STI RRI NG PROCESSES FOR PREPARI NG Bl ODEGRADABLE FI BRI LS, NO\IV\%%I?%
COVPRI SI NG THE BI ODEGRADABLE FI BRI LS, AND ARTI CLES COWPRI SI N EN
FABRI CS TECHNI CAL FI ELD The present .invention relates to the prongS|ng of
bi odegr adabl e pol yners and products conprising biodegradabl e polynmers.. In
particular, the present invention relates to the processing of
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nonwoven 1 abri bs, * BASKROIND ROMESSRREOR GHERRRING EIPDRSRRBARTE | ©
variety of pkastic arti cFEBRILSNONWOVENEABRICSIGOMARISING THEns, nol ded
articles, adhesives and mang|ObEGSRADABLE FIBRILSIARDSARTIGLER ority of this
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recycling have been nade, the nature of polymers and the way they are

produced and converted to products |I‘FEb$.|ﬁ|anp ¢y of possible recycli ng
applications. Repeated Rr ocessi ng rs results in
degradation of materiall ﬁrRIeEB’Ns'é‘Mﬁﬁﬁ'@’P P'Eg @%Wﬁé’f"@ ob piadegeadable
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di apers, sanitarynpaRbivés fabiidel | I i'ners and the like, involve several

different types of plastics. | S .particularly
costly because of..the difficul 828nt conponents.

Di sposabl e product s ofPalymerst ﬁ L@eselnaélveneo;mf pmtls:oarmleermcloﬁmg films,

f1 ui d- pervious to ri or rvi ous
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made, the nature of polymers and the way they are produced and
converted to products Ilmlts the number of possible recycling
applications. Repeated processmg of even pure polymers results in
degradation of materlal and consequently poor mechanical properties.
Different grades of chemically similar plastics (e.g., polyethylenes of
different molecular weights, as used in milk jugs and grocery sacks)
mixed upon collection can cause processing problems that make the
reclaimed material inferior or unusable.

- Absorbent article applications such as diapers, sanitary napkins,
pantiliners and the like, involve several different types of plastics. In
these cases, recycling is particularly costly because of the difficulty in
separating the different components. Disposable products of this type '
generaily comprise some sort of fluid-pervious topsheet material, an
absorbent core, and a fluid-impervious backsheet material. Such
absorbent structures are typically prepared using, for example, topsheet
materials prepared from woven, nonwoven, or porous formed-film

. polyethylene or polypropylene materials. Backsheet materials typically
comprise flexible polyethylene sheets. Absorbent core materials
typically comprise wood pulp fibers or wood pulp fibers in combination
with absorbent gelling materials. '




typi cal y .conpri se wood pulp fibers or wood pulp fibers in conbination with
absorbent gelling materi al s. A conventional disposabl e absorbent product
is already to a |large extent conpostable. A typical disposable diaper, forg
exanpl e, consists of about 80% of conpostable 2materials, e.g., wood pulp
fibers, and the like. In the conposting process soil ed di sposabl e absorbent
articles are shredded amd:omem:armleidspdsabie)agmrbenvmwrsi already toleelarge

conposting per se. eﬁéﬁ@&oﬁﬁﬁ?ﬁ%ﬁé ”%iy@a -t o %ble{ B%g'%?“fo? o é’?‘béo‘?xssts

particles are screened out ert-arti el es
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material s used fOfsér@Qﬁ@GeéLﬁ m!ﬁt trg§‘tﬂn§f1ﬁem noiéﬁry'soﬁbfsefﬂgiﬂ icles can

requi rements for satisf g r\ ers needs exanpl e ese :
materi al s must be YHFES @ gfbedé"%siﬁ Eb%%‘ﬁ@effaa‘rﬁqmﬁ’%'W§msat es that are
‘confortabl e toht ouch. Nevertiélesonthere s he eleedniortregasingsthes dimount @ﬂtnon-
properti'es such asgj t 0
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Certain biodegradable resins are well known, but often do not
have good fiber or film forming properties. - Polymer resins comprising
poly(hydroxybutyrate) (PHB) are particularly ill-suited for fiber and film
formation. These resins are typically of slow crystallization rates, have
low melt viscosity, degrade near their melt temperatures and are rigid
when solidified. Accordingly, such resins often cannot be processed by
conventional means of film or filament formation. Indeed, when formed
into films, biodegradable resins comprising PHB are generally not
flexible. The inflexibility of such films hinders their use in absorbent
articles, particularly when used as topsheets, as these materials are in
direct contact with the skin of the wearer.

For the foregoing reasons, there is a continuing need for
biodegradable materials that can be used in absorbent arficles. In

~ particular, there is a need for a biodegradable substrate which is flexible
and durable, but also provides a comfortable texture when used in, for
example, absorbent articles.

it is an object of the present invention to provide biodegradable
fibrils that can be processed to give flexible, nonwoven fabrics which are
soft and clathlike to the touch. A further object of the invention is to



For the foregoing reasons,'there'is'a conti nui ng need for.biodegradable
materials that can be used in absorbent articles. In particular, there is a
need for a bi odegradabl e substrate which is flexible and durable, but also -
provi des a confortable texture when used in, f3or exanple, absorbent
articles. It is an object of the present invention to provide biodegradable
fibrils that can byopidecepeeaessdoymaking swehhbiedegradable fibfilshrAnathenhpblechr e
orovi do. a process e Frofds Bu5dedtadable MmN AIRORS coltbrisepibtegadEble’

, pr Ss I L S I.odegr 1 brils r object is
to provide a bi odéj&f%g%fépgaﬂtb%ﬁ?%‘b i 10 PoviHe QfﬁPé’sBPl?dé‘a?%{ESBi ghiicles
fibrils. Still anctdmprisibg ®iddegratiablprsubisttatesi sPtils abdthea bbjach ehtheaptasehts
conpri si ng bi odegr, 5 - | . ' f pr esent
i nvention is to_pr@g%&e&} %;{Pﬁrégiﬁggextﬁléé Hr}m%ﬁlgo ?‘?g%%ﬁéb% f”f)l;rrl 's. SUWMMARY
OF THE | NVENTI ON The present invéﬂﬂﬁgﬁﬂﬁﬁéﬁﬁﬁhﬁéﬁgﬂﬂﬂﬁﬂﬂﬁess for making

bi odegradabl e fibrils fTien preRept WMVEALtIGH CE8EInMPadteR résﬁraaeﬁh@rphwm%es
are particularly useful i

o o Sl TP BF i o o e R ofaa e FaBsE g
the process are processpsaarehpartichianypsefutin orming dibgitssframaesims comprising
L opere bi baehy o e Pk R Be LALEA UAR U981 dodbybitl ALV o L
preparing bi odegr J@881Se ¥$ed i I . the mPrRcesS: A ebigdsgeasiabip pihemopolymers,
AP Yoo o ST O LIS ol Shespcate cneresel kuoniag ¢
niroduci ng the. | 1 e FROEN HARelyed 1 pECiR diptRdratERle it R AR,
is stirred. The rebis prongssiibvolves preparing dindegradable fibris flom ookl ercmong
Cevent onur ney SEABGRRABREHaROREMFI . BpbuRic Hgh U5F pides |
processes of the prABRATINGHyeRl i tAMING 3| figuigk T8RNt JFJ'PD‘HEF Pﬁcéﬁb’é’é@gs the -
nonwoven fabrics ciisdegmdadle resin or resins; and b) introducing the liquid resin mixture
to a nonsoivent while the nonsolvent is stired. The resulting fibrils are
collected on a suitable collecting device, and are then processed
according to their desired end use.

The invention further comprises biodegradable fibrils prepared
according to the processes of the present invention.

The invention further encompasses nonwoven fabrics comprising
biodegradable fibrils prepared by the process of the present invention.

The invention further encompasses disposable absorbent articles
comprising a water-permeable topsheet, an absorbent core, and a water-
impermeable backsheet, wherein the topsheet comprises a nonwoven
substrate comprising biodegradable fibrils of the present invention.

Any desirable . absorbent core can be utilized with the
biodegradable substrates of the present invention to provide absorbent
articles within the scope of the present invention. Preferred materials
useful as the absorbent core include wood pulp fibers or wood pulp
fibers in combination with absorbent gelling materials.

The invention further encompasses textiles comprising the
biodegradable fibrils of the present invention.



blodegradable fibrils prepared by the process of the present invention. The
I nvention further enconpasses di sposabl e absorbent .articles conprising a
wat er - per reabl e topsheet, an absorbent core, and a water- inperneable

backsheet, wherein the topsheet conprises a ndhwoven substrate conprising

bi odegradabl e fibrils of the present invention. Any desirable -absorbent
core can be utilized with the bi odW&ﬁMof the present

i nvention to provipsirmfises bent articles within the scope of the present

i nvention. Preferre erial s useful e.abso b nt core, Jnclude wood
pul p fibers or wood pulﬁ; *@Qﬂngﬁﬁgﬁﬁ?fé? NP, 1R RS HSREHIEEIY | | ng
materi al s. The i nventi dAlKeny'hemeans oapxasieean-tentzining cbaipr ivdiicly ay be

- bi odegradabl e fibr SEN
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" A kenyl nmeans a(tar.lSWﬁ QIORPER thglecmndﬁ mnehcfr@p) tiéra!ﬂlmgrmgﬂm%qgm
(i.e., one doubleM@Ituwdi(dmmhérEblyoyorp@rhsumﬁitéaat ed (i.e., two or mDre

doubl e bonds in the ch strai r nec substitu 0-
Doy o ansubst i1 us oo AWy fisiaRsch saltiraBBaR s iR el Mot gV
whi ch may be st raisjtaigmortbranched; anthsiubstiigteid: (mand- Cmpoty-) murpnub,stlyutad
unsubstituted. "Bi odegr-@q@@% f | chﬁﬁh
down into small chemn cal su {faldtggfyﬂ% ﬁ%gﬁﬁ%?ﬁfl lgdpb e foo in
through natural |y 18 SRl aﬁﬂ?'@l‘caérﬁHWﬁe‘Hf‘!?hl W%%“@h&%ﬁh& %ef@?@r‘m?'"
spores and the |i khrodgrehsiupdily actihg amalor erdlironmermaiibsafeadnzyfriesy bacwkian

bi odegr adabl e as TIPS FOAABIRECPRIGR, @ﬁ%%ee%%s%ﬁ%ﬁﬁhgt%ﬁeﬁs
materi al that neetdowmintoavatenend GOp.ee requirements: (1) the material is
ggpg%gegfs ege' ng procesg Zlﬁnddé%@aaéﬁmcbﬁlyrﬂﬁr"f 8Crly pilyfir thaY isbivaedradabie) |
as that term |s defmed herein.
"Compostable" means a material that meets the following three
requirements: (1) the material is capable of being processed in a
composting facility for solid waste; (2) if so pracessed, the material will
end up in the final compost;' and (3) if the compost is used in the soil, the
material will ultimétely biodegrade in the soil.
The requirement that the material ends up in the final compost
. typically means that it undergoes a form of degradation in the
composting process. Typically, the solid waste stream will be subjected
to a shredding step in an early phase of the composting process. As a
result, materials will be present as shreds rather than a sheet. - In the
final phase of the composting process, the finished compost will be
subjected to a screening step. Typicaliy, the polymer shreds will not
pass through the screens if they have retained the size they had
immediately after the shredding step. The compostable materials of the
present invention will have lost enough of their integrity during the
composting procesé toallow partially degraded shreds to pass through
the screens. However, it is conceivable that a composting facility might
subject the solid waste stream to a very rigorous shredding and a rather
‘coarse screening, in which case nondegradable polymers like
polyethylene would meet requirement (2). Therefore, meeting
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end up~in the final conpost; and (3) if the conpost is used in the soil,
the material will ultimtely biodegrade in the soil. The requirenment that
thematerial ends up in the final.conmpost typically neans that it undergoes
a formof degradation in the composting process. Typically, the solid waste
streamw || be subjected to a shredding step in an early phase of the

conposting process req%ﬂre@nérﬁf(ﬂb is ndTRérRLghIfor aimadtehis) tBIRsEhpostable Wﬁbmrtﬁé her
than a sheet. In th E ’8 hase of the conposting process, the finished
conpost will be suBfeesﬁngg f' Bscr eeni ng step. Typically, the polyner
shreds will not pass thVéhathdistinguishes tise idompasjablavoatesiahiasedefinad bierain
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materials in the seles séveral mms oFl é%heyé"aré hgihce 4Als fémmém ibprésenty
bi odegr adabl e. By tgg samne
[

bi odegr adati on be palyto %"ﬁ Eﬁgadgg"\"‘ll@'sq?g‘? Srt%rﬁqch%@af rﬁ%f ngqt'r\etjmitse
deconposi tion products &Cepoiymerband "copalymerici meahaa polymercanisistisgi of teo
crops, it is full yo??ﬁd?gtd?f{?ét%n’é Rnohtdic utiisodegr adat i on
"Fibrils" means short, fine fi bers The term fibril is dlscussed in
detail herein below. '
"Homopolymer" and "homopolymeric" mean a polymer consisting
of the same repeating monomeric unit.
"Nonsolvent" means a liquid or liquid mixture in which the
biodegradable resins of the present invention are not completely soluble.
Use of the term nonsolvent is discussed in detail below. |
"Solvating" means forming an aggregate that comprises - a solute
jon or molecule with one or more solvent molecules, to form a single
phase mixture.
Biodegradable Resins
Biodegradabile fibrils of the present invention comprise one or
more biodegradable polymers or copolymers. The biodegradable resins
useful in the present invention can be any resin which is capable of
biodegradation. Resins useful herein may be either biologically or
synthetically pfodUcéc_!. Furthermore, the resins may be either
homopolymeric or copolymeric. As used herein, the terms "resin” and
"polymer" include both homopolymeric and copolymeric biodegradable
polymers. Furthermore, although stated in the singular, these terms
“include a plurality of "resins" and "polymers".



takes Several months or even years, since this requirenent is present only

to avoi-d an accunul ation of man-nmade materials in the soil. "Copolyner" and
"copol ynmeric" nean a pol yner consisting of two or nore different nononericg
units. "Fibrils" neans short, fine fibers. Thg termfibril is discussed in

detail herein below "Honmopolymer" and "honopol yneric" nean a pol yner
consisting of lhe sanepiGBgiRalipdprRiRER! Ibiodelradabiblfedhy CHcludipratic
liquid or liquid m@t U{e [ v\%c t he %léod‘ggradai)lg resi nz) f the(' r?sent
i nvention are not P@ ﬁﬁeéF'elr%P i BramPigsdngide oty ahydrybuirale) (PEB). a
di scussed i n det apblyoedromadeSafvaonogierice anits flavingca astrutgree gaterdirigatto
conprises a sol ut g nmol ecule with one or- nore solvent nolecules, to
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the present invention conprise onefor rgMe bi odgyradabl e pol yners or
copol yners. The bi odegradabl e resins usefll _in thhe present invention can be
any resin which is capable of bio gQE’ch'T"cﬁHz_R@sl s ‘useful herein may be
ei ther biologically or synthetical ky produced. "FHirthernore, the resins
may- be either honopol yneric or copol yneric,, As used herein, the terns
"resin" and "polynmer" include both hormpolgn‘reri c and copol yneric '
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Such polyesters, and methods for their p_reparation, are described in
U.S. Patent 4,393,167, Holmes et al., issued July 12, 1983 and U.S.
Patent 4,880,592, Martini et al.,, issued November 14, 1989, both of
which are incorporated by reference herein. Because of their poor film-
forming properties, the processes of the present invention are
particularly useful for forming nonwoven substrates from these resins.
Copolymers of PHBV are commercially available from Imperial Chemical
Industries - under the tradename BIOPOL. An overview of BIOPOL
technology is provided in BusiNEss 2000+ (Winter, 1890).

U.S.S.N. , titled BIODEGRADABLE COPOYMERS AND PLASTIC
ARTICLES COMPRISING BIODEGRADABLE COPOLYMERS, by Noda, filed
January 28, 1994, which discloses novel biodegradable'copolymers, and
methods for making the copolymers, that are also useful in the present
invention, is incorporated herein by reference. Briefly, that application
describes biodegradable polyhydroxyalkanoate (PHA) copolymers
comprising at least two RRMUs wherein the first RRMU has the structure

R1
l il
O-CH—(CH2)q—C




whi ch*has two randomy repeating nonomer units (RRMJ) wherein the first
RRMU has a structure according to Formula (1) and the second RRMJ has a
straucture according Fornula (11) [err] Such polyesters, and nethods for -
their preparation, are described in U S. Patent 4,393,167, Holnes et al.,
i ssued July 12, 1993 and U.S. Patent 4,880,592, Ivartl ni- et al., issued
Novenber 14, 1989 bot h_qf. which_are inco porat ed b ence hereli
Because of t heir WRRSRIN qun'ls ’f'o?'hpngo"pgﬂp%ht #ad n Fﬁa C)%éégé?cgf'gt%ﬂu :
present inventi omzdthemsiruicturel arly useful for form ng nonwoven substrates
fromthese resins. Copolynmers of PHBV are_commercially available from

| nperial Chem cal I|ndustries under trhe tRadename B OPCL. An overvi ew of
Bl OPOL technol ogy is provided:in BU lNES$MZEg%O+ (Wnter, 1990).

US S N , titled Bl ODEGRADABL STl C ARTI CLES
COVPRI SI NG Bl ODEGRADABLE COPCOLYMERS,| by Noda, filed|{January 28, 1994, which
di scl oses novel blodegradable copol rs, and nmet hods for nmaking the:

copol yners, that whereir RS lssaeCu+C1g1aﬁdybopalkeay\lt andwéhareiorat least optheat ed
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by Noda, filed Jamerairybgsefarence. wBriefly.dthat lapplisatieny sleseiikase biodeardable
copol yners, and mon %oéer n'iB%é'E&nP singoaplléfémrﬁvo IRRMMUR" Ghatdie theefiist i n

the present inve |ncor pora erein by reference. Bri efly, t hat
appl i cation descrRBMU basd JBe Sty :
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wherein R1 is H or C2 alkyl, aﬁd nis 1 or 2; the se_cond RRMU has the

structure | |
H 0O
(|:3 7 Il
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and wherein at least 50% of the RRMUs have the structure of the-first
RRMU. :
U.S.S.N. 08/188,271, by Noda, filed January 28 1994 which
discloses biodegradable copolymers that are-also useful in the present
invention, is incorporated herein by reference. Briefly, that application
describes biodegradable copolymers, wherein the copolymers comprise
at least two RRMUs wherein the first RRMU monomer unit has the

structure
_ o
?H3 i
O—CH—C HE—C

and the second RRMU has the structure



(PHA) copol ymers conprising at |east two RRMJs wherein the first RRMU has
the structure [err] wherein Rerr] is Hor (Jerr] alkyl, and nis 1 or 2; .
t he :second RRMU has the structure [err] and-wherein at |east 50% of the .
RRMJs have the structure of the first«~RRMJ. U. S. S.N 08/188, 271, by Noda,-
filed January 28, 1994, which discl oses bi odeg¥adabl e copol ymers that are
al so useful in the present invention, is incorporated herein by reference.
Briefly, that application describes bl ode abI e Cbp | ymers, wherein the
copol ymers conprise at |east two RR fifst RRMJ mononer unit
has the structure [err] and the secon sfructure . 8 [err]
wherein at | east 50% of the RRMUs have the structure f the first RRMU.

QG her bi odegradabl whersinnat et B0%nof five (RRMLS have cthei stuctars wiethe first
synthetical ly prod %r esins. Such synthetically produced-resins include
al i phati-c pol yesters whi ch, along with the nethods for making such resins,
are known in the art. E%mﬂtagdegrasiabie rasinsesafdl ipdhg presant invantion;jineludee
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Cebruary 22,1990 i ke, SvBoite I8y FER bbb g B R o

ENG NEERI NG Secontfiormula 1iI; polydioxanone (PDO), which has a structure according to
Formula IV; and polycaprolactone (PCL), which has a structure
‘according to Formula V. These resins are described in World Patent
Publication No. WO 90/01521, published February 22, 1990 by Sinclair _
et al.; U.S. Patent No. 5,026,589, issued June 25, 1991 to Schechtman;
and ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING, Second
Edition, Vol. 2, pp 220-243 (1983); all of whlch are incorporated by
reference herein.
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Still other resins useful in the present invention are polyvmyl
alcohols and their copolymers. A preferred polyvinyl alcohol! copolymer
is the copolymer of ethylene and vinyl aicohol, which has two RRMU
wherein the first RRMU has the structure

]
‘{‘."C Hz—CHz—"

and the second RRMU'_has the structure

| oH 1
: —{—-CHZ—CH———

Still other biodegradable resins useful in the present invention are
polyethers, such as polyethyleneoxide (PEO) (also referred to
polyethyleneglycol), which is also well known in the art. '




Edition, Vol. 2, pp 220-243 (1983); all of which are incorporated by -
reference herein. [err] Still other resins useful in the present invention
ar e :pol yvi nyl al cohols and their copolynmers. A preferred polyvinyl al cohol
copolynmer is the copol yner of ethylene and vi gyl al cohol, which has two
RRMU wherein the first RRMJ has the structure CH2-CH2 and the second RRMU
has the structure OH ChHhdihét ibiddegradablei resimgnseallia thes presens dfvention ishe
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pol ymers- useful in t he blodegr resent
i nvention: PCL and® %—égggaﬂaw PHiRere % %mdym eofﬁcﬁ‘?‘p xamplg: B
and ~ biologically produced polyester and a polyvinyl alcohol). Whlle not

exhaustive, the following are preferred combinations of polymers useful
in preparing the biodegradable fibrils of the present invention: PCL and -
PHB; PCL and PHBV, PHBV and PHB; PHBV and PEO; and PHB and
PEO. I 2

~ Processes of the Present Invention

The processes of the present invention are useful for forming
biodegradable fibrils. The processes are particularly useful for making
fibrils from hard-to-process resins, such as biologically produced
polyesters, especially PHB polymer and copolymeric resins comprising
hydroxybutyrate comonomer units. Nonetheless, the processes are also
useful for making fibrils that do not comprise' PHB or copolymeric resins
comprising hydroxybutyrate comonomer units. :

The process of the present invention uses a stirred nonsolvent
to prepare biodegradable fibrils. In particular, this process invoives
preparing biodegradable fibrils from one or more biodegradable
homopolymeric or copolymeric resins, the process comprising: a)
forming a liquid resin mixture. by solvating the biodegradable resin or
resins; and b) introducing the liquid resin mixture to a nonsolvent while
the nonsolvent is stirred.

With respect to solvating the resm(s) to form the liquid resin
mixture, one skilled in the art appreciates that any suitable means for
solvating can be used. The appropriate solvent system must be one that
-allows thorough mixing if a plurality of resins are used, and must in any



PEO. Processes of the Present Invention The processes of the present
invention are useful for form ng biodegradable fibrils. The processes are
pardicularly useful for making fibrils fromhard-to-process resins, such-as
bi ol ogi cal |y produced pol yesters, especially,;fHB pol yner and copol ymeric
resins conprising hydroxybutyrate conmonormner un| ts. Nonethel ess, the

oty & o8 St dmramun ol i einduse e
u e process -
of the present i npeldeon fRfse€x Eq rr fﬁfgbl VBRI S r Lﬂr‘éiem Y Rt abl
fibrils. In partitgichroethans, prpropyiene nvearbenate; e pamd nltlfﬁedegrad&iﬂmte e
ool ns. ther oocpahiclS: ?P&Q?r%a%ﬁ?'&l%@ﬂ?'é(ﬁ?ﬁh&tr@ierfeol%ﬁk%ﬁ?é' CThe

resins, the proces ormng a i

sol vating the bi oardwfaédﬁl%d BES by WaY ptegxa@pleamdo?rei Aot idendadyta H’é“tl qh&w d
resin mxture to &Whé%@ﬁvéﬁﬁs L@eﬁmm fhesretussds d:fSth&tprésaﬁt mwmiorr espect

to solvating the resin(s t he Li.quid o
the art. appreciates t }zﬂtﬁf §§T’&X aﬂé‘ﬁﬁés Fﬁysbﬁ'g‘&@j# %?Sgﬁﬁ' t%ng 2
appropri.ate sol vequwdyetsmmnnuate ire stere a) lofitthelproesss Dﬁr’tb&gmeaéutl nmgenﬂora
plurality of res'gﬁ K fddit rﬁﬂfbé’rp%stlbﬁegé‘ nucleafhg t§‘0$meéi=§eﬁuers

deconposi tion of The resins use Tvent s, i ude, e
chl orof orm net hyF@AENG c ABBRIS] eancby?g%f'tﬁe that, M?HI §8RERM ath@ rﬁ?"ﬂB?Q eﬁg” S
carbonate, and ethydrepRobiar (fonadhamplal twitareatHey fibrits avill ebe aused: tb oforfnoam

and net hyl hl Th |
not. i nt e%dggetg If)r 'sﬂeﬁ.'g rs%'as Veb%'ﬁeaéﬁ:ﬁé %‘fi‘gﬂpq@'hwf‘yl (g‘fﬁmocessgg of
the present invenagents inohdef batm|rmtymmtedatm|h0roagntnge aeduta uSsitableen
formng the liqui gﬁl:atgfévméq:dr‘]é %Lg 4r8 tSfnited ¥, ﬁélﬁrd?rrﬁﬁﬁéls SYnthétr Rfﬁb%?”t

o s cobor | ngaaaael. Siaate flBTs Mgide, il wAseet LSS oo TH0R R | o
black and calcium carbonate. Hydrophobic agents include any of those
recognizéd in the absorbent articles field, such as silicone and lower
alkyl silicone Halides. |

Those skilled in the art wnll recognize that various means for
_introducing the liquid mixture can be employed. For example, the
mixture can be introduced through an orifice by way of gravity, or as the
result of a pressurized system. It will also be recognized that conditions
under which the introduction of the liquid mixture takes place will affect
the characteristics (e.g., fibril length, fibril diameter, fibril st'if_fness) of the
fibrils prepared. ‘Such conditions include, for example, the viscosity of
the mixture itself, the solvent system employed in forming the mixture,
and the diameter of the orifice through which the liquefied mixture is
introduced.. The liquid mixture is preferably introduced as a continuous
stream through an orifice having a diameter of from about 0.1 mm to
about 5 mm. More preferred is where the orifice has a diameter about
0.5 mm to about 2.0 mm. While the rate of delivery of the liquid resin is
not critical, a rate of from about 10 g/hour to about 1000 g/hour is
preferred. Where desired, a plurality of orifices, each as described
herein, may be used to introduce the liquid resin mixture.
The nonsolvent used in step b) will be any solvent or mixture of
solvents that will allow the biodegradable resins to solidify from the liquid
resin mixture. Accordingly, the resins used in step a) must be at least



hydr qphobi ¢ (for exanple, where the fibrils w II be used to forma topsheet
for an absorbent article) or hydrophilic. Suitable nucleating agents.
include, but are not limted to, boron nitride and talc. Suitable bindefs
i ntlude, but are not limted to, natural rubber, syinthetic rubber, and PCL.
~Suitable fillers include, but are not limted to, Ti 3, carbon black and

cal ci um car bonat e. Hydipaptially iosalgble in thegiargelveny. &f addition, theauwmsoivent must be
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' egradable fibrils will depend on, for example, the biodegradable
resins used, the solvent(s) used in making the liquid resin mixture (when
applicable), the nonsolvent used for fibrillation, the shear forces
employed, and the rate of delivery of the liquid resin mixture into the .
nonsolvent.

. The stirring of the nonsolvent to which the liquid resin mixture is
added allows for the formation of the biodegradable fibrils of the present
invention. The desired rate of stirring will depend on, for example, the
resins and solvent system used to form the liquid resin mixture, the
nonsolvent, and the size and shape of the vesse! containing the
nonsoivent. Preferred is where the nonsolvent is stirred at a rate such -
that a laminar flow is created, rather than a turbulent flow. Those skilled
in the art will r'ecbgnize the distinction between laminar and turbulent
flow. (See CHEMICAL ENGINEER'S HANDBOOK, Fourth Edition, Chapter 5,
p. 16 (1963).) ' '

The formed fibrils can be separated. from the solvent and
nonsolvent using, for example, filtration and evaporation (including '
heating).



exanpl €, in pH such that the resins are soluble in the solvent system but
at least partially insoluble in the nonsol vent. The shear forces caused by

the stirred nonsolvent will provide fibrils as the resins solidify. Those_
skilled in the art will recognize that the nopsol vent used will depend on,
for exanple, the solvent systemused in step of the process, the

bi odegradabl e resin(s)-and.the nature of the filrils desired, anpl es of"
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sol vent (s) used i guABiFsNEnkR@rpdgli d resin nixture (when applicable), the
nonsol vent used for fibrillation, the shear forces enployed, and the rate
of delivery of the liquid resin mxture into the nonsolvent. The stirring
of the nonsolvent to which the liquid resin mxture is added allows for the
formati on .of the biodegradable fibrils of the present invention. The
desired rate of stirring will depend on, for exanple, the resins and

sol vent systemused to formthe liquid resin m xture, the nonsolvent, and

t he size and shape of the vessel containing the nonsolvent. Preferred is
where the nonsolvent is stirred at a rate such that a lamnar flowis.
created, rather than a turbulent flow. Those skilled in the art wl| _
recogni ze the distinction between | am nar and turbulent flow (See CHEM CAL
ENG NEER S HANDBOOK, Fourth Edition, Chapter 5, p. 16 (1963).) The forned
fibrils can be separated fromthe solvent and nonsol vent -using, for

exanpl e, filtration and evaporation (including heating).-



12 The*fibrils nmade according to the processes of the present invention are
useful in making, for exanple, biodegradable nonwoven substrates, which can
be used in absorbent articles such as diapers and the like. In another.
enbodi mrent of the present invention, the nonwgvens descri bed herein are
useful in a variety of textile applications. Such applications include, but

are not |limted t @ioddgpbdamig Fibdilsens, towels, curtains, and car pets.
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conprlse fibrils g oces es 0 sent I nvent
conprising one or fi Fsef"HP Fhoyt aup te apevt SR um 'Brd'é'ﬁ'ﬁiﬁrymars In general,

the processes of the The preferred ranges listed refer to the fibrils of the invention
generally. Preferred fibril dimensions will depend upon the polymeric
resins utilized, the specific process employed and the desired end-use
of the resulting fibrils.
Nonwoven Fabrics
The nonwoven fabrics of the present invention comprise fibrils,
made by the processes of the present invention, comprising one or more
biodegradable polymers or copolymers. In general, the processes of the
present invention will form fibrils that are already in the form of a
nonwoven fabric. As such, minimal additional processing may be
necessary, depending on the end-use of the nonwoven fabric.
Nonetheless, additional steps can be performed to prepare the desired
nonwoven. N '
The fibrils of the present invention are generally shorter than
- conventional fibers used in fabric-making. = Accordingly, if additional
processing of the fibrils to give a nonwoven fabric is necessary,
preferred is the use of modified paper making techniques. For example,
after initial formation usirig the processes of the present invention, the
biodegradable fibrils may be continuously dispersed in a large volume of
" a nonsolvent (e.g. water) and collected on a moving endless wire
screen. Once the nonwoven fabric is collected on the screen, it is
transferred to belts or felts and dried on heated drums (see
ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING, Second Edition,
Vol 10, pp 204-226)

-



present” invention will formfibrils that are already in the formof a
nonwoven fabric. As - such, mninmal additional processing nmay be necessary,
dependi ng on the end-use of the nonwoven fabric. Nonethel ess, additional-,
steps can be perfornmed to prepare the desiredigfonwoven. The fibrils of the
present invention are generally shorter than conventional fibers used in
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The bonding of fibrils and other components of the nonwoven
gives strength to the fabric and influences other properties of the fabric.
Both adhesive and mechanical means are used for bonding within the
fabric. Mechanical bonding employs the engagement of fibrils by
frictional forces. Bonding can also be achieved by chemical reaction,
i.e., formation of covalent bonds between binder and fibrils.

Absorbent Articles

The disposable absorbent articies of the present invention
comprise a w_ater—permeéble topsheet, an absorbent core, and a water-
‘impermeable -backsheet, wherein the topsheet comprises a nonwoven
substrate comprising biodegradable fibrils made by the processes of the

- present invention. :

Biodegradable substrates compnsmg fi brlls of the present
invention used as liquid pervious topsheets in absorbent articles of the
present invention, such as disposable diapers, typically have a thickness
of from about 25 pm to about 1 mm, preferably from about 100 pm to
about 500 um.

in general, the liquid pervious topsheet is combined with a liquid
impervious backsheet and an absorbent core positioned between the
topsheet and the backsheet. Optionally, elastic members and tape tab
fasteners can be included. While the topsheet, the backsheet, the



i nventi on using, for exanple, the paper-making techniques discussed above.
The bonding of fibrils and other conponents of the nonwoven gives strength
to the fabric and influences other properties of the fabric. Bot h adhesi ve:
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wearer's skin, while at the same time being compostable. Further, the
topsheet is liquid pervious, permitting liquids to readily penetrate through
its thickness. Preferably, the topsheet is treated with a hydrophobic
material to isolate the wearer's skin from liquids in the absorbent core.

Preferably, the topsheet has-a real density of from ‘about 18 to
about 25 glm2, a minimum dried tensile strength of at least about 400
g/cm' in the machine direction, and a wet tensile strength of at least
about 55 g/cm in the cross-machine direction.

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

Tape tab fasteners are typically applied to the back waistband
region of the diaper to provide a fastening means for holding the diaper
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_ The elastic members may take a multitude of configurations. For
example, the width of the _elastic members may be varied from about
0.25 mm to about 25 mm or more; the elastic members may comprise a

single strand of elastic material or the elastic members may be

rectangular or curvilinear. Still further, the elastic members may be
affixed to the diaper in any of several ways which are known in the art.
For example the elastic members may be ultrasonically bonded, Heat
and pressure sealed into the diaper using a variety of bonding patterns,
or the elastic members may simply be glued to the diaper.

The absorbent core of the diaper is positioned between the
topsheet and backsheet. The absorbent core may be manufactured in a
wide variety of sizes and shapes (e.g., rectangular, hour-glass,
asymmetrical, etc.) and from a wide variety of materials. . The total
absorbent capacity of the absorbent core should, however, be
compatible with the designed liquid loading for the intended use of the
absorbent article or diaper. Further, the size and absorbent capacity of
the absorbent core may vary to accommodate wearers ranging from
infants through adults. '

A preferred embodiment of the diaper has an hour-glass shaped
absorbent core. The absorbent core is preferably an absorbent member
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“pbetween the backsheet and the topsheet. The topsheet comprises fibrils
made by the processes of the present invention. The backsheet may
comprise any of the backsheet materials discussed with respect to
diapers. The absorbent core may comprise any of the absorbent core
materials discussed with respect to diapers.
Importantly, the absorbent articles according to the present
invention are biodegradable and/or compostable to a greater extent than
conventional absorbent articles which employ materials .such as a
polyolefin (e.g., a polyethylene) topsheet.
Textiles - - -
. The textiles of the present invention may be prepared directly
from the nonwoven fabrics of the present invention. Thus, the textiles
will comprise as a primary material only the biodegradable nonwoven
fabrics of the present inve_ntion. _
Alternatively, the textiles of the present invention can be prepared
by combining biodegradable fibrils of the present invention with other
fibers, preferably biodegradable fibers such as cotton, rayon, hemp,
wool, and silk, to form fabrics, threads or yarmns. The textiles can be
-prepared by using known methods for making textile articles. Such




A preférred enbodi mrent of the diaper has an hour-glass shaped absorbent
core. The absorbent core is preferably an absorbent nenber 17 conprising
a web or batt of airfelt, wood pulp fibers, and/or a particul ate absorbent

- pol yneric conposition disposed therein. O her gxanples of absorbent
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conventi onal absorWt erqqmwemcemteahsf@ym didsexyvalgrate BIORRLy #kf i n
(e.g., a polyethyl BiMnghaapDKEin cHiBidforrRiJ. T. Baker, Phillipsberg NJ) is produced

- ~ by dissolving 50 g of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) in

450 g of solvent. The solution mixture is poured down through a 5-mL

‘glass pipette with a 3-mm diameter tip into a precipitation bath

containing methanol (J. T. Baker, Phillipsberg NJ) which is stirred

gently. ' The polymer solution mixed with the circular flow of methanol

instantaneously starts the precipitation and produces a steady stream of

a suspension of fine highly elongated fibrils having a diameter between

10 to 500 um and length from about 3 to about 20 mm. The fibrils are

collected to form a continuous nonwoven fabric by filtering off the

mixture of chloroform and methanol using a mesh screen. The resulting

nonwoven fabric is dried and heat cured in an oven at 120°C for 1 hour.

EXAMPLE 2

Process for Making a Nonwoven Fabric Comprising

Poly({3-hydroxybutyrate) and Poly(e-caproiactone)
A 10%-solution of a 9:1 resin mixture of poly(3-hydroxybutyrate)

(BIOPOL, ICI, Billingham UK) and poly(e-caprolactone) (TONE P787,
Union Carbide, Danbury CT) in chioroform (J. T. Baker, Phillipsberg
NJ) is produced by dissolving a mixture of 45 g of poly(3-
hydroxybutyrate) and 5 g of poly(e-caprolactone) in 450 g of solvent.
The solution mixture is poured down through a 5-mL glass pipette with a
‘3-mm diameter tip into a precipitation bath containing methanol (J. T.



The textiles of the present invention may be prepared directly fromthe

nonwoven fabrics of the present invention. Thus, the textiles wll conprise
as a primary rraterl al only the bi odegradabl e jgonwoven fabrics of the - <
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conveyor belts ansbeinngstui20°00for 1Theurt ext’il es of the present i nvent | on are

- bi odegr adabl e and/ or conpostable to a g(régé@c_, :3tent t han conventi onal
textiles known in the art. EXAIVPLE 1 Pr r‘g Makr ng a Nonvvoven Fabric

Conpri si ng Pol y( 3- hydr ox\ittacess for Maki abrie Compris

pol y( 3- hydr oxybut yr at e- co- 3pjj

8- mol % hydr oxyval erate (Bl GPO

Baker, Phillipsberg NJ) is produce St F—t

pol y( 3- hydr oxybut yr at eAcl9%-soutiorcpf al Enaztes)n mmﬂfd)ogpoly(s-hydmxybuﬂ]mm-

i aneter {1p | nt ¢S pRREBRNiRY" AHR" e BlmBhagr b BBlerf ;¥ "adngie™
Phi | |.i psberg NJ) quremvaerate (BIAP§bndCL Billinghawm UKtandchLy(maprﬁla@ena) th
the circular flowTdNEEPENnion Carbide, Danbury CT) in chioroform (J. T. Baker,
: Phillipsberg NJ) is produced by dissolving a mixture of 25 g of poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) and 25 g of poly(e-caprolactone)
in 450 g of solvent. The solution mixture is poured down through a 5-mL
glass pipette with a 3-mm diameter tip into a precipitation bath
containing methanol (J. T. Baker, Phillipsberg NJ) which is stirred
gently. The polymer solution mixed with the circular flow of methanol
instantaneously starts the precipitation and produces a steady stream of
a suspension of fine highly elongated fibrils having a diameter-from
about 10 to 500 pm and length from about 3 to 20 mm. The fibrils are
collected to form a continuous nonwoven fabric by filtering off the
mixture of chioroform and methanol using a mesh screen. The resulting
nonwoven fabric is dried and heat cured in an oven at 60°C for 1 hour.
EXAMPLE 4

Process for Making a Nonwoven Fabric Comprising
Poly(3-h¥' droxybutvrate-co-3-hydroxyvalerate)
and Wood Pulp _

A 10%-solution of poly(3-hydroxybutyrate-co-3-hydroxyvalerate)
with the comonomer content of 12-mol% hydroxyvalerate (BIOPOL, ICl,
Billingham UK) in chloroform (J. T. Baker, Phillipsberg NJ) is produced
by dissolving 50 g of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) in
450 g of solvent. The solution mixture is poured down through a 5-mL




I nst ant-aneously starts the precipitation and produces a steady stream of a

suspension of fine highly elongated fibrils having a dianeter between 10 to
500 Jerr]mand length fromabout 3 to about 20 nm The fibrils are .

collected to forma continuous nonwoven fabri20by filtering off the mxture
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are collected to f45iNE 8 BN SFIRATE THRWSSURINGMEAWOYRN falricas; qnipd,apd heat -
m xture of chl or ofcured andn mwehaatal100Gifog30 miash screen. The resul ting

nonwoven fabric is dried and heat cured j 1 at 120[err]C for .1 hour .
EXAMPLE 3 Process for Mking a Nonwoven _Eafgrﬂ'[ige%? i Si

Pol-v( 3- hydr oxybut yr at e- co- 3- hydr d9mppstable:Dispasabie @fr]-caprol actone) A
10% sol ution of a 1:1 rl?%iébd?abiélbﬁbﬁ’fdiéﬁér%&b?diﬁ?Q&thlét Mﬁlé@ﬁon is prepared
co-3-hydroxyval er al &g i The' Simsmaons Ieted are for 2 gifapgf MRended for use with
a child in the 6-10 kilogram size range. These dimensions can be
modified proportionately for different size children, or for adult
incontinence briefs, according to standard practice.

1. Backsheet: 0.020 - 0.038 mm film consisting of polyethylene
(as described in U.S. Patent No. 3,860,003, issued January 14, 1974 to
Buell, which is incorporated herein by reference); width at top and
bottom 33 cm; notched inwardly on both sides to a width-at-center of
28.5 cm; length 50.2 cm. |
' 2. Topsheet: comprises the nonwoven fabric prepared in
Example 1; width at top and bottom 33 cm; notched inwardly on both
sides to a width-at-center of 28.5 cm; length 50.2 cm. _ .

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

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

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




hydr oxyval erate (BIOPCL, ICl, Billingham UK) and pol y([err]-caprol actone)
(TONE P787, Union Carbide, Danbury CT) in chloroform(J. T. Baker,

Phi ld i psberg NJ) is produced by dissolving a mxture of 25 g of poly(3- ..
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precipitation and produces a steady strengE%J_spensi.on of fine fibrils
having a diameter of about 10 to 500 [errTm an _a | ength of fromabout 2 to
20 mm The fibrils are collectedC n ure of chloroform

and met hanol using a CoOAr $ightsight (eiftiliner suitable for use between menstrual
periods comprises a pad (surface area 117 cmZ; SSK air felt 3.0 g)
containing 1.0 g of absorbent gelling material particles (commercial
polyacrylate; Nippon Shokubai); said pad being interposed between a
topsheet according to Example 1 and a backsheet which comprlses a
0.03 mm thickness polyethylene film.
EXAMPLE 7
~ Compostable Sanitary Napkin
A catamenial product in the form of a sanitary napkin having two
flaps extending outward from its absorbent core is prepared using a pad
in the manner of Example 6 (surface area 117 cm2 8.5 g SSK air felt),
per the design of U.S. Patent 4,687,478, Van Tllburg, August 18, 1987.
The backsheet and topsheet materials are the same as described in
Example 6.
EXAMPLE 8
Comgostable Nonwoven Fabric

cardboard mat The mat is moved in a fashion so that a 10 cm x 10 cm
area is covered uniformly with fibrils. Collection of fibrils on the mat
" continues, until there is approximately 0.5 cm thick fibril mat. A wide
distribution of fibril Iengths are obtained, up to 100 mm in length. Most



The fibrils are then resuspended in water with equal weight of wood pulp .

with the consistency of 1% fibril-pulp mxture. The fibril-pulp mxture is
col l,ected to forma conti nuous nonwven fabric by filtering off the water.

using a mesh screen. The resulting nonwoven f2®ric is dried and heat cured
in an oven at 110[err]C for 30 min. EXAMPLE 5 Conpostabl e Di soosabl e Di aper
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th fab bott 33
notched | mwardi y on boftaERasebE] HS JBVETHER, | RRRIR0. 2

cm 3. Absorbent asrfeliowsmﬂ'hesdxme?%icmsghstédméIfui adiaperddtanded fondsd withg of
absorbent gelling I tdeC) po y. on
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cm 4. Elastic | emdmﬂeléncé gﬁéfs Récytding to E-;wh’aﬁi"d Fddties. (2 per side); wdth
El 77 mm |ength 370 nes§ 864%798 5283& e fog'e g $£§ ' gﬁ
eing in the rel axed stat Shge cPh § ghe RN by
posi tioning the cbyéroxabetyraﬂe-m}sdueiﬂoxyddhamdma opsdlmymen t (prepareds h et
and gl ui ng. 21 gescribed in co-pending application U.S.S.N __, titied BIODEGRADABLE
| COPOYMERS AND PLASTIC ARTICLES COMPRISING BIODEGRADABLE
CoPOLYMERS, by Noda, filed January 28, 1994); width at top and bottom
33 cm; notched inwardly on both sides to a width-at-center of 28.5 cm;
length 50.2 em.

2. Topsheet: comprises the nonwoven fabric prepared in
Example 1; width at top and bottom 33 'cm; notched inwardly on both
sides to a width-at-center of 28.5 cm; length 50.2 cm..

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

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

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

The elastic bands (designated "inner” and "outer”, corresponding
to the bands closest to, and farthest from, the core, respectively) are
stretched to ca. 50.2 cm and positioned between the topsheet/backsheet
along each longitudinal side (2 bands per side) of the core. The inner
bands along each side are positioned ca. 55 mm from the narrowest




The el astic bands (designated ™inner" and "outer", corresponding to the
bands: cl osest to, and farthest from the core, respectively) are stretched
to ca. 50.2 cmand positioned between the togsheet/baeksheet al ong each -«
longitudinal side (2 bands per side) of the édre. The inner bands al ong
each side are positioned ca. 55 nmfromthe narrowest width of the core

(measur ed. from t HWidth 9 the rpse dMaasured fom thayiiner. edgs of thewlastis Barlplaci ng
el ement al ong eacthisi geovidies Ng Shaging elemurnits althgt ich! @idd! 6f the diaper
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Pantiliner A |ighthefrilghgthpiarthel stretchedistaté)l THeotopsheetisdokshaenasssmbiglis

Containing 1. 0 g PR3 the Sficliofn bhfias Eentlielbikstind i Aibr gt the

pol yacryl ate; N p@#gReShokubai ); said pad being interposed between a

t opsheet according to Exanple 1 and a ng}s‘Mpq_eg mlhl ch conprises a 0.03 mm
thi ckness polyethylene film EXAVPLE 7 Conpo Sltary Napkin A
cataneni al product in the form= =g two fl aps

ext endi ng outward fronAi ilghwmgrntbgmntlhnere swtabreepfar edselsbmeenpademstrudle

manner of Exarrpl 7(&{!%rc
design of U. S P 4@&%@%@;2%%% an Foo ﬁ&ﬁ%’? S%S%%) ﬁ%eédl&?
backsheet and top%ﬂliélmﬂﬁat"e@ al¢f absorbeat Galling Inatesial inssticles, ERMmersial.
EXAMPLE 8 Conpost gél Nﬁiﬂad?ﬁ@hbkuﬁﬁ? ba:ack%u Qféﬂﬁ thtbigysedsbetvelbnaan! e
1 are collected on at nP malt | |nafaﬁh|on so that a
10 cm x 10 om shee accordmg (o] Example an ac sheet whicl comprises a
0.03 mm thickness 82:8 poIy(3-hydroxybutyrate-co-s-hydroxyoctanoate)'
copolyme_r film (prepared as described in co-pending application
U.S.S.N __, titled BIODEGRADABLE COPOYMERS AND PLASTIC ARTICLES
COMPRISING BIODEGRADABLE COPOLYMERS, by Noda, filed January 28,

1994). -

EXAMPLE 11
Compostable Sanitary Napkin
A catamenial product in the form of a sanitary napkin having two
flaps extending outward from its absorbent core is prepared using a pad
" in the manner of Example 10 (surface area 117 cmZ; 8.5 g SSK air felt),
per the design of U.S. Patent 4,687,478, Van Tilburg, August 18, 1987,
The backsheet and topsheet materials are the same as described in
Example 10.
' EXAMPLE 12
Compostable Surgical Scrup
Apparel suitable for wearing by surgical staff which can be
subsequently disposed of for biodegradation; said apparel comprising
the nonwoven fabric of Example 1 sewn in the design of a pullover shirt
and the nonwoven fabric of Example 1 sewn in the design of a pair of -
pants comprising a waist drawstring.



area i~s covered uniformy wth fibrils. Collection of fibrils on the mat
conttnues, until there is approximately 0.5 cmthick fibril mat. A w de
disgribution of fibril lengths are obtained, up to 100 mmin |length. Mst
fibril lengths (over 50% are in the range of245 to 20 nm The mat i-s then
transferred to a Carver Press (Fred S. Carver Inc., Menonobnee Falls, W) -
and pressed at a 1000 Ab gublicatibres miehtiohed thesemaboeaate dieneky tjcorpdrétda:| ow
the nelting tenp ! . - The resulti ng nonwoven sheet is -
. removed fromt heqbﬁéélg%?&%%;egﬁegﬁ%bstabl e Disposable D aper A
di sposabl e baby di aperlt 48 dindsirsigodothahitbe | examnles @ndsembegdimearts fdesctbedws .
ghiod'krTFnS' ons |'id8fh éféfcf{qnus}tr_éjlv%&ﬁjrpbgéﬁfBﬁﬁchbrfd)thagﬁfﬂriw:si l‘ho@iﬂiﬂétlibﬁs lop lt he
- il ogram si ze range. es I ensl.ons can nodi fi pProportionately
- for different si z&‘mqu%ppmto&ef%qqe‘%@u?? si"‘ﬁ@ﬁ?f?ﬁr{@rﬁ%e Bﬁﬂ%&é’,‘ %3%@& ai"ig to
- standard practi cearelto Badhcluded .in @pirRGand puiasy wintthis|appticatiors and gcope of 92: 8
pol y(3- hydroxyb r - CN-3c oxyoct anoate) copolyner (prepared as
described in co- gbﬁﬁﬁ%n%ﬁf?%%'on U S. S N , titled Bl ODEGRADABLE
COPOYMERS AND PLASTI C ARTI CLES COVPRI SI NG Bl ODEGRADABLE COPOLYMERS, by
Noda, filed January 28, 1994); width at top and bottom 33 cm notched
inwardly on both sides to a width-at-center of 28.5 cm length 50.2 cm 2.
Topsheet: conprises the nonwoven fabric prepared in Exanple 1; wi dth at
top and bottom 33 cm notched i nwardly on both sides to a wi.dth-at-center
of 28.5 cm length 50.2 cm. 3. Absorbent core: conprises 28.6 g of '
cel l ul ose wood pulp and 4.9 g of absorbent gelling material particles -
(comrerci al pol yacrylate from N ppon Shokubai); 8.4 mmthick,. cal endered;
w dth at top and bottom 28.6 cm notched inwardly at both sides to a
wi dt h-at-center of 10.2 cm length 44.5 cm 4. Elastic | eg bands: four
i ndi vi dual rubber strips (2 per side);



width 4 77 mm length 370 nm thickness 0.178 mm (all the foregoing

di nensions being in the rel axed state). The diaper is prepared in standard
fashi on by positioning the core material covered with the topsheet on the.
backsheet and gluing. The elastic bands (des2§nated "inner" and "outer",
corresponding to the bands closest to, and farthest from the core,
respectively) areWhatds Claicheddsca. 50.2 cm and posi ti oned between the

t opsheet / backsheet al opg egglys gg;lfgc,relg}‘é‘@én 8 I&%,—Mg f%ﬂs Sﬂdiﬁ)oﬁg o}he

.core. The inner bands alo eac are 8
nar r onest 23 wWngre bigd CoF GHPPW@QFMGS‘@EI&@'%P"OF%S
el asti c bank). Thcssrnpnsmgdes a spaC| ng eI enment al ong each side of the

‘nner elastic and the EhOTIEs JERR RTINS By SIS e BlokERiedatie
down along their |ength |fﬁ5lfllﬂfl'§§ln§t§ll’l@d state. The outer bands are

posi tioned ca, 13 mm beflhtl'&Shdl e %ﬂﬁﬁreﬁﬂ%nﬂf&e%%ﬁoﬂ@%eﬁi nfletthgi
|l ength in the stretched state e toEqJ;eet backsheet assenbly i1s flexible,

and the gl ued- down bands OGP sticize the sides of the diaper.
EXAMPLE 10 Conpost abl e nghtmelght Pantiliner A Ilghtmelght pantiliner

suitabl'e for use betvve n n?q%bw)’@écon rc&% ‘F%l’élﬁ%eq’ sor (‘él‘rrolﬁ"%ﬁoﬁf?a

117 cnferr]; SSKair felt arnin nt ge

mat erial particl eBWM thakewtc109 mﬁbl"y‘&ﬂlﬁl ate; N ppon Shokubai); said pad
being interposed between a topsheet according to Exarrpl e 1 and a backsheet
whi ch conprises a 0. 03 nmm

‘pol y(3 hydroxybutyrate co- %Cksg%sﬁ)é)? ﬁli‘ﬂ"e? %ﬁ@'?rﬁgﬁ l"?"l"ﬁl ﬁﬂ%ﬁﬁ%ﬁeas

descri bed i n co- peomprisesipal bdogioaliy. Bodubed , aliphdtied RilyENtSRABABYAthetic
CCPOYNERS AND PLAG, gﬁlgagl%RP SR OCkPBoISUG: CAIEBRF P8 Boblef iErectYa

Noda, filed Januar
lyether; cellulose or a derivative thereof; or a mixture thereof.

4. The process of Claim 3 wherein the liquid resin mixture
comprises a biologically  produced aliphatic polyester; preferably
poly(hydroxybutyrate), poly(hydroxybutyrate-co-hydroxyvalerate) or a
mixture thereof.

5. The biodegradabile fibrils made by the process of Claim 1.

6. The biodegradabile fibrils made by the process of Claim 4.

7. The biodegradable fibrils of Claim 5§ or Claim 6, wherein the
fibrils are from about 2 mm to about 10 mm in length and from about
5 um to about 500 um in diameter.

8. A nonwoven substrate comprising the fibrils of Claim 5.

9. A dispdsable absorbent article comprising a water-
permeable topsheet, an absorbent core, and a water-impermeable

backsheet, wherein the topsheet comprises a nonwoven substrate of
Claim 8.
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EXAMPLE 11 Conpostable Sanitary Napkin A catanenial product in the form of

. a sapitary napkin having two flaps extending outward fromits absorbent
core is prepared using a pad in the manner of Exanple 10 (surface area 117
cnferr]; 8.5 g SSK air felt), per the design2®f U S. Patent 4,687,478, Van
Ti | burg, August 18, 1987. The backsheet and topsheet materials are the sane
as described in Exanplt0.1A textiwrcamprisiaptpesbiggegradiablg fibrilssef Uplaippar el
suitable for mear'@ﬂnQyo§eggﬁpﬂl staff which can be subsequently di sposed
of for biodegradation; sard apparel conprising the nonwoven fabric of
Exanple 1 sewn in the design of a pullover shirt and the nonwoven fabric of
Exanple 1 sewn in the design of a pair of pants conprising a waist '

drawstri ng. 24 Al publications nmentioned hérei nabove are hereby
incorporated in their entirety by reference. It is understood that the
exanpl es and enbodi nents described herein.are for illustrative purposes’
only and.that various nodifications or changes in light thereof will be
suggested to one skilled in the art and are to be included in spirit and
purvi ew of this application and scope of the appended clainms. 25 Wat is

Claimed is: 1. A process for preparing biodegradable fibrils fromone or
mor e bi odegr adabl e honopol yneric or copolymeric resins, said process
conpri'si ng: S : -
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a) fofh1ng aliquidresin mxture by solvatlng the blodegradable resin or

resiwis; and b) introducing the liquid resin mixture to a nonsolvent while
the<nonsol vent is stirred. 2. The process of Caim1 wherein the fibrils
are fromabout 1 mmto about 100 mmin length. 3. The process of Claiml
wherein the liquid resin mxture conprises a biologically produced

al i phatic polyester; a synthetic aliphatic polyester; a polyvinyl al cohol

or a copolymner thereof; a polyether; cellulose or a derivative thereof; or
a mxture thereof. 4. The process of Claim3 wherein the liquid resin

m xture conprises a biologically produced aliphatic polyester; preferably

pol y(hydroxybutyrasv)RRn@% %M@ssgptw%fﬁg gwgwpggm&mnﬂ a

m Xture thereof. 5. r ada rocess of Cl aim

1. 6. The bi odegr adabﬁ" W@U %leo@@w ISINGITHEs. 7.  The
bi odegr adabl e fi bB:oaaGRmBué mBR@.sz@ARAMLGES cdsmpfmsmd;smse from
about 2 nmto about 10 nmin Ienghngﬁgg &ﬁﬁgkggﬁﬂ& err]mto about 500
[err]min dianeter. 8. A nonwove (Y §S|ng the fibrils of
Caim5. 9. A disposable absorbent-article conprising a water- :
per neabl e topsheet, an absorbent core, ter-inperneabl e backsheet,

wherein the topsheet conprises a nonwo rate of C aim8. 26 10. A .
textile conprising the biodegradable fibrils of daim5, daim6 or Caim

7. The present invention relates to- a process for preparing
biodegradable fibrils from one or more biodegradable homopolymeric or
copolymeric resins, the process comprising. a) forming a liquid resin
mixture by solvating the biodegradable resin or resins; and b)
introducing the liquid resin mixture to a nonsolvent while the nonsolvent
is stired. The invention further relates to the biodegradable fibrils
prepared using the processes of the present invention. The invention
further relates to nonwoven fabrics comprising the biodegradabile fibrils
of the present invention. The invention further relates to a disposable
absorbent article comprising & water-permeable topsheet, an absorbent
core, and a water-impermeable backsheet, wherein the topshset

- comprises a nonwoven substrate comprising biodegradabile fibrils of the
- present invention. The present invention further relates to textiles
comprising the biodegradable nonwoven fabrics of the present invention.



