

' Napkin'With Flaps" which issued to Kees J. Van Tilburg on August 18,
- 1987: U.S. Patent 4,589,876, entitied "Sanitary ‘Napkin" which issued to
" Kees J. Van Tilburg on May 20, 1986; U.S. Patent 4,950,264, "Thin,
30 Flexible Sanitary Napkin" issued to Osborn on August 21, 1990; U.S. Patent
4,425,130, '.'cbmpound Sanitary Napkin" issued to DesMarais on January
10, 1984; U.S. Patent 4,321,924, "Bordered Disposable Absorbent Article”
- issued to Ahr on March 30, 1982; U.S. Patent 5,009,663 "Thin, Flexible
Sanitary Napkin” issued to Osbom on April 23, 1991, and U.S. Patent

35 5,308,346 Elasticized Sanitary Napkin”issued to Sneller, et al. on May 3,
1994. Each of these patents are incorporated herein by reference. It will



-62 - be apparent that filns formed of the polyneric conpositions
describ herein may be used as the liquid inpervi g¢s, get of
such saﬁﬂFE?Q“”s napkins. On the other hand it will be uﬂggrstood t he
present invention is not limted to any specific sanitary napkin
configuration or structure. 5 tB@ertantly, the absorbent articles
according to the present invention are conpostable to a greater
extent than conventional absorbent articles whi ch enpl oy certain
conventional rbg @pparent that fidmsnfdrmed: opthgopellymeric compobﬁrdrshdeSo::rlbed

rmterial to ulen 7" 08 e as 18 i inpRadFe Backiedt bt blth darftany'”
degradati on i map rnm Irpthie othier hansk it avill the endersteod thespresentripventiony is
facility such ﬁd?‘ﬁhifelaﬁo getifi d'%édué?y ﬁ%?k%ﬁhﬂg”tﬁ'@tior%r Sirl&wré.se becore

part of , ‘'usabl e finished co o be cdnsi dered conpostable a
material - st al ul,ly bi odegrad n the e V|r0 pent .in
T ranner s lar IMpSHaRYY pkﬁeggﬁrbgpgﬁﬁﬁ%aew% ing o e péssrtynvemipn
solid waste (I‘di&\)commstablen@ ar greatercextent than Icpnventlonal absdrbmtt arttoles

ori g the hadtic, 4Ry, BAAER Sonenudtil HENEORY BardlE, g povordi "o

renove recycl &ackshegtd known non- conpost-abl e materials. The sorted 20
materials are then reduced in physical SI ze, generally via a grinder or

Chtain s Séﬁgl <t Z%"?"ﬁ".*‘é*‘?‘“‘!?k"m Spoad e i‘f‘%s"‘i?%a“?}?}?b"“m “‘

di anet er, mateig| .| 3 Frﬁ“ﬁ!g@ F’éﬁé%? neé'i“ i @ndIRE, b!ﬂ'?@ﬁﬂ' and‘
al | ow tef fect Ih \dagnadatnon m a_f!mnmolpaersollduwasb (Hereindfter JMSW ") otdmposting
oraned" it o ety St the mfbriel Wi bkéak by Toto! B BletulsethEcains ey
this process, Qi. wsablei ﬁm:shedtcdmposlpawoebmfconsrdered lesmppstablie: <l materal e
such that 1t R C?so Bftﬁh%?lytﬂllg biGdéifiide IR thé ﬁhﬁfdﬁrﬁenwn a mdnhbt simitar )

fraction is ty hough si ze reductlon via-
grinder i 43| artgeﬂapef A ;y@ﬁ%ms ®&f the . 30 relative chemical or biological
degradability of a materi al, the rotating drum’ t echnol ogy offers

opportunities for dvignicipal esolitht waste (MSWHccomipoisting prodesses generallyot e
2ctive wih a YU ty3eiediyfiat BhRkelt aw preparaibh s BiVe’ Gupliasting, and
process, curinge e Duningt tihecwiastea pegparstion (phasec saw MSWtis3first \wored to
}:3(/;% ggggylfggg%% fityclables’\BndokR6Wri “non-compostable materials. The sorted
" 20 materials are then reduced in physlcal size, generally via a grinder or
rotatmg drum such as are known in the compostmg art. The goal is to
obtain a consnstent physlcal srze typlcally pamcles of about 2" diameter,
which wrll maxrmnze surface area for mlcrobral attack and allow effectwe air

management during the subsequent active compostmg phase Following -

25  size reduction, matenals are usually screened through a1.5"-2"screen. In
order to be compostable by this process a materlal must be capable of
: being reduced in size such that it passes through. th|s screen. The rejected

g (>1.5"- 2") fractron is typlcally |andf Iled

" Although ‘size reduction via grinder is largely lndependent of the

30 relative chemical or brologlcal degradabuhty of a material, the rotating drum
' technology offers opportunmes for engrneered matenal charactenstlcs that
promote size reductlon The rotatrng drum process is microbiologically
active wnth a duratlon of several days, typlcally 3 days During the process,

free moisture is avallable (at least about 35% wlw typlcally 50% wiw), an



~ 63- -aci di c environnent devel d'ps (pH 4.5-5.5), and the tenperature
I ncr eases wf,96,0853§typ| cally to fromabout 40[err]C to about pePrRssiii1¥is
I

Hydrolytically unstable . materials often degrade in t hi s environnent

such that their physical integrity i s conprom sed and they pass the

1.5™%-2" barrier. 5 In the act |\/§3'Corrpost| ng phase, the

si ze-reduced materials fromthe wast e preparation phase are arranged
into self-insulating configurations, ' such as piles or trenches. The

mass is kept noiasidi¢ environgEnt idevelsy(phl W.5-5.5), andoihet temperalyreciatreas@sout
50% w/ w noi st Urgﬁéyguda?l PRJ ItRth Céé ut Kb‘@dtot %bgut 50°C‘i' Stqyd?ugmcaw rdr&(}'?éﬁlea”d

expose new surf I’ m crobl al attack orce-aerat

suppl y oxygen arf@@ Pﬁa@(ﬁﬁ%ﬂeg" dp dhisrenviropmen sueh that their physical integrity

physi cal suppor tis gsmpedrhised ahdsmwasefthemwmz't:bmérl nor gani c
nutrients for indigenous mcrobes. The mgjor formof netabolismis aerobi c
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of ¢ P Ra pSEha e onericsih, TTné rhasbs et TR Cal%‘?bﬂlﬁw’“ o
t akes pl ace MOIStyiR; r%P‘Fﬂﬁ?)é %ﬂg g&rﬁj W%IWP‘L‘WQ}'G@LH%' f’“’gﬁ‘fgpze
r edES i otnheAf t grdustnbute netrienéalandet exposy newt surfacesTforsmicrobial )attackj landSis’
1o her eon. 10y n TgtcRcperated 16 SRY ‘aHA bld o ot efpef@ie * Thd wadte -
materi al. must hserwas B cphyfsidali supportdas well as a sopenes of lorganjt ard inarganien.
Rej ects (>3/8"- nUtﬁeﬁtsffBPm&é?n%f@%fE?&?] e "TRS fiajor form oﬂﬁ@téb%ﬂﬁe F'éér?buc

| andfill ed. ase

i ntervention. AreERiRfien. One phihe ME'P@')G b%@ﬁﬂﬁ"égﬁ;ahegﬁ dends ito betataiped
bi odegr adabl e SiHithe matrix, CAGUNGPSE-hESING N FeiperRiore! Corftharly CHschy.

this Phase MBrKBee ol hitter” Aline heoioning; of Scive Sotpestil e if i bVl

conpost ed nat er iavidieibut candiidrease to sthigh ps8.5bydhe completioreakthid portiansoft o

a few nonths. | { h [ |
s mcrof auna cdNE TS, it iorediclh ot Enemith aRy HGBORAT t3REs Plack®
avail abi lity dedusingethisnphasshiand Hypically: fesullsr irafurthem sizecreduction.  After
heati ng subsi de r&gﬁj@? t riqal
must form an i nfseVbPﬁlowgfsks o‘? Qﬁ"‘%lisa hﬁ g P "f 517:\?3251 tsl Rn%t%glii
conpl: et eI%/ b?ot)ﬂizi ﬁi?rpgpghﬂﬂ Bhﬁ%::‘bamri:%ﬂéﬂ b 807&9";’&\& %;‘ ﬁ;‘; ﬁ‘gge
consi stent W pastable s Procers? thé ntatedalimust be . capabl e
PCT/US95/ 11728 to pass through this screen. Re;ects (>3/8" - 1/2") fro ?hus separation step
are typically landfilled.

The final phase, curinQ. requires the least intervention. Although
25 many complex -organic 'materials, including biodegradable synthetic
polymers, continue to degréde after curing, this phase marks the final step
of the managed composting procé_sé prior to utilization. In this phase, static
~ piles of the actively composted material sit undisturbed for a period' of
several weeks to a few months. During this phasé, mesophilic
30 microorganisms as well as microfauna colonize the compost. As organic
substrate availability decreases, microbial activity decreases and seif-
heating subsides. In order to be compostable by this process, the material
must form an integral part of the usable finished compost and ultimately
completely biodegrade in the environment in a manner and at a rate

35 consistent with materials such as paper and yard waste.



The rel ative

rates at which polyneric products are bi odegraded can

assessedw@gmsgg nodi fired Sturmtest or by an O gani c Vastpctsisairs
(i.e., ON5) nethod. The nodified Sturmtest is a dilute, aqueous, aerated
test. The OAN8 method is a controlled conpgatlng bi odegradati on test.

Both tests ar
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30

8#D5338-92 each test method belng mcorporated hereln by reference

Products formed from the polymenc composmons of the present

mventlon tend to have a more rapld rate of biodegradation than

conventional backsheet mater_lal_s such as polyethylene. In addition, in the
initial MSW phase, the products of the present invention tend to be more
readily fragmented than such conventlonal materials. Thus, absorbent
articles contammg polymenc products of these polymenc compositions tend
to be more readily biodegraded and composted than such articles
containing such conventional materials.

EMMPLEg

The fonowmg examples illustrate the practice of the present invention
but are not mtended to be hmltlng thereof

Cast and blown ﬁlm blends as noted are prepared by the following

general procedure.  For each blend composition, a total of about 1500 .

grams is first dry blended in a Kelly Duplex mixer for 15 minutes. The dry



¢blend is then nelt conpounded in a Haake Rheomi x TW 100 twin screw
extruder webiogassi cal barrels and two partially interneshi pPOT/US9511728

counterrotating venting screws and equipped with a single-strand
horizontal rod die and a "~~~ 0.125 inch,(0.3175.cm dianeter nozzle. The
t enper at ur e profile of the- 5 ext ruder®ari es from275[err]F
(135[err]C in the fII’St heatlng zone, to 310[err]F (154[err]C in
t he second zon 34%_{ err F (171[err]C) in the_ third zone at the

di schar ge end th mpoundediin'a spakealRbremix THUHDQ bys: serewat

250[err] F (121[e&truhé‘!) w;tﬁrmrﬁﬁlewrﬁas@a\dl v maaynmérmbsaﬁugrmuntahetatmgt en

20 “Noder per. JonBRg sEfels shtiauibedy WA sl siahd nddkarthiod dead i "
0.125 i0at2fe $ncho (B3.8135 cer) Idmrgetefhmznzteol elhep éérmperatares profile afr ihed in
a vacuum 5 guueP @P:é%%ﬁ@i{oﬁ%%ﬁ ﬁernfs?tﬂecgmw 2of¥, ' & 3Haoiﬂ I'm

processi ng.

pl asticizers, 4194AC) jin the secondzoBe; Ap piﬁﬁ%f%éﬂn CBF‘B“"%\?@N’&’S’F@ ﬁtrm

Parker Hannifi Hidehapge dn% Ré&CtHeOdie, While fHeeGIe Eéiﬁpéﬁaﬂﬁ‘b' i8! A&l ¢dﬂs@aﬁth@t
extruder at th IJf t t her mocou

The tor eed
of the punp is s%ﬁ‘{"ﬁl}ﬁ%cﬂ@ ma'"ta'"edagg% x%t e %‘
| evel of plast |stnandr|s Ewedcandabohﬂlﬁedunlamatéewh ipsior to entendgtaarBarde by
e o 18 . Mg P X1 ARGl 19 EAGB00d TS eljefs approximafef YY1 ¢

by dynam c rrechanl cal escCri ese
t enper at ures t dnehasa(Q. Bﬂﬁlcﬂﬁ longv e The cesied pellets arexthan doed in a vacuum

tenperature vergyén ! 12ROFC{SDMC) for fdur hms%briﬁﬁ&rh Proce4sify. | S constructed
by sol ution blending the polyners with novvn anounts of plasticizer and

t hen det th t ) t t I
Thre et hon of et cANPBTLANE BhETRSIN, Rl S5 st hele Aaaizbrs, o Lanlh

25 known in t metaring pump Series BPB, availabld fromn Parker bidnaifih Comp)) ishesed to

comeunied o e ¥ Wit i, e xS et b

cm wide horiz@ertl Thecamotorespeed iofi the pulnm4ds adjusted sacas (10. dbigincthe di e
gap. A constantg gg‘&ﬁfﬂa’i& r@é@lﬂ%avld%r of 2@3%2&9'[ hTﬁ& actuaoioplagha%f' %vélafs' 0

and a 3:1 conpr lon rat1o is

first heating zq%%"ﬂ'ﬂeﬁabxﬁt@ﬁﬁé'dﬂlaﬂ fglgorewlq'mg(me msr PPQ!OF glasss dransition
heating zone atteﬁ:b’éiaturé oy hz:asmuc andchdrfical enalys%? Fdsemhﬁuﬁé@%b’dvd @nd

Screw

Th f
Che di e 1o Eifberi §Rs8 teinpfetilng 10,0 Baliyraion Girus B mieuRRE b
col l ected on atemp@Baturenvetsus: plasticizer ¥vet- oftie salibration ulye ds ebnstrupted.i de

a filmabout 4.g solutign bk ﬁ@@@stgﬁlﬁolﬁm‘é@ WilH'Rn8WA &mB0Ats' 8F PRistieR8r Sind

m crons) thick.
PCT/ US95/ 11728 then determining the resultant meltlglass transition tempeyatures by DMA.

This method of determining component percent composition via DMA is well
25 known in the art.

Cast film is produced from the compounded pellets using a Haake

Rheomix Model 202 0.75 inch (1.905 cm) diameter single screw extruder

" equipped with a 6 inch (15.24 cm) wide horizontal sheet die utilizing a 0.04

" inch (0.1016 cm) die gap. A constant taper screw having a 20:1 length to

30 diameter ratio and a 3:1 compression ratio is employed. The temperature

" of the first heating zone is maintained at 320°F (160°C), the second

heating zone at 355°F (179°C), and the die' at 275°F (135°C). Screw

speed is maintained at 20 rpm. - The moiten film passes from the die to a

Postex sheet take-off system where it is cooled and collected on a

35 cardboard core. Take-off speed is adjusted to provide a film about 4.5
inches (11.4 cm) wide and 0.002 inches {50.8 microns) thick.



Blown filmis produced fromt he conpounded pellets using the Haake
Rheomm x W n-screw extruder described above equi ppgiepides;
i nch spi d':em/%@%%nd a 6 inch air cooling ring. The tenperature pro?u%e of

t he extruder varies from 315[err]F (157[err]C) in the first heating

zone, to 355[err]F s (179[err]C) in th&6second zone, and 375[err]F
(191[err]C in the third zone at the di scharge end near the die,

while the die tenperature is held constant at 310[err] F (154[err] Q).
The screw speed is rBiowhdiimedg produded from thecompduriied pellets hel?lg theSléléaké fom

“auct ‘i nsr et naperRnR 1B e el ilerigl At duppert wi B £

10 air cool i ich spiger dielaintd @6 dngh aipcooling rings cThe temperature profile ofithe op

ol | ect ed on o SHUel '“aﬁb&a"éﬁfl'ﬁf’i%‘ﬁzvl‘wqgg““md AP Yo 4{%‘9 zbfle, 16355 °F
bubbl e di arréter(1'(%°glléﬂ§"%sec°nd za98, &ng: 3 ?é?@'Ba I él'llfﬂc@net gk theys 1

speed are adj ugigsharge RreVhesr the didnwhlle the Hl&Jt?erﬁbeﬂdtur%‘hsl Réldcsonstant at

(7 0510, el R LS EL T, ol s AR 180, oThe spoiten

f Ih | ns. tube passesafrabbthwdletamhn infiateldcoy blowing air intcathel tubertlapmugl'e nt
P
La\e“sﬁg _— gh”%l-xo‘”;éul- ﬁaétt msndeztﬂle &i6P b inflated tdﬂe‘lé%o%le'ﬁ ﬁg%pﬂlegpénl)ﬁ‘é

Kodak 10 @xpcmlmg E!EQJ aneéeeamﬂapéegrwpacﬁﬁt@ mavrqllg 47thnetogn@f uae
pl asticizer, plown film take-off tower'ai TH&!@ilbpssy Hube " tlfélﬁl%uected ona

CAP- S2 cel I ul o et at e _prop| onat e havi t. % ticl
avai l abl e fr omcﬁé‘it?‘?ﬁi tl@éﬁak-'ci" Blow-up o (ra r}ﬂ’ Oélh%/leﬂ I8 ﬂgmﬂi Fl'e
Car bi de TONE Pexft diameter) an8HBY vertical take-off speed are adjusted to prowde a film

35152 it 2 4 R i 4 2 s (s

Zeneca Bi op$ odmicrons) thick. PLA . polylactic acid, available from
Cargill, Inc. o PUL - . aliphatic polyester- based pol yur et hane,

Mort on I nt er nat i onal
T/ USOL/ 1179 3 Unless owar%ﬁ@ﬁéﬁ'a the films of the followmg examples are cast

- The abbrevuatlons in the followmg examples represent these
materials:

20 CAP-H4 | cellulose acetate propionate havmg 7 welght % plasticizer,
available from Eastman Kodak

CAP-MH celiulose acetate pl_'opionate- having 17 weight % plasticizer,
available from Eastman Kodak

CAP-S2 cellulose acetate propionate having 31 weight % plasticizer,

25 ~ available from Eastman Kodak
PCL polycaprolactone, Union Carbide TONE P-787
PHBV poIy(3-hydroxybutyrate-co-3-hydroxyvalerate) with either 5.5,

8.1, 12, or 22. 3 mol% 3-hydroxyvalerate (HV), avallable from
Zeneca Bloproducts

30 PLA polyla_ctie acid, available from Cargill, Inc.

PUT aliphati_c polyester-based polyurethane, Morton International

25‘



*PN3429-1 00 PU2 al i phati c pol yester-based pol yuret hane, .

Morton In nal ' PNO3- 204 VigtPrusdsifhes 2019
.plasticizgﬁfpo yvinyl al cohol, Air Products 5 Mater-Bi stargﬁsbased

“interpenetrating network conposition, Novanont o : AFOBH
CA-4 Citroflex A-4, an acetyltri-n-buByl- citrate plasticizer from
Morfl ex, Inc. GTA triacetin, a plasticizer, fromAldrich
Chem cal Co. 10 - In addition, the exanples identified with
a prefix of "CE" in the PN3429f100l ow ng Tabl es represent Conparative
Exanpl es outside the scope of the I nventi on. : 1) PCL/ ot her

(
degradabl e pol ypgh (bi nary; a@?ﬂ?g}f#é%@%%%ﬁ&zgfﬁﬁéﬁe M&égn%t%ﬂ‘?atﬂ{mazi r

pol ycapr ol act one pol ymer and _ yners, an
respective properties, arBNOB=Q4 in Table 1. The above
exanpl es show t hat vari ous degradabl e pol yners : conbined with

pol ycapr ol act onvinex®@034¢20¢8t ai N neplasticigsd pol talsshodAlir Products
t her monechani cal integrity which are preferred for backsheet naterials 20

ur oo ansorberBERE)  GREAEREeBArkif) Pk BB ko

pol yuret hane at the notedAF@8HI s did not inpart a degree of
t her nonechani cal integrity which is preferred for use in backsheets.

PHBV i nparts a gagqee of -Giﬁ‘ﬁﬂ@ﬁmhaﬁiaﬁé{ylthm-ﬁﬁfﬂHtréi@i?téstic&équdm 25
preferred for backsheets, WH' | e, mai ntaini'ng tensile and tear properties

t hat are nore prefMP A% backsheet materials. These bl ends
provi de products that can withstand el evated tenperatures that my

be encountered GIA ng triacetihsa plasticizer | frorheAldtich Qhemicalc@over ti ng
processes. However, the. PHBV/ PCL bl ends exhi bit draw resonance.
Such draw resonance can be 30 sufficiently reduced by the addition of
about 10%or greater of a third WO 96/ 08535 :

- PCT/ US95/ 11728 : . . oy )
In addition, the examples identified with a prefix of "CE" in the

following Tables represent Comparative Examples outside the scope of the
invention. |

) PCL/other degradable polymer (binary blend) Films formed from al

15 blend of a polycaprolactone polymer and other degradable polymers, and
their respective properties, are shown in Table I.

_ The above examples show that various degradable polymers
combined with polycaprolactone provide certain mechanical properties and
thermomechanical integrity which are preferred for backsheet materials

20 which must withstand elevated temperatures that may be encountered
during absorbent article storage or converting processes. The
polyurethane at the noted levels did not impart a degree of
thermomechanical integrity which is preferred for use in backsheets.

PHBV imparts a degree of thermomechanical integrity which is most

25 preferred for backsheets, while maintaining tensile and tear properties that
are more preferred for backsheet materials. These blends provide prdducts_

that can withstand elevated temperatures that may be encountered during
absorbent article storage or converting processes. However, the
PHBV/PCL blends exhibit draw resonance. Such draw resonance can be

30 sufficiently reduced by the addition of about 10% or greater of a third



-868 -bI degradabl e polymer which acts as a process enhancer.

ui tabl e + of such conpositions are given bep@iHisos/i11728

As shown,” 'ni"gner | evel s of CAP-H4 (greater than about 40 weight 9%

provi de the t her monechani cal integrity necessary for a filmto w thstand

the 5 elevated tenperatures that may -8 -encountered in absor bent
article conversion processes. However, at these levels, the
extension at break is relatively | ow such t hat these PCL/ CAP- H4

glrgnds ]tend goae dradable pdiymsrodhich acts asfa process@nhancet. Buitablet éxamplest
preferre addltlon the set time for
the pol ycapr ol ép%%‘ﬁ'g?@pﬁghgﬁg%gésp eﬁb? B‘Hs t ends to be too Iong for

conventional film (cast and blown), fiber and nonwov

The exanpl es al so sAswhowa, highsrlavels ef CAR-H4 (Qfﬁﬁt?féh?'éﬁpubﬂo welght %)
t her momechani cgfovidé fH8 tHermohiéchanidal ﬁ'ftégf@dtédyssbﬁpfb‘? taemrn fewithétahd, thbut

does not prowd I veI of .t her cha t i {

Ces oL P Slavaund amabreboh AL 0, b, ohpctorkl b Badh, Wi
absor be nt ar t i comversion processes.s Hquyeo.caismese IeVelshtheempnslqn alibreak: isi ns
B oauct TQaQU?PététV%?w%waSHﬁeg g e LA HA LR ot ) Bredd Bach®
conponent becoabther mechanical peoperties| that are preferred fOTtbﬂﬁkshﬁﬁhmat%ﬁﬂlﬁ dhent

tS her momechani Cahdiﬁuaheﬂté 5yt fime\YoF isé pB e&Pﬁdlactoae/cengwser 4teP biérRiserenes.
i nce such post-s tical and tend to:

destroy th not%@ﬂ?@lpnlgﬁaiﬁ? Zpﬁtrsgmgmaiﬁm c?ﬁbﬁpgatﬂ?% iber and no

nmechani cal propgélbitintes.such steps are not preferred. For PLA‘
| evel s greater than about 40 weight % the tensile nodul us of the

RO 20 T Sl B R, ) NP RO
backsheet appl! thartrionnachanical integrity thatrise peafawpuetprshaﬁkshnat materiglse s
contai ni ng gr eaggg r{gg?;g?ngelét lev8| of the o&ﬂcaahnc%t ﬁttegm tnat o wrtﬁstaaa&hbl ve

| Vi
Potori ty that tipica)ialevated derperaiuas st may be sicoitared in AbSPORY arfide””
?Ie)lqﬁlt ;Jreg fgn; lr gtlﬁﬁerﬂfdﬁv t pricesges.atif thé leomposition 86ntains greater than &poat 20
wi t hst and the qﬁ 0}" E‘fﬁ?m éﬁ%@?ﬁ%@"‘?ﬁéﬂ%@a %sq‘m’%‘?\t! ?'e‘ﬁea'ba
during an absoa&entnam.tfacthaa ,ctheVRLA | component hecomescfully, cristallized-and ¢ens,
the blend is veian "Rhsdrt ™ SuffEliétt! thémothéchariés THiegHity Std "WItRRIGRY 'stich

WO 96/ 08535
PCT/ US95/ 12028 conversion processes. Since. such post-shaping steps are generally

impractical and tend to destroy the molecular orientation which is important
for end use mechanical properties, such steps are not preferred.

For PLA levels greater than about 40 weight %, the tensile modulus

~ of the film becomes too high for backsheet applications. A plasticizer may

25 be added as described herein to provide tensile moduli suitable for
backsheet appllcatlons L o

The examples show that the blends contalmng greater than about 20

weight % of the moisture sensitive polymers Vinex and Mater-Bi can provide

a level of thermomechanical integrity that is preferred for backsheets.

30 Higher levels of the moisture sensitive polymer-"(greater than about 30
" weight %) are required to provide the thermomechanical integrity sufficient
to withstand the typical elevated temperatures that may be encountered
during an absorbent article conversion process. - However, at these levels,

the blend is very moisture sensitive. Thus, the moisture transport rate



®- 69- tends to be greater than the values preferred for backsheet
appl i cat i ¥i$96/08538 (') PHAPCL/PU Filns formed from sPOURUSY5/11728
conposi tions cont ai ni ng polyhydroxyalkanoate pol ycapr ol act one, and
*pol yur et hane are prepared-as .- shown |é§ Table 11, 5 The PU
conponent elimnates the draw resonance associated with t he PHA/ PCL
‘bllend. There is a high level of conpatibility between these

materi al s as ev de t he i stic be e tensile.strength
for a given rat d(%fct%&%& éﬁgngég ﬁiﬂﬁ? Ffégf?r k eetr%qpé'f:?%'l"? | ow
| evel s of the PHA conponent are required to mai ntain a failure tenperature
10 which is pr(Ji rrEﬁiﬂE@l{Eﬁksﬂ:Mms formedifaorn several icospositianst eadtainipgcal
el evated te er

”p 6)&3?@@%@? e gH& qgﬂy&amé%t %%epared as

processes. |ncreasé range o
concentrat i ons §hﬁwnr"é§'@ﬂ%lr n conpositions which provide the nechanical
properties preferred for backsheets decreases. 15 Bl end nunbers

1- 5]c 8, éof 18, b16 2 ThenPU2componartegliminates the draw resonance bssodiatedwith
referred for S

P otosses at B ?""ﬁ@f’%#@dmhﬁ%ﬁ"# p Hibh JaNel it SR betweep thpse

15% pl ast i ci zer matedals| as evidenved by thmsmerqmwebenaymn imthectensile sirengths -

to a level whichydg éﬂ F‘étfoe% WP@U‘G br'ﬁ'i’é rﬁseBbl%ﬂHs kHI?ﬁ‘\Fe?%Bw

20 and 18 are |t|o are er e ber apd nonwov
t opsheet appl i c&‘ﬁ% mmmfﬂ%t d'eGPE %J‘Q'Eﬁﬁﬂ%?af?ﬂ'ﬂ% emparate

be encount ejed WhicH s qﬁ&mﬁw forabacksheet Crﬁﬂﬁrig:lé‘ @\(ljl‘ﬂél@ aastewithstand typicdi! |)
en

PHA/ PCL/ PLA or e eve

ol yhyir oxyal kaRSHERY pISESTERS bRk g b GGG, during o sPRYerting
25 shown in Tapracesses. As the ratio of PHi& o RClrincreaseseithei ramges of RU
draw resonance n

PLA is a good preérégss eﬁ%s‘“{ﬁa? r?su'ts in tcBﬁanc{gﬁ(dﬁg‘wFicﬂ Em‘}i&rrba?@g(#é&m%'
bl ends, rel ati vergpertias peaferreddor backsheats decreasesponent .are required to
provrde a failure tenperature which' is preferred 30 for backsheet

oo car. o “BcopTint BUAEAREr 1.9 A48/ 8- Rl 24 gprpsar cofposiens
plygst i ci zer i nché Aare most preferrad 'ﬁri’ﬁc%lf?%ﬁaﬁ@! s? W@hﬁhnpsconversron
Bl end nunbers 4processesetitypical elevatedstemparaturess Thepiriodeporation of about 5-
. 15% plasticizer into Blend number 9 would reduce the film tensile modulus
to a level which is preferred for backsheet materials. Blend numbers 17
20 and 18 are compositions which are preferred for fiber and nonwoven
topsheet applications that must withstand elevated temperatures that may

be encountered during absorbent article converting processes.

(M) PHA/PCL/PLA Films formed from several blends of
polyhydroxyalkanoate, polycaprolactone and polylactide are prepared as
25 shown in Table lil.

The PLA component eliminates the draw resonance associated with

© the PHA/PCL blend. In addition, the PLA is a good pracess enhancer for

blown fiim. For many of these blends, relatively low levels of the PHA

_ component are required to provide a failure temperature which is preferred

30. for backsheet materials which must withstand the elevated temperatures

that are typical of absorbent article conversion processes. The addition of
plasticizer increases the flexibility and toughness of the films.

Blend numbers 4 and 7 represent compositions that provide
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- 70- wo s¢ssRchani cal properties that are preferred forpdppyssheeis fil ns,
and whi ch provide sufficient thernonmechanical integrity to withst and
t he el evated tenperatures that may_be encountered in di sposable
absorbent article conversion 'proceZQes. The incorporation of about
5-15% pl asti ci zer woul d 5 reduce the teénsile nodulus of blend nunbers 3
(which is equivalent to ' nunber 11), 5, 6 (equivalent to 13), and 8
(equi val ent tmmeghgnical properkies that are greferrad farr beelcstméeﬁlmsatand athich Bl end
nunbers 6 angygyideh selrcr{]rﬁ thermonréewav\ﬁla@%té At fithitand ABClevified

repr esent. corposi tions ferr nonwoven

t opsheet applt @EPT@H@%F%% "Pﬁystbe PO‘COHFH% a'ﬁd t%sépﬁlabéem@ﬁpéftﬂ%r es
that are t ypldonl/efs“:omlpméssek e icorporation G RBILE IS5 pl%%ﬁéﬂér would

Covbral bfondedutd 1he BB oty b bierdt hithsrd s (ivbifl i€ aiiyaibdi to,

t her mopl ast i qymbearvih);| 5a6c(ﬂqnttvalelmtcs|1ta)prandP8!qeqmﬁalent) tori4) o fovals | PN
compost ! ipereride 5 Babiatibbe gt TR hiimbers 6 and 8, whiEh®ald 1o

or the Mater: corrponen raw reson ssocl at ed
with the PHAGAuivalestip. Wmdt 4, |re§e¢ctarel:nrrem§eetd§ommsmons thaty are of

- \F;CL in thtehbl préférréd ok nﬁeerfaéndn haﬁWom’]g V\m{\ége %o&ﬂéuﬁl Wlﬁéh must
nex or e ults in a signifi r.o ani c Lpperty
20" pert P raiBisTand tho EevatineriberaBies haf ars'hical o EAR A et
r epr esent comovetsnmprddabes.re preferred f.or backsheet filns whi ch
must withstand the typical elevated. terrperatures that may be .

encount er ed I NG behd.: art i : v o c i
bl end. nunbercuy) Le"%'ra 6' tn%r PW%'r a J ﬁ'rm%?é odn\\;\'B\men 25

t opsheet appISGUGEal ohlgl empﬁlﬁwdmama&mte.heommla@tonemdaedhes & hat

may be encou ?ﬁ-ﬁsb @y@m‘o wm Starch

(V) PHA/ PU ET‘ ldsl'ié Bgllﬁg? I%B'l fsﬂtdi'P poﬁym%% kanoat'g

and pol ydfet l?&ffé?%ﬁ"ép% alvle V. These
bl ends show a high level of compati'bility between the PHA 30 and PU

conmponents as evi diecVinexorithe MateeBi icomporiaeb sliminates thé drawresbmance

h. Th
ool 1o PRI PARRED Hibnd Wheh3pe Ikl 4 EF?‘" Redids the
encount ered develraf REkdnibatblend, the:incompatibility qetweeeéee P eandaelther
relatively | gihéR\oh the Qiater i rﬂsensqmsrgmmt%barh%eaha’htbapb%&&

2 performance (see blend numbers 7-9)

B}

. Blend numbers 1-6 represent compositions that are preferred for
backsheet films: which rust withstand the typical elevated temperatures that
may be encountered dunng absorbent article conversion processes; while

_ blend number 7 represents a composmon surtable for fiber and nonwoven
25 topsheet appllcatrons which must wrthstand the. elevated temperatures that
may be encountered during absorbent article conversion processes

_‘ \2] | PHAIPU Ftlms formed from several blends of polyhydroxyalkanoate
and polyurethane are prepared as shown |n Table V '

These blerids show a high level of compatibility between the PHA

30 and PU components as _evudenced by the synergistic behavior in the tensile

‘strength.  The PHA component can impart sufficient thermomechanical
“integrity to withstand the elevated temperatures that are typically

encountered during absorbent article converting processes, even at

relatively low levels of 10%. The compositions containing PU1 provide
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7
mechani ca%’}lp%@ﬁ‘a’tres whi ch are preferred for backsheet msttk'é:'rrmﬁ%nr’?’8

*addition, the PU inproves the overall nelt procéssability by inparting good

mel-t strength. ) & Blend nunberd13-5 repriesent conpositions
whi ch provide s nmechanical properties that are suitable for backsheet
films; while blend nunber 9 represents a conposition which provides

mechani cal propmechasical propertieatwhich are tpréfeeredoforf baekshsetnmatsrials. in

t opsheet applic

pol yhydr oxyal kaﬁadlﬁgﬁatrqg P%llmpré\%ég %‘ewg:&ﬁ\@gstﬁgsg%ggﬁgyéﬂgmﬂgngﬂ%I e
VI . 10 = @nﬁmands show a high level of conpatibility, as
evi-denced by the synergi stic behavior in the extension at break and

the tear strength reBtefr'r't:lvenumt'rers (@5t hxpregent! deempBsitivAs’ Swhithe PR

provi de | evel s of I C re preferred for
backsheet meterf gFéa?'ﬁanP Pﬁ‘a&%"aﬁf 1?‘h§t e %E}e Yor Lg@\\(\g‘ﬁﬁ?e@ Ied
that are typi cahurbenBstepbesentsa compositionewhichgprovities meohamealspropemew th

r(ratl:?e;\sfglsyt lhgwfﬁh% téFBﬁay&g%ﬁbﬁ}ﬁness o ?ﬂﬁéél?eetr%o pl|c8{|31§ | CI ! Bl end

“nunbers 2-5 and_7, especially nunbers 2 and 3, represe
‘composi ti ons t h@( ) p BﬁAﬁL&e@W alablepds sy PQ'M@VQW&YNKG@O#B@@@ reelylagtide

fiber gﬁygﬂraggﬁgma]qﬁmwat ions. Due to the |ow tear
strengt h of these 0 bl ends, they ar e -not preferred for use as a
backsheet erial-. Vi | for

several bl Shds of Tnesebl gé’ﬁggt 8°"'Bat'9'r§!c %J by the

pol yur et hane arsynefgpacémramor in the extemsmn at brelakeand the félae sma h relative PU

| proves the {1 @ il boymers.  TAYSUIEA1 t%%r&?ﬁ‘f"t@ﬁbthﬁtér@b

Wi t hst and in egréy mm%a&pteéa@eﬂ ferbackshret matariale that roust: withsland theg

absor bent clevatedd Itemgeraterés rrﬁauoraes feal & abdorbeHChRticle Converfingnd
. 10 represent t1o n| Etht ar e

suitable fobd fi B@ceéﬁﬁs even w Swh%é@ FE&V S- eTRgdition of

i ncor poration orblasﬁunerﬁtcitéééestaaﬂewbimylandaoaghmss o thedilmgnbers 2, 3, and

5 woul d reduce the filmtensile modulus to a level which is

preferred for baCkShgﬁnoneﬁﬁ%gfé?-%ﬁngeT espébibly ritibérs™2 afd '3, FE¥fstnt

bl ends of pol ycapr ol
compositions that provide mechanical properties that are preferred for fiber

and nonwoven topsheet epplrcatrons Due to the low tear strength of these
20 blends, they are not preferred for use as a backsheet material.

(Vi) PHA/PLA/PU Films formed from several blends of
polyhydroxyalkanoate, polylactide, and polyurethane are prepared as
shown in Table VIl. The addition of PU improves the ﬂexrbmty and
toughness of the PHA/PLA films of Tabie VI.

25 The blends provzde sufficient thermomechanical integrity to withstand
the elevated temperatures that may be encountered during absorbent
article converting processes. Blend numbers 2, 5, 6-8 and 10 represent
compositions having mechanical properties that are suitable for fiber and
nonwoven topsheet applications. The incorporation of about 5-15%

30 plasticizer into Blend numbers 2, 3, and 5 would reduce the film tensile
modulus to a level which is preferred for backsheet materials.

(Vi) PCL/PLA/PVOH ' Several blends of polycaprolactone, polylactide,
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PCT/ US95/vkd b6kiss3s ' ' - 72cT/Us9sn1728 and a
t hernopl astic pol yvinyl al cohol conposition are prepared as shomm in

Table VII1. The PVOH is Vinex 2019 from Pr oduct s. The

bl ends contai ning both PLA and PVCH provi cf«? sufficient thernmal

integrity to withstand the el evated tenperatures that nay be encountered
5 during absorbent articl]e, conyertin cesses, Bl end
nurber 5+ opy o8B AhRMRIESYE BRI Bedhoh GPaBSSItian are prepagechas sbawn in
properties thaTableeVith eTies PYOH ds Viresd201efrom AirProdidicts. bl own film -
were prepared from Bl end nunber 4 rather than the cast film shown in

Table VII, it is exppg &réé‘gﬁqtﬁnﬁnbibéﬁﬂ"w%nmbh BRVRad FW%'

prOpertles that are pre err

Films formed fintegrity\ierwithsiped dbe stlevated tenneratusestat may beensounteredand

al i phatic pgl yg@ﬁ%agg‘gﬂwgm@égbhmngrﬁogég&r ed as shown in Table
I X. ere i's a hi gh |'evel Of conpatibility between the CAP and
PU as 15.eV|dence b the ¥ gistic behavior mé} é sile str eqﬂth
for each of the 6 r?ﬁreéﬁﬁtsreﬁaf:?'\'/@o? G d?r\‘?l

pol yrrgr S. ;Fpe menpamcal pmpertres thatlane prdeh(etﬂefoababbﬂléetmmellghiglmﬁn
provide sufiic g{g rpggﬁ% SaHone Er?& number h'%%ﬁ {nan &J“céggtl@gr%ﬂ&f‘n in

el evat ed t enper e encoun
article converTa I!o¢terssespecteﬂ thahtae iblewn ﬁianom h3yeothel sapchanicalr

t her momechgyi c a‘tléré Pyéfbﬁ-eatfo} Bé(éﬂs‘-he‘éi fitRs.y 10 wei ght % (see

Table V). As t e CAP p asticizer level i1ncreases, .the filns becone
softer (I ower ul d te d furt er for a i 0,.0f CAP-

Pl bl Moveer (] holRBABD! Fikte: 1o o, Goverat Tobale  oh cBiblse acetate

Bl end nunbers propidnatendnd Galiphaticspolyestenbaseti polyurdthaner are grepated as
mechani cal pro%ii %@%' re preferred for backsheet ‘filns. Blend
nunbers 2, 3 a S et conpositions that provide nechani cal
propertles that are referred for fiber and nonwoven, topsheet applications.
(X) PCL + two from Fvigh lgvelrof compatibility between the CAP and PU as

pol ycapr ol ?53t OéﬂdéﬂéeG By 'tHé ﬂe@iﬁ%&aﬁf @rprh%éttensﬂé'gfréﬁ@h%r eRcRYf e nyl
30 al cohol osrtrgg Pg Eg/urethaQ@(g.'&B ar ed |nTbIe .
Bl end 2 may be s phe Igtive,tg, epu P@lmgr S. CQ'HBOS' fons
t her momechani ciiiat imdlade iat Yeast 40'weight % iCAP iprovide suffitientthermomechahicat t he
rntegnty to wrthstand the elevated temperatures that may be encountered
during absorbent artrcle convertmg processes . In comparison, PHBV
20 provided ‘similar. thermomechamcal integrity levels at levels of only 10
weight % (see Table V). As the CAP plasticizer level increases, the films
become softer (lower modulus) and extend further for a given ratio of CAP-
to-PU. Hoyvever, the tensile and tear strength generally decrease.

Blend numbers 5, 11, and 16 represent compositions that provide

25 mechanical properties that are preferred for backsheet fiims. Blend

" numbers 2, 3:and 8 represent compositions that provide mechanical
propertres that are preferred for fiber and nonwoven topsheet applications.

() PCL + two from CAP-H4, PVOH or PU Several blends of
polycaprolactone and cellulose ace_tate:propr_onat_e _thermoplastic_ polyvinyl
30 alcohol composition, or polyurethane are prepared as shown in Table X

Blend 2 may be suitable for use as a backsheet material where the
thermomechanical integrity of the material is not critical, e.g., where the
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-73 - wo96/08538t erial 'will not be exposed to tenperaturePcamusssirmgut
room - tenperature. Blend nunbers 1 and 3 do not possess each of the
“‘mechani cal properties that are preferred fgg backsheet materials. WO
96/ 08535 L L PCT/ US95/ 11728

-74 - Wi | e pa?tIcuIar embodi ments of the present invention

ki 11 ed i the TASHR oM hot"Der “ERiosdt up' tplidrauite, "ovH'T byt ntodn,
be made wit hout tampenatureg Blend humbersielspndi 8 dadnet quussesst Bach nokrtheon.
It Is therefore d&hﬁﬁl&%ﬂgl‘dthhegg’é(ﬁhat Qr? hﬁ@%d%u"?ﬂ&%ﬁe&%ﬁ{%@ri@h{ SS“Ch

changes and nodification are w e scope

i nvention. What is clained is: WD 96/ 08535 _
PCT/ US95/ 11728 . 75 What is
Clained is: 1. A biodegradabl e, polynmer conposition, characterized in
that the conposi tion conpri ses: (a) a first,

bi odegr adabl e pol yner, said polyner being a

pol yhydr oxyal kanoat e; (b) at | east one second, biodegradable
pol yner, said second ~ bi odegr adabl e pol ynmer bei ng sel ected from

t he group consi sting of



al i phati c. pol yest er-based pol yuret hanes, polyl acti des,

pol ycapr ¢¥¢6é6udss and m xtures thereof; and - (Cﬁtﬁlﬁ%ﬁ-‘liso 25%
of a plasticizer, by weight of the conposition. 2. The conposition
of Caim<1l wherein said second bi odegradaal-e : polymer is selected
from pol yl acti des and the conposition conprises from 10% to- 80%
of sai d pol yhydroxyal kanoate and, respectively, from 90% to 20%

of said polylactide, preferably from20%to 60% of said ,
pol yhydr oxyal kanoW@'%ﬁéﬁ'Wpé&hWﬂ?Ftsf ohthe opsesenty doventiashingve been

pol yl actide, iiasgatedand desaritiad, Wewslid 96 obRiotisRe!thoyes sRiNE! it ARG ArEthat
and said polylactide

3. he sition of Claim.,l wherein,said
S ocond bi bqe yalifHs Gther changed’ and | TadMCRtSHS. 1088, e ede wilha, deRaring
pol yest er - basfedmpitieyspirt aad ssope of the invention. tihiés therpfose tintendeditpréoves from

0% t o 20% of Noegeppended claimE SR AR b BoPShary Sitin, o

said - the sasipgrfdhisxipuentiobat e and, respectively, from 80%to 45% of
said . pol yur et hane, based on the total weight of said
- pol yhydr oxyal kanoat e and sai d pol yuret hane. 4. The

conposition of Claim1 wherein the conposition conprises a

pol yl acti de an . phatic pol yester-based pol yuret hane, and the

conposi ti on %i'%@ "'R?ar‘ﬁ-lo%to 70% of said

pol yhydr oxyal kanoate, from 10%to 70% of said polylactide, and from

20% to 80% of said pol yurethane, preferably from10%to 45% of said

pol yhydr oxyal kanoate, from 10%to 45% of said pol yl actide, and from ‘
45% to 80% of said polyurethane, based on the total weight of said

pol yhydr oxyal kanoate, said polylactide, and said pol yurethane. WO

96/ 08535 PCT/ US95/ 11728 _ _
- 76 5. The conposition of Caim1 wherein said second bi odegradabl e
pol yner is pol ycaprol actone and the conposition conprises one or

mor e addi tional biodegradabl e pol ymers which enhance the nelt

processi ng of the conposition, the additional biodegradable polyner
preferably being selected fromthe group consisting of polylactides;

al i phati c pol yester-based pol yuret hanes; thernoplastic poly(vinyl

al cohol ) conpositions; starch-based interpenetrating networKks;

hydr oxypr opyl cel | ul ose; cellul ose esters; and m xtures thereof.

&3



*6. The conposition of Jdaimb5 | ' I tional biodegradable
pol ynmer | woesioasised from ali pw ﬁ m Bj lﬂ sed pol yur et Rerresosaifhs
 the conposition conprises from id

‘pol yhydr oxyal kanoate, from 20%to 80% of said pol ycaprol actone, and
from10%to 70% of said pol yurethane, prefgrably from15%to 55% of
sai d pol yhydroxyal kanoate, from 35%to 75% of said

pol ycapr ol act a idiedg0% t o 50% of said pol yurethane, based

on the total ‘pol yhydr oxyal kanoate, said

pol ycaprol act one, Abbdedjrdd@ley polyhiErt@mposition, Ehardclérizéd PPiat ) of Caim
5 wherein said additional. bi odegradable polymer 1s selected from-
pol yl acti des and tHRIMROHHIYR CPMPRISEEnpri ses | from10%to 70% of
sai'd pol yhydroxyal kanoate, from 20%to 80% of sai d

pol ycapr ol act one, (ahd firstpbictelradabié Bolimeraisdidopdlyinee beileg a

preferably from 1QY 0 sal.d pol yhydroxyal kanoate, from 45%
to 80% of said po%ﬂ%’@’r@?ﬁ% ) tg‘nd from10%to 45% of said

pol yl acti de, based on the total weight of said polyhydroxyal kanoat e,
sai d pol ycapr ol act @t leasy opgisecepdybiggegtadable polymer, saidsesongdosi ti on of

Caims wherein sapigdagidabhe’ lyﬁ'ié?(!ﬁi!ﬁgﬁgél@b?d from the grouﬁ%Bg yfin OfPri ses

an aliphatic polyester-based pol'yurethane a \ acti1de, and
the conposition c aticpalyesierrbase P?G%%Gagﬁvcpdyiac“de&

pol yhydr oxyal kanoapslycépratactérié,tand/distaiesthietkatoand apr ol act one,
from1l0%to 70% of said pol yurethane, and from 10%to 70% of said

P om 259 (o 60% or ARCH" RAPPEAR AP BigsHkisSr, PEWE of HeLOREP AR, ©
pol yuret hane, and from 10% to-45% of said polylactide, based on the

total weight o2 salte gempestionoffirimdavhereinsaidasopndhiedegradable sai d

pol yur et hane, and SatyfheP? ¥élaefedfom polylatMdeitam® & composition comprises
PCT/ US95/ 11728 - 77 9

conposi tion of O afAMstQRA 80 ohsaidprlyhydspxyalikannate andafrspectively, from
pol y et i s sel oct ;ego%rtornq",?@f said poigleesta prefarably femE0% 46 606 of said

(6] Vi n al cono O 1 T1,0NS St ar - pPDAas ncer I a .
otor ke hyar ony PORTTaRKYS fRGeet® Sl Posietvaio rBrLE0% (4 o said
t hereof , and t he. cpolylactide obaseshon theetotélrweighDof saidglyhyidrexyalkanoate

pol yhydr oxyal kano ao& O%: 80% of sai d .pol ycaprol act one,
and, in a conbi negégdngl%{lt, I?‘%ﬁr‘#@b%to 60% of one or nore of said

addi ti onal bi odegradabl e polyners, preferably from 10%to 45% of
sai d pol yhydr oxyal kB@&ampositionefiiaimJ woetein saig second biodegradable

pol ycaprol act one, pélymer'is Seleefdd oM aliphiafit polyeaterlifdéddpdipiiretihanes and
' the composition comprises from 20% to 80% of said
polyhydroxyalkanoate and, respectively, from 80% to 20% of said
polyurethane, preferably from 20% to 55% of said
polyhydroxyalkanoate and, respectively, from 80% to 45% of said
polyurethane, based on the total weight of said polyhydroxyalkanoate
and said polyurethane.

The

* 4. The composition of Claim 1 wherein the composition comprises a
polylactide and an aliphatic polyester-based polyurethane, and the
composition comprises from 10% to 70% of said
polyhydroxyalkanoats, from 10% to 70% of said polylactide, and from
20% to 80% of said polyurethane, preferably from 10% to 45% of said
polyhydroxyalkanoate, from 10% to 45% of said polylactide, and from
45% to 80% of said polyurethane, based on the total weight of said
polyhydroxyalkanoate, said polylactide, and said polyurethane.



one or nore of said additional bi mers, based on the T
total weiwbtesmssssai d polyhydr oxya{j H IHH I ycapr ol aarsds/ 1R
- said additional biodegradable pol A bi odegradable film

conprising the conposition of Caim 1 the fl I m havi ng, at room B
t enper at ur e: a) a lTB.ChI ne diygction tensile nodulus of from
68.95 MPa to 689.5 MPa; b) a machi ne

direction teag st W‘Plégéd?nﬁosﬁén b &Him2P whiersih sifd seéol‘ld biodegradable

"mcrometers of thickness; chine direction tear
Cirength of at | oo igpalicapeplactone dnd the’composion sommseRANs & of
t hi ckness; more additiorra bnodegradalbleepmylhers‘ whichl eriidncézheenélt net ers as

[T anspor t rat e of PIESESSITRLS WeGtrbARd, 0F A&ional biodegradatib pohrt <! U1 ¢
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6.  The composition of Claim 5 wherein said.add_itional biodegradable
polymer is selected from aliphatic polyester-based polyurethanes and
the composition comprises from 10% to 70% of said
~ polyhydroxyalkanoate, from 20% to 80% of said polycaprolactone, and {
from 10% to 70% of said polyurethane, preferably from 15% to 55% of
said polyhydroxyalkanoate from 35% to 75% of sard
polycaprolactone and from 10% to 50% of said polyurethane based
on the total welght of said polyhydroxyalkanoate sald
polycaprolactone and sald polyurethane

7. The composltlon of Claim 5 wherein said additional biodegradable
polymer is selected from polylactides and the composition comprises
from 10% to 70% of said polyhydroxyalkanoate from 20% to 80% of
said polycaprolactone and from 10% to 70% of said polylactlde
preferably from 10% to 45% of said polyhydroxyalkanoate from 45%
to 80% of sald polycaprolactone and from 10% to 45% of said .
polylactlde based on the total welght of said polyhydroxyalkanoate
said polycaprolactone and sald polylactlde :

8.  The composition of Claim 5 wherein said additional biodegradable
polymer comprises an aliphatic polyester4based polyurethane and a
polylactide, and the composition comprises from 10% to 70% of said

__polyhydroxyalkanoate from 10% to 70% of said polycaprolactone
from 10% to 70% of said polyurethane, and from 10% to 70% of said
polylactlde preferably from 10% to 45% of sald polyhydroxyalkanoate

~ from 25% to 60% of sald polycaprolactone from 20% to 55% of said
polyurethane and from 10% to 45% of said polylactlde based on the
total welght of said polyhydroxyalkanoate said polycaprolactone said
polyurethane and said polylactide. '
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The composition of Claim 5 wherein said additional biodegradable
polymer is selected from the group consisting of thermoplastic
poly(vinylalcohol) compositions, starch-based interpenetrated
networks, hydroxypropy! cellulose, cellulose acetate, and mixtures
thereof, and the composition comprises from 10% to 60% of said
polyhydroxyalkanoate, from 30% to 80% of said polycaprolactone,
and, in a combined amount, from 10% to 60% of one or more of said
additional biodegradable polymers, preferably from 10% to 45% of
said polyhydroxyalkanoate, from 45% to 80% of said
polycaprolactone, and, in a combined amount, from 10% to 45% of
one or more of said additional biodegradable polymers, based on the

' totallweight of said polyhydroxyalkanoate, said polycaprolactone, and

10.

said additional biodegradable polymer.

A biodegradable film comprising the composition of Claim 1, the film
having, at room temperature:

a) a machine direction tensile modulus of from 68.95 MPa to 689.5
MPa;

b) amachine direction tear strength of at least 25 grams per 25.4
micrometers of thickness;

c) across machine direction tear strength of at least 25 grams per
25.4 micrometers of thickness;

d) animpact strength of at least 12 centimeters as measured by
falling ball drop; -

e) amoisture transport rate of less than 0.0d12 grams per square
centimeter per 16 hours; and

f)  athickness of from 12 micrometers to 75 micrometers;

the film preferably additionally having a failure temperature of at least 60°C.-



