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I ncreasingly expensive landfill space. While sone efforts at recycling
have been 25 nmade, the nature of polyners and the way they are produced
and converted to products limts the nunber of possible recycling

applications. Repeated processing of even pure polymers results in
degradation of material and consequently poor nechani cal properties.
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particular, the present invention relates to the processing of
biodegradable polymers into fibrils, which can be further processed into
nonwovens.
BACKGROUND OF THE INVENTION
20 Polymers find uses in a variety of plastic articles including films,
sheets, fibers, foams, molded articles, adhesives and many other
specialty products. The majority of this plastic material ends up in the
solid waste stream, headed for rapidly vanishing and .increasingly
expensive landfill space. While some efforts at recycling have been
25 made, the nature of polymers and the way they are produced and
converted to products limits the number of possible recycling
applications. Repeated processing of even pure polymers results in
degradation of material and consequently poor mechanical properties.
Different grades of chemically similar plastics (e.g., polyethylenes of
30 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, san'itary napkins,
pantiliners and the like, involve several different types of plastics. In
35 these cases, recycling is particularly costly because of the difficulty in ’
separating the different components. Disposable products of this type |
generally comprise some sort of fluid-pervious topsheet material, an g
absorbent core, and a fluid-impervious backsheet material. Such ;




absor bent core, and a fluid-inpervious backsheet material. Such

-2- absorbent structures are typically prepared using, for exanple,
t opsheet material s prepared from woven, nonwoven, oOr porous .
formed-film pol yet hyl ene or pol ypropyl eng 2tateri al s. Backsheet
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addition, topsheets must possess sufficient properties such as impact
strength, moisture transmission, etc.

25 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

30 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

35 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 articles. In
nartimilar thare is a nead for a biodegradable substrate which is flexible
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m xtures thereof € process conprises for
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solvating the biodegradable resin(s), followed by introduction of the

20 liquid resin mixture to a flow of a gaseous substance. 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.

25 The invention further encompasses a nonwoven fabric comprising
biodegradable fibrils. These fabrics are useful in articles such as
diapers, incontinence articles, sanitary napkins, and the like. Preferred
fabrics comprise biodegradable fibrils prepared by the process of the
present invention.

30 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. Other absorbent
articles according to this invention are those wherein the backsheet is

35 also comprised of biodegradable fibrils. Preferred are those articles
wherein the biodegradable nonwoven component is comprised of fibrils
made according to the processes of the present invention.
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monounsaturated (i.e., one double bond in the chain) or polyunsaturated
(i.e., two or more double bonds in the chain); straight or branched; and
substituted (mono- or poly-) or unsubstituted.

"Alkyl" means a saturated carbon-containing chain which may be
straight or branched; and substituted (mono- or poly-) or unsubstituted.

"Biodegradable" means a material capable of being broken down
into small chemical subunits which can be utilized in the food chain
through naturally acting and/or environmentally safe enzymes, bacteria,
spores and the like. Preferably, the material is capable of being broken
down into water and CO2.

A "biodegradable polymer” is any polymer that is biodegradabile,
as that term is defined herein.

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

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 sc{-eening step. Typically, the polymer shreds will not
pass through the screens if they have retained the size they had
immediately after the shredding step. The compostable materials of the
present invention will have lost enough of their integrity during the



Any desirabl e absorbent core can be utilized with the bi odegr adabl e

fabrics of the present invention to provide absorbent articles within
t he scope of the present invention. Preferred materials useful as the
absorbent core include wood pulp fibers or -wbod pulp 5 fibers in

conbi nation with absorbent gelling material s. The invention
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-5- or more different monomeric units.
"Fibrils" means short, fine fibers. The term fibril is discussed in-
25 detail herein below.
"H'omopo_lymer" and "homopolymeric" mean a polymer consisting
of the same repeating monomeric unit.
"Liquid resin mixture"” is a liquid comprising one or more
biodegradable resins. The term includes a liquid consisting of one
30 Dbiodegradable resin (e.g., PHB).
"Solvating" means forming an aggregate that comprises a solute
ion or molecule with one or more solvent molecules, so as to form a
single phase mixture.
Biodegradable Resins
35 Biodegradable 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
bhiodearadation Resins useful herein may be either biologically or
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d | copolyneric" nean a
pol ynmer consisting of two nonmeric units.
"Fibrils" neans short, fine flbers The tern1f|br| I's discussed in 25
detail herein bel ow. "Honopol y and "honopol yneric" mean a

pol ymer consi sting of the same repeat ng nmononeric unit.
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Bi odegr adabl e Resins 35 rils of the present

i nvention conprise one or radabtn ol yners or copol yners.
The bi odegradabl e resins usef bn i nvention can be any
resin which is capabl e of h|o s ns useful herein may be

either biologically or

(1)

Such polyesters, and methods for their preparation, are described in
U.S. Patent 4,393,167, Holmes et al., issued July 12, 1993 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 fabrics 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, 1990).

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)



-6- synthetically produced. Furthernore, the resins may be either
honmopol yneri ¢ or copolyneric. As used herein, the terns "resin" and

"pol yner" include both honopol yneric and copolynerlc bi odegr adabl e -
pol yners. Furthernore, although stated in théd singular, these terns 5
include a plurality of "resins" and "pol ynmers". Bi-ol ogical ly
produced bi odegr adapblymersicomprisirigideleaist thRiRMUs wharkinethiedirst RERME hasc
exanpl es i ncl ude ¥{rdetiydr oxybutyrate) (PHB), a pol ymer consi sting of
t he mononeric unit having a structure according o Formul a |

[err] and pol y(3-hydroxybutyr pt e- g8- 3- hydro alerate) (PHBV), a
copol yner whi ch has two randomy repqatlng m)ng}y r units (RRMJ) wherein

t he first RRMJ has a structure CHrg(CMK,)HeCrit a (1) and the second
RRMJ has a structure according Formula (II)

[err] Such pol yesters, and net for helr pr ration,

dosctibed in AarelpoRiE 1, G061 1 O2 Rivhoand f iz 1 B 25 S sedic, REMU 1 00
and U. S. Pat effasAh83rusglite Martini et al., issued Novenmber 14, 1989,
bot h of whi ch are incorporated by refefence herein. Because of their
poor film form ng properties, tife prRtesses off 1he present invention
are particularly useful for form n&_ragwo&en L&b Ics fromthese resins.
Copol yners of PHBV are commercially erial Chem cal

| ndustries under the tradenane BI OPOfL. An overview ol BI OPCOL t echnol ogy
I's provided in BUSINESS 2Q00+ (W nter, 19902(. US S N

titled Bl ODEGRADABVIIRrE NERLT 403 gralkgioralkenyl amd shegicatieast508% of of the

Bl ODEGRADABLE cmq,gma trRPSlRuctivd Gine firstRRMUY 28, 1994, whi ch

di scl oses novel met hods f or naklng the

copol ymers, that are aI S-adbs 0F 1r8§yQ2% by N% éﬁg JanMany 25h, 1994, wh
i ncor porat ed hereIdisausésehavelrtsiede@radable/coﬁdmhers armmbtmslfamnﬁﬁﬁ@rthbes

bi odegr adabl e pol y@ﬁ%ﬁﬁﬁé@ h’i’!} %%Iéo |_?é}ful in the present invention, is incorporated
herein by reference. Briefly, that application describes biodegradable
(PHA) copolymers comprising at least two RRMUs wherein the first
RRMU has the structure |

=
CIH-—(CH_Z)n-g

wherein R1 is H or C5 alkyl, and n is 1 or 2; the second RRMU has the

- structure
(I?
O—-CH—C H,—C

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



-7- éopol ymers corrprisi ng at |least two RRMJs wherein the first RRWMJ has

the structure [err] wherein R err] is H,
or CJerr] or CJerr] alkyl, and nis 1 or 2; the second RRMJU has the .
structure [err] wherein Rlerr] is a

Cerr]-Cerr] alkyl or alkenyl; and wherein at Ieast 50% of the RRMJUs have
the structure of the first RRMJ 4S. N 189, 029, by Noda, filed
January 28, 1994, which disc] oses no*el egradq | ¢ copol yners, and

met hods for naking the copol yners, ul in the present
I nvention, is incorporated herein by reference Brieflly, that application

whor ein the 119t SRS EeorH SOHP e b siUeRlres! 1o &t Teast tuo Iy

wherein R err] is Hor (err] alkyl, [and G:|3I-|I7s 1 orQ2;] the second RRMU has
the structure O—CHrr [er] and wherein at | east
50% of the RRMUs have the structure ¢f tl'fe NATE US S N

08/ 188, 271, by Noda, filed January 2& 1994, mhrch di'scl oses bi odegr adabl e

copol ymers that arwhereiro atdeast 50% idficther RRMUs ihaventheostructuré nsfothHeo fipdted
herein by ref er engep [Vﬁji efly, that application describes bi odegradabl e
copol yners, wherein € copol yners conprise at |east two RRMJs wherein the
first RRMU nonomer unit ﬂr@g bieglegradable resins useful in the present invention

include synthetically produced resins. Such synthetically produced
resins include aliphatic polyesters, which, along with the methods for
making such resins, are known in the art. Examples of such synthetic
polyester resins inciude polylactide (PL), which has a structure
according to Formula lil; polydioxanone (PDO), which has a structure
according to Formula IV; and polycaprolactoné (PCL), which has a
structure according to Formula V. These resins are described in World
Patent Publication No. WO 80/01521, 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 which are incorporated
by reference herein.

CHs O
0—CH—C ‘{OCH2CHZOCH204' ‘POJ(CHZ }‘

{1)) (V)

Still other resins useful in the present invention are polyvinyl
alcohols and their copolymers. A preferred polyviny! alcohol copolymer
is the copolymer of ethylene and vinyl alcohol, which has two RRMU
wherein the first RRMU has the structure

‘P’C H—C Hz%

and the second RRMU has the structure

(I)H
Lol




structure - 8-

[err] and the second RRMU has the structure [err] wherein at | east 50%
of the RRMJs have the structure of the first RRMU. O her bi odegr adahl e
resins useful in the present invention includ® synthetically produced
resins. Such synthetically produced resins include aliphatic polyesters,

whi ch, along with the rﬁzﬁlﬁ@ﬂiﬁl‘f biodegradaple wesing dssefid, inathe rresent iimvertionar t .
Exanpl es of such t ' al Vi Elhacl B8] j dkitee agdyd i ch
has a structure aiécfceir giweq.t‘%}glzo??ujl §s| Flgl;y@%ml |oxangﬂgrj QP%§gerﬁ§)ﬂg%d ht\gg a
structure accordi rRPYSN¥ Fy§°)\/3"’héﬁrti's;ﬁ§$‘$?5’§ﬁ PR BCL), which has a
structure accordi ng to Amnotimel biddegradabler essimusafid idether piesent invémtion is

ol U pat orpoikiostD it b cenpilles” "SRRI i colldibe koRlehe T

ENCYCLOPEDI A OF Pceeiiinseresins-ansmetiodsfermakingsthesmdanegyvell kpowpoin the  pp
220-243 (1983); alart.ofSeé, ely. AERCYOCOFEMIA BreHoDMER SSIENTECANTS IENGINEERING |

and thei 1 copolyneseond Eplioy VL 4B TR B TRRA0 “Lo Lt e Vs the

copol yner of ethyl ene ahie biogegratigbleotesing,iingluding those destrived specificaily

first RRMJ hasd heasdvd!Ghdy e used together to make a polymer blérid," Where said
blend is then used to prepare biodegradable fibrils. Furthermore, as
indicated, one or more of the resins used to form the polymer blend may
be a copolymer. Such blends include, for example: the combination of
two polymers selected from the same type of polymer (for example, two

15 biologically produced polyesters) and the combination of polymers
selected from two or more different types of polymers (for example, a
biologically produced polyester and a polyvinyl alcohol). While nat
exhaustive, the following are preferred combinations of polymers useful
in preparing the biodegradable fibrils of the present invention: PCL and

20 PHB; PCL and PHBV; PHBV and PHB; PHBV and PEO; and PHB and
PEO. |
Processes of the Present Invention .

‘The processes of the present invention are useful for forming
biodegradable fibrils. The processes are particularly useful for making

25 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 polymer or
copolymers comprising hydroxybutyrate comonomer units.

30 The processes of the present invention use a flow of a gaseous
substance to prepare biodegradable fibrils. In particular, the process
involves preparing biodegradable fibrils from one or more biodegradable
homopolymeric or copolymeric resins, the process comprising: a)
forming a liquid resin mixture by melting or solvating the biodegradable

35 resin or resins; and b) introducing the liquid resin mixture to a flow of a
gaseous substance. Preferred are those processes where the resin
mixture is placed in the liquid state by melting.



and the second RRMU has the structure oH
[err] -9- Still

ot her bi odegradabl e resins useful in the present invention are .
pol yet hers, such as pol yet hyl eneoxi de (PEO- @glso referred to

pol yet hyl enegl ycol ), which is also well known in the art.

Anot her bi odegr adabl e "hien stepilbf the ploceps da@Nes medting the resing to ¢eim &l ose

esins. and et hodBuich O RIS, bile SKiied RS aRbfsciatps maPany shitfie,
e.g., ENCYCLOPED mensarhgairgoranbe utilizeeNAIheErssings) should Bedwated=th &i on,

Vol . 3, pp 181- ZOQe&bagé‘lhre sufficient to liquiefy i?ieot‘é%ﬁ'{saw|r@t ) Iaﬁel Wﬁéﬂe“lﬂbng
t hose descri be ecl fica

10
pol ymer bl end, V\thﬁ"@alV&'h ydemm%gvlecg {‘ﬁéﬁ 8°‘t‘8r g’@b&ﬁ ﬁo%&ﬁf&&bl e -
fibrils. Further nusignifieantly. Accm'dmgi)edthe)memperatnnee us’édttoenneisltm resgs to

form the pol ymer by d@&g the rQ%’inQ ﬁé’iﬁg UtifiZed. S“ﬁbfgal#r}g ?érﬂgéran{r%r

exanpl e: the conbination o mers_sel ecte

of polymer (for e-&hemed beifpmiaboy; Q)W&g abawt 30°¢ shgqvedh ﬁd\"?‘@@geﬁ%ot ‘éfn@et he
conbi nati on of polpeskrisaving the hightise theltimgTpbing  Mostpreferhibly,@he témpyitsreof

ol vyl at cdfor ereify Pe fram 4ol K88 ad 20 BN RR g NInf ot e o
conbi nati ons of po‘eywelnavmgélmhlghest melthgpquatl ng the bi odegradable fibrils
of the present inventi aneRCuepnd) & ih Fgrgkﬁoc@g.wugﬁ%aPhgvhewsﬁkg toPHBY

and PEQ and PHB and ocess Pr esen nve

The processes of tIREMA @QHP?F"?%Q&\'N%H- QF‘E |n af‘o??ﬁrﬁﬁ'ates that any
bi odegradabl e fi bréuitabld mesmio fors solvation ¢art bec used. yTheeépﬂrofmaterradnveg 25

bolyesters. e “§ec.%}%‘§*§ﬁr§§‘§%% P! et SHEHs ofthiaroMbidy 1¥a HIGRIECSH rosins
hydr oxybut yr at e coaferdses), and must inoary Be¥entsRot causepderampasition ef thestesins
useful for making jddy i 'Fereféi‘ﬁ!d QSIV@HEs friIRde, I6r %ﬁ?ﬂ& YERSroform, methylene

copol ynmers conpris dr ox but e conononmer un

processes of '[rﬁe p‘?'gg"éa P HF1 Q@eg‘ﬁq%vP@Pylﬁnﬁa@gegate an%ﬁigyf?ﬂ?ce
to prepare bi odegreatbbhate.i brParticular pépréieuwldararet lohlgroforessand  methylerieves
prepari ng bi odgaradablige i ! ggﬁ,ggpg AR Brd B~ vt P R Sana are not

honopol yreri ¢ “or coge roce I'ST n
formng a liquid rigtended '&Othmé ths seepe pﬁgweosolgemts Sr;};{j ip tae prmge&afamee
present invention.
Regardless of which method of liquefication is employed in step
a), any of a.variety of additives may be included when forming the liquid

25 resin mixture. Such additives include plasticizers, nucieating agents,
binders, fillers, coloring agents and agents that will render the resulting
fibrils hydrophobic (for example, where the fibrils will be used to form a
topsheet for an absorbent article) or hydrophilic. Suitable nucleating
agents include, but are not limited to, boron nitride and taic. Suitable

30 binders include, but are not limited to, natural rubber, synthetic rubber,
and PCL. Suitable fillers include, but are not limited to, TiO2, carbon
black and calcium carbonate. Hydrophobic agents include any of those
recognized in the absorbent articles field, such as silicone and lower
alkyl silicone halides.

35 Those skilled in the art will recognize that various means for
introducing the liquid resin mixture can be employed. For example, the
resin(s) 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



35 resin or resins; and b) introducing the liquid resin mxture to a flow
of a gaseous substance. Preferred are those processes where the resin
m xture is placed in the liquid state by nelting.

- 10 - Wen step a) of the process, i nvol ves nelting the resins
to forma liquid resin m xture, one skllled In the art appreciates

Shoul d be heat od t 4nder Wﬁ?‘*"‘*"é’é’r@?&%"aﬂ ““‘“*'TW“@%“EE%J%&;"
but not to a |evel aﬁﬁ%‘r@et% eF'é@% Qi fi r‘U@ES’&F‘pr @gﬂ'ﬁ%ﬁ fib

wei ghlt Wi Ihl decr eaet the fibslsgpréparadt | YSuchc eonditiogs Vincluble, tfenexa em&ed
the temperature | ViscerbrPhHE R mikErd FSyf Ind SphA pyéw%&%bé‘rveﬁy? WP g
point of the 5 Felevanthadndghendiamelercof theorifing theough whish the bnuefied v,
the tenperature lomlﬁhwhsﬂurhmaucea\ a‘h@é”hqéi@[r%fri nﬁ;&u@&%remhsr 'thirodlces

the nelting point of

t he hi t | t
When step a) of th8SH 58@99”?“%(#@@9" 3’?)' EF y 'hg &%é’l"???) tlilg%\eQer of fiorn a
i quid resin m xtuabpub@d mki td aboutS mim. Mareapxpfemmchsamerbahe arifice has a
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present | nvent .moﬁ bEerfifi3pEd°THg “é'“??’m"é o1 el is plefel i e quef R on
is enployed in 154 eﬂ.he temperatyrg, | f"'&'%a?'ie@@ br lessqithan 12076y petill neoreied
when form ng the | peeferredSis wherentha z@mpaanﬁuw fmiﬂldUMEQOPDleabbut 90°C.

| asticizers, nucl n | r S agent s, and
ggents that will g@#&r%ﬁgﬁgiuﬁ valaen% '}HS BFl I% %d?Bé‘%&‘ﬁ?%teg'f O&%B ent
exanpl e, where t hetempewaturam I Exampuseof tgasaarﬂnaa can bet uperhdnt theopresent
absorbent article) § céﬁéééomlddéNﬁ% ¥ @ird Bt gteam, F&gféeﬁ iditide,
v

but are not linmte boron nitri
Unel ade. but | af® HEUrERTOES 8y recegniaed ms%%for cg?ﬁfm‘?vec QW BE&RS Can be 4

PCL. Suitable fill esedifocintaucing thergaseots buhsth_adet o, Ti @2, carbon
DL ack a0 oal el um oo boRtiEcoPionE iid, R e v 6 o888 hhBaaRL wi
affect the characteristics of the resulting biodegradable fibrils of the
present invention. For example, where a nozzle is used for introducing
25 the gas, the orifice size and gas pressure will affect the characteristics
of the fibrils. Those skilled in the art recognize that such conditions will
vary depending on, for example, the resins used, the method of
liquefication used in step a) of the process, and the angle at which the
flow of gas is introduced relative to the flow of the liquefied resin
30 mixture. Preferred processes are those where a nozzle having a
diameter of from about 1 mm to about 10 mm is used. More preferred is
where the nozzle has a diameter of from about 2 mm to about 6 mm.
Most preferred is where the nozzie has a diameter of from about 4 mm
to about 5§ mm. Preferred processes are those where the flow of the
35 gaseous substance is introduced at a pressure of from about 10 to
about 200 pounds per square inch (psi). More preferred is where the
pressure is from about 25 to about 100 psi. Most preferred is where the
oressure is from about 30 to about 60 osi.



al kyl silicone halides. 35 Those skilled in the art will recognize

that various neans for I ntroducing the liquid resin m xture can be
enpl oyed. For exanple, the resin(s) can be introduced through an «
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introduced will  subsifztes;whibl caRPerGsed inSdbstrbént drficles stih astiapers and
bi odegr adabl e fi briq ﬁ{ of t he present invention. For exanple, where a

nozzle is used for 'ﬁgodum ng 25 the gas, the orifice size and gas
pressure will affect thin ahathectembediment of thegiresert invention . theHibrils and | ed

in the art recggni ﬁé‘n\ila\gén ?%Er*bs"%'%@ﬁﬁb?d‘%é%i’n are usefil'if SERSGRAY U @hilef O

exanpl e, the resins use %Fe I cation u? in step a)
of the process, anaPPliratigngy «Sueh amplications include; fer examples clathing; (ipg0sed

relatlvetotheflmwe)§ m;mswwﬁefsesm 30 mxture. Preferred
processes are thos [L45ha zl.e having a di aneter of from about 1
mmto about 10 mm eferred is where the nozzle has a
di aneter of from about Themfibdlsabefutthe present invention, which comprise any

25 biodegradable polymeric resin or resins, are made according to the
processes of the present invention. Examples of resins useful in the
present invention are discussed in detail above. The fibrils preferably
comprise PHB or PHBV.

The fibrils of the present invention are preferably from about 0.5

30 mm to about 100 mm in length. More preferred are from about 1 mm to
about 50 mm in length. Most preferred are fibrils having a length of from
about 2 mm to about 10 mm. The fibrils of the present invention are
preferably from about 1um to about 500 um in diameter. More preferred
are fibrils having a diameter of from about 1um to about 200 um. Still

35 more preferred are fibrils from about 5 um to about 50 um in diameter.

The preferred ranges listed refer to the fibrils of the invention
generally. Preferred fibril dimensions will depend upon the polymeric



Most preferred is where the nozzle has a dianeter of from about 4 nm

to about 5 nm Preferred processes are those where the flow of the 35 -
gaseous substance is introduced at a pressure of fromabout 10 to -
about 200 pounds per square inch (psi). Mre preferred is where the
pressure is fromabout 25 to about 100 psi.-M3st preferred is where the

Dressure is from glgis @’tﬂlzrea ﬂ@ﬂbeéﬁ%@%cess employed and the desired end.use
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di apers and éérﬁﬁxresz) that will cause'élb dsMiorPOPPR! %Bégﬂdab@rééﬁ@e”t
i nvention, the fi br|I a nonwoven cs de crib are usef ul
in a variety of te¥$§9-e %ﬁﬁ?ﬂ?ﬁ?‘?‘ﬁn? GIENGEE WD | ENGINGERINGo(

exanpl e, cl ot hi ng, SécmmEdltlon Vol. CR/)Eﬁ;SMWBBE(ﬂ 983) aRdr examples; fibrils may be

Bi odegr adabl e Fi br r t,]
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according to the AddltlpnabteGB% GﬂntW@npmmﬂffqrmeéntmoﬁfeﬁ(amﬂﬂ%sdeﬂred
resins useful in tRenwoven fdpeNt i nvention are discussed in detail above.
The fibrils preferably conprise PHB or ,PHB fibrils
of the present?9 nventi oﬁhﬁr@rﬁ§&fe&‘§bp?sﬁﬂbdv ion 8re; ggperafiy Fgo’éﬁ'bgtﬂarloo
mmin | ength. Mrecpmeaintionatl fibees fusedh imbfabiricimakingo Accordiaglyytif @dditionah

length. Mst prefepredsging df the! fibtild' &Y ghe & fohWeEn $hbfié 'desired, preferred
is the use of modified paper making techniques. For example, after
initial formation, the biodegradable fibrils may be continuously dispersed

25 in alarge volume of a nonsolvent (e.g. water) and collected on a moving
endless wire screen. Once the nonwoven fabric is coliected 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).

30 Importantly, a nonwoven fabric of the present invention may
comprise biodegradable fibrils made from different resin mixtures. That
is, two or more types of fibril, each made using the processes of the
present invention, may be combined to form a single nonwoven fabric.
While the distinct fibrils will be prepared using the processes of the

35 present invention, the fibrils will subsequently be combined using, for
example, the modified péper making techniques described herein.

Furthermore, during the formation of nonwoven fabrics, it is
nnecibla to combine with the biodegradable fibrils of the present



about 2 mmto about 10 nm The fibrils of the present invention are
preferably fromabout 1 [err]mto about 500 [err]min diameter. Mre

preferred are fibrils having a dianmeter of fromabout 1 [errJmto
about 200 [err]m Still 35 nore preferred are fibrils fromabout 5 [err]m
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in general, the liquid pervious topsheet is combined with a liquid

25 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

absorbent core and elastic members may be assembled in a variety of

well known configurations, a preferred diaper configuration is described

30 generally in U.S. Patent 3,860,003, entitled "Contractible Side Portion

for Disposable Diaper” which issued to Kenneth B. Buell on January 14,

1975. The backsheet can be prepared from either biodegradable or

nonbiodegrédable materials. Examples of nonbiodegradable

backsheets are those made from polypropylene and polyethylene.

35 Examples of biodegradablé backsheets are those described in co-

pending applications U.S.S.N. __, titled BIODEGRADABLE COPOYMERS AND

PLASTIC ARTICLES COMPRISING BIODEGRADABLE COPOLYMERS; U.S.S.N.

NR/188 271- and U.S.S.N. 08/189,029; all filed by Noda on January 28,



Is, two or nore types of fibril, each made using the processes of the
present invention, nmay be conbined to forma single nonwven fabric.

VWhile the distinct fibrils will be prepared using the processes of the 35
present invention, the fibrils wll subsequent | y be conbi ned using, for
exanpl e, the nodi fi ed paper meking techni qu‘és1 descri bed herein.
Furthernore, durintP9%e Toenhance compostatilitgn pfefbrredsabsdrbest articlespef ! e

to conbine with tkﬁe?éﬂ@ﬁﬂéﬁ@&?kﬁm@b?é 'd ﬁo&égrralaSPfHE%ur heet.

- 14 - i nventl on e or i bers, such as
pol ysaccharides and pol {3 Gfé%heet'lfﬁﬁ“-'fqrﬂ@)ff$Qﬁ'fQ%m€f andenon-fsitating to the

i n?/ent i gn c?{\ be ocwedrensdskin,twhiteat theosameairé Heims E:émp‘é'st‘dbléls Aﬁ%ﬁgcgrexgl

ulp and cotto s
ﬁat Er ally occu;grl ﬁé Pﬁtgges?{segéa&%g% gyn‘?"ﬁﬁﬁﬁst ﬂ’ ?Fﬂc’ﬁg?%rﬁgﬁgpofbﬁﬁ% Hr géeent
invention using, fRieserRkinvestionheFyaher, -theitopsheatcisniiquidpeiviouss permitting
above. Hwa@qadlr@amg/ aeneirhté tﬁ&sh h@r tmemé&%ent P¥éft Bly, the

strength to the lc,an rtleso

fabric. Both 10 a@ﬁ@g?gle aﬁaaﬁ?ugcw&i'ﬁl%ﬁygrﬁ@g' cf°f'§?'afﬂJH'éﬁ MWEARPESi n
the fabric. I\&lmmmmqumsmuithgabsm'beaswrbe engagerrent of fibrils by

frictional = o forces.p agi b thBNoRLRGet Fad G YeR Sbrily i Harfi HndutfE 1"

i.e. forrratlon of etween bin
Absorbent Articl esafout 2 glm anelr\tmywo@ram dengileostrength nftatdeast alboutrdno

present invention gicm irf %@ rhachife diettioRE BB vet! M6 trerdfth BISAY faast
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in a variety of V\f?_ con| ura
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"Contractibl e Si demBanéisueh 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

25 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
on the wearer. The tape tab fasteners can be any of those well known in
the art, such as the fastening tape disclosed in U.S. Patent 3,848,594

30 issued to Kenneth B. Buell on November 19, 1974. These tape tab
fasteners or other diaper fastening means are typically applied near the
comers of the diaper. :

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

35 the elastic members tend to draw and hold the diaper against the legs of
the wearer. The elastic members are secured to the diaper in a
contractible condition so that in a normally unrestrained configuration
the elastic members effectively contract or gather the diaper. The



for Di sposabl e Di aper” which issued to Kenneth B. Buell on January 14,
1975. The backsheet can be prepared fromeither biodegradable or

nonbi odegr adabl e nmateri al s. Exanpl es of nonbi odegradabl e .
backsheets are those nade from pol ypropyl ene and pol yethyl ene. 35 Exanples
of bi odegradabl e backsheets are those descrited in co- pendi ng
applications U S. $iiktic members!c@d td SEEFBAR Tl C

ARTI CLES COMPRI SI NG B CPE Y ;
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25 A preferred embodiment of the diaper has an hour-glass shaped
absorbent core. The absorbent core is preferably an absorbent member
comprising a web or batt of airfelt, wood pulp fibers, and/or a particulate
absorbent polymeric composition disposed therein.

Other examples of absorbent articles according to the present

30 invention are sanitary napkins designed to receive and contain vaginal
discharges such as menses. Disposable sanitary napkins are designed
to be held adjacent to the human body through the agency of a garment,
such as an undergarment or a panty or by a specially designed belt.
Examples of the kinds of sanitary napkins to which the present invention

35 is reédily adapted are shown in U._S. Patent 4,687,478, entitled "Shaped
Sanitary Napkin With Flaps" which issued to Kees J. Van Tilburg on
August 18, 1987, and in U.S. Patent 4,589,876, entitled "Sanitary
Naokin" which issued to Kees J. Van Tilburg on May 20, 1986. It will be



30 issued to Kenneth B. Buell on Novenber 19, 1974. These tape tab
fasteners or other diaper fastening neans are typically applied near the
corners of the diaper. Preferred di apers have el astic nenbers
di sposed adj acent the peri phery of the diaper, preferably al ong each

| ongi t udi nal edge so that 35 the elastic nenbers tend to draw and hold the
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shoul d, however, be 0 | | t | L qui d | kng far
the intended use of theTh(é %Léggbﬁgr‘% ‘%F%%}?I g’%gb%?%é %%Fgﬁp%géj& qqﬁ%?ﬂ& ze
and absor bent capadiofy ths nonwovendabriesohthe present iaventiony Thusidbertesties e
wear ers rangi ngof r il comprisef 8§t pfiﬁfé?*'%'atéﬂﬂl bﬁlé/ the biodegradaﬁlé)h%%(réqi_he

embodi nent of t_he S#g'foer“g‘as l_ane Qur - as.s shape abso_rbent core.
absorbent core is GPLHPPrERSLOYE nmenber conprising a vieb or
batt of airfelt, wood p&ltermatively thetebtibes of tharpresemtiheention carbise phepdred
pol ymeric conposi t ignedthBipfiss Bidddgr&ddble fibrils of the present invention with other
fibers, preferably biodegradable fibers such as cotton, rayon, hemp,

25 wool, and silk, to form fabrics, threads or yams. The textiles can be
prepared by using known methods for making textile articles. Such
methods are described in KIRK-OTHMER ENCYCLOPEDIA OF CHEMICAL
TECHNOLOGY, 3rd edition, Vol. 22, pp 762-768 (1986), which is
incorporated by reference herein.

30 Regardiess of the method of preparation, the textiles of the
present invention are far ranging in their application areas. Such
applications include, for example, apparel, bedding sheets, upholstery,
carpeting, wall covering, tire reinforcement, tenting, filter media,
conveyor belts and insulation. The textiles of the present invention are

35 biodegradable and/or compostable to a greater extent than conventional
textiles known in the art.



Ot her exanpl es of absorbent articles according to the present 30 invention
are sanitary napkins designed to receive and contain vagi nal

di scharges such as nenses. Disposable sanitary napkins are designed ~to
be hel d adjacent to the human body through the agency of a garnent,

such as an undergarnment or a panty or by a-sl8eeially designed belt.

Exanpl es of the kinds of sanitary napki rEXAMP\!\.'E 1:h the present invention 35
is readily adapted are shq 478 tled ' Shaped
Sanitary Napkin Wth Fl apsioG#s :
August 18, 1987, and in U. SPdbs
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for making textile articles. Such ek ppe described in Kl RK- OTHVER

ENCYCLOPEDI A OF CHEM CAL , .
Process for Making a Nonwoven Comprisin

Poly(e-caprolactone)

25 Poly(e-caprolactone) resin (TONE P787, Union Carbide, Danbury
CT) is extruded by using a twin-screw extruder (HAAKE SYSTEM 80,
Haake, Paramus NJ) equipped with a Capillary Die with 0.5 mm
diameter. The resin is supplied to the extruder in pellet form. The
extruder speed is set to 3.0 rpm and the extrusion temperature is set to

30 240°C. The extrudate coming out of the exiting port of the extruder die
is allowed to flow down vertically in air without any support for about 50
cm to attain steady thin continuous strand of molten resin before being
subjected to a sudden jet flow of air. The air jet is supplied by
connecting a nozzle with a diameter of 3.2 mm attached to a

35 compressed air source with 80-psi pressure. The air jet applied to the
downward free flow of molten resin produces a rapid steady horizontal
stream of fine highly elongated fibrils having a diameter of from about 10
to 100 pm and a length from about 5 to 50 mm. The fibrils are collected




FECHNOLOGY, 3rd edition, Vol. 22, pp 762-768 (1986), which is

I ncorporated by reference herein. 30 Regardl ess of the nethod of
preparation, the textiles of the present invention are far ranging in
their application areas. Such applicatil®ns include, for exanple,
apparel, beddi ng sheets, uphol stery, carpeting, wall coveri tire

ng
rei nforcenent, tenl®ifo arGqntiguons dioawoven fabif, QW meshissreanilocatad abown.
The textiles of tlgempivwagfiom theepsinbwherethdtair jet iigspliedabl e and/ or
conpostable to a greater extent than conémﬂ@b textiles known in
the art. - 18 -
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supplied by connecdd ' R{Eg%l »sinl BEfdRY/
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EXAVPLE 2 e'%%'d Sfedtly’ dofhwaf 38ainoek fine Q'%’ﬁ%"?gﬁte&ﬂ?ﬁ"f Jaying a
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P787, dUni ?mbisgme fibnits aye collected) to foraxarcohtidlubys mohwoven fabric ovece
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EXAMPLE 4
Process for Making a Nonwoven Fabric Comprisin
25 Poly(3-hydroxybutyrate-co-3-hydroxyvalerate
A 10%-solution of poly(3-hydroxybutyrate-co-3-hydroxyvalerate)
resin with the comonomer content of 12-mol% hydroxyvalerate
(BIOPOL, ICI, Billingham UK) in chioroform (J. T. Baker, Phillipsberg
. NJ) is produced by dissolving 40 g of resin in 360 g of solvent with
30 stirring and moderate heating. The solution is poured down through a 5-
mL glass pipette with a 3-mm diameter tip to flow vertically in air without
any support for about 5 cm to attain steady thin continuous strand of the
solution before being subjected to a sudden downward jet flow of air.
The air jet is supplied by connecting an air flow nozzle (TRANSVECTOR
35 JET #901D, Vortec Corp., Cincinnati OH) attached to a compressed air
source with 90-psi pressure. The air jet applied parallel to the
downward free flow of the solution instantaneously evaporates the
solvent and produces a rapid steady downward stream of fine highly
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di ameter from abohbw%rhgaliﬁﬁ} £i?w|iﬂ?9@%ﬂ Etti’er Bbelt st&mo atthfh §Qa8§“
The fibrils are cogllected to ma ? ven gover

mesh screen | ocat élanasemnwscﬁra yof then @'Cﬁb %PF@Q I?é' jgcted do a
is applied. sudden downward jet flow of nitrogen.EX¥ié hitraben jet is supphed by

Poly (- hyar oxdbut FPAPECHE S, ol Dby nbefR; GRANSVECTOR JET #9010 Ypriss of

pol y( 3- hydr oxybut erpe- emcmnaydowwtac@edm)a compregsed nitregen Bourcenwitbner
content of 12- ol Eooysirss¥sisree Mé nitrogen jet applied parallel to the downward free

flow of the solution instantaneously evaporates the solvent and
produces a rapid steady downward stream of fine highly elongated fibrils
25 having a diameter of about 10 um and a length from about 3 to 25 mm.
The fibrils are collected to form a continuous nonwoven fabric over a
mesh screen located about 70 cm away from the point where the
nitrogen jet is applied. The resulting nonwoven fabric is heat cured in
an oven at 120°C for 2 hours.
30 EXAMPLE 6
Process for Making a Nonwoven Fabric Comprising
Poly(3-hvdroxybutyrate-co-3-hydroxyvalerate) and Poly(iactic acid
A 5%-solution of a 9:1 resin mixture of poly(3-hydroxybutyrate-co-
3-hydroxyvalerate) with the comonomer content of 5-moi%
35 hydroxyvalerate (BIOPOL, ICI, Billingham UK) and poly(lactic acid)
(Polyscience, Inc. ) in chloroform (J. T. Baker, Phillipsberg NJ) is
produced by dissolving a mixture of 8 g of poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) and 1 g of poly(lactic acid) in 190 g of solvent with



(BloPAL, I1Cl, Billingham UK) in chloroform (J. T. Baker, Phillipsberg

NJ) is produced by dissolving 40 g of resin in 360 g of solvent with 30
stirring and noderate heating. The solution is poured down through a 5-
m. gl ass pipette with a 3-mmdianeter tip to Al ow vertically in air wthout
any support for about 5 cmto attain steady thin continuous strand of the

sol ution before besﬂmgﬁm@mﬂé@@ Redting dqfhedémm&{ﬁ.ﬂ lewrothrétidh a35

The air jet is sup quﬁ t(rg?nﬁ’cblﬁng 03?"{'3@58 @gswm%a%om

JET #901 D, Vortec
source with 90-psi apysuppod. for’abeuhs cmj wtattquplstaad!ymamd:dminubustsltrend of the

downward free f|0W58futiroPie befdra! b@ﬁ\ Sﬁﬁ\/&%%nfd’%lsﬁdagﬁp?&%@%r& nﬁt flow of

sol vent and produces ?‘ st.ead ward_stream O

- 20 - el dng&¥ éqsem bh- _NIIQIE detds Supplied by onmesting 20 ?'élfb}*w\ﬂzzlea
length of from (TRADISVECTOR JET#90TD: ViortetiGarpa Ginéinhhi COSY ét@ghea%a
cont | nuous | C ou cm
cont i nuo ool oA EURBrd R FirBih ShufEs BiCEGRY BRGALRE AR hirfSgeel
EXAMPLE 5 applied mafauels Fbrthﬂakﬂﬁ\ynwaan\ff@ﬁenﬂMbrd!fc thenpsokitian

Pol v( 3- hdeOXybUt yrlﬁétﬁnmeaubwdé%bfé{e%r tﬁeei;olvent and produces a rapid - steady2nd
Polv([err]- cap acl one). o fA |0n % f%& [ esl xtu¥e
of pol y(3- hydr lﬁ'{owléi%aé fthean,oh ﬁ‘?d ?1"@’{ (ﬂ“ﬂ#‘%ﬁﬁ
content of 12- rml ‘Vobetweeﬂn)'achookymaaadatlenglﬁmabduﬁlato&.‘i mmJ e filllis aire

Chl brofortn (3. T, Balaged to for] I Eotiifus W@L?%%@csﬁgﬁ? féetcrreRy o

m xture of 30 g of leeatedsabout 70 Wﬁr@”@b mé e-peink whede dhevaitrogencjet dad 2

g of pol y([err] capipplied! ame rekRitingofiwbvanTabse IsVIeett eréa'xr%hrdva%tQ%°

noder at e heati ytion is poured down through ass
pi pette with aqg nﬁ]&rs'nié?térr tipto flow vertically in air vmthout any

support for about 5 cmto attain steady EXAMPREY continuous strand of the

sol ution before being subj ¢¢hedsd rMaking a N ow of
nitrogen. The nitrogen jet OppT T e0 Dy 20 | ow nozzl e

( TRANSVECTOR JET #901 D, Vortec S DAY E OH) attached to a
conpr essed nltrogen SOUrA 4 0%-sblution of & e@(s-ny @ﬁra'fé)?rﬁlﬁ (BESPALEYCH,

ool 0 Pl ob eSO s . Bk Eoabas: s g
downwar d stream of by disshivifg viOepoofgpoly(B-hydrokybutprate)hinv BOgg sof dsalventewith f
about 10 [err]m andtifidg B Mmdd&tatehéating3 Frie Solutioh is poured down through a 5-
mL glass pipette with a 3-mm diameter tip to flow vertically in air without
any support for about 5§ cm to attain steady thin continuous strand of the
25 solution before being subjected to a sudden downward jet flow of
nitrogen. The nitrogen jet is supplied by connecting a nozzle with a
diameter of 3.2 mm attached to a compressed air source with 80-psi
pressure. The nitrogen jet applied to the downward free flow of molten
resin instantaneously evaporates the solvent and produces a rapid
30 steady horizontal stream of fine highly elongated fibrils having a
diameter about 10 um and a length from about 3 to 25 mm. The fibrils
are coliected to form a continuous nonwoven fabric over a mesh screen
located about 2 m away from the point where the nitrogen jet is applied.
The resulting nonwoven fabric is heat cured in an oven at 120°C for 1
35 hour.




The fibrils are collected to form a conti nuous nonwoven fabric over a

mesh screen | ocated about 70 cm away fromthe point where the nitrogen
jet is applied. The resulting nonwoven fabric is heat cured in an oven
at 120[err]C for 2 hours. 30 - 22 - EXAMPLE 6

Process for Making a Nonwoven Fabric Conpri sing

Pol y( 3- hydr oxybut yr at e- co- 3- hydr oxyval ergD@)M;ang gDOI y(lactic acid)

A 5% solution of a 9:1 resin m xt f Xybut yrat e- co-
3-hydroxyval erate) with the cononéHe ~Ro1%5-35 hydroxyval erate
(BIOPQAL, 1Cl, Billinghaindisgosabie paby(dlaﬂnrlar:cacdldg; to thns iGveritipads greparednc .

) in chloroform (Jag %lloﬁ%ker he E”rhéh i8A %féd\gr)e fo?a diap erﬁhgﬁ%ﬂ%PMse with

di ssol ving a m_xt urehqd ﬂ’l g@ I{{ drox h%gco- -

hydr oxyval er at 8) ahfMidginofne &- a%'?ﬁ)raf‘ﬂ 19 s@fdimgNSions Gan ke

- 21 - sti rrmoglfedd pmpertairmtéiyatfomgdaffé’i'mtssizet | ehiidren, pour &t vl
through a 5- ﬁ%ﬁ‘% t tipto flow
vertically in air Hk?ho bl Scc‘ﬂraﬂlgatgas‘rtor a cmto attain steady
thin continuous strand bf Bagksh eet 1 @#%@m@%@m@stmpfemlwhvter@
suddent downward j e(hsfdesanbéd ih U.S. leaQémrNo T@esonoosom%ggtli%nw «;mpigg%by
connecting an air rre rp

Ci ncinnati OH) %at té%%gd%ﬁ s mgonyﬁﬁ%’“@'sggrg rﬁyr E@fgﬁe@&rr yéa{ % |
pressure. The ni trlmgtmmjaﬁ cm notahed iimstagdly @nl botht sndeheto@mdth@-den@ éfl ow
of the solution asldgﬁ; R&NSEY evaporates the solvent and produces a

rapi d steady 10 ownvvar ream 0 fine highly elongated fibrils having a
di anet er bet ween Rsheet:m sempsisesntiie nonwavapofabrie peepasednin The
fibrils are chérﬂpleefﬂ widthoattop anatbdtwwsmenmwmﬁahwaﬁdlpw béthmesh

"o " appli %ﬂe@%@%Ml&@%ﬁ%ﬁﬁgﬁ%ﬁﬁ&%&hﬁ@?ﬁﬁ ed in an oven at
120[err] 15 C for 1 hodwr Absorbent core: comprises 28.6 g of cellulose wBod\BulE and

Process for Makingg I,
Pol v( 3- hydr oxvbut ylrat %l;way%ﬁp de‘ﬁm%o s%ﬁét}tfnﬂaowc%F (gommerc:al polyacrylate

pol y( 3- hydr oxybut ipRan Shakubei_ 8. (!‘T'm thick, gealenderedimwisth attop and
chl ](c)r of ?)r m?)(}J1 Toxmhfm 288idh; nehhed;?&?gcrlg:gw;sﬁws to a;{i?tpﬁtﬁﬁﬂ;enﬁdm 10
?mger g?eygeat ?’ir% ﬁg %‘é‘ﬁéﬁé%&%o%gw ed down through a 5- g mL gl ass
pi pette with a 3-nm di afetilastic jeg dandsy feur individug rubber istrigist (Boper 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
25 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
30 bands along each side are positioned ca. 55 mm from the narrowest
width of the core (measured from the inner edge of the elastic bank).
This provides a spacing element along each side of the diaper
comprising the flexible topsheet/backsheet material between the inner
elastic and the curved edge of the core. The inner bands are glued
35 down along their length in the stretched state. The outer bands are
positioned ca. 13 mm from the inner bands, and are glued down along
their length in the stretched state. The topsheet/backsheet assembly is



any support for about 5 cmto attain steady thin continuous strand of the
25 solution before being subjected to a sudden downward jet flow of
nitrogen. The nitrogen jet is supplied by connecting a nozzle with a .
dianmeter of 3.2 mmattached to a conpressed 28 + source w th 80-psi
pressure. The nitrogen jet applied to the downward free flow of nolten
resi n i nst ant aneoufiéxibley apditie ghuedrdown baads canttagtrtoclasticize thepside8 0f the
st eady hori zont al ifapg m of .fine highly elongated fibrils having a
di anet er about 10 ?e r'mand a length fromabout 3 to 25 nm The fibrils
are collected to forma continuous nonwoReMMBIEESc over a mesh screen

n

| ocat ed abput 2 m away from t hga Oembbstabiy Eightweithi Pastilimeret 1 s appli ed.
;Qe Lgﬁ;"_ ting nonwoven habehudish Bahtifint® Suitdo" 8Y s agaq%%gLSf Mlenstdb 1
EXAMPLE 8 periods comprises a @adp(strtace carbaspbé aime SSKpair felt 3.0 g)
A di sposabl e baby g ; r gi F d ' TN ;
follows. The di neng?lgﬁgﬁ??g?g ea@ga giﬁghgiggawwéggﬁ IZEQP%‘;%T\A erl{mgi; a
child in the 610 RPWBERIAIEs RiRpon, Shiokubsidssai; Rash bREI: nteposed between a
modi fi ed proporti otopsbegt Bocordirlg to Exampled amd ladbacksheet whictadohiprises a

I nconti nence | ef ' g;e@ﬁ!ﬂ actice. 1.
Backsheet: 0.0 d0 68%@%@??@8 nsi s?lir‘%ﬁﬁ]ﬁ' yet hyl ene (as

of pol
described in U S. Patent No. 3,860, 003, E?bﬂuary 14, 1974 to 10

Buel I, which is incorporated herei QoRposbis S8ARary Naskih at top and
bottom 33 cm notched inpwardly on Do sides_to a w -at-center of
28.5 cm |ength 50.2 Cchatam%mal pmﬁd'&g%mg’faﬁ?%%@ ‘ﬂg'wmn

fabri g I pr epa[) ed i nflaps extending wtw,ard/ifmnaabswpeahdmtmistprep&%dwsing(ﬁpdméd
: 1 . : ol _
3 Absor bent chy e: Mt SANbPoEERLAPIE 8 (R bred 1 B (88K wiPYerg, O

of absorbent gel | i REF the design of4.6; Patent468hH4r8i Hﬁnﬂa&d&r@m&ﬁé 18, 1987y om

Ni ppon Shokubai); ¥hé paeksheék andXopsRestchatetiié laratthbOsare ths descrittéd N
28.6 cnm notched :Ta/grrngllé/gat both sides to a width-at-center of 20 10.2

cm length 44.5 ¢ 4. Elastic |eg bands: four individual rubber
strips (2 per side); wi dth 4.77 nm EKAMRLE 370 nm t hi ckness 0.178 nm

(all the foreggyng _di Tengeans: e E8mbBstaBfe NEh@SGEN ERBHE) -
The diaper is prepared [n stam -
The fabric of Example 1 is collected on a cardboard mat. The

mat is moved in a fashion so that a 10 cm x 10 cm area is covered
uniformly with fibrils. Collection of fibrils on the mat continues, until
there is approximately 0.5 em thick fibril mat. A wide distribution of fibril
25 lengths are obtained, up to 100 mm in length. Most fibril lengths (over
50%) are in the range of 5 to 20 mm. The mat is then transferred to a
Carver Press (Fred S. Carver Inc., Menomonee Falls, WI) and pressed
at a 1000 Ib force for 10 minutes at temperature 5°C below the melting
temperature of the PHBV. The resulting nonwoven sheet is removed
30 from the press.
EXAMPLE 12
Compostable Disposable Diaper
A disposable baby diaper according to this invention is prepared
as follows. The dimensions listed are for a diaper intended for use with
35 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.



25 ciore material covered with the topsheet on the backsheet and gl uing.
The el astic bands (designated "inner" and "outer”, corresponding to

t he bands closest to, and farthest from the core, respectively) are -
stretched to ca. 50.2 cm and positioned bet n_the topsheet/backsheet

al ong each | ongitudinal side (2 bands per side) of the core The inner 30
bands al ong each side at.cBaekshéstnaXO26- Oﬁamhifl]cﬁf?érﬁ'ﬁstl t g |y(3-

wi dth of the core e.o el as g

Thi's provides a sp'(m E%Hlﬁg@& g]a:% EX%’J agp%g) of QH?EV'BF%pe repared’ as
conprising the fl es@ssribeddpdhSed ,N;a_QJ(bﬂe@ﬁlmmBLE)éoneEMERSANDMTIC
elastic and the CWﬂsL@sig@onﬁmgm WoBECRASAHLE " BoPBAAERLT By IR, SfieddoVn

h t af t
Bosi L oned ca. 3 1R A8, NESHF vaRtrEafies %4150%6% & nalsARd dnwagsly on
their length in tﬂmtbtstdn&weaimdtht-at-ceﬁher of @B emt Idmytik S02¢massenbly is

- 23 - flexible, AnddiangbtcleBipsbe e BANGAS faBri€! AbafLE Gn' M®

sides of the |
Conpost abl e Li ght vé*ad'ﬁf"epbanthrﬁirtoﬁ and bottoma33 icghit RRtFed ipwandiy ioneboth
suitabl e for use tmuee&nalwiﬂm-aueénterof2®6rdnﬁ>d§n ﬁfﬂﬂfz&ﬁﬁ a pad (surface

bsqr b
Gel 1ing mater 19 par i heAoPRtRR Boft compn%%%@b P eeluilosh BooR PaoRRRai )
said pad being i nt%Bp@ﬁdamrhgehgallmg materiad tpaeticles:«(wrdmgc:abpayamylstel
N L2Sksheet Wi R Shokand) 8% YinHid! caliEaredobigh W &I ohld ™

EXAVPLE 10
A cataneni al prodRItAm® %%rqﬂtﬁtﬁe&’g‘gﬁﬂhﬁybﬂt&pﬂﬂﬂs A wgitlnm-center ofl aps
extendi ng outward f0.2rom;tlengthsd.beni. core is prepared using a pad 15 in

ber o desi gior U S bariRTG esnbatds - feliniidya) fublgh cits 18 percase)

The backsheet and WisHsWeBh mmay length 378rom; Hbickness 0.4 78emor (dikthei foregoing

Exanple 9. dimensions being i inthe relaxed sta@(A'VP'—E 11 20
Heat - cur ed Conpost abl e \(lﬁ\f)ven e fabric of Exanple 1
is collected on a cardb F st ngpared 'ﬁaﬁtaf@afﬁn{?éﬂ'qrhb& pesitioning dbet hat

a 10 cm x 10 cm arcoreimateriabcavired withitheftopsteet ohithe babksHeet afaldiaiagi on of
fibrils on thggmat contyyWeRsilHdrlds (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
25 width of the core (measured from the inner edge of the elastic bank).
This provides a spacing element along each side of the diaper
comprising the flexible topsheet/backsheet material between the inner
elastic and the curved edge of the core. The inner bands are glued
down along their length in the stretched state. The outer bands are
30 positioned ca. 13 mm from the inner bands, and are glued down along
their length in the stretched state. The topsheet/backsheet assembly is
flexible, and the glued-down bands contract to elasticize the sides of the
diaper.
EXAMPLE 13

35 Compostable Lightweight Pantiliner
A lightweight pantiliner suitable for use between menstrual
periods comprises a pad (surface area 117 cm2; SSK air felt 3.0 a)
containing 1.0 g of absorbent gelling material particles (commercial



there is approximately 0.5 cmthick fibril mat. A wi de distribution of
fibril 25 |lengths are obtained, up to 100 mmin length. Mst fibril

| engt hs (over 5099 are in the range of 5 to 20 mm The mat is then .
transferred to a Carver Press (Fred S. rver Inc., Menononee Falls,
W) and pressed at a 1000 | b force for “m nutes at tenperature

nonwoven sheet i s ROHRUHEONIRRE STRRLSAIE 2id pad BEIRG int6iPosSdberadn =
EXAMPLE 12 topsheet according to Example 4kdnd Bi backshiekt whiicipeomprises a
A di sposabl e bab r

fol L ove. The dr mero08pfim AERAELT D28, 5&9@-“%%9#*@8"%%% pibSbctanoatdf
child in the 6-10 $QRAAJPEmMTEM; fas HAapsribedcifie iPnkMsi ons titlgd BIODEGRADABLE
nodi fied propord i opabeYMERS" AND f PLRQtlcSImlcmé dICOMPRISINGOr BRIDEGRADABLE

i_nczzznfi nence bri Efégps%ﬁngtﬁgﬁwaggu%?ém#??m consisting of -a 92:8

pol y( 3- . hydroxybut yrat e- co- 3- hydro@% Mih&a14) copol ymer  (prepared
as described in U S.S.N __, ¢éh BRI ANEaKi OPOYMERS  AND
PLASTI C ARTI CLES Rl SI NG, B OD T '

- ) .Nqda, filed
5 January 28, 1994); wi&3AMeniahprog ﬂlsaﬁ'?%gﬁg’f'm"ﬁ@%
bot hhsi des to E W flaps eXtendlmgemutwhr&&oE\ itsebsanbghhcof i3 prepared using a pac‘zc;I ]
To eet: conpris r I, | t
at Iofop and botrr?om @?h&m noé}vﬁ\%&rﬁr@grmc SE'FEP% %?ﬁa 17 cm2 dﬁéaq%ls‘k dir f¥Y’l)
wi dt h- at - cent er of perstie design oh§l.§. B@t@tdﬁaﬁ,én Van T“bBlfg Aydghstcld, 1887e;
conprises 28.6 g ofheaidcksREst 4RQYopshéetamaterials a4'e dhe sdmeludessiibarelin i Ng

material particles 8cm§re Il al polyacrylate from N ppon Shokubai); 8.4
mm t hi ck, cal ender E§@ at top and bottom 28.6 cm notched
inwardly at bot$ sides to a width-at-cenEXAMHLE 15 10.2 cm length 44.5
cm 15 4. Elastic |eg band ber strips (2 per
si de); width 4.77 mm Iength%@l%w mnm (al | the

f or egoi ng di mensi oAppaks! nsuitable Her rweasieg) byt fusgical staff which ¢ga be

di aper is preparedgifs Frdispesdt on f&ry biveieigFadtiony saite ap arethUrﬁpnsmg

T e Ve o hi e e e
the bands cl os26t @nd theddnwavieasfabfic mhExample ot sewndatbetdesigry pf a pair of
2l ong each |ong t cAPRERRSIAg BN RRERMBMETT e | OP e, The | nner
All publications mentioned hereinabove are hereby incorporated
in their entirety by reference.

25 It is understood that the examples and embodiments described
herein are for illustrative purposes only and that various modifications or
changes in light thereof will be suggested to one skilled in the art and
are to be included in spirit and purview of this application and scope of
the appended claims.

30



bands al ong each side are positioned ca. 55 nmfromthe narrowest 25 wdth
of the core (measured fromthe inner edge of the el astic—bank). = ~—"This
provi des a spacing el ement al ong each side of the di aqmnululmﬂnu lnjg
the flexible topsheet/backsheet naterial between the and
the curved edge of the core. The inner band£6are gl ued * dowh af ong

their length in tyRgy [Qgﬁmﬂ g§.e. The outer bands are 30 positioned ca.
13 mm fromthe mneﬁf) and are gl ued down al on their length in

the stretched state. e o REPRRSS 195 RI@RBERG piedegragable fibrils froraxePme ©f and

t he gl ued-down bandee brmd‘egsadaw@hohmpblmeiﬂt oheopulgneri©fedif€ said prékexger -
EXAMPLE 13 35 Conpost abl e Li ght wei ght Panti | | ner

A 1'i ghtwei ght pan‘fonpl herdsuitabl e for use between menstrual peri ods
conprises a pad (surface3rfesmingra diquid resin saixtuse by meftirg or gplvating the
containing 1.0 g of absor begsirds delsitg; BREEr i al particles (cormerm al

- 25 - pol yacryl ate - sal osed

bet ween a t opsheet aP}dPﬁBaﬁmFS?@gﬂﬂi"é’eﬁrh Hr%EPc %sfgous
conprises a 0. 03 mm t hisubséanced?2: 8

pol y( 3- hydr oxybut yr at e- co- hydr oxyoct anoat e) copol ymer film(as
described in U S. S N itled BI DABLE 5 COPOYMERS AND _ PLASTIC
ARTI CLES COMPRI SING B Cﬂ&@?ﬁ a"'@dl?@?ﬁﬂﬁéhed&ﬂ%das'"fmp@éremnuary
28, 1994). formed by melting said resm or resineXAVPLE 14

Conpost abl e Sani tary Napkin A cataneni al product in the form of

a sanitary napkin having two 10 flaps extending outward fromits absorbent
core i s prepared usingd.a pdwe process of (Glaimmdrwhereist trextibnis ara Srams @bbatd ar ea

117 cnferr]; 8. 5rﬁn§t§*‘aﬁ’ddt1f®|ﬁ1hmle thper the design of U S. Patent
4,687,478, Van Til burg, August B% The backsheet and topsheet

materl als are the sane as descrl bed I n Exanpl e 13. 15
EXAVPLE 15 4. The process omamtﬁmrﬁnrmecﬁhuiacrm mixture

arel suitable |
?ﬁgsequent ly di sp%ds?ﬁ %?b@Ya(;Z;%@ﬁﬁd@éE pﬂgggpéﬁg?ggﬁnﬁr sgpﬂ'betlc
t he nonwoven fabr@ tP"tathEPQPYGISt?I"? & cpalyvinylt mhlqn afcopolymerotheresfii at 20
and the nonwoven papéther.delGicyEdra defditivel thefdd? ¢Has bdurd therdtti I Of

pants conprising a Walst drawstring.

S. The process of Claim 2, Claim 3 or Claim 4 wherein the liquid
resin mixture comprises a biologically produced aliphatic polyester,
preferably  poly(hydroxybutyrate),  poly(hydroxybutyrate-co-hydroxy-
valerate), or a mixture thereof.

6. Biodegradable fibrils made by the process of Claim 1.

7. The biodegradable fibrils of Claim 6 wherein the fibrils
comprise a biologically produced aliphatic polyester; a synthetic
aliphatic polyester; polyvinyl alcohol or a copolymer thereof; a polyether;
cellulose or a derivative thereof; or a mixture thereof.

8. The biodegradable fibrils of Claim 7 wherein the fibrils
comprise poly(hydroxybutyrate) or poly(hydroxybutyrate-co-
hydroxyvalerate).

8. A nonwoven fabric comprising fibrils comprising one or more
biodearadable polvmers or copolymers.

heet Has Been Replaced

T



Al ‘publications menti oned her ei nabove are hereby incorporated in
t heir entirety-by-reference, 25 It is understood that the exanples
and enbodi mmm“ \m herein are for illus .ﬂilé\é EEi’”il gﬁle ¥
and that va LUNS Or char&ges in |i Dvm be

suggest ed to*oné skilled in the art and are to et uucu ™ bp rit

and purview of this application and scope of the appended cI al nms. 30
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preparing bi odegradabil® £ T8¢ Iqogwpygmféﬁréc g&.‘ﬁs%g maqéﬁggf'é comprise
honopol yneri ¢ or acdialbgicatly c predwcesi aliphatipr pobesterpnar isynthgtic aliphatic a)

formng a |1 qui dpEJ bférmétdb’l HF&ohBPQ:rOé ?#M?&b QhbAot. a a polyether.

resin or resins; ntroduci n resin ture'to a
flow of a gaseou§e' ose oradenv M@tﬂéﬁf &ﬁ@r'@@@‘é’ﬂ@é@qfn that the Iiquid
resin m xture conprises a biologically produced aliphatic polyester, said

Chyir oxybutyr acer oo hidr Bﬁx’f}‘gbﬁf’é@ﬁg i) of, A, 19.opagfein the fibrils
The process of Cramprisewhermaly(hydeoxybytyrate) esi orni xtrolyhydroxybuynatercty

nel ting said reshpdxyvalerats). 3. The process of Caim1 wherein
the fibrils are fromabout 1 mmto about 100 mmin | ength.

12. A nonwoven fabric comprising the fibrils of Claim 6.

13. A disposable absorbent .article comprising a water-
permeable topsheet, an absorbent core, and a water-impermeable
backsheet, wherein the topsheet comprises a nonwoven substrate
comprising biodegradable fibrils.

14. The disposable absorbent article of Claim 13 wherein the
biodegradable fibrils comprise a biologically produced aliphatic
polyester; a synthetic aliphatic polyester; a polyvinyl alcohol or a
copolymer thereof, a polyether; cellulose or a derivative thereof; or a
mixture thereof.

15. The disposable absorbent article of Claim 14 wherein the
biodegradable fibrils comprise one biodegradable resin, and wherein
said resin is poly(hydroxybutyrate) or poly(hydroxybutyrate-co-
hydroxyvalerate).

16. A disposable absorbent article comprising the nonwoven
fabric of Claim 12.

17. A textile comprising the biodegradable fibrils of Claim 9.
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