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STARCH FI LAMENTS ~o0 FI ELD OF THE | NVENTI ON The present invention relates to
flexible structures conprising starch filanments, and nore specifically) to
flexible structures having differential regions. is BACKGROUND CF THE

| NVENTI ON Cel | ul osic fibrous webs such as paper are well knomn in the art.
Low density fibrous webs are in comon use today for paper t et
tissue) facial tissue, napkins, wet w pes, and the |ike. The mwm

for such paper products has created a demand for inproved verS|on

products and the Zo nethods of their manufacture. In order to ne&f!$&uch
demands, paper maki ng manuf acturers nust bal ance the costs of machinery and
resources with the total cost of delivering the products tobNMﬂMMMMmmmmm.
For conventional papernaki ng operations, wood cellulosic fi

pul ped, beaten or refined to achieve a |l evel of fiber hydration «&eev der to
form an 2s aqueous pulp slurry. Processes for the making of paper products
for use in tissue, toweling, and sanitary products generally involve the
preparation of the aqueous slurry and then subsequently renovi ng the water

fromthe sFwEXIBhE STRUCTURE COMPRISING STARCH FILAMENTS
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FIELD OF THE INVENTION
The present invention relates to flexible structures comprising starch
filaments, and more specifically, to flexible structures having differential regions.
15 BACKGROUND OF THE INVENTION

Cellulosic fibrous webs such as paper are well known in the art. Low
density fibrous webs are in common use today for paper towels, toilet tissue,
facial tissue, napkins, wet wipes, and the like. The large demand for such paper
products has created a demand for improved versions of the products and the

20 methods of their manufacture. In order to meet such demands, papermaking
manufacturers must balance the costs of machinery and resources with the total
cost of delivering the products to the consumer.

For conventional papermaking operations, wood cellulosic fibers are re-

pulped, beaten or refined to achieve a level of fiber hydration in order to form an

25 aqueous pulp slurry. Processes for the making of paper products for use in
tissue, toweling, and sanitary products generally involve the preparation of the
aqueous slurry and then subsequently removing the water from the slurry while

1



2 4 F EB 2003 contenporaneously rearranging the fibers therein to for?ﬁ%EBZWl
paper web. Subsequent to dewatering, the web is processed into a dry rol

or sheet formand eventually converted into a consumer package. Various
types of machinery nust be enployed to assist in the dewatering process and
converting operations s requiring a significant investnent in capital.

Anot her aspect of the conventional papernaki ng operation involves the

i ncorporation of additives into the pulp in-order to achieve specific end
properties. For instance, additives such as, strength resins, debondjng

sur f act &ANEMBERANEAHAY 488WERYING; dheeniikgrs| dberedsio siRhed | BaRecrWeBpher es,

fire-r etﬂ&%ﬁ%ént W&%a%@in@ﬁﬁ%ﬁ’is ?F&essé& ntBld eﬁ,ePdn%Py t'fBrrh Hhd

manuf acture of paper. T Iclent retention of tHese additives at the wet
end of a@veapsllyeonngrtipd dniessconsgeel gackiagei dAarigust typehof meacifimetyunast si nce
t hat portiaon ich, s not retained creates not only an econom c | o0ss but
al'so 5 ¢ AR P AR5k 1 66| dPatering DBt sead SONVERING. HPEHRIHY | vent
Addi ki vegqGRingd §i?n¥ﬁ%aﬁfjiﬁ©€sﬁ1%ﬁth}¢c§9ipéﬂ web subsequent to i s dewatering
via coating or saturation processes commonly known in the art. These

processes usugldhef %Qﬂiaéte%lrﬂiéo c%ﬁ@@ﬁﬁoﬁé?ﬂ}ép{égmﬁﬂﬂgg%gﬁfbﬂ”NE‘SR%st fhd edry

t he paper after coatl ver, in so nstances, € coatl ng systens
ar e requncapotatidneofsadditives ihtstha pdip din orderrte abie veagpddiiic end psoperdiesequi r es
recovery_of volatile materials to neet regul atory requirenments. .20, Various
nat ur al “FGTHBF@nGenardifives Sudh paieBOl ey, dRboRding SRFgCanIS skaINg
fibers haymtdeasigREptoy asticBs TekimGetRAPRcroRNRYSS . blretdiBafts, eRlyggement s
have failed to provide a comercially acceptable substitute for céllul ose

due o tpasfumes,gétcc care) offeypientoyichin pre peanufasture iofriaper. The efficient

i nconpat i biliti and_handl i ng.di fficul ti In manutacturing systens.
sraroh reraiion: & ned8 suliVes, A5 uts biet E0L068 bR RE bRSRFIReEE
vari ous d@iffiegRy So ®he infthuiadBrdTedih @ tHHtqRRE6n WHIBEhdt FetBIMRIcCERatéd hetpt s to
use such starch filanments have been unsuccessful. As a , result, paper

pr oduct sORly @nskGanpielasg didlsacianiéeaniipebyioreriabiemsdl i beromesdwit Bhsed
rext b & DATTHRT Aaffes Shnlsdod AQERSTL A e SASRULERES, o,
mekimng sdewateRagt i vial @udting bheapurei@ntprdcesses commonly known in the art.

These processes usually require that excess heating energy be consumed to re-

dry the paper after coating. Moreover, in some instances, the coating systems

are required to be solvent based which increases capital costs and requires

recovery of volatile materials to meet regulatory requirements.

20 Various natural fibers other than cellulose as well as a variety of synthetic
fibers have been employed in making paper, however, all these replacements
have failed to provide a commercially acceptable substitute for cellulose due to
their high cost, poor bonding properties, chemical incompatibilities, and handling
difficulties in manufacturing systems. Starch filaments have been suggested as a

25  substitute for cellulose in various aspects of the papermaking process, however,
commercial attempts to use such starch filaments have been unsuccessful. As a
result, paper products are still being manufactured almost exclusively from
wood-based cellulosic ingredients.

Accordingly, the present invention provides a flexible structure comprising
30 long starch filaments and a process for making same. Particularly, the present



2 4 FEB 20 invention provides a flexible structure conprising a 2 4 FEB 2003
plurality of starch filanments, wherein the structure conprises two or nore

regi ons having distinct intensive properties for inproved strength,

absorbency, and softness. The present invention also provi des nethods of

maki ng starch filanments. s Particularly, the present invention provides an

el ectro-spinning process of producing a plurality of starch fil anents.

SUMVARY OF THE | NVENTI ON A flexible structure conprises a plurality of

starch filanments. At |east sone of the plurality of starch filanments have a

si ze fr@Nﬁab@ft\JtprV06§ aiflexitle sistuessomprisiag@ ptwrality pfcstarchafilagnemtam 0, 01

dt ex 0, Befllifxn oA ANBRE oML Ol A dreBID B8RSR fho kiR finfihsheast

some stAare anen an ‘equiva Irameteér of ? os2eet
per pendpiperties fortinprovgdstrangth, @bsbiensy pandisbithesent s is greater than
100/ 1, nore specifically greater than 50011, and still nore specifically

greater thanTh@0tHelentilifleptioR 186 Hroviaes rhethbd¥ . ofHnarngr sthNfildffMd. 1S
The structure conprises at least a first region and a second regi on, each

of the Prrtigularht $he oprgseayi Bventieni Pigvides @msteleslo-spmming inroeess vef
property s 0 isting of density, basis weight,
eIevatlé“) cﬁﬁi?q§ &mgégnﬁﬁgghﬁgﬁggﬂéand any conbi nation thereof. At | east
one common intensive property of the first region differs in value fromthe
at | east one common intensive 20 property of the second region. In one
enbodi nent, one of the fi SUMMARYQBTHE VENTIObhpri ses a substantially
conti nuous network, and the other of the first and second regi ons conprises

a plurality ¢»fflébtnbl@rﬁt&ta:reea@m@r139§es;ﬂalramty@mamﬁfultah@rﬁslbs\t Rezst 8bme
conti nuous network. In another enbodinment, at |east one of the first region

and 2s Phthesplisalty af gtanehddamentebave gesize Fom phaul Q. 00didiex ko 13Rctexexi bl e
stryctu r hi i t one
ot Bhsi S88re $PLEFaf FRM HoRiel 183 ofbl TAprabiE aud R o Brlin F %
i nt ensi weajpr axierdfyatdéadtreorhe rstarchdi@manisnto amequwamnmdwnpheopélatqrossk t he
second r egj on. odj nent , at e rst) seco and
Chi . r SeEusTs perpeniguiRl Ao ghgo disior s ine s MTarS B IS Meious
net wor K1obfy , anptd epeifRady r’@r@aterafha'neééémo%d%uﬂ fheorfe' éﬁé&lf&ﬁl‘}ogﬁéaté’t“d
third regions can conprlse di screte) or a~r..... -n~~ 1 n
still atiramh90dthrndiavennmose sp@@:ﬁcall@(ngraﬁtetﬁ@nffpmm/1 UI JI erlllllUVUJ
d~rG&. 111 valll wullvallvl vv.r~~~ v~ a, a, second, and third regions can
conpsi se subéﬁrmﬁ*sﬂrad:tu;e semprisestatrieastsa firgaegidmand \eesecon regiorgndehi ment ,
at Ieast f thg first, secon egi ons can,co

t

o ot b W66 b BRd sechng et apyBE 4t P55, AbS L AROE BIETINE RIReTY
conti nugerec&@d SR tnb ol SORSKEPBY SRS BadibSnéibRt SibRati, UHders,

conprises a substantially continuous net wor k regl on and a a plurality o
di scr et 6repeFequesprr 8rd anyr @Q@hmtlondhemfs ublsteast oael goremani lnt,etmsvawet wor k

I
i o deRtsrty BF IR bisT regioh Mifersi 10 SRyl she e a S M Branfeisfle V' ¥
di sgg et rew WofW@egeddm ”gistet ure is d| sposed on a horizontal reference
pl ane, the first region defines a first elevation, and the second region

outwardly extigngse féraBbdiRtent] fotle bEahOMirkD sl BCoRd FEERAE EdrapAtéL™
greater is (relative to the hori zontal reference pl ane) than the first

el evat i 6abstantiahy Célﬁﬁ@d@ﬂ%rﬁ"tet‘t}’@ﬁbra@ g athereefsther fiist @ndespaond, ragiens i r st

region fin t o d econd
el evat i %ﬁ&p&ﬁ;&st %esltuﬁé tg ?fgéﬁ)&?\é%a%e&%f ﬁég'%%{ahﬁrgggﬁgv/ Wogﬁ%@ﬁ“?‘hi

st r uct ucentifudis pesesrko Ninahother @ntisddimeht ratrieastobrran ef thd filst asgionrendf t he
first, second, and third el evations 20 can be different fromat |east one

of £he HIPELCANGIRGIPBILOMATHICSA SARICONHMOUSRIMOTE! evat i on can be
intermediate the first elevation and the third elevation. In one
enbodi ment, tHe Hexibledstregiue can tpithescepmappsaphlgasy adghirdragion havingdas,

Bier o1 1 iyt B0 Y Bl Pl B GG R A M B TAREM R0 |
2s ext engtengivier propery 8bnRe st regioatarich the étengivel propertgrof thedessond of

t he starch,
region. In one embodiment, at least one of the first, second, and third regions



cantilever portion can be equal to or different fromat |east one of al4FEB 2003
density of the first region and a density of the donme portion, or be
internediate the density of the first region and the density of the done
portion. The cantilever portions are typically elevated fromthe first

pl ane to form substantially void spaces between 30 the first region and the
cantil ever portions. 4 2 4 F EB 2003 The flexible structure can be nade

by producing the plurality of starch filaments by nelt-spinning,

dry-spinni ng, wet-spinning, electro- Splﬂﬂlﬂg or any conbi nati on thereof;
provi di f§NaCOBPUS® ﬁéﬁﬁ@“tﬁé{%‘?@t'ﬁuplﬂﬁ dtWPHend Hther EEROYMERLe?lvi ng

d t t t
depos: t 195t BEE o0 AF Fretoseemn®, BRIt redbps! Gt lRehierelBistiig; r SO0 e
of the mmﬂmguﬂwbercay\hemlsn”tire)*pﬂeupatbdfyﬂeb*,sca*atmf foleamérthe fitst| east

partially conformto the pattern thereof eparatin the lural ity of
Phe. 51 aFeRORG SIS FPGRNBIETEPUPHES SERBERIab Sour-6an 361 n§ 1 he

p! ur@' L% Q oﬁféi‘ré‘fﬁbﬁblp‘;?éjgmﬁ 1d45ttdHe b !h%”ﬁ@f gé&oﬁ EhH'tﬁiﬂd ?é@%n@fcatnhe

di ng 'ne I'nc causing the plurality of starc aments to at
I east pa:ompalsley acphfrahtm b dlmetmraseawdmwsedmathrqmghoent rthef stuivstantidityi ng
menber t can be acconplished by for exanple, applying a fluid pressure
di fferer‘fpf‘ﬁpu?lbs Pﬁ&‘“ffﬁural ity of starch filaments. In one enbodi ment, the

step of dep05|t|ngthe ural of starch filanments is to t

member conpri lg dke @aprd g] @t%‘fecf tﬁ?é?fé‘ﬁ%%eép”%'sﬁélﬁ %%@F%ﬁ Yel ative
to the fiy Redrh te
angl o i SOPERESS éﬁtﬁﬁ%*d”%@eéﬁﬁé’é BnEI S i B a cisthrt e Turblgnaat
conponi sdse substamtiabyricodtineous natwcem regios, theamlmiaktuqnlbﬁ cmmlnuoua neé\ivmﬂ@r ci ng

el ement. The no ng _nmenher can f ui d bl e, u abl e,

or partir§gip ‘fqmﬁa\"%@r ﬁg%meéyﬁ féﬁ'%'&kﬁ'i"ﬁg Eﬁil%w[ l%LﬂWH ed

bet ween diy@jify barmgére&@%\ésng Wheg tﬁ@ds@@cthﬁéﬂ% Aspedd on af héhﬁbrhakaI de
of the framework. The filanment-receiving side can conprise a substantially

cont i nudaterpace elane, athgdwgt gegipaldefingsrd ﬂ@é@ﬂem@ns apdtthersecoad region

dlscontln a 2s
conpri se ugwémyaé){tgi}g%ffpé{’ﬂewe I%Eb Eg@%eﬁ ﬁr &gﬁ % hg?gg}ﬁd §ﬁt gref?ggrs

di sgset e(reIvaémheCt@dsﬁzcmaluﬁefer@haémmItryarafhé m@ﬂulewa&d)ry to the pattern of
the framework. In one enbodi nent, the nolding nenber is forned by a

rei nforcing %Qﬁénémﬂbémérﬂdc@hpﬂsfhgréitleﬁétemaéé ?8gioAsdth firesré@ilA ddramewor k
joined to the reinforcing element in a face-to-face rel ationshrp and

out war didefisgt 2 fitit e vatiom, $he secang regipn 2go3iefine a second elevation, and the
third region can define a third elevation when the structure is disposed on a

horizontal reference plane. At least one of the first, second, and third elevations
20 can be different from at least one of the other elevations, for example, the second
elevation can be intermediate the first elevation and the third elevation.

In one embodiment, the second region comprises a plurality of starch
pillows, wherein an individual pillow can comprise a dome portion extending from
the first elevation to the second elevation and a cantilever portion laterally

25  extending from the dome portion at the second elevation. A density of the starch
cantilever portion can be equal to or different from at least one of a density of the
first region and a density of the dome portion, or be intermediate the density of
the first region and the density of the dome portion. The cantilever portions are
typically elevated from the first plane to form substantially void spaces between

30 the first region and the cantilever portions.



the reinforcing elenent to forma second el evation. The nol di ng nenber cap
conprise a plurality of interwven yarns, a felt, or any conbination 24 'TEB 2003
thereof. When the plurality of the starch filanments is deposited to the
filanmentreceiving side of the nolding nmenber, they tend, due to their
flexibility andlor as s a result of application of fluid pressure

differential, to at least partially conformto the three-di nensional

pattern of the nolding nenber, thereby formrng the first regions of the

plurality of starch filaments supported by the patterned framework, and the
second regi oﬂi‘eoflel‘@@ ﬁFrHP%r?tSﬁ’gBes%d@thiﬁrQ HNg Her Phtady ¢he@rehe

apertur e _dhetligsf i r ~AE QG e t. 10
R i il AN L e R
r esi nousofntanatian kherfeofuptoviding| alimgldingrimeembenhaviegs aathpeerdimengiafal bases

cant 1 oSS (b or S Gl Tt HE n BBy ohstirin ibetings
el evati eRefedn! depbyifihg theanesliBebIeRifich fitarfaits! tbanerfildpieht-pdceidng dide

t-
reinforcing el ement, I's wherein the plurality of bases and the plurality of
cant i | eéthgsneldngsmesibgr, wheceintthaRlumiijy ohatareh dlaraemtsrati least partially

filanment- [ Vi I . mol.di r. J | di er..can be
forma sy (L0 flindhelet?; SRHGFReTERb e pitdy B et MRS

rel ati ofgdm the udidinbahemdieri ons of the framework of one of the |ayers
correspond to apertures in the other layer. The nol di ng nenber 2o
conprising sugsRerEgs dPoddpsying We 3ISAIBE of WtaRA Rranshrits soetHd @larfehi-ng of
the photosensitive resinous |ayer through a mask having a pattern

conppi sirageisingasidefof dhe fregldiitdg Enenfpeionay inaiude wagsingsther plrealitn gf starch

f 1 exi bl ruct ur e of e inventi ONpLL Se ep of
dens  yiHnElRet? & abt PaRLSr ComtantEh 4R (R R PR $ 3R B0 or
exanpl e, mbiraP phethber. a Treghedh bal aduopssishedt by tfoe eRhtipd, i &pplgingshafidb
filaments. The process may further include a step of foreshortening the

pl ur al i tRressuretdifferential @n%'ﬁtf%iwaf‘%oﬁf?@gh@?fr@ﬂt%g may be acconplished by
creping, mcrocontraction, or a conbination thereof. 6 2 4 FEB 2003 An

el ect r o- spi ndnmPgeabesiment, thalsten) ot dapesiting |tagwhiralityopipstases filemgrds of

provi.di S ak it 23\ ext.ens] Ml ity Lr bout
50" ascaPsBeohdifo BBHER o 3Be ik BEpBRuAE RO TGRS AR e
starch caigeselation to tthe fitdviept-asbedling sitleaot the Mo?dl’ﬁ?trﬁehweir,n@h@r@hztﬁef rom
about 0.001 s dtex to about 135 dtex. The step of electro-spinning the
starch W@ angledls figpiabaul y degiees txabutl A8gSsiSnni ng t he starch
conposition through a die. The starch in the starch ~ conposition has a
wei ght - aver agEngromaidingr m@mget FemwRrigesutinl ago embagiment2, sogesibouUsand

t he star : i | u , . or e
speci 11 AT EPCThed o Sre B SRl CHE foicq, hidtibe o be BEIEY
conmoi s gerfriezbl@b duid-RAgermmeatiieutor O pastally wllighpeinseaty) opEiee i reinfbineingt ar ch
in the starch conpositiaqn n%fv)@ré ve a wei ghtaverage .nol e&{él ar vvellght from

about 1,9/8ment caAfohe ROKURN dbefilames lyingrsid@and@hrlfagt 8 hi gh
pol yrner hRJ i 2 r gt . 5 0 IS
The st aré}ﬂﬁg@mo)gsm?i gﬁ&ﬁd@cgﬁg??‘ggﬁ rléggn{r}é\g?u@ﬂ%}?? gf gi%ﬁﬁﬁ%o&ggyg\%gi ght
of the stamptisearal substantiatiyt cadouausalpatierg0so Bybstantially cfenaieichintinuesis Such

a starch_c osition.my have an extensional.vigcosity_from about, 100
Pascal ScRAHE. B isapBinaaus BEeRt o riatuigaush IEnby e FMBRGH BBt 20
C t gsabosmpRéia pleralifiofdperelres AhreBhrough thaY cAPHR 'cohBnhid N didsrete, 2% t 0
about 70% by wei ght of the starch and from about 30%to about 80% by wei ght
of addi t$ansiscorginious, anhalpgpuslyranskeanvensetiyo tie patie efidherfsanawork:i scosi ty

from about 200 Pascal seconds to about_ 10, 000 Pascal seconds at a t enperature
from about 20inCone ebthadimeot. thes Maldingt anembeorip okirmiedn baaereintorcing

extensional visg¢osity from.ahout 200 Pascal seconds to about. 10 0

Pascal s COBMEDt HispaRere =h AR FIaraiat s & Pt ety kel 98, Mo e
speci fi calidfyrcindRIerhahe th GoRRestolfaed rBRMioRShiphEnE durWaIAP AxtendiRgSrém from
about 300 pascal seconds to about 5,000 pascal seconds may have a capillary

nunber from about 5 to about 30. 2 4 F E B i003



I n one embodi nent, the starch conposition conprises from about 0.0005% 4 &6E8 2003
about 5% by wei ght of a high polyner substantially conpatible with the
starch and having an average nol ecul ar wei ght of at |east 500, 000. The
starch conposition can conprise an additive selected fromthe group s
consisting of plasticizers and diluents. Such a starch conposition may
further conprise fromabout 5% to about 95% by wei ght of a protein, wherein
the protein conprises a corn-derived proteih, a soybean-derived protein, a
wheat dgrd e] n (] g o] 1O, eofny. T, for ki ng

t he st ﬁ%@ﬂf@%@tﬁt é'%rmaé)?{tf tg)r %é)ﬁ@r gt:gc? %%bps&ee%&gné prEn s @ﬁldﬁ{wggﬁég}bieggca{ﬁﬁe

st arch tohmreets plrality of irtarwowadn yarns, & feloe aeytdnibmation thegpreot.ess for
making a flexible structure conprising starch filaments includes steps of

providing a st/Reshtheopledity | sTnthidaxiafeh diMarB¥heNB @8pbsid & Thé Yiilbmemt.about
100 pascal second to about 10,000 pascal second; providing a nolding nenber
havi ng &eegiviee-ddenwhdhe molding meaeri teydeadviur) te thrir Aagbiithasdsr ds

oppogsi t he. fil - | Vi ' [ Si 00 tjally
cont nugeegld anghedudd, sEERE pieRFGre itk RlIk SRR LAV,
pat t er nthethaeydietenyicedl i pattarhesfebt; meldied heerabenrthegebyhtorfting ahe first
conposition, thereby producing a plurality of starch filanments; and

deposi t Fegonaef fhe pturatily Qfrstarch Hamentsiadrnartad,by the pattarmas raeesarkng si de
fih : : el _

Fhr ee- drnangich saoRE Teglons BFH iRz bF lch NARRALS (RARCRICIAS 402 i a

pr ocess apentarerot dpagurasnthereaf@amd supposiey by reakemfortirg eleonente di recti on.

BRI EF DESCRI PTI ON OF THE DRAWNGS 2s Fig. 1 is a schematic plan view of an

embogli ment ofintdre Emdodbments thel aholdibgomeiiter popseides syspended. pditignsl A is
a schematic cross-sectional viewtaken along line 1 A-1 Aof Fig, 1. a 2
4 FE BTi@OBG$tF§UQ framewedh ofeiue Bl RRIYRSNBMDER MBI I8 &d PHEANY 08T t he

f1 exi bl u ) iy eng . Fi kS s¢ch '

Cross- sg)gt§ F%ngp%ﬁgw oe?( lﬂ%‘n@@ﬁeﬁ@nﬁ@%i %&dﬁ?&éqd:tﬁgn%ngx?@? egs@rﬁutjé|ltir8f of the
pr esent cantilener portiansFiaderally iextending éoat thee phaes ait e secand eddatiomettt of a

| di nber th b d to f he flexible structure of
or csent PR Saces PetyRenig STNRET, worbpos SNCcits EalorohsPBIAat o ong

l'i ngs 4Avderfn & -pidrality of bases and the plurality of cantilever portions form, in
combination, the three-dimensional filament-receiving side of the molding
member. Such a molding member can be formed by at least two layers joined
together in a face-to-face relationship such that portions of the framework of one
of the layers correspond to apertures in the other layer. The molding member

20 comprising suspended portions can aiso be formed by differential curing of the
photosensitive resinous layer through a mask having a pattern comprising areas
of differential opacity.

The process of making the flexible structure of the present invention may

further comprise a step of densifying selected portions of the plurality of starch

25 filaments, for example, by applying a mechanical pressure to the plurality of
starch filaments.

The process may further include a step of foreshortening the plurality of
starch filaments. The foreshortening may be accomplished by creping,
microcontraction, or a combination thereof.



to 15 20 Fig.S is a schematic plan view of another enbodi nent of the 24 FEB 7003
nol di ng nmenber that can be used to formthe flexible structure of the

present invention. Fig. 5A is a schematic cross-sectional view taken al ong
line 5A-5A of Fig. 5. Fig. 6 is a schematic cross-sectional view of a still
anot her enbodi nent of the nol ding nenber that can be used to formthe
flexible structure of the present invention. Fig. 7 is a schematic parti al

si de-el evati onal and cross-sectional view of an enbodi nent of an

el ectro-spinnin ocess .and ratu f Ki flexible structure
conpri sing s?‘Qr %‘ﬁ&@@h@“ﬁ%.p@?g% %& 'isng%ggsn%ﬁé%glﬁhﬁ%t%v\??@Qgﬁgﬁl%ﬂﬁs l'ine
7A-TA obf brakiding dstarci dotnpositidie iaving &n éxtepistira ivigudsityi framdb@n 50
enbodi ment of a process of the present invention. Fig.9 Is a schenmatic

si de- el pasgalesegond iovalkeutaddORBrpaseerserend; emdaclectossinoing: the plaegfent

inventiqQn, Fig. 9Ais.a s [ .de- el Lonal _ar rtial view of
anot her 88%88?'9@n@]%%b¥ %5@@@5@ Sg?PQJ‘ﬂ@aﬁ}ei‘gh?%@v%%ﬂn%deoﬁ%”&é%ﬁf‘g.0 %PI s a
schegmat Heexv teWboiut 2 I5 agentTied skp fhsldetreabirding thé astafcH idoaimaitidavi ng
differential cross-sectional areas perpendicular to the filament's major
(1 ongi t tipieally)campriseselectro-spmningtirstareh gompoaitios thraugieawtie.c vi ew of
several exenplary, non-exclusive, enbodi nents of a cross-sectional area of
a starch fil dimenstar¢h gn the istarah sedrepasition vivasyaoweight-aggrage ofolecaar ch

; : : g?rgﬂ%mehg %gﬂ%{]ﬁat%utfr@bbb ¥o Oafboﬁ‘th‘?&?os,oé‘b;O”a%a {heI § anE:h %o%%c%siit?onn %]:astap €
capillary number of at least 0.05, and more specifically at least 1.00. {n one
10 embodiment, the starch composition comprises from about 20% to about 99% by
weight is amylopectin. The starch in the starch composition may have a weight-
average molecular weight from about 1,000 to about 2,000,000. The starch
composition may comprise a high polymer having a weight-average molecular

weight of at least 500,000.

15 The starch composition may comprise from about 10% to about 80% by
weight of the starch and from about 20% to about 90% by weight of additives.
Such a starch composition may have an extensional viscosity from about 100
Pascaleseconds to about 15,000 Pascaleseconds at a temperature from about 20
°C to about 180°C.

20 The starch composition may comprise from about 20% to about 70% by
weight of the starch and from about 30% to about 80% by weight of additives.
Such a starch composition may have the extensional viscosity from about 200
Pascaleseconds to about 10,000 Pascaleseconds at a temperature from about 20
°C to about 100°C.

25 The starch composition have the extensional viscosity from about 200
Pascaleseconds to about 10,000 Pascaleseconds may have a capillary number
from about 3 to about 50. More specifically, the starch composition having the
extensional viscosity from about 300 pascaleseconds to about 5,000 pascale

seconds may have a capillary number from about 5 to about 30.



s DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the follomﬁngzﬁeﬁﬁkﬂms
have the foll ow ng neanings. "Flexible structure conprising starch
filaments," or sinply "flexible structure,” is an arrangenent conprising a
plurality of starch filanments that are nechanically inter-entangled to form
a sheet-1like product having certain pre 1 o determ ned m croscopic

geonetric, physical, and aesthetic properties. "Starch filanent" is a

sl ender, thin, and highly flexible object cenprising starch and having a
maj or axis mhlch is very lon conpared to the fiber's two

mut ual | y- ortH@gm qn@@dmm athe ;ﬁéarﬁan@pmnwthrb eamephiggsorfremi aboph

aspect r f t he
i anentd 808 %0 BQTBEH b (uf R ich EWFBeCRI S BN A BBRSE il o

than 10Qhd stavehearkpesving @axl é%rggem@ecmlbaWe@ﬂ lot at w2t 500,000n0r €
specifically greater than 100011, and even nore specifi cal | y, greater than
50001'1. The stigé %br&h'c@ﬁ%ﬁsﬁtud@hﬁaﬁ%ﬁmr% S BEbita dected l#r‘Hfh e grQMip

exanpl e water, plasticizers, and other optional additives. "Equival ent

di anét erconsistinged§ plasdtizers a@éf diliends.criph gestarahapmpositionnuay faetheur f ace

o1 oos- s SEmeidh Vet Bbods & AuduRERTE by Shoidft b 4 PSR Whel OF BRAPSWR o1 s

t he equaidnaprisesl /24 E8im-aétved Broteir, I‘@s@S/BéaﬂTl-dfelnbéﬂBpfrbiein ChORResteatiive@l area
(without regard to its geomstrlcal shape), -~ 3.14159, and Dis the

equi val dHotein aPdRy combinatioantheeeoft he cross- sectl on having a rectangul ar
shape forned by two 2s nutually opposite sides "A" and two nutually
opposi te si dekhe proeess fos realingstbedstarch aments Ry Artheheosiriset ratept hi s

cauilal ani Gt BT REEAEY sPafte Uidlher e D can be cal cul at ed

fromthe forrrula S_lé? t he known area of

the rectangl el Pef & @B? ’&h@ Fgaﬁ?%fcgﬂpah'ingn%tf@?“b@? S&“Eﬁ“ﬁr%lc@m%”q'%
ci ol € sstaR AABRISCIndAN sREpH Al vidRslianStdrel’ LamBbsitb Ralihyabent

d| aneter. "Pseudo-thernoplastic" in conjunction with terials" or
" conposia¥tensionak vistoeityl ftbmoablewtot €0 rm&@aioaesoradmdocalnqndsﬂ@ 06@spaseals by t he

fl f el { t t | ut t
ol vont SE5ONGk hePGMEEnd b TBLRM (BBRIPeY oaed 4 Hecr-lneREpnana EEh be
broyght reBbRiry fdiQuebh@ &1 BaGksidd dppdsheCaitield, Othe! fitimemyebBivEARSEe as

desired, and nore specifically, processed to formstarch filaments suitable
for for reQIPESINGER wt@t@mtralldt g@@tmu%@ua@ttenm@:rawﬁpbaarutlellmemlmngnmys be

pocudo. (IS bl et PEelRqBh o PO bHRBR. HoshFs AR EBERPHE e, o

th;a sof tetarahg cmlm;bmsﬂu@‘i ylthmebgf prmju@&@ﬂinﬂuhgentw@lfa@ttarcﬁs filanemssgflarbdf
sof t ener or .sol vent rese C it NPOsSSI eto
bring t hi@ﬁ%}'%%? &libt of étﬁf%dq%%msetq e f%argemre&ewmq)m ef &B%di ti on

necapsaroldiio SHEMbAR whLRAS the Quslen SHERR! aSbieA 18208 MreelhnsiafuCh.
The 1 nfl uence o] ter I's content on the ass transition tenperature and
nmel ting paitqrerdttbeé'larﬁelst-laaoeivlm@mdl&e rreasured by differential scanning
calorinmetery as described by Zei eznak and Hoseny in "Cereal Chem stry",
Vol . 64, No. B appindugirial JstocdeS 7thePawiding eemb@r asdgritinuoesly fravels in a
pseudo-t her stic material in a flowable state. "M cro-geonetry" and

per nut atM&RS! n@n@ﬂ“&fp”r efers to relatively small (i. e., 20 "microscopical")
details of the flexible structure, such as, for exanple, surface texture,
W thout regard to the structure's overall configuration, as opposed to its

overal I (i. e, " nacchRmp’:gggq\,Rqenm OF THE DRAWIN@GSNI ng "nmacroscopi cal "
or "macroscopically" refer to an overall geonetry of a structure, or a

por tjson #upeﬁeo‘c us‘éﬂgéﬁerﬁsﬁé fa{ 9fe'mPBf %E‘é?nbédlhﬁari?lcff‘Qﬁéi fleRibfe SWOckirgRiAsi onal
configuration, such as 2s e X-Y plane. For exanple, on a macroscopi cal

| evel , the flexithberesentdinverdiornhen it is di sposed on a flat surface,

corrpri ses a relatively thin and flat sheet. On a m croscopical |evel,
however , FighdAst rig@ sshentatic crospsegtiomal Miew takdryalohgflinestA-1 agfdilg. 1.hat form
a first plane having a first elevation, and a plurality of donmes or

Npi | I ows" di spersed t hroughout and outwardly extending fromthe framework
30 region to forma second el evati on.



2 4 F EB 208 "Intensive properties" are properties which do not have? & FEB 2003
val ue dependent upon an aggregation of values wthin the plane of the
flexible structure . A common intensive property is an intensive property
possessed by nore than one region. Such intensive properties of the

flexible structure of the present invention s include, without limtation,
density, basis weight, elevation, opacity, and crepe frequency (if the
structure is to be foreshortened). For exanple, if a density is a comon
intensive property of two differential regions, a value of the density in

one regFigh Zcan igi Bf eehematic apkall evefoft laotiersienmbodimend of Hee Ffexibn.

Regi ons (such aﬁrucftl?{ga c(gf@ .lrgserﬂia{/ﬁrgfofnr egion and a second region) are

i dentifiable areas i'ngui'sh rom one anot her by distinct

i ntensi ye properties. "Basis weight! is the i gh measur ed i rans
force) Efg' uni't ar%%peé?%%&r%s‘ég%ﬁ'%ix‘f'%‘fve\ggta?\?i? r &M qgﬁﬁ"@f??tf%i Qrea is
taken in the plpagplefstiudiretnsd pfédemtmiVientibhuct ure. The size and shape of
the unit area fromwhich the basis weight is neasured is dependent upon the

relalive;and a j o ; i . '
Gt roroni el basits Soiermpre plicheof ARRERL QA T iR ber thar &
t hi ckness (t akecembe naed to fare the fevdblef stiuotured efthblprreseémtinvemté)n.of a

region. Apparent density is the basis weight of the sanple divided by the

cal i per Fig.t4A apisrapgdtienhatiditriossaeatonslivew thkew armglird4 Ay ef Rig. Appar ent
density used herein has the units of granms | centineters cubed 20 (g/cnB).

"Cal i peFig.iss a igner gsisa@bic t MbAkiRNS oIt arosRTPEMDIBRALAE Gf athedRsIirked
bel ow. Caliper should be distinguished fromthe elevation of differential
regi ons, whi ch Memnesrthat 6an da Usedtaderan ithe iflexie shaciusgidfribe presest
tran ition terrpﬁ(lgh%r{a," T9, is the tenperature at which the material 2s
changes froma viscous or rubbery condition to a hard and relatively

P Llet ]E : gﬁgg% L;i%na' sch'\éarrclgt'icnce:ro%'s[see%gibr?a viév(\)/rta&/g% a|osngt anee g)\r A E)l‘ Elng%ar allel to
Fig. 6 is a schematic cross-sectional view of a still another embodiment of the

molding member that can be used to form the flexible structure of the

present invention.

1s Fig. 7 is a schematic partial side-elevational and cross-sectional view of an
embodiment of an electro-spinning process and apparatus of making
flexible structure comprising starch filaments.

Fig. 7A is a schematic view taken along line 7A-7A of Fig. 7.

Fig. 8 is a schematic side-elevational view of an embodiment of a process of
20 the present invention.

Fig. 9 is a schematic side-elevational view of another embodiment of a
process of the present invention.

Fig. 9A is a schematic side-elevational and partial view of another embodiment
of a process of the present invention.

25 Fig. 10 is a schematic view of a fragment of an embodiment of a starch
filament having differential cross-sectional areas perpendicular to the
filament's major (longitudinal) axis.



flexible structure being made through the manufacturing equi prent. " 6$€B 2003
machi ne direction” (or CD) is the direction perpendicular to the machine
direction 30 and parallel to the general plane of the flexible structure
bei ng made. 2 2 4 FEB 203 "X, " "Y," and "Z" designate a conventi onal
system of Cartesian coordi nates, wherein nutually perpendi cul ar coordi nates
"X and "Y" define a reference X-Y plane, and "Z" defines an orthogonal to
the X-Y plane. "Z direction"” designates any“direction perpendicular to the

i ot hnct 0 of S8 AR e melie PSR efe o R no MR et s

el ement, such asfaf®osexasidreal aredrof distgrcAEdIAENCUr ves or ot herw se
depI anes, the X-Y plane follows the configuration of the el enent.

SUbStafFigaH y i?é)ﬂtsbﬁéﬁié‘iic Viegidia frag@ent onNglsisek fiiarnéﬁm“éi‘&iﬁé)a piefffy to an
to area within which one can connect any two points by an uninterrupted

line running enef nelopeqialong at leest ameatiempbthgHdamenke lfiﬂg’ib s length. That
is, the substantially continuous region has a substantial "continuity" in
aII directions parallel to the~first plane and is term nated only at edges

of that region. The el EEOOESNAIBTION OF THEMVERTIBR Wi th conti nuous,

Is intended to |nd|ca I'e an solute contrnuity is preferred

Those devi at 14on0sed PRt RS T REpHl Rk Ve e TR B wiv@iRBr *  he 1 Fexi bie
structure (or, as desr nd i nt ended antially

nb b
seni - cont i nuolis®* rT&@gi ‘irtr‘adrree:r MRAESIOB 1§ qrcg giﬁ%fifﬁ) rUf eSr‘@pr SHfExioid

structure,” is an arrangement comprising a plurality of starch filaments that are
mechanically inter-entangled to form a sheet-like product having certain pre-
10 determined microscopic geometric, physical, and aesthetic properties.

“Starch filament” is a slender, thin, and highly flexible object comprising
starch and having a major axis which is very long, compared to the fiber's two
mutually-orthogonal axes that are perpendicular to the major axis. An aspect
ratio of the major's axis length to an equivalent diameter of the filament's cross-

15  section perpendicular to the major axis is greater than 100/1, more specifically
greater than 500/1, and still more specifically greater than 1000/1, and even more
specifically, greater than 5000/1. The starch filaments may comprise other
matter, such as, for example water, plasticizers, and other optional additives.

“Equivalent diameter” is used herein to define a cross-sectional area and a

20 surface area of an individual starch filament, without regard to the shape of the
cross-sectional area. The equivalent diameter is a parameter that satisfies the
equation S=1/4nD? where S is the starch filament's cross-sectional area (without
regard to its geometrical shape), n = 3.14159, and D is the equivalent diameter.

For example, the cross-section having a rectangular shape formed by two

25  mutually opposite sides “A" and two mutually opposite sides “B” can be
expressed as: S = A x B. At the same time, this cross-sectional area can be
expressed as a circular area having the equivalent diameter D. Then, the

equivalent diameter D can be calculated from the formula: S=1/4rD?, where S is

10



20 an area which has "continuity" in all, but at |east one, directi ons 4 FEB 7003
parallel to the first plane, and in which area one cannot connect any two
points by an uninterrupted line running entirely within that area

t hroughout the line's length. The sem continuous franmework nay have
continuity only in one direction parallel to the first plane. By anal ogy

with the continuous region, described above, while an 2s absol ute

continuity in all, but at |least one, directi-ons is preferred, m nor
deviations fromsuch a continujty nmay be tolerable as, |ong as those .

devi at i dR§ “(H‘@Wrﬁb@reéﬁﬁrt%irﬁﬁtlay‘gﬁf-f@tcopﬁ%evﬁaﬁﬁwﬁ@ﬁ%’g qB@mLeﬂ%r Qft3 GEelgre (or

the def |\gglcii TR fameidh!)SAR U ARIR ralRYIIETE of FeLEgdi0alhE ffhGrer and

separated from one anot her "areas’ that ar i sconti nuous I n al I rections

o & mater i al T o5 EaRheRhORRsG s e e et AT L R gl e Y

osnot i ¢,inkRldednto, d@ioteagicrhlls ant icompuitioras tiat byuple ihfluense ofleserdieacy can
be measured according to the test described herein. "Flexibility" is the
abi | ist y teMmreratires.i difsutian uap @erersialessMantrrerthgryisegansbe satienpd hout

bei ng br I L ; | L st ; : b+ or
struct urtg%hréga? g rﬁa%i tfﬂégﬁgyt %%ngtédgrﬁé%réngwgiﬁles%g%g .”Ii m%{:%d'ﬁé%er "

i s a strtheywanl belseapat ashdesioat) dnel moes specidicsibyppootedsud tdhéorst atarbh
filamentg that can be_deposited_thereon during a process gf making.the

{1 ext bl eiioals SHEH QB P e AExpl Srerbre. Baad HieTanleety TR 1 or m
(or to "m%g%é Gk 0P rEnGHIeS GAREE Bbn MR inflePtet HehEALANE! SreBbhrct LT €
of the present 1 nvention. The nolding nenber nay conprise any el enent that
has tohe Ré&euda-thermopiasdict matetinle ediierméiom dharmeplaste rmaterighe istthattthee

ol at e, " SgtinG ehasvelyied sl (el noBstirh o, s o Rk EhefL 3
desi r abl golvénts prelseAECRRBAGLY whidre FeRbuldn beOoR®possible to bring them by any
temperature or pressure into a soft or flowable condition necessary for shaping,
since pseudo thermoplastics do not “melt” as such. The influence of water
15 content on the glass transition temperature and melting temperature of starch can
be measured by differential scanning calorimetery as described by Zeleznak and
Hoseny in “Cereal Chemistry”, Vol. 64, No. 2, pp. 121-124, 1987. Pseudo-
thermoplastic melt is a pseudo-thermoplastic material in a flowable state.

“Micro-geometry” and permutations thereof refers to relatively small (i. e.,
20 “microscopical’) details of the flexible structure, such as, for example, surface
texture, without regard to the structure’s overall configuration, as opposed to its
overall (i. e., “macroscopical”) geometry. Terms containing “macroscopical” or
“macroscopically” refer to an overall geometry of a structure, or a portion thereof,
under consideration when it is placed in a two-dimensional configuration, such as
25 the X-Y plane. For example, on a macroscopical level, the flexible structure,
when it is disposed on a flat surface, comprises a relatively thin and flat sheet.
On a microscopical level, however, the structure can comprise a plurality of first
regions that form a first plane having a first elevation, and a plurality of domes or
“pillows” dispersed throughout and outwardly extending from the framework

30 region to form a second elevation.

11



i s enbodi nents of the nolding nenmber, serving prinmarily to provide or 14 FEB 2003
facilitate integrity, stability, and durability of the nol di ng nmenber
conprising, for exanple, a resinous nmaterial. The reinforcing el enent can
be fluid-perneable, fluidinperneable, or partially fluid-perneable, and may
conprise a plurality of interwoven yarns, a felt, a plastic, other suitable
synthetic material, or any 20 conbination thereof. "Press-surface" is a
surface that can be pressed against the fillanent receiving side of the

mol di ng nmenber having a plurality of starch filaments thereon, to deflect,
at | east parti'@?ﬂ?',vetm@pgft@lsgﬁr? Pf%ﬁ%wﬁfﬁ%d?ﬁ@tt’i’@l"@i%&a'h‘ﬁrﬁfé’reﬂ%‘itng a
three-di,wlsi n i r i r gl AL ed " itex,"
or "dtex, " | gﬂaégﬂﬁétag?ﬁ nn%gga@%ef\gﬁﬁgoﬁyapgﬁkf Pféﬁgmé@%rg&%g% hDgArEams
grans peaonModdotansiver gropedtyde @nitansive' iropertypossesgeéd by raom tharssndy

whi ch a thernopl asti.c _ar pseudot her, astjc material,is turned into

{1 br ous THACET 1105 HtEngHe BRESELES o TRRNERble iR e Stnaceis e Bxkativan
force. NMetiudepivitthon® lipdtations | dedRitEBASIBI waighe! arRgatibRN opaBity, Phecigpe

spun- bondi ng, and el ectro-spinning. "Mechanical elongation™ is the process

i nduci ndrenyeanaye(ifdhesstrydieie isHpdwifasgshaitaneg)i tFraraempleoifcodeasty ishich a

ki ng (BUEY NGRS of 8 Bl Reoh a3 M5 SsbSEaL or
articl esorfB regibhycdr @ifiepdrories vafle bEfHendensityth e btverd rgjidy. Régiohs
anot her appropriate force tgo attenuate the filanments. In a nelt-blow ng

process (SHeh &S dauaxample & festiregigppanka sa¢onAeeginmh ¥ye ilepifiadeddeasr as
P ori . . . R e i g . o
br ocles ptg Féhatte i S Hofe B aEm ke BeBeARE 10 O P ber the
f f fl ow.ar it : ' f ia_hjigh vel ggj i
or anot her - aphas MR R B bR BRI I PR Higel b Mt b kp i Y 2
el ectri cstpadtefiekible asruchgel omiic anitt &rauRt eakdreir ithersané sof" (ley s&frthni ng, "

al so commonly known as "sol ution-spi nni rég " involves the use of solvent
dryi ng tidageabistiusture; pdher gzaeanbahape phttae it eeqyifons whighitheabasis

AP oDl pkft s ikt S ISRt Yokt frd"TERRTE AN HRMAL Shes and

mel t - bl ow Spun- ect ro-spi nnr ng. econes
st abise ashdpes sfaheasgions rawinmpdiffeeshtialbasi¥éteighisnni ng" conpri ses di ssol vi ng
a material in a suitable solvent and formng small fibers via nechanical

el ongation, nEhéndiyovd the rasipui-the bekisaveighitiocd thatietdgsotskemnbmgal tdthéhe
fiber is formed it is run intg a coagul ati on systemnormal |y conprising a
bat h fi|Plaaewmfthe ﬂﬁx'ﬂﬁaﬁfé%tﬂéﬁ)@f%ﬂ%ﬂ%nAPIPn%ﬁen gengity iscthethasigweighi of

mat eri al g4t ] i J ‘ | b wal ly
corpat | B'S SR RLpRIGAISY e Safiparrwith SBRroprits LR oRIcYSBhe TARBPRIENT. 1Y
subst ant ihairéin. Kspparenederssityl usad kereomipas the amitsnof tranhe/ senrtirobtefs cabedt he
conposi t@n that appears transparent or translucent to the naked eye) when
t he 7(E’orrp ¢ )on is heated to a tenperature above the softening and/or its
nelting tenperature, is . . .
“Caliper” is a macroscopic thickness of a sample measured as described
below. Caliper should be distinguished from the elevation of differential regions,

which is microscopical characteristic of the regions.

“Glass transition temperature,” T, is the temperature at which the material
25 changes from a viscous or rubbery condition to a hard and relatively brittle

condition.

“Machine direction” (or MD) is the direction parallel to the fiow of the
flexible structure being made through the manufacturing equipment. “Cross-
machine direction” (or CD) is the direction perpendicular to the machine direction

30 and parallel to the general plane of the flexible structure being made.

12



2 4 F E B 2003 "Melting tenperature" neans the tenperature or the rangel 6fEB 2003
tenperature at or above which the starch conposition nelts or softens
sufficiently to be capabl e of being processed into starch filanments in
accordance with the present invention. It is to be understood that sone
starch conpositions are pseudos thernoplastic conpositions and as such may

not exhibit pure "nelting" behavior. "Processing tenperature" neans the
tenperature of the starch conposition, at which tenperature the starch
filaments of the present invention can be forned, for exanple, %l?%l@ _
attenuation. Plexibl'e a8d ud urdesignatef ér réanyeplorplgsysien) of fGarigsar

structur LS| t i r fid b Nt\Gn i ses at
east a (ooanafagrnBdy ARRH DERERRIEN Codifiete i SR 2 FRMRE' dnd

second refe@ngehXsY aplaheasgndofd” cefimes amtartixigoaaprtopiet X-Y spiaheas,“Zf or

exanpl e) .a basis, weight or density. The co n jntensivye property of the
first rediestiop] glesianles any dctioh inespendieliebimmtie Ko PlanshsAGRIOSO8EME L y of

t he co i OR_ Ger 8 leHirk &gl Ngikst f i j 10 can
be hi%gheﬂrmt egﬁ“ edjr@gﬂgligty o?éﬁie sIeconégfﬁeglitsoérf‘c%é)%W%ﬁ?%%ﬁ%ﬁgl?%%cond

regi ons pa@llahtb 1110 Zediredtont | ¥xidr anseleomentir suchoas ofortdxanples anmoidingnt i on

can also differentiate in their respectiw 1 cro-geonetry. In Fig. 1, for
examl o, Meepeh GilyeS of olferits feRBRPS ety bEne BIGHT e snetbrialien 58
networ k fHarérepend first plane at a first elevation when the structure 100
is disposed on a flat surface; and the second region 120 can conprise a
plurality of ek r@@rg- | eeﬁg‘?& ﬂé?%@; |

cont i nuous nefgm%%.sﬁ%@se nglgfjgtfe ar eg\éé}%ﬁgy%?&%r%gﬁ% e 65?%%’55% %%npri se
di screet eapaotwithém anlcies, one Cani Icbonsct’ aoyttwer gointexXiyerai ngintemwaptede linet wor k

region to forma second, el evaiion 2 reater than the first_el evation,
relati ve“’t’}f"’f%eerftl"?'_é't “f)tlhélhgxaf 2fd ?‘6&@%&@%36%8 eﬁ‘&lth'p! ITF‘@ scdheal so
conpri seg@HSHREAIRNCoAtihYo¢LREGIBHOHSS RAtduBstardiaf “BomtEh/anhi &l Idirections

sem -conti nuous pattern. In one enbodi nent, the substantially continuous

net wor k pagliehtacthe firal plagerandisi teanipae g anlyatadoes ofibat 1egigsi. | Thedemave a

relatively,l Si; | e r i . e
subst ant i%(ﬂqsw é%ﬁ?i ﬁﬁ%‘a@l“ﬁ&ﬁ%wﬂr%%}%%i]o@%ﬁs Enatgté@%@?ogﬁwgfﬁg%éwv\u} ebé@]l S

wei ghy , absbiutee cohtihuity idqrefearade | ralniov elevidtions fresi sheveibgblute |dorgihulty ot her
enbodi nents, the substantially continuous network re%iP on can have a

rel ati veMaY &% tRlebly as3iend ins Hi9seoHeVislianh AR Netr &RIeriaBlYy, affegh thensi ty.
An enbodi j i i | .C : j N S

et vor k. Panoimefed o b HBIARStructhe i hORIE BEAR)ac YepRReaHRC,
have a reltendedl y | ow basis weight. In other enbodinents, the second region
120 can conprise a sem continuous network. In Fig. 2, the second region

120 conpri ses“Sulsstantialyaseascdthuaishrégion t(ardahbsetwaitk wiramewok) réferand
sem iocon%réurgg %Nhell(r:he ﬁasas 1'golr’\tineu)i(tty’?lr}ldai@\lp,(‘i)ut at least one, directions parallel to the first
plane, and in which area one cannot connect any two points by an uninterrupted
line running entirely within that area throughout the line's length. The semi-
continuous framework may have continuity only in one direction parallel to the
first plane. By analogy with the continuous region, described above, while an
25  absolute continuity in all, but at least one, directions is preferred, minor deviations
from such a continuity may be tolerable as long as those deviations do not

appreciably affect the performance of the structure (or the deflection member).

“Discontinuous” regions refer to discrete, and separated from one another
areas that are discontinuous in all directions parallel to the first plane.



toin at |east one direction as seen in the X-Y plane (i. e., a plane 24FEBZ0(3
formed by the first region 110 of the structure 100 di sposed on a fl at
surface). In the enbodi nent shown in Fig. 2, the flexible structure 100
conprises a third region 130 having at |east one intensive property that is
common with and differs in value fromthe intensive property of the first
region 110 and the intensive is property of the second region 120. For

exanple, the first region 110 can have the conmon intensive property having

a first value, the second region 120 can have the common intensive property
havi ng a secdAdsodiansy” anthe hbilityhot @ matgriehtoltdBe agnfliide dyt tariatsmrmeans

i ntensive property.having a.third value, wherein.the first, val ue_cap be

di 11 or enfoHABR PREIATe SRnGus e ety o b iiErk giam andkietain Sucybid: ent
fromt h%w@eﬁcwaéwge&néaéb@dfacfcsatrqmgltwhe W riekbebed herdinr e 100 _
conprising at |east three differential regions 110, 120, 130, as descri bed
herei n above)«gi s, i i e?cﬂr‘?’n ) (i X-Y
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and the lead ovithauddiedng bPOkext regasdiese oéthembilidy defriatslity of thecuatbrizs or

el evati 033. An enbodi rre{n rl{jts\/{}??ont e(ig%l at ed irrll which the third region 130
def i nes BYHWESOLPHIAISE O B'Em?té%F Y& of the first, second) and

third el evati‘m js different fromat |east one of the other el evat# ons.
For exanpl e) ding MgM&Sy i ? StruekialRiement fhal gRRIRS U$RA 85 BsIURPOIt BEcond
el evat i ) 1 Y Lyrhtat i on,
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at | eastthehftexdble egfiumtsrenal timg pdésdrd rimvaritiain, @nd as a forging oaditonforrar (drow)
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nt i nuousiBeArt adhteardsnesrinnakpaiiernioube Seuttien@ng suatiueshthereonsaedi - cont
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impermeable, or partially fluid-permeable, and may comprise a plurality of
interwoven yarns, a felt, a plastic, other suitable synthetic material, or any

20 combination thereof.

“Press-surface” is a surface that can be pressed against the fillament-
receiving side of the molding member having a plurality of starch filaments
thereon, to deflect, at least partially, the starch filaments into the molding member
having a three-dimensional pattern of depressions/protrusions therein.

25 “Decitex,” or “dtex,” is a unit of measure for a starch filament expressed in
grams
10 t —_—
grams per 10,000 meters, 10,000 meters

“Melt-spinning” is a process by which a thermoplastic or pseudo-
thermoplastic material is turned into fibrous material through the use of an



2 4 FE B 2003 plurality of starch pillows, wherein at |east some of t{e FEB 7003
pillows conprises a starch donme portion 128 and a starch cantil ever portion
129 extending fromthe starch dome portion 128. The starch cantil ever

portion 129 is elevated fromthe X-Y plane and extends, at an angle, from

the done portion 128, to formsubstantially s void spaces, or "pockets,"

115 between the first region 110, the starch dones 128 extending therefrom
and the starch cantilever portions 129. In [arge part due to the existence

of t escubskant iakLy VLSl AARNRL Scdl SpEiR® fodlafiesetdmiaand agiel il ng

si gni fi cant anDun flul &Xi bl'sstr detdre 100 58 y shown
i n Fi g. tlowinghspumbenhdirg, @i dettro-spinningh, for a given to baS| s wei ght,
absorbency characteristics. The pockets 115 are characterized by having

none or very “hMddHaRicHMeusH aafonSGs?ltWétpfode%@aﬁtiecnhbeé ®bride dANe fddrl theehd n the
art will appreciate that due to a process of nmaking the flexible structure

100, as k¥i Bevisgdticomeonto anatask whithea sfrivenhsuiface, fsuekias @ ralit o apply a he
stargh ffbnl rq%ntt.‘g rﬁgﬁﬁﬁ%}SPQn’%{l ﬁbéltsructure 100 as a whol e, sone amount of

1 s indi VI starc present in the pockets 115 may be toI erabl e

| h fi f
e tors o Eﬂi{@t BloRieIs o DTaRFS (8 MRtusiBh TS wdtislal BRiceR By, oxt

the ter morAURSHyARES Ar! AsineoLSiNg o ﬁi\@;ldclt’? 4i JrnARotAEe ZbproRRAEITLA® that due
to a hi ghlyu'tglggm bl e nature of Qt hg structure 100 and |Eg| vpﬁdual starch

fi | anentaiterwiate i toenfilamantst r it tairmei-bowisgnRrogess ndieg attenyatian atﬁmﬁws of

densi ty BPERA" 3'5@&0%?8*1@9“"5{6&@ lrlgé?ﬁt@&aﬁﬁﬁ%‘t%&%@ée”ﬁf%@bﬁ?%f%féc d
. , 0..00
st hore st RaTifo R errsEs b liFesSofh AIPHnG the diRen ¢ da@ &1, the
f1 exi bl yraHettFhimed diParkce Ol he foRGesCantib (RS grivitP Yrid BieR 48
characterized by an enhanced overal | surface area, relative to t at of t he

conpar afpEcesyiatghuvelosty airasi angtheranniapialesaurgdr t i ons 129. One skilled in
the art will appreciate that the greater the nunber of the individual
cantil ever poiElédne-spipaingidstehpiacesedpatuses efdatio potaitial ssrthacieree éas, the

gr;n_rgetjg(rzo%f%)eusael;(rl)étﬁbgl]scroscopl c specific surface area (i. e., the resulting

15 “Dry-spinning,” also commonly known as “solution-spinning,” involves the
use of solvent drying to stabilize fiber formation. A material is dissolved in an
appropriate solvent and is attenuated via mechanical elongation, melt-blowing,
spun-bonding, and/or electro-spinning. The fiber becomes stable as the solvent
is evaporated.

20 “Wet-spinning” comprises dissolving a material in a suitable solvent and
forming small fibers via mechanical elongation, melt-blowing, spun-bonding,
and/or electro-spinning. As the fiber is formed it is run into a coagulation system
normally comprising a bath filled with an appropriate solution that solidifies the
desired material, thereby producing stable fibers.

25 High Polymer “substantially compatible with starch” means that the high ~
polymer is capable of forming a substantially homogeneous mixture composition
with the starch (i.e., the composition that appears transparent or translucent to
the naked eye) when the composition is heated to a temperature above the
softening and/or its melting temperature.

15



30 surface area per unit of the overall nacroscopic area of the structuy&FEB 2003
di sposed on 19 7 4 F E 8 2003 a flat surface). As one skilled in the art

will also recognize, the greater the absorption surface area of a
structure, the greater the absorption capacity thereof, all other
paranmeters being equal. In enbodiments of the structure 100 conpri sing

cantil ever portions 129, s the cantilever portions 129 may conprise third
regions of the structure 100. For exanple an enbodinent is contenplated in
whi ch a densi, f e starch canti 29 is internediate a
densi ty of tntehaiSRediaie eah v BnlR el 81t e Tehds h FiERGH OIS0
conpri sifigof k®oYenwhRer thedtsch Eompbsitibar merbast gefiéns ttfickems ty s the
dome portion 128 can be internediate a relatively io high density of the
first ra&grableobbaing processed wepystawh Hamsnts inacedidaped withether prﬁent on
129. B : a

y W@rﬁ]tfcw L dhseté?al?é %n‘H@F&{J&d%ﬁF QBnfe Qfdr&r“r‘ot E}n&éﬁﬁ@{%"?ﬂe@ ‘é@g& o 110

equal to Iate an one-or b
and the tHemaoplastic @bmbb&utuolascwejsas Eoach Wedyi mat dxhibil hre “Bigltiied"Wehdviorti gs. 8
and 9 schematically show two enbodi nents of a process for naking a flexible

structure 100'P3r@6é‘§du‘§g ngeﬁip@f@thré"' | gRRES - thki rt%hapeﬁ*aﬁlré” adfi tineof ity ch
filanents is provide The production of starch | anents for the flexible

struct ur@nlD@Slh@@.oaUWhg?ft tﬁmmaﬁﬁ@s@ﬁt stamreﬁfamﬁm%@rﬁ the prasentbipventieni ety
of technjgu |l e, the starch 20 filanments can be
produceaéafq} 5%‘%@%58%’6‘5% :%Efastu?ﬁgﬁl t starch conpositions by various

nmel t - spi nni ng processes. Sizes of the starch filanments may vary, from about

0. 001 dtex toFragmgg gﬁg ﬁ% ex, nmore specifically fromabout 0.005 dtex to
about 50 dtex re specifically fromabout 0.01 dtex to about 5.0
dt exlO Referring to Figs. 1-3, a flexible structure 100 comprising pseudo-

thermoplastic starch filaments comprises at least a first region 110 and a second
region 120. Each of the first and second regions has at least one common
intensive property, such as, for example, a basis weight or density. The common
intensive property of the first region 110 differs in value from the common

15 intensive property of the second region 120. For example, the density of the first
region 110 can be higher than the density of the second region 120.

The first and second regions 110 and 120 of the flexible structure 100 of

the present invention can also differentiate in their respective micro-geometry. In

Fig. 1, for example, the first region 110 comprises a substantially continuous

20 network forming a first plane at a first elevation when the structure 100 is

disposed on a flat surface; and the second region 120 can comprise a plurality of

discrete areas dispersed throughout the substantially continuous network. These

discrete areas may, in some embodiments, comprise discrete protuberances, or

“pillows,” outwardly extending from the network region to form a second elevation

25  greater than the first elevation, relative to the first plane. it is to be understood

that pillows can also comprise a substantially continuous pattern and a
substantially semi-continuous pattern.

In one embodiment, the substantially continuous network region can have
a relatively high density, and the pillows have a relatively low density. In another

16



2s Sonme references) including U S. Patent No. 4,139,699 issued to Hernahdd£B 2003
et al. on February 13, 1979; U S. Patent No. 4,853,168 issued to Eden et

al. on August 1, 1989; and U S. Patent No. 4,234,480 issued to Hernandez et

al . on January 6) 1981. U. S. Patent Nos. 5,516,815 and 5, 316,578 to Buehl er

et al., relate to starch conpositions for making starch filanment using a

mel t -spinning 20 2 4 F EB 2003 process. The nelt starch conposition can

be extruded through a spinnerette to produce filanents having diameters

slightly enlarged relatjve to the dianmeter of the die orifices of the

spi nner énpleodiment, the,substantigily copdinpoes medwerk nagion jqaanBaYS; aaralatively
subsequ I o) j r j I v b : l. Ng
ani o 1o st QU Hy B ptEThove dclNEbHIEN BaRIAToNL i Supemet

non- wovembodintants athiel sulistantiallys contiiuoussnétwank eggiondesh pelg reereativety known

inth t d. [ table f Ki ng. | | exi pl t h filanments.

e TS Shol TS R ot Reg el ah Bely s a6 hbogA

Spl NQer ﬁonﬁ&ﬁbla’i@@y‘m wHHH"tHIQ_s@b!@n?ibﬁ@bh%tiﬂﬁd&“h@ﬂvcﬁkrrﬁeﬁldﬁ 84n Have a
y-a T Tilame

downwar ancing starch filaments. e starc ts can be quenched
wi t h. airelativelydnipgbbasisoweighthand the pillowsthgyve alredatively tow hasieweightng ai r
slot. U S Pat. No. 5,292,239 issued to Zeldin, et al., on March 8, 1994

di scl oses a devige th r s signif] t r en i he air_flowin
order to uni ﬂﬁr ﬂﬁﬂfraﬁ%tb@gﬁglgﬁfsenﬁeyQSéé)ﬁiqggtﬂ%aaﬁhgcgﬁrg&‘%n{)gs?% rch
filamentgontihbeudiretvesur ¢n Higt hathd seqicerigion 120CEUrRPgdLdisklete efreagnce
herein for the Ilimted purposes of teaching ways and equi pnent for reducing

t ur bul ent®?,isimilafetoaihose| heWihéh Fidortni ard seaY-ERNtNYQHfAIeRS T eXtRNGIR@sent

i nventi qp, f i t C o) j | S}

St arin, gt dedbthe SRR} & S0 W AR RV ERNC (7F', B Ted MG ISHER. o,
t he sui tregian st@bEhestaictuee ¢80 dispasedvat & dldt sorfacg)seudo-t her nopl astic nel t
in an extruder and conveyed through a spinneret to a drawing unit formng a

vertically oriented curtai f downwar vancj tarch filaments. The

spi nner et cannd mm@%d'%eﬂgww%-%?ﬁ% ﬁﬁ@\%sﬁH&Pﬁ%@btqo'ﬁW@eﬁ?nner et
can 1 nC't_HQ@ r@gRJrP"l@d)'Ha)Oirﬁ a'ﬂ%a"ét%r@frﬁéwé%é brdiﬁér@ﬁtﬂé@\ls RBNThES WiFCshd onal
areas suitablé for 2s starch fil ament Eroductl on.” The spi nneret can be

adapt ed diffetshis vialug fronythss intersive arepe sifrstoegiam 1Haandike ntensivee bore
has 1t5he Er%ggrtgfacgfethgfséclo?\\g’ rééior?olzo. For example, the first region 110 can have

the common intensive property having a first value, the second region 120 can

have the common intensive property having a second value, and the third region

130 can have the common intensive property having a third value, wherein the

first value can be different from the second value, and the third value can be
20 different from the second value and the first value.

When the structure 100 comprising at least three differential regions 110,

120, 130, as described herein above, is disposed on a horizontal reference plane

(e. g., the X-Y plane), the first region 110 defines the plane having the first

elevation, and the second region 120 extends therefrom to define the second

25  elevation. An embodiment is contemplated, in which the third region 130 defines

a third elevation, wherein at least one of the first, second, and third elevations is

different from at least one of the other elevations. For example, the third
elevation can be intermediate the first and second elevations.



desired. Alternatively) the rates of flow of differential nozzles can %g%gEBZWI
A drawing unit (not shown), can be | ocated downstream of the extruder,

may conpri se an open upper end, an open |lower end opposite thereto, and 30

an air supply mani fold supplying conpressed air to infernal nozzles

oriented in a 2l 2 4 F E B 2003 dowmward direction. As conpressed air

flows through the internal nozzles, air is drawn into the open upper end of

t he draw ng unit formng a rapidly noving streamof air flomjng in the

d d di Th st d the starch
) nent s cadBerToWEE D16 ST Bite R0k TeVausn o SHePes e GoauibRRent « he
open | owen%wb.m‘enw%fqhewstmctum 100! topAsigaDReR At ré@éhs

t arch
filaments suitable for the flexible structure 100 can be produc rgﬁb@
el ect r odiffsirantialg (ipreoc d¥gh, wnedisnm an lewgcintensive a?@pegl%ppl Akdoft thesest ar ch

e anicociel dBURERRETh e sEhes O b RSEEP IRBNBk, uhi ng P ocess and

Appl scations of El ectro-Spun Fibers" by Doshi, Jayesh, Natwarlal, Ph.D.,
1994, describes an electro-spinning process and conducts a study of the
forces involved in the process. This dissertation al so expl ores| sone
conmmer ci al appl i cations of t'HEE'é$'¥EIPFQPEBMFSf| | aments. This disgertation is

i ncor por gted—heretfpby—+eference 'NI d he—purposes—oef—deseribing{the is
principl ¢s_of tvh@ ect r o- spi nni ng EPE)C!%sses Wnited épXYes Pat Ent Nos.
1,975,504 (Oct. 2, 1934); 2,123,992 (July 19, 1938); 2,116,942 [ May 10,
1938); 2,109, 333nt(riﬁe|tns 22, 1938) Di@prit@()pt%z (June ®iscbdB@pys 2, 187, 306 (Jan.
16, 1940)—ant s b 16 My 16 5id8nlowsa I T ysuedtoFormhatsy descri be
el ectro-gpinning processes and equi pnent '[hPI‘ effor. (X her 20 references
descri bi g el e€epéwews nni ng| processes—i ncl ude: |U. S.DiggpweuNos. | 3, 280, 229
(Cct. 18,/ 1966) Tssued to S nons, 4,044,404 (AUg. 30) 1977) ISSJed to

Martin et al SenflcORBublZ0 (JAN. 1E!em|-1;8r/t?ﬁfbodsssueﬁ tosﬁnfmhtﬁﬁ@ 4,143,196
(March 6,4-1979) issued to Stmm— 4223 101 (Sept 1980). |qc||nd to Fine

et al.; 4,2300HEONOHRUS 28 | 19805 ELUBHYy Gui gnar@“"ﬂr@@%S 525| (Nov. 11,
1980) i squed SEenilcontiope et Al . ; Qenﬂﬂantﬂza&s( Sept. 1, 1981) | ssue to

Gui gnard; 4- 093—‘52',\].':{#?+‘I écohoou &6 Lur1§.‘tm < ﬁﬁ dsr\.u (NOV 12,
1985) i squed 1B RN ¥ %80 186 (kﬁum ®1087) |i ssued t°8 Hot*nat | 4, 798, 607
(Jan. 17, 19&)ﬂiicsr§iﬂewsm M ddl etQiscoptinugys ; 4,904, Z]Qcoombus 27, 1 1990)

i ssued tg IVNJggn;ﬁlcg [mgausal. 479687238 (Nov.—6; thﬂsJJmIICBm(aHUSLU Satterfield
et al.: § ( 991 ) issued to Barry: 918 (Aug. 22,

2000) is ||pﬂ fn Qrarrh no pr al ; _and__6_110_59( (Aun oq’ onnm i ssued to
Zarkoob dt al .DisoeBUINPYE| osufes of GORENUPHS egoi nd patsrostngces 22" | 2 4 F E B

20C3 Discontinuous Continuous —
Discontinuous Semi-continuous Semi-continuous
Discontinuous Semi-continuous Discontinuous
Discontinuous Discontinuous Continuous
Discontinuous Discontinuous Semi-continuous
Discontinuous Discontinuous Discontinuous
Discontinuous -—-- Continuous
———- Continuous Discontinuous
———- Semi-continuous Semi-continuous
———- Discontinuous Continuous

Fig. 3 shows yet another embodiment of the flexible structure 100 of the
present invention, in which embodiment the second region 120 comprises a

18



I ncorporated herein by reference for the limted purpose of describing ZW@BZ%E
general principles of electro-spinning processes and equi pnent therefoz.

Wil e the foregoing references teach a variety of el ectro-spinning
processes and equi pnent therefor, they fail to teach that a starch
conposition can s be successfully processed and extruded into thin,
substantially continuous starch filanments suitable for formng the flexible
structure 100 of the present invention. Naturally occurring starch is not

Gener ai 150 RAEY o STl P aPEThe e B O ol i b
nodi f i eclomégsirtiois 1128 ZRd a' strel GantienBepoitiodn1 2R extEndivy $roaT &5 btdrbl
processed by using an el ectro- sgl nni ng process. Comonly assi ghed atent
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Mackey %laﬁ% a’ndA&t%H l[)?oseggléﬁf C?’ér C% dfo'nl.eeg | nt% i fbﬂﬁ s%‘r?)tcs)?anq al|

present "app ication, conposi tl on surta r pro UCtIOﬂ

of the stcid csfpabetsanser‘lpecksted 115 thetwéémthd Ifieststegion Ur1@, 10€ stdrchhdorpegsent |
S inventjon starc n co ri ses starch having a

wei ght - a ﬁ&@”aiﬂge%ﬁlr% O'We ﬁtth?a?% F"@H?%\B%’ﬁ‘ton§ to about

2,000, 000) and can contain a high pol yrrer that is substantially conpatible

with starch apdafgs part\8LEMs tﬁéeéﬁﬁéné@loﬁ%’é@r smﬁ‘étghﬁalf?f v&& pRiels 299, 000.
I n one enbodi nent’ that starch conposition can have from about 20%to about

99% by wesipgitie of reaqwlog@mtd retaipmgrsignificant arpaviet @ffflmdn,u thedtexindalsyruattsegned

appl i cat ted her b ference, ord| t he resent
hvent ol scleplREREPRER 1Tes I¥ peleVrd RS andit Vh.BRn. fob Aol
ot hefp adskdis w@hta@%sart;@ﬁjyl EhdractRistics aThBedokeeLs $5Ghré fcParatam e by
extruded) and configured to produce starch filanments suitable for 2s the

f1 exi bl ehaxingeeneoroery litlepamount of staegh filamentmteseiar ch fil anents may have
froma trace amobunt to one hundred percent of starch, or be a blend of

starch and ot@gE sudfM ﬂwer%trFMIP 6 reEfé‘%é‘tﬁa?t ddP% FXFTkEs f thath§She
picess 3

synthetic naterials, proteins, conbi nation t tarc onrrers
can incl ﬁl&jeblars)trumnner‘eoo wm:suusseugbelbwr ehgﬂ b|eb;aesea>lf Iayw@imlyrﬂeditﬂ!e adtiwgear ch

or cherm gfatweystgp% tflla é%rn%r}he%lexnb?e s?ruc %bla}/s ”oﬁé | snog}ne amount of
15 individual starch filaments present in the pockets 115 may be tolerable as long as
those starch filaments do not interfere with the designed pattern of the structure
100 and its intended properties. In this context, the term “substantially” void
pockets 115 is intended to recognize that due to a highly flexible nature of the
structure 100 and individual starch filaments comprising the structure 100, some
20 insignificant amount of starch filaments or their portions may be found in the
pockets 115. A density of the pockets 115 is not greater than 0.005 gram per
cubic centimeter (g/cc), more specifically, not greater than 0.004 g/cc, and still

more specifically not greater than 0.003 g/cc.

In another aspect, the flexible structure 100 comprising the cantilever

25  portions 129 is characterized by an enhanced overall surface area, relative to that
of the comparable structure not having the cantilever portions 129. One skilled in

the art will appreciate that the greater the number of the individual cantilever
portions 129 and their respective microscopic surface areas, the greater a
resulting microscopic specific surface area (i. e., the resulting microscopic

30 surface area per unit of the overall macroscopic area of the structure disposed on

19



2 4 F EB 20@ starches can include, without Iimtation, corn starch, 74 FEB 2003
potato starch, sweet potato starch, wheat starch, sago pal mstarch, tapioca
starch, rice starch, soybean starch, arrow root starch, bracken starch,

| ot us starch, waxy mai ze starch, high amyl ose corn starch, and comerci al

anyl ose powder. Naturally occurring s starches, particularly corn starch,
potato starch, and wheat starch, are the starch polyners of choice due to

t heir avai I ability. PhyS| cally nodified starch~is formed by changing its

dirrension structure. Si | y. mdi fi starch _can .include a-starch,
fract oy SN, “Asi oneredisnimase a1 aul o€ PabBehiaRa e dreacbanfy
treat ed gisdrstion '@r@t@“é?éé' ¥f P dtfuchsteSttRECHramyr hee f AhEmptiOY chrityon of
its OH groups with al kyl ene oxi des, and other ether-, ester-, uret hane-
car banatteeredsr al 93@]@%@@@@@@@1@9 eaust ances. Hydroxyal kyl, acetyl, or
carbamate starches or m xtures thereof are anong enbodi nents of chemi cal | y
nodi fi ed star g f |ed
starch is frolﬁ]hgﬁwggnﬂeg& 6?‘?[18 Str%eﬁﬁn%rfedi!ﬁgﬂllp E@?aﬁ@@%ﬁ@&%én?@

nati e wakesantilanezrgortians bQQfmmcaiummS@B%rtdore@mﬁ oﬂﬁ%wucvteregm@o ot rmre
specifically, from about 8%to about 12% The ﬁ | ose content of the starch

i s from®RPReaRuteBooineRt HoreonigeeRigddn Yhign éndghsity Fotha stasBut

30% 20 i c t | ¥ en I ra{4he gl ass
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24 2 AERETS 30( by wei ght to about 30%by wei ght. and still more
0

specifically from ab)(;ut 0g5% by weight to a)t;out %0% by wei ght. O her

addi ti ves caprdeesk)Firdabkial Fekiprestrwbtufe t he starch pol ymer as a processing
aid and to nodify physical properties, such as, for exanple, elasticity, s

dry fensile Islbeea%rm ?%'&Fle%attnc‘éh\y %HSIvhwooémbB&nﬁ‘éﬂtéléﬁ'%dpr%bééﬁbrfmb%fﬁgm S.
Additives are~typical resent 1n quantities ranging fromO0.1 %to 70% by
wei ght oaflaxmdmetfuaweéﬂobaxnsrls(mgatﬁrn@fltaraentBhe quantity is cal cul ated by
excluding volatiles such as water). The exanpl es of additives include,

wi t hout |imtE&irshrg plurality ofr ftarchefilanznts és prca:\nded; IThek pragiuatjiemtod ,starch

emul sifiers, surfactants,, | brlcan r ot ndlotelr Ikali alts,
bi odegr APmeRclon e eetie s d?" o BeSidig T S meSsgnliniartion can B2

t her moplpasdd bep%| YVERES: o? Qé&'ufukjljég KW 3 tﬁétﬁﬂdeF%} SApIE X tHE &taddher eof .
Exanpl es of bi'odegradabl e sxnt hetic polymers include, without |imtation,

pol y2pifitaraenisnecamolbenygr yireme sthepopsenda-theymopiasice smelbolsjaredt i des,

and m xt e o] a

ant 1 oxt SURTRINFSRY el et BB 4R, Bl Sk e BRLPY Hatments, .
present ray eaty, fromagbadd, Dovedtemmrabaungsarc&ex [ moqwep&c‘rcasy frenmab@.xtf rom
0.5%to 60% by weight can beneficially be incl dedlnth

conposi {0-@F0 diex {ambeubxPedier andBvamIoRR SPRATICALY g agp 8&1 J&xelfabl e
prot ei ngy, %ygrb 8%&(“” n protein, sunflower protein, soybean proteins, cotton
seed proteins; 20 water soluble polysaccharldes such as alglnates

and 98t or ool SO (BBt ing Sy i 85PN NE' 50 Ble, Il "
hydr oxy Hérnbaabk ¢t o an Febrlay et bybcelsS. Pateat Net 4,853, 568 issabe to Edemb! e
synt het i c pol ymers such as pol yacrylic acids, z&glﬁéacryl ic acid esters,

pol yvi nyat & ePArAuguss ol \\A8% 130 Hidi Rateps Ney 4y Byssunad tphernandez etmay be
used. Lupr o] f e I i es
of the s aar"g?@'hﬁ?@ma% Er @S t%&ﬁfgggsg%‘gﬁﬂé gnr eée Sfﬁég\rﬁﬁi%ﬂ&eér e

| ubri cardl., celmmltmdsarchrcannmd:mtimsafurrmakmg stag:htfdbdmnt asing andlespibhing n
their hydrogenat ed form especially those which are solid at room
tenperature. 30 Additional lubricant materials include nono-glycerides and
di - gl ycerides and 25 20




2 4 F E B 20C3 phosphati des) especially lecithin. For the present 7 4 FEB 2003
i nvention, a |ubricant conpound that includes nono-glyceride, glycerol
nono-stearate is believed to be beneficial. Further additives, including
inorganic fillers, such as the oxides of s magnesium alum num silicon,

and titanium may be added as inexpensive fillers or processing aides.
Additionally, inorganic salts, including alkali netal salts, alkaline earth
netal salts, phosphate salts, etc., may be (sed as processing ai des. O her

addi 1 SRRy b IaRI e, doRRS, BBPR IR AL A oPHdpHBR® id © The

pr oduct or exa UCt S SucC |1 Ssue,
di Sposa;hbdut@vﬁ&iam)sntahaanlngt diesnetersaslighdtyhenlasged Irelatipe dduthe sdiametersdf engt h

pol yrrerne Be Sy kS s Sielisulh o riuehio A S8e) alecas %@?ﬁéqa%w%nié‘%ét W
gener al t the IS
paper o DSERReLEl ARAUGAT R (nBHOBRENAARBIEY R brafRE ol

Papes atodeBapetiveéibd; difevdtar.cal Associ ati on of the Pul p and Paper Industry

(New Yor k) 1965), which is incorporated herein by reference. The nost

useful wet stSengtdh deaajessfdnqyedgengrmjd wobeertheuanomast@c fabrithstractuess
Pol yam de- epi chl orohydrin resjns are cationic polya

ami ne- epiQh exEIAGd MAYMEES ate KngvR in &g a8 and edn ﬁﬁ\ﬁé"tﬁa@nfoﬂﬂ‘a@%épﬂg) be of

ggt telnt:UI sw%#%%ﬁgﬁgmeitng%tg: %%@?%b%ﬁc%ﬁﬁ%ﬁg%fﬁang@g?@#g%8? issued on

Novenberfoitzd tt@é'egh tmtsp(rirmetad'\atoshmvnm fdrdnmgjiasaemsamesnentemburtamr ef
|ncorpo t ed he ref erence. On I Ci source of a usef

ol v dEMEHIRGROYR TS STerTomens: NSt SGIny AN 15 BHe" B uar e,
whi ch Magilkell BUEShLRSHdHS wmd§rsu%ﬁohh$pér@'i§w?ﬁ)g”§r”§¥t%uéﬁd§3éw's%ted U.S.

pol yacryl am de reS| ns have al so been und to be of utility as wef strength

resi ns. Pated®. r5e%92123arl%6uﬁﬂsm ZBksiin,i et al, on MaremB. 984 disaesenadeviesued on

171, 1 g redsies fortfese uBiueBbe (Bofhes = Aol i, PR TR BRI i c i

by so rqtoetrsm@ml él,gpté@mmmgatbr@wme stércmﬂ flemeoned. eThpalis@osyieadm et r esi ns
is Cytec 26 4 B 2003 Co. of Stanford, Connecticut, which markets :

one SucHpatery i mﬂ?or@t’%’ hir lefergnee harem: fauche dimited pUARGSaPEFearRING| e
cationi %f}%bﬁg ré$@£§ S USEdg' tﬂlﬁﬁtﬂéﬁcé Y818 500 ﬂﬁlﬁ%b%rﬁtﬁfg”?tag&byde

and nel de resins. e nore commbn S i onal “groups of
t hese pdlladentd.i onal resins are nitrogen containing groups such as am no
groups and net hyl ol groups attached to nitrogen. Polyethylenimne type

resins may al@ser therstesémt intgniidn, tév@rcprf@ﬁéhtsicfarem pesduded fesidid hixture
tenporary wet strength resins such as Caldas 10 (manufactured by J pan
Carlit) EANAPTYBYSArEH0watera RIASHERZEF ANSYOREE PBH%"a'ﬁdé‘ﬂtB'ﬁSachPrc??éﬂ'E

@”%”Y)thg%ltgﬁléj%%ql ){(tBré B&n Bb%%rth&‘f@%tpéé“udoﬁ% BEIaEfu@ir?é]E inan,

i nvention,” oné cross agent I's the wet st rengt resin Kymene in
guantit |®dru®mg;anugccbrrmyedt10mugh a smmjeramcgatdramr@uutt fdrosingya \Aetrttgatly and

ore Sloeocrllefr{tt(a:él lc';t}/rtglnorp 8‘ bv(\)/H;[Na(r)d ad%)angmg st% ch fl?ar%gr(\)t%t %’%ebgpi\p\%iepeqt ¢an
comprise an assembly which is known in the art. The spinneret can include a
plurality of nozzle bores with holes having cross-sectional areas suitable for
25  starch filament production. The spinneret can be adapted to the fluidity of the
starch composition so that every nozzle bore has the same rate of flow, if so

desired. Alternatively, the rates of flow of differential nozzles can vary.

A drawing unit (not shown), can be located downstream of the extruder,
and may comprise an open upper end, an open lower end opposite thereto, and
30  an air supply manifold supplying compressed air to internal nozzles oriented in a
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In order to produce suitable starch filanments for the flexible structuZé:FF-BZGBI
100 is of the present invention, the starch conpostion should exhibit
certain Theol ogi cal behavior during processing, such as a certain
extensional viscosity and a certain capillary nunber. O course, the type
of processing (e. g., nelt-blow ng, electrospinning, etc.), can dictate the
required Theol ogi cal qualities of the starch conposition. 20 Extensional,

or elongational, viscosity (rle) relates to nelt extensibility of the
starch m% [ d WEPE@ | spr;@cesses
such as% tarc & (ﬂ Crtrlgﬂt Ar\chBn ¢ eoaéﬁﬂgnm oﬁ%@ﬁi@@é%&ﬁﬁﬁkﬂﬂggesptlﬁr ee
types, dewndntrg tben apen upper ca‘nddef dheredrawingfunithoromimgp @s rapidly. moviagi al  or
si npl e ext ensi naI Vi SCO xi al ten3| on viscqgsit and pure shear
oxt bnei SeaTBoT AL Aieg thrife ARkl LeElRor othe of clianpR8UBECE ol Ty
i mpor t arfralvitg Rt Shahe SIARASIAMShtPEAGHRG BFerPUB fbeaétt@m%téaldiaehre%ﬁ@@at I on,
mel t - bl ow ng,” spunbondi ng, and el ectro-spinnin The ot her two extensional
vi scosi tieferesalingrier epen Iavesr andkobthgdrawingueibsi on or form ng processes
for making filns, foans, sheets or parts. 27 2 4 F EB 2003 For

conventi onal 1 hlaern@/plbaamg)unmthmpﬂhassstao@\ Silarhersts guitapte doi thee flpalblani des
and pon ere is a stron(g correl t| on bet ween extenmﬁnal viscosity

o Bhe stRiofigo 4pByEdn e RrBOLERT Y iAok ot eSO IS Pracdas: oy RErein wad

bl ends tefr@étﬁ@fﬂela h@tamﬂbedt ke SRrtdrBRDIIUfIoN ab fohe BRARJEHALtFEN jBE deher m ned
sinply s by the nelt shear viscosity, even though the splnnabllty iIs a

pr oper t \eleara-spinning ;plr@cma iy Mﬂpwnmm thgt @misi dhel dissedation yentmeei “The
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that th t h h f t

ext ensi GHATAIS ISP R R BrRNEING P oS dor PRI bhSHRto™ | Shied.

Con%queretéréncémés*cﬁbm@ @qﬁmaﬁsﬁmﬁmghgf@ééssbg i‘n@maé tou@VP&@maw mel t

extensibili and is suitable for nelt extensional grocesses especially

t hose i r&;?&@lﬁﬁ@ (fRgtt 18 TG ssugslite Bonensid, 04hd041( é@gr 8pl DAl higsuaddear ch

comest 8 BeS108 (JA0573 ) BEFRHIESARTM DS F 108 (b "o

speci fi agl 1979y dgvueblots Simn,P4R22N1abqGept.016a998andssueh tooFime3et al.;

speC|f|caII fromabout 1l to about 8 Pas, is useful in the nelt atte uatlon
zs 680A8. 38 oteRVaigswed &o Puignare: 4i2i1% 22 dNpysiTi b%o)h'éﬁeﬁ

h

p?z,cessea@rh;btéﬁ; cop by 3yl 106 GHicdto Mooy eds Gorifer oo

vi scous f98R)dissusdidb Bernat;s# /520701 WNovx 4R, d@85ppsshied td Hmﬁ/emﬁiﬁj? p&&p and
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the amount of plasticizers andl or solvents used. It 1§ |eve t hat
reduci ngl9KY issveddo Hetterdieldet vali; gh026/786hb)an at&h1981 jaissuktieta Basryiay t o

Lowglh thE158%R YAGS S, 1 208) £86ed WROS 4Ind et al.; and, 6,110,590 (Aug. 29,

2000) issued to Zarkoob et al. The disclosures of the foregoing patents are
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to In one enbodi nent of the present invention, the nelt-processable stapgtEp 2903
conposi tions have an extensional viscosity in the range of from about 50
Pas to about 20,000 Pas, nore specifically fromabout 100 Pas to about
15,000 Pas, nore specifically fromabout 200 Pas to about 10,000 Pas, and
even nore specifically fromabout 300 Pas to about 5,000 Pas and yet nore
specifically is fromabout 500 Pas to about 3,500 Pas at a certain
tenperature. The extensional viscosity is calculated according to the

met hod ' t

factor sqﬁg%rbg tgg?’rﬁe{rﬁ?g"@{é Bégr!?:gada? ﬁ@r:nﬁ%b (ré)%lrp%%t éﬁgisn(zl oréaﬁ{é\ﬁé\s@c}é: ty)
behavi orpriviciplée of eectio-spnmpiogi prooesseSuartd éampmes\t therbfodte, wi t hout
limtation: the 20 anpbunt and the type of polyneric conponents used, the
mol ecul ar wei\ghilearnige Mdregoingr rmfsrgﬁktesilt%tabhbut ivamniedf dhelecrpepieni
including the starch and the hlfg di?" ynmers, the anylose content of t

st ar ch, Piasesaapand emiPmepbthereion @N@étq teagh thaj &§tar@h z:@rrgoosaiqm@an s,
procsssbggugbgggm”%ﬁ doc%%s%%doéndjé%ﬁééd F}‘Ra(tﬁm Gubstn h B¥hARLRs starch

el ectro-spinni rocessi ng con I'ons, such -as te erat are, 2s
pr essur #lanmette sm‘itadﬁ (Urnfmmmg thexnbleaBtruetulmﬁﬂdl d)fytheapnbs,lent ihentiane of
nonNewtonl an material s, tp&hdeforn&tlon history (i,e., a.tine or strain

hi story @M@Hﬂeﬁ%ﬁrr'n%o t®riQf Bracessile Hin aﬁa,e!%:ﬁro $PiNRINg prRGess,

ext ensi guahysH SR YstaRE! @%ﬁ@?al@Shégea S%r'éf\biér'@t?ﬁ QBRESNOWShas hedd eved
to be due to stretching of "an entan mer network. If stress iIs
rermveddisconertelab ﬂn@teal anpdified, st‘d@tmamz:w , engtarall ecbrppositien ganwdrék

rel axes h@ dBf st r ai Ny df endi nﬁ on the 29 ~ 4 FE6 Zo~3
rel dlat §1c59]cets1$ Qfﬁg’?%?ﬁ WHBlg e elec rﬁrﬁﬂ'nrﬁ 9 5% Sper at ur e, poI yrrer

mol ecul ar wei ght, sol vent . or pl asticizer concentration_ and ctors.
The presence 239‘]"5\06‘ e@SSeesr PRI FRANCRERR t@&ﬁ’ %E Qr%qeéﬁi ‘? ﬁfC ffect

on the exbRBBLARA" (HIFRPNGHIMBEKEN® .20 rﬁWk%t 2967RE AlL@brP ey Mer s

usef ul ancing 't melt extensi b e starc conposi tion
used in filing gatesenthei present appmauomymams% ansgarchmoemnamomeumle for

b 11y, | hj gh
subst ancraeptiet o He SR FERenS LERY B v oS 0 ot Richrasegt ¢ ne
el t)sextig0shidn. tThaf stk &bﬁ’fpb@lti@ﬂ”@&ﬁf)ﬁsw stdreh ik enwleiht G vehadge st ar ch

conposi tions useful for nelt extensiona rocesses typically have
t hei r exmelesiuaTaveightenging frort ebaleti0B¢ ta abagt 30081008 anda“@m caotaiReh a

sel oot ey BhoBoBRNTRE S, 2008dniay REANBRS LR OLarH LR AL o DRaar o

COITpOSI tl resent 1 nvention’'snow™an 1 ncrease I'n e ext enS|

Vi scosi tyverbge rhaletcoraraﬁelghbu# 2t Qedst 5011)000 500, o embeaimend, thdd ytaoth about
20 to about 300, stil] nore lel %&romgﬁet 30}_' ?bous 10 e when a
sel ect ed®QBPASIYAN F&N haye f@"& QHt 2gREt 9 Y HRIBhpPT A

POl AT The %idI68U8! ofl fifl; CBATREM ds@uq??ébeé‘ﬁél%%ﬁbn% %&?rgf)béteé"fr@f‘enﬂ%yﬁer

can adde t o adj ust e extenSional viscosity to a value of 200 t'o 2000
Pasec atredendegeky st r ai n of 6. For exanple, polyacrylam de having nol ecul ar
weight (MW from1l mllion to 15 mllion at a level of 0.001 %to 0.1 % can

tarch that AEBHBRol e HBEFIL MiehBOE S: SRR poliidreBi Al e Eg, vt
Vi scosi twatdr, phsstiglzars; has®aesd bdditves, rbr@ﬁ@efe%hltmgsnféltecmbopr@cesﬁé@nt of
the starch decreases, the extensional Viscosi ty increases. Al sp,

general , (f "sem@%l@ﬁwd&d)v@%ﬁﬁn@ﬂurﬁﬁéos@@ﬂéﬁe\lﬁt@ﬂﬁ?hrf"@'ﬁi@niﬁéﬁ'&@b'ﬁé&rrange
2s | Cre@%eﬁéx.parc étﬁ PRk r%ﬂeééﬁélntviénhweﬂ%@%tar{;ﬁsné%en{s“rr%s(gﬁééé as

t he Teve he conpositions I Nncreas tens
Vi SCOSi tﬁomartmamdmnamrﬂaehyndneu pencentbf s%ch her be\aablem‘d afigiarclve in

t he conpositions i, eases, the extensional decre
Termper ot 87 O41er, HAREIE FENoialip Ut Pont Ok SHBIAR, dalElsP: FYANPUE M Reeisy
ext ensi Ogﬂtelﬁbséﬁ’é'ahy Bhbiksiist Hetdofconposi tion. For the purposes of the

pr esent
Starch polymers can include any naturally occurring starch, physically

30 modified starch or chemically modified starch. Suitable naturaily occurring

23



Z 4 F E B 2003 invention, all conventional neans of controlling the 2 4 FEB 2003
tenperature of the starch conposition can be utilized, if suitable for a
particul ar process enployed. For exanple, in the enbodi nents wherein the
starch filaments are produced by extrusion through a die, the die

tenperature can have a significant inpact on the s extensional viscosity of

the starch conpositions being extruded therethrough. In general, as the
tenperature of the starch conposition increases, the extensional viscosity

composi 1R ea R AP a Rl e MAEEh TEReny S SRS Aot Bec bt 6deig, 11 om
about 2Q@Grch, alrmidt BFch,asdgeVvisaimetaecis pepidda atdnchf roe skect, BO¥béan about
|0 80C. It is to be understood that the presence or absence of solids in

the stast3CBoRPON fGYnstareh. rasken stasch.cgtis sBrenwaxyirige siaichomnighrhe
outon b8 7, SeRche g el auibe galans, el udeig

The Tro ratro i s de 0 he ex cosity
(rl e} amthrchessparicularycomnt statahl, pptato stafch =andl efHeat starch, atesthehstzechn t he

extensional viscosity rle is dependent on the deformation rate (s') and
tinme (t)PO?ﬁB?rSao@ﬂ‘%%pHﬁ t?ﬁﬂ?'ﬂ?v?‘%' i axi al extension Trouton ratio has a
zo constant value of 3. For a non-Newtonjan flujd, such as the starch
conposi ti ons Merssally mpdifiedtdaeshoadermed by shepging itedigrensiena ttugture.

or ocessdnBe eaiToefinke MEtch y rphucerdss TR I MiatERH SRR R out on

rati o ofheat tlcedsd sepenind. méyiRasisdllWwredtbe sfarent on rati o ranges from about
10 to about 5,000, specifically fromabout 20 to about 2s 1,000, and nore

spegpfical ly EhamcingUhodficdosabtma3Ote fREd Byt 8N A it @W}@?géb@g

tenperature and an extension rate of "700s' at a’Hencky strain of” 6.
Appl i carwith halkgleales @xddemd andatother tateerenasdeme nirethaneahi eatbamatet, apch

filanments are Si pill.ar e t
Starch donpEele SRR TbTAGS' Pt R ca bt ahats Rer st f ant
for nmel tmixures thereof are among embodiments of chemically modified starches. The
degree of substitution of the chemically modified starch is from 0.05 to 3.0, and
15 more specifically from 0.05 to 0.2.

A native water content can be from about 5% to about 16% by weight, and
more specifically, from about 8% to about 12%. The amylose content of the
starch is from 0% to about 80%, and more specifically, from about 20% to about
30%.

20 A plasticizer can be added to the starch polymer to lower the glass
transition temperature of the starch filaments being made, thereby enhancing
their flexibility. In addition, the presence of the plasticizer can lower the melt
viscosity which in turn facilitates the melt extrusion process. The plasticizer is an
organic compound having at least one hydroxyl group, such as, for example, a

25 polyol.  Sorbitol, mannitol, D-glucose, polyvinyl alcohol, ethylene glycol,
polyethylene glycol, propylene glycol, polypropylene glycol, sucrose, fructose,
glycerol and mixtures thereof have been found suitable. The examples of
plasticizers include sorbitol, sucrose, and fructose in quantities ranging from
about 0.1% by weight to about 70% by weight, more specifically from about 0.2%
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~ ~F E B 2003 s processability. The capillary nunber is a nunber 24 FEB 20
representing the ratio of the viscous fluid forces to surface tension

forces. Near the exit of a capillary die, if the viscous forces are not
significantly larger than the surface tension forces, the fluid fil ament

will break into droplets) which is commonly terned "atom zation." The

Capillary Nunber is calculated according to the follow ng equation: Ca =

(~1S Q~(~ rZ a) to where rls is the shear viscosity in Pascal seconds

measur e@g%ei?h? &?éboma?,@%%y 398nSand <R irfolenpMdHIBFdre ablut d.9okaw rate
through CapiTlary die in nB/s; T is the radius of thé capillary die’in

met er s Weightiorabgiut d0Pabyovéithtes, the equi val ent di ameterlradi us can be
used); and 6 is the surface tension of the fluid in Newtons per neter.
Because t he @ipel|additivesrican bs typicaliydndlodederdth Ve cbsichypealgnabesas idbed i s
20 2s above, it is influenced by the sane factors that affect shear

T scos, PYOGRRSIIGaE SP4HP HON PIYGICH GEaPRTIPe: SHEN Fo TOEPRAMPIE SEION

conj kncty I ith | ' g e i ties
oot Rt et B g, A B BT S SR R
exanpl e aradypicalyepresent iamudrditiesirangingIftbm Dht%t tort %dfyf weight et a ndncat es

the properties, of.the starch,c ositioqn that, h een influence

out | de VP s S2Si cfmBaRinG i B8 alerie 18 el Bed BE Bl E TR | n one
enbodi MichQfs Waterpr ThHRNExdMBRIE dfoatditives iRBludeP WaBBEs Alltatict, aireh, urea _
conposi tions have an inherent capillary nunber as they pass through the die

of at | éigsivatives. cings-inkiepfagentscerolisifierarsurfasiins, bibrigantsepgateins@ndy t hout

ctanp ! 9t e R BRI SRR R e B P nlets RaB S PEIED e
fil amenthéentydabios npelymarsh t@bﬁmm%smmswext@haegg Beguhsxtares anategfact s
the effect of surface tension so the inherent capillary nunber, neasured

wi t hout Eareplegt of c Biodasspdablsr sypieticc aplvreeise duclifian withame imiigtienect ri ¢
Lot o P . . f .
Pens on B GRERPREIGE. HbUifurly fllied Sty ROERRIG Mo c Dbt des SRS o

on t he froixhwres rtgemmiat®thves additivesdndluBe BpEcabb@gMEenErs, @afipkidants, Mlanter my
be expressed in varying forps, a representative equation, that cap.be used
Lo dat erpiadanfie Biabe ool ot i Sisnbar e HeRaorvanton.oan S en; -
~S ~V~~,compiarg: %J%ai“‘gherq%%htiﬁés afanighteresth ekl t@r BoHrierweight i Gat shear

viscosity of the . N
beneficially be included in the starch compaosition.

Suitable extenders for use herein include gelatin; vegetable proteins, such
as corn protein, sunflower protein, soybean proteins, cotton seed proteins; and
20 water soluble polysaccharides, such as alginates, carrageenans, guar gum, agar,
gum arabic and related gums, and pectin; and water soluble derivatives of
cellulose, such as alkylceliuloses, hydroxyalkylcelluloses,
carboxymethyiceliulose, etc. Also, water soluble synthetic polymers such as
polyacrylic acids, polyacrylic acid esters, polyvinylacetates, polyvinylalcohois,

25  polyvinylpyrrolidone, etc., may be used.

Lubricant compounds may further be added to improve flow properties of
the starch material during the process of the present invention. The lubricant
compounds can include animal or vegetable fats, preferably in their
hydrogenated form, especially those which are solid at room temperature.

30 Additional lubricant materials include mono-glycerides and di-glycerides and

25



vis athe linear velocity of the fluid a is a surface tension of the fi{uFEB 2003
As it pertains to the current invention, a representative sanple had the to

t5 20 followi ng conposition and properties. Formula Purity Gum 59 from

National Starch Inc. 40.00% Dei oni zed Water 59.99% Superfloc N-300 LMNfrom
Cytec (high 0.01 nol ecul ar wei ght pol yacryl am de) Run Tenperaturel20 FShear

Vi scosity at 300bS-10.1 Pa.snozzle dianeter. 0254 cnlinear Velocity. 236

m secl nherent Surface Tension72 dynes/cm Experinentally, w thout an

el ectro t rg : | Wid, thi erial wl ; t.hr e
nozzl e %ﬁ%ﬁpﬁﬁﬁ?&ﬁ%snéﬁﬁg%l?@& Féatcgh@hd [iH ﬁin?@é oé}e%ﬁayrmltv ﬁré{'&gr cge] @'ﬁ%g?é{;i ty in
di scr eetcofipumd A3t Melrleschbno-gidesitlel, glycerolthensgtdaratd B balievedssthd he
drops becone snaller in size and begin to accelerate towards the grounding
mechani $®Nelieh the el ectric potential, (25 Kilovolts for this sanpl e}
reaches a critical value the drop no longer forns at the tip of the nozzle
and a smal | cdnriheioaddifivesr indu@R@eincsganicofierie sushzies the. oxidas ohe

appl [ ed Al Lal_: 0 e | farces

ol Tt nat TG e BTRLID 158R, P4 EAHTOF TR BF oS b2 RPBhR e REE: 1 <
now gr eajreprocbasing. aibedor Atditipnaipeinbremtic salts! Ihdilding esikali begtas @altsi on and
experinmental setup, produced essentially continuous fibers. The fibers were
col | ect &hkaiweaeaagu@ﬁfawaé@m Rhespbate zaﬁs,Fe@-,BﬂmQ@et Heed @srpercassindber

mat. Angl; é's via optical mcroscopy showed the resulting fibers were

conti nuous and had dianeters ranging from3 to 5 microns, In sone

Speci 1 oal by, OBs AURRNERmGT R d el SRBERGRB, Bt bt P&TEuls AL B85 o ou
50, 15 andeyptodiict | torftomplatpeci fReralekgniplomimbergtubtst guehoat Bfilet Thesad, ar ch

conposition herein is processed in a flowable state, which typically occurs
at a terfispeRable dewelsadacialigsuasoapd AngheTMilanRroducts et stgength is a

t enper at Lol BeLEekar i i ed by
the » el doaPles AR, TTodt  ORET HeRRabRTBEAR) 1 e SRAcn 'ufel Efes
accor di nigking ageritb&ndestin Mee hobdyeetrstiangth'redetsai | herein. The nelting
tenperature of the starch conposition herein ranges from about 20C to about

180C, more sprajdrieeal HissbratomzputheSa@ds oblvmtt stiditfth @ethss Utilizedron ahe
specifically fromabout 50C_to about 90C. The neltin t?g%eratur,e of the
chite

st arléh FRARSH AT Fam bedoynd lil'hJ_t’AiPCP 'BP“%’@PQniﬁri?s?eN%o%Q rength dp Saper
oy Y ESBBLERRY Thcrifch A bolhl RS TR ShRCeASMAEAHY el Pkt o

1965), which is incorporated herein by reference. The most useful wet strength

resins have generally been cationic in character. Polyamide-epichlorohydrin resins

are cationic polyamide amine-epichlorohydrin wet strength resins which have been

20 found to be of particular utility. Suitable types of such resins are described in U.S.

Patent Nos. 3,700,623, issued on October 24, 1972, and 3,772,076, issued on

November 13, 1973, both issued to Keim, the disclosures of which are incorporated

herein by reference. One commercial source of a useful polyamide-epichlorohydrin

resin is Hercules, Inc. of Wilmington, Delaware, which markets such resins under

25  the mark Kymenew.

Glyoxylated polyacrylamide resins have also been found to be of utility as

wet strength resins. These resins are described in U.S. Patent Nos. 3,556,932,
issued on January 19, 1971, to Coscia, et al. and 3,656,933, issued on January 19,
1971, to Williams et al., the disclosures of which are incorporated herein by

30 reference. One commercial source of glyoxylated polyacrylamide resins is Cytec
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Exenpl ary uni axi al extensional processes suitable for the starch 24 FEB 2003
conpositions include nelt spinning, nelt blow ng, and spun bondi ng. These
processes are described in detail in U S. Patent No. 4,064, 605, issued on
20 Decenber 27, 1977 to Akiyama et al.; U S Patent No. 4,418, 026, issued
on Novenber 29, 1983 to Blackie et al.; U S Patent No. 4,855,179, issued
on August 8, 1989 to Bourland et al.; U S. _Patent No. 4,909, 976, issued on
March 20, 1990 to Cuculo et al.; U S. Patent No. 5, 145,631, issued on

Sept enb@p 8of IHBATdre, B isctibliS: wiRigheRiarkits Bnd 18udhl Yesihssradr aRe Muark 4,
1996 to Buehler et 2s al.; and U S. Patent No. 5,342, 335, issued on August
30) 199FarezRHHFI BC.al .; the disclosures of all of the above are

i ncorporated herein by reference. Schematically shown in Figs. 7, 8 and 9,
i's an appar atSt#l dtbef aterseubleneptionir tdsirfs thatsan desusadhinl thig owettien arexi bl e

oxanpl o Ued oforgialdel e, B0 g VSR P teRv B8RS oo e Blorf o BRIt
PuUMs  OFuRCtHEPI didlip® Noft h@s@obolyﬁmdnén!sm&;ms rhr§4n|tro§eu4 EoktaBirkdQRolips art.

The starch solution can have a total water content e. water of hydrati on
pl us ad@eghvas aming arqups anchgetiaylol grenpardiachedde @ltm:ant Bolysthatenimine

speci fi b o]

toral wirgnietfs ik RS e AR Bl Ce BidTatt piditoh st Eg) fs?

el evat edtiepigperasins esuch agfCaldaento (maﬁofa@tmenswdeptahewmp)l aad iCoBend .
Such tenperature is typica hi gher than the glass transition andl or

mel ting %@&@%fﬁét%ﬁdtWeN?gP'ﬁ@dSWﬁ@rélaﬂﬁlChqfﬁ@abgélm%a@ﬂ”}e’i”%pheakiﬁﬁ?@ el ts

of e i | ymeric fluids having a shear rate dependent
Vi stégy tng%%é%ﬂ |ﬁv€nti%91t he art. The viscosity decr eases WI th i ncreasing

can be heat o gning BRsEhh MSRRE PHE BRSERED doBot e Rt BB R o
wat er, tlyraemer tint fearstitesc Fargiee fiarh ébwt oswmyc esightpo ke Hbout ME0%. bhe
cl osed vol ume can be a closed vessel or the volune created by the sealing

action o¥eighk anelpormpRe¢ilFalyd R RRONS O; 1r/°th¥é"’%'6hbw BOUE o i WRI9BHui prrent .
Pressures created in the closed vessel will include is pressures due to the

vapor pressurls @rendd drodiscarguifabie starebdilamentretos ithe digxiie stivctbapt®ssi on

of ter f 1

cat arys o R AR Aa0BEaR, % sl car ViRt RS sRnBel il ek Blcal o

bonds i mehaicrtduriny pmeﬁlngesud;reasraeseﬂtamrm(tenslmailemwsntymrrdfatcbetaarver age

nol ecul ar vvel ght ofEHt q% starch be used to reduce the viscosi tegoof 20
St

m
t he pseLR?cPJ {ane mwapels t Ot caise, %t%&mfeo@smg}gt(g 9-n ENelHBIAW{RY.gRIRFEOaNd
organlc fa i i r i | furic
acid, ni ri C gb%b)plﬁggpﬁo@?%agﬁi&d@aﬂ%db%% S?%%U%ﬁnvé€ 6gstﬁ§h§éiap§{rjtl al
salts ofcqmmg&itiem.c acids, e.g. NaHS04 or NaH2 P04 etc. Suitable organic
acids include formc aci d acetic acid, propionic acid, butyric acid,

| actbc acid, @ktgnsionel, mdongamnax anscdsny:(ﬁé)l @ladtes do rﬂéltt@ﬂér@étbmtyaofd
i taconic aC|d succinic acid, and other organic acids known in the art)

i ncl udi e pitrteiconmosiion ankeisppafisalarly wapartant Horextensiena RIOCasSesl furi ¢
d, | d
acid, ang, ik sfar@ﬁ'f@iambﬂﬂﬂé%ﬁlbg ducétéi{tgﬁt?lwﬁr\ﬁ%% sg@qpelﬁd%%{?ecg@etg%e“se

in the present 1T nvention tion o ar wei

non- rmdldepﬂﬂmdM@rmhtmsethpeaof 6efobmab§maofftttetconmiosftmmmlanat‘)@ﬁcslmm nmor e
speci fi cal I%ﬂbé a fact r’r}4 tor}ais, 4 FEB Z003 4000. The

concent r&ieeF0o0e! 8'&99‘?’@5@@31‘@ eXENFe rYé%COS'ftyilén WH%@“%'WBN@”&'P”@& al yst
per 290! &igdoshyfly fhe- m.aﬁgﬁ@xtéwsronaﬁ%csew P i$ RepblinfAihpoRghi R ufatish0 3 to
5x103 nol e of “catal yst per nole of 0-glucose unit of starch. In Fig.
7, the saxiensionahpwecesses issicBuppl rrezthantoaltﬁeng@tpmar malsblowvingr spun-

el ectr Oﬁs&r{cﬂrﬁ]é,n%npdr Oquc(::t}'(')-g;r)]in(rjﬁngSt arﬁ]h f'thermat\rn]/tos el>J< eendsm'mnalrr%}(s'cg ItlteQ ea];eI exi bl e
important for the biaxial extension or forming processes for making films, foams,
sheets or parts.
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structure 100 of the present invention. The apparatus 10 conprises a 24 FEB 2003
housing 11 structured and configured to receive (arrow A) the starch
conposition 17 that can be nmintained therein and extruded (arrow D) into
starch filaments 17a through a jet 14 of a die head 13. An annul ar cavity

12 can be provided to circulate (arrows io B and C) a heating fluid that

heats the starch conposition to a desired tenperature. O her neans for

heating well known in the art, such as, thoSe using el ectro-heating, pulse

conbusti on, V);ater- and,.st arpheati.nﬁ et l) can _be used to heat { e starch
composi t1on. e GrYenteRal beR sRNg dPBIMEdeaieciqy 125 + Ravelelien
sol ut i orpolfAhidesaBRl EpoliSstbhy, omale 3 & 86bhiCadrtlathnatdebhodgensionkp t he

housi ng 11 andl or extrusion die 13. If desired ) the nol ding nmenber 200 can
be el ect\iscasity yarchshgad VIGCoRtY 9é these: converdioaph ehaspipiastie matenpiscang ge of

be® gr ourkiceds YRTBEE STHE BOuf baHEi( SRR el Bl o bE B RS SRR, o
specifi dal the AR Witcodi@k éveRahdiigh Meispinnbilitgfisexpropstaty sbatreied

filaments can then be deposited to the_nol dlqﬂe? menber 200 traveling in a
machi ne RIiMadlyiynme, extengiopal viaresityi st Bacormelaian 'ﬁeqlélﬁpéﬁt&tslwuﬂ?b.t Fhi s

di st anc h : fil .t o.aldaw : t el o te and
Chen arynERfHeE RBUSHL IS WBhed ok hBNHele cheBE MscodBRE Sl o' £
st arch ffolaoktihg meitt spignathie meteriatsz ZTiee Idelaestanistmablvilgugit? shae mely 200.

For that purpose, a stream of dryin ir can be applied to the plurality of
starch fqﬁfj%ﬁcga?@”daﬁgér'?h%crﬁﬁéf@lq?&y of starch filaments to turn at an

angle. This would allow one to maintain a m nimal di stance between the jet
nozZPe 14 andtihiherpione syrersipefo bod that thgstarngh gamprsiliensef the pfesent ng a
di fferentials h %)eemja 0 t he-SadBibH LA} Z he

| ength gb{/%t'cghgc{)c?ﬁ&énﬁ% t Wﬁxgmtsgk%e%]véen tﬂéeh nn&&tg{e%ngﬁﬁb?hegnn%l di ng
menber 2&Qensibnal ddcositiesd Thé& starei) @8mipositipns hesan exhibéf metttfiowebghdvipr ng t he
filaments. | uch an_arrangenent, the nolding ne r. 200 can_be, di sposed
' an aryPical o o iRE- NGV OBd HICh S, T P a6 BA IS0 ox
the jet i, Miat(i8! frveRehiohbOvisddsity IbHRABS A6 that RN dloghuGan be
used in conbination wth an electrostatic s force to provide the draw ng

f or dé caosteggeshe starch filanments to be attenuated, or stretched, prior to
bei ng deposited to the nol ding nenber 200. Fig. 7A schematically shows an

exenpl ary enbdédirneample, t hkdedi e Higladglyroer detboted coomimmnol tae praseinte 15
enconpassi ng,. t he | zzle 14, and three other arifice 6 equal l.y spaced
326 anyeien rebqdad 8 sfarch oo iy St a5 e as9SI S B8 PLEPOTEOR ! ner
arr ange”f%'ﬁﬁ&anrelbh@el?tdrf%HHﬁéé@,goraé\Ten d’&:rhéé'éé@sﬂg'hﬂ?.h@a%'éﬁ,orﬁé@n@é’rﬁt&fﬂ" at ed

in the present invention. According to t present invention, the starch
fi | amentwisdam,sugh a starge coamgisitipnt wouldaim axpected tdexhibikdeeeapedtmelss

evertomor R SESRAR M aphg i) BECHE S e cled 30488 B0led G Bk XgES R °™
Starch fplogeeses Elowdvey st waki stmsrigingl Soeme tHaamiee sdraln edmpositidrdhein but

not limted to, circular) oval, rectangular, triangular, hexaqonal ,

cross- | | ROWS gapignifieant INCreaRf @r?Xtﬁﬁﬁ!oaﬁlyv'é%ﬁ}’n\eﬁ‘?%r%’eﬂh%lsé?ﬁ | agyeaindki | | ed
in the | g&gdt gébqlré Viak,l 0 he.frornmed by
differ eﬁﬁ%‘%éf’z%@gﬁﬁé e 'ncl;gérl‘ es uggﬁ' t’?% sg%%bgu%oerﬁpﬁﬁﬁé? g]%g%lhgg f??'lqgment S.
Fi g. 10Aocsdtevententeniceds imoels, extensibility |and tiat soitableofar posksi bkiensional
crosssectional areas of the starch. fil aq&gts., The stgrch fil arrenté‘gir

cr 05~ s RIOCERSES af eREGIRIY, N0 ICding: MEIERIONING, SSRUNOQRAING and) gigetic- s

maj or axgSnApg, outlined by a perimeter formed by the starch filanent's
outside surtaCe in a plane of the cross es section. It is believed that the
greater the syr ; | i . or
wei ght t her eo%gt?ﬁ% %@Q?@ﬁ""ﬁ ﬁ%v@m aci% ?%’@?ﬁ%f"f %%ﬁ%ﬁlgcmﬁlﬂgﬁ gg%g
conpr i si Tigstt Metisddhdisldsedanarainafied, hefrleso titan Bbouis30ddseubdetbad (Paxs)y zi ng
the surface area of the starch filanments by increasing the starch

fi | ament Boregspecifieally foansahautc@s Raspelefabsiuhl 1Q oParisr 2adeeyeR BY9ERI ty of

the £eSULIE T eXPL S0 of TUCLBR 4%8a2), K"GoBPS the' M LhRualBR v
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2 4 FEB 20D3 filanments' equival ent dianeter conprises formng starch 74 FEB 2003
filaments having noncircular, multi-surface, cross-sectional shapes.
Furthernore, starch filaments need not have a uniformthickness andl or
cross-sectional area throughout the filament's length or a portion thereof.
Fig. 10, s for exanple, schematically shows a fragnment of the starch

filament having a differential cross-sectional area along its |ength. Such
differential cross-sectional areas can be forned by, for exanple, varying

(such. aBristeliyting: s SherdaicraREhpa by RaRin MR, Rare Ry Rl FRESEN"  o°a
mel t - bl @ucRahar 8@ maybeanhai divie9dd! or EhéMliseviprgeas@deineghdi®ionnl nni ng

process. Sone starch filanents may have "notches" distributed at certain

i nt er valP9!YM@n proerssing faHPMent diBica!lvruseh det ivisrause fbists, Sifth agard ati ons
are bol Sishery WRE e yERRRC R Theenah PhER Aranit et e Sheefe”
fi | agentvigcosity lof tiye tstarchteorhpysitiors neayt begiffectively heotifiedi by thestridle¢wae 100
Cesur s POl g R R e onea et b B |
benefi ci I | aR it i q I f o

cont act i T PRYFE, Ani e Rtk I (R icEert eI o iRs SRy e

pr ot r usitaisredacinge v abethgeetmleclar Meighteftths tstprobf ist dve effiecties svayohpr i ses

providing a | di ng menb r&ﬁ)ﬁ). The mol di ng menber 200 can conprise a
patterné%”%&{ﬁ%ngkﬁa?(vﬂﬁﬁosgﬁ eB?mBPEE'Pnpattern-forn‘i ng menber, such as a
belt or a band. The nol di ng nmenmber 200 conprjses a filanent-contacting side

201 18nd a badR<infeeBIbRLiMeDt ghpis Prsans tetion, Hiemelkpricessably seaed 201. A

fluid pr ool [ : ; Vv r ) can be
pr esent ERGSIMEert SBlerin FRRBEin e e e BB BRI arencs
i nto theyhoat PergomPatdiembrd 8hadfitaiybieomt Zbdur M0t Pge Licsabmgui 500 P esegi ons
within the flexible structure bei ng made. In the course of a process of

maki ng tmeresspacificalty froon ebouh@0r Bgenttoi ahait 1GADO thessstandcRVen ImAENt s are
deposi ted

] fil - i ' 1. 30 Th d si.de, 202
Lypi cal 1PeabisaLE 10t |ROULA0BERS (@ b e Rare et v, TS SpaBlioRg o0

gui qifsng fiéth! Shod %@999%@?@2%@??13366@3@ gteﬁuéé nDlerALSRAFLT | o ocess.

The Tilanent-contacting s conprises a three-di nensional pattern of
pr ot r usiextensionthlosiscbesiiy és eamutated \gocoalingy td tie imetigdd set fontedegsmaiftieyjn t hat
pattern js nonran and repeating. The three-di nensional pattern of the
fil amntthﬁ&m{qaﬂ%h%‘gﬂée .can conprise a substantially continuous
pattern (Fig. 4?_& a substanhi al |

pattern porrprM@ fadors campffedt Wé rggén@_gﬁt(ibg@g%gé&é&%ﬁ@%ggs’it@f any
core TP GRVSSRE sbancRoRlns Syt )\ ATER I g o
pl ural i tamodintf edtithe dye af golymedomounspartenteasedpthe imolégulaoweightsand t o
the ol dringi%cﬂ atrtﬁéiahtoéis{r%%tigﬁloqiﬂqg cg%rb%%gn?s??ﬁcluding the starch and the high
polymers, the amylose content of the starch, the amount and type of additives
(e.g., plasticizers, diluents, processing aids), the type of processing (e. g., melt-
blowing or electro-spinning) and the processing conditions, such as temperature,

25  pressure, rate of deformation, and relative humidity, and in the case of non-
Newtonian materials, the deformation history (i.e., a time or strain history
dependence). Some materials can strain-harden, i. e., their extensional viscosity
increases as the strain increases. This is believed to be due to stretching of an
entangled polymer network. If stress is removed from the material, the stretched

30 entangled polymer network relaxes to a lower level of strain, depending on the
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The nol di ng menber 200 can conprise a belt or band that is nacroscopica}é¥
nmonopl anar when it lies in a reference X-Y plane, wherein a Zdirection EB 2003
perpendi cular to the X-Y plane. Likewi se, the flexible flexible structure

100 can be thought of as macroscopically nonoplanar and lying in a plane is
parallel to the X-Y plane. Perpendicular to the X-Y plane is the

Z-direction along which extends a caliper, or thickness, of the flexible
structure 100, or elevations of the differential regions of the nolding

nerber  2Q0-04ticPf tiflRecdAREhDIVEhieh NsIGt finRtidAQf tbinpéestur& doolyRr MRbIdLDRr Menber

200 conprising a belt may be executed as 20 a press felt. A suitable press

felt forweightazseentorglastiaizer ganseatiatiomans otbar fagjolse made according to

the teachings of U S. Patent Nos. 5,549,790, issued Aug. 27, 1996 to Phan;

5, 556, 509, i s$hedrsegice ad ptoeBties ofhighheolymersatan heysadsigaiicamntsaftesd Dec.

3, 1996 to Anpul ski et al.;.5 609 725 issued.Mar._11,.1997 to Phan;

5! 629, 059168 BT 3 crishy of 4 ot SEPSRINeR STHG pichoadyiesdehiine 10,

2s 1997 1H MARCHY thRl mlt extEndiifto6Bhei stardcdiiposition 438 if %@/@F@éérﬁnd et

al.; 5,693,187 issued Dec. 2) 1997 to Anpul ski et al.; 5,709,775 Issued
Jan. 20, invegion oamer dkpigallethigh. maeculd, 3eeEights ssistantially7 linegogpaymeripul ski

Sept. 2ofo1881e" digsk BhFabistnal ire MBS RY RHIPELOR By samy Sl b 21 T
S5, 846, 378ffestaneit dfancily the riq%ﬂ%xtéhsfbmgkﬁkhe gtaréth compo8fion/39 i ssued Jan.
5, 1999 to Anmpul ski et al.; and 5,861,082 issued Jan. 19, 1999 to Anpul ski

et al., the diSphoERs fOindMihehs@iréh Impaittbrls Bs&ful G8r M@ PRI & her ein
by reference. In an alternative enbodi nent, the nol ding nmenber 200 may be

execlt edpaxessps dypically thaxectbeili exjengionaleviseagityi ingseagedUby.a fagtor 6. at

ol i hg IRATRAE Bl & sebred ich 8 MRPR Aled BikRiodtiodftn G iR 8 "¢

rei nf or csfgcte| RIMBPSSIRSS of NFebEnt MYBAtIGN TMBWORK ALRABRNIMBVE eXtaIRideadIn
pre-sel ected pattern. For exa 4 shows the substantially

le, Fig.
Cont | nuoNISCPROhEr FECIIDOhaPPHE 18 tel 2yt G0P. gRorpEpe el 00abee: 20 Heough.
| . ) abps
T e BRRAEROBI SR mdie. SEdfiels) R asdlE Mo fo 3001 188 MRAT tdiéed

conpis sehighnwpolgmesds eddedor The raglearttbe devetlog e highapdlginer, thie gregter the

conbi nation thereof. The portions of 1the reinforci el ement 250 regi stered
Wi th apefiGPass 35 EAANHRBSYISIPREY: meigd PObESs Sb e SEAPantcr ARAIFEARE f r om
passi ng i e t b Yat' £ PG rg ences
of pi nhofete}{séh:é% I%@h?tt?ﬁagq? ex(?fb%g&g? ?t?g?urixs%%ft fsf ongygbgreésm(r?étéw sh

t o use aFovexanipbyr palyaonyldrhidei havimg imdlecudanyeiht iibtw) 266, 1amilloonnvby 46

el enent, screen, net, press felt o plate or filmhaving. a plurality of
hol es t h& Pﬂrﬁhﬁ?‘?@ ?Jregxﬁc{ieka@eéu@@ec%g’ﬁmapdﬁﬂgqostcp 5 B‘t?r s?@{ézh

f r amgyor 'éoﬁgﬁﬁsit@ﬂ.tabl e reinforcing elenment 250 may be nmade according to

U S. Pat. S. 5,496,624, issued March 5, 1996 to Stelljes, et al.,

5,500, 277 i ss 724, ed 20
COct ober 22, 138-% %E%ﬁﬁl%ﬁﬂéﬁ@tg}r-&? ﬁﬂgggmfg{“{)%u?aég%% %?%%naﬁ@:a‘c?%ﬁ%

i ncor por dheextensiomal bysacsitgrafrtbe. styfohi cosposities. dh gemerall, agisdthpeamykiskee

rei nforcing, ele t 250 are descrihed in several US.Patents, for, exanple,
5275, 7oSONIRM Siobie eer (dhs e 86 BT Ve NGRS AP i e
by refereragralThR 1ied Theldtuld ReRIRNGf 2RO IAECh2HithMTRAE SEre@cfibéd . ranlgeo
referred to as a "press felt" as 1s used in conventional papermaking. The
f r am@fwor neasemthbeexignsdipaa viscadity inereases.cilagtivl isrganerab@s the leweig®t by

L5 SRS OB Wkl B2l O gt

Anmpul ski (EbndérselRi®a8ndah, ad tiruiedeldfradditive ih I8¢ compdaitivinsin€radsesthiessued
May 30 13, 1997 to Trokhan et al . ; 5,637,194) issued June 10, 1997 to
Anpul ski extengionalyisspsitygdecrasestd oct. 7, 1997 to McFarland et al.:

5,693,187 issued Dec. 2, 40 . o
Temperature of the starch composition can significantly affect the

30 extensional viscosity of the starch composition. For the purposes of the present
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2 4 FE8 20G 1997 to Anpul ski et al.; 5,709,775 issued Jan. 20, 1998 to“ FEB 2003
Trokhan et al., 5,795,440 issued Aug. 18, 1998 to Anmpul ski et al.)
5,814,190 issued Sept. 29, 1998 to Phan; 5,817,377 issued Cctober 6, 1998
to Trokhan et al.; and 5,846,379 issued Dec. 8, 1998 to Anpul ski et al.,

t he di scl osures of which are incorporated s herein by reference.
Alternatively, the reinforcing el ement 250 pay be fluid-inperneable. The
f1uid-inpermeable reinforcing el ement 250 can conprise, for exanple, a

pol ymer | n SR i t o Qr odi r terial
used fo‘rrR,rerEE8II1 9” ran@&%ﬁér Ell%éﬂéf bf%én%ﬁllggn%@rrteér{ﬁé%%%% gf‘th%gf %@sent

i nventi oompasmloasd:arc bteoutmzw iibkuitabledbala; panigulzr heocess teatpployeat uFed or
synthetic materjal: or anaI |nat|on t her eof One skilled in the art will

appr eci SX@MPiat Nk Hie raPa ﬁe‘%‘f'r@'q dhe IR flamentsnare iodieed Qyuse t he
mol di ng eRBROBBH thidughsa @.@hﬂbedlett@mesraau@céa Hbde 'a'@ghi%éﬁwn ddt drStHe® De
understood t hat reinforcing elenent 250 nay be partia f

f1 ui 8- pextesslsiral ars@Opay tof dihe ﬁtarbmcamnqsmqmetbﬁieg ex¢rutiadtthesthromg. pbr t i on

f th i nf nt. 25 d t,
ot 1o BB Bl SS Bk FeRBRMuE S RSk St PaBte i efnet e tERe BRa!
nol di ngviseebiey ofQRe starch BWBAIpdsitvANdsehbss.d-Tes nEabeeatufd \oF dhé rgigrdreabl e,

or partially fluid-pernmeable. In a partially fluid-perneabl e nolding nenber
200, onicomposiioni can sangeifeinrabost 28°Georasmdpi#iC, anew spedifieally bt he

mol di n d- per neabl e. d the reinforcin

ol enrent BDEBL 2Bshoro abRyt §03§3é09f9dev@99@% SRRCTEHIGH F o aRout 9461 ABPUE. bel t s
havi 6 d
hevigd BOSCATERIE o WFRKEGEY i HBREs R oy Eates BPRoydk AR Ao e

5, 746, 88dmisitieeh @tﬁbﬂ@cttthe\t‘éqdmd wm;aératurarttie@o@.ﬂ 417 issued 1125100 to
2s Wendt, et al., the disclosures of which are incorporated herein by

reference fortehdrbitot egtipUTPPTaNObeshowd NG xprdsac il exgensibhactiogn of
t he Jacquard weave. The present |nvent| on contenpl ates the nol di ng nenber

200 con‘@ﬁh@i"ﬁ{} tTﬁBefTﬂ%@htfaﬂen’ﬁa@Q ineg 3pdibextationhetwrem tb@c@ﬁ@ﬂﬂoﬂébve

pattern,, V, nay be utilized as a form ng nenber
500) a Y Iﬁé%@é%%ﬁﬁﬁéﬁs@%%ﬁﬁs tgzg $Mg surface, ‘etc. A jacquard weave is
reported in the 41 24 FEB 2003 literature to be particularly useful
wher'2 one does not wish to conpress or inprint a structure in a nip, such
as typically occurs upon traﬂsi f Yankee drying drum |In accordance
with the present invention, one'n EVe S'or all of the s apertures 220 of
t he nol di ng nmenber 200 may be "blind,"” or "closed," as described in US
Patent 5,972,813, issued to Polat et al. on Cct. 28, 1999) the disclosure

of which is Ivﬁ@émf@t@@tehgbﬂanwbaom@f@é ang@epererithm Rt @dformiatiefl rate
i mredi at el y above descri bes) pol yurethane foanms, rubber, and silicone can

be used ééq drengae (Hhe@aneNewteniad 2Qid, lthe dnlaxmrelmwm THGUtoN rendedisnent  of
t he nol di ng menber 200 shown in Fig. 6 conprises a plurality of suspended
por 20 onsops@néyakiedohd. (Forp oantNewtanianaluig) sdctoas sheistarahicompdsitiersse
portions 211. The suspended portions 219 are el evated fromthe reinforcing
el emrent hes@int $he @xtﬁnﬁmﬂwls\pmtyzquendemhpehthEh@efgfmab@n frateatetancdf t he
present I nv formc tllever ortipons 129, as
escr i bale HovkRns Sy Bhed Sowidhiad ridkt pipessilercoripaiiorts abthear essol
conpr i 5'|rﬁ\93rﬁ|@:ﬁlq9ﬁi@§ﬂy RavEi LMoY réWoP@t”lBéé@%&t@' q’kpl'c@)f)‘f* rthétm%w e
formed by at least two layers (211, 212) joined together 1n face-to-face
r eI at i omagtio papges) froe) .abead H bto aheul 8080s speaifi cauupnfﬁosre adposit erQctQJrabogt m | ar

rof & enQe00Gcarld YO SRUEY §ER158500 18 Ko Rl A REEURE A L

(220) Fipgscedbingdmpiatind e BrtereRRicmeaité @p 76081 aca HeHtkyhardnobf em
surface. The joined | ayers are positioned such that the at |east one

aperture of QEhlicaner hh§e%¥§@%lﬁ?&9%ﬁ§i |ﬁ'tﬂeté}ﬁb€d|rn‘i’éﬁté% WHIch pél ﬁl‘é'réﬁ to
the general pl'ane of the nolding nenber 200) w portion o
frarrev\orfillamentShel’&)uinedud:%q/ebry extiugion pthe icapilinot mnnbaf uapendbd glarch on 219

descri beccclnmhpeor |on ngal%o SSSes through the extrusion die, is important for melt
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Anot her enbodi ment of the nol di ng menber conprising a plurality of 74 FEB 2003
suspended portions can be nade by a process of differential curing of a

| ayer of a photosensitive resin, or other curable material, through a nask
conprising transparent regions and opaque regi ons. The opaque regi ons

conprise regions 30 having differential opacity, for exanple, regions

having a relatively high opacity 42 2 4 F E 8 2003 (non-transparent, such

as black) and regions having a relatively low, partial, opacity (i. e,

havi ng SHPRe ar Y r y

filament- recéléwﬁtg ? g éa o{}%ﬁ%}rmg%ﬂéeég*e@% gégg?{@t@xg’fséa lot 8f (t:}?ﬁi ng

radi at i ovistduso€igid tolneesms kuddg:eactmmom doricke. Néar thneeemt okeedapillegy siieleif of t he

ting,, th f hield first f th
Coat | ng PEOHSENS KIRPn 8% a8 SERBkanly Fratr el Bhr Sl o1tenHN RS, dpas of

the coatfyg maﬁeﬁ@mm hﬁeswt.mbed.tdylétgnmrpis EBRNTRRY 'te@nea' hetapdbAfigh opaci ty
regi ons of t-he mask only partially shield second areas of the coating to

al | ow t hEhe Gdpiltary alirabéros qadr:utated adeerdieg tmthesfiodawingequalioadet er mi ned

t hi ckness io | ess than the thickness of the coating (beginning fromthe
filament-receiving side of tloaegqié QY/(kowhrdps the second side thereof).
The transparent regions of the mask | eave third areas of the coating

unshi el ded tom'e'rew t ReteUEhESr Vishsiy PNPhScAMRohBS hBhidted f28 shisapugh
the entire thicknes$ of the coating. Consequently, the uncured material can
be r ermvmiefaf@mO@ sp’ar Qi lalthgtvslmmtmedlum)fldwngte*rtmbegh capidaryedialin inngs;har dened
framevvork f|| ctin 201 faornmed fr

filamentis ot . bbiefy Sainr nonsSeRLr g, 1 Aedvelestn « ne
secopd s r t ASRLY, I f

ba sg@ 21%@?3%%?/.}%?%%: e%%agés(?)dee%giz daﬁ% bgr med fér(g)@n%tq%g (Fhlﬂ{reglﬂgideég of

t he coat Newtamsiper p16|11eral ity of suspended portions 219 20 conprising the
web- contacting side 201 and forned fromthe second areas of the coating.
The pl uralityBetabse ae reapileymunsiseraisstaistedntol shdar dscddityuasislepatibedn, a

substantially sem. -continuous pattern, a di sco i nuous pattern, or any
conbi nat ?%ﬂvgh'éﬁﬁéﬁ‘ fluepgedi Ryt Eﬁ‘géé”}?ofﬁféorsTﬁ@ §5€ﬁ88§r g@ﬁ??‘&h@”gl@ @xt end,

at an angx'rﬁi‘!aﬁ' Egca}i\b set?J”ﬁ RAA, ﬂf'ecwmnlh}é erft '@%@e&%z @(ﬂr esul ting

plurality o S an are s spaced omt e backsi
f r ameswor hun@eﬁoomwdedestmew rediosten prweshmoaﬁdedstpm’rt mmposntubrt et

backsi de, 201. T |y, th | di
Fai i or cIngeaPER B ussle BeR St B R a s oreac o 1) FIRA G Beliken ¢ he
sus pendewfheqetrmowbﬁe%ﬁ@e"awéldafﬂes kied DrOBeitiag cﬂltﬁérm&rcaSébmaésnheﬁtthémé@ in
Fig. 6. 003 The next step conprises depositing t

pluralit 9eem lrpféteemedtwepm@mcaéaqt@rswue!@ ot exanle: 8sdnesenrce of arnﬂ@ctrlc

cont actlggldm de 201 of the nolding nmenber 200, as schematically shown in
Fi gs and causing the plurality of starch filanments to at |east

partjally conformto t hre |rren5|onal ttern of .the rml nber
D00, et or 1 it BesEmBARIStRT Mo chanart Eye ROk bR el peeeamid Stellyi T g
t he dr awcogpéRitionsttifresadiisterbht 88BiNay Aurhbar 8s dﬁ@,@ptaﬁe@hr@ugh hRetdis ax

di rensional filanent contacting ,side 201 of a nolding nmenber 200. In an

i ndustri at least i hQduangr 6Be§§fect"t‘% RN g NHBRSEr 0D deagbr i Ses VN dI ess
bel t CO”EE&%@?A%S ;t?%%tpﬂgr)} ﬁgﬁ\@%?ﬂé‘ 4§ tg'tSéagFéeﬂ r’b?sfo Wﬁ/ gﬁ&rjlley

shown in [fament's

anot her pmferabl;a@réateemham@&mrbbnstugbbmtwef thed ﬁlanﬁen:tohrmegltfommdl With
t echni que 8,468 issued to Lu

| f
Novetber e%@tmf > Cuatin FRpusin Suiorants tispafartuy TR 79 o
SpunbONd OBV el SRAOS IRERE irhdUPBh BIrEAWERGe radEhh oban bb

i ncor por at ed er €in enc
less than 1. When an electrlc potentlal is applied to the filament being formed the

effective surface tension is decreased and the effective capillary number is
increased based on the following equations:
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is In sonme enbodi nents, the plurality of starch filanments may first beS”FEan@}

deposited not to the nol ding nenber 10, but to a form ng nenber 500, a
schematically shown in Fig. 9. This step is optional and can be utilized to
facilitate uniformty in the basis weight of the plurality of starch
filaments throughout a wdth of the structure 10 bei ng made. The form ng
menber 500 20 , conprising a wire is contenplated by the present invention.
I'n an exenplary enbodi nent of Fig. 9, the formng nenber 500 travels in the

per meabl ¢, aninie, ZehllRrp puEne a8 PC iR iRty T ndHBR Y Enifr 500

and applrgprasehntativé pyeston, ethdit fdaer eat usdd te ddierrpingr g inhe?bnsicaphiary
filanments dlsposed t hereon 2s encourages a nore-or-|ess even dlstrlbutlon
of the StHPR® 9fia HIARHR, ©hr oughout the receiving surface of the forning
menber 500. |If desired, the form ng nenber 200 can al so be used to form
various irregularities Ca,the=stavich filanments, particularly on the surtace.
of the filaments. For exanple, a filanent-recei ving surface of the form ng

menber can conprise a 3o0.vari r es (not shown) structured to
i npr Pnt ‘@E‘?VH rel a a\p@rey '%8?H§§%8PL%39£3'9 fo E B 2003 filanents

deposited thereto,yt;q acérﬁ?ér%é&“sﬁg%ﬁﬂesﬁﬁ@m“ cally shown in Fig. 11 ) or
ot her irregul arltles in the starch filanents, that can be beneficial to the
fl exible structurev 130 bes Inparaddcitgofdes duidbed above. I n the enbodi nent of
Fig. 9, the plurality of filanments can be transferred s fromthe form ng
nmenber 500 to the FolddsyfacetrIsioDOf He HY conventional neans known in the
art, for exanple, by a vacuum shoe 600 that applies a vacuum pressure which
is sufficientAsdt padsimst foethsl guaknt invehtion aactepfédentetine sdamplededi tre t he
form ng nber 500 to,.separate therefromand adhere to the nol di ng nmenber
200.'% 0 P Wﬁowpgc%q{gg%y%q gadtpﬁ@?erjfﬁ Sthe conti nuous process of making the

fl exi bl eFginmgt ure 100, the nol di ng menber 200 may have a linear velocity
that is less that that of the form ng nmenber 500. The use of such a

vel Oc'typgmfyf@um forAiNdBal SEREH fic. pozg bg, commonl y known in the
paper makh can e used for so E ‘mcrocontraction” that is
typi cal | v i 1ed to is | ow consistency, wet
webs. U.g E eﬁt A%@V\ggﬂ']érﬁ ﬁ"n %ﬁMQE@Qafﬁﬁ /of whi ch is incorporated
herein by ré’ﬁf’dgh?%(? Y Iag se of describing principal nmechani sm of

m cr ocont ractl on, describes in det ail "wet-mcrocontraction.” Briefly,

wet - ni cr BEBIEMRAABAEI nvol ves transferri nR& e web having a | ow

f i ber conShearvisgosihoat 3000S-4t nmenber (suchid®a.a forani nous nenber) to a
second 2oozmerbEméteuch as a | oop of open-.G88¢enf abric) noving slower than

t he firsktineemWelocitiflow, it is believed thaR36fmsbe starch filanents can be

fornmed amwhetdret SUridod Ténsieh starch fil aners gygadicipe maintained in a
sufficiently flexible condition by the tine of transferal froma relatively

sl ower ngxb?wmé%mgow&ém eé?:'iro?@mr%rgé‘%ntthg Lﬁé,”fh’?fﬂ’ﬁ?@f‘?ﬁ!rwﬁ to a
relatively faster ving support (such asT for 2s exanple, the I ng
menber 2tbmg>ugli tthermozlzte mpsimmsm esnall arépets aedythenbtjjr@q:x unter pherfatrde of of

starch fila to microcontractjon, ther eshotemn the flexible
St uct ur 008 W 2Hssge P FRBS TS GE Pl bRNFRLondh S RISt b ATt 888eL 45F be
f romsabogfoph BedsmabaublletSie gifz@aérﬁtl Hea@n té hdcerateh oviargs! e @Rﬂhﬁﬁn%oo
Fig. 9A shows an enbodi nent of the process accordi n&to t he {)resent o]

i FREGRSISKR ng

i nvent i ofmechaeise.WWhae tee &le,cﬁnmomm s(26dfilayeltadpo dhis s@mple
nber 4 0Q..20 t d
greegpegﬁ' qala%'&éz%éo(%oébgaﬂ BBSQB%SﬁtﬁS@Q%?@ng%bg&l&%@n nd Qbé'ﬁlaltla\a/lgd to

be es peccahtirwdmerfmfelr(ts ekperueerfrdsrhethemlodzleqmﬂ'rmsrtha@bplﬁauiem:tsu:ppwrdaﬂ
portions, 219 is used. Such an &ned deposition of the starch filaments

17a to thes rﬁﬂvﬂm&f%ﬂ%éhezﬂﬂ’f% Qe <linipating hescapiiarydiaibigeen

t he .susp d t 1 r g 5 r sible
to I 5hg TRy | B LoBEKie Sailen) Mo b R S0 Be Mt o, na ey

fi | ament experiments, esith |thef descrilies \smitdloapaods expérimentdfi getupA, prodeced ar ch
filaments 17 red Ointw ste so t hat

t nol di 20
bot el nassesttal opERos, Hets”, THS Moy wite drliocied” o 4 datim schan in
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~ 0 downstream void spaces 215b -- can benefit fromthe angl ed deDOSitiP@FEBZ%}
of the filanments to the nol ding nenber 200. Depending on a specific
geonetry of the nolding nmenber 200, particularly the geonetry and/ or
orientation of its suspended portions 219, a downstream angle A may be
equal or different froman upstreamangle B. is As soon as the plurality of
starch filanents is disposed on the filanent contacting side 201 of the
nmol di ng menber 200) the plurality of filaments at |east partially conforns
toits = (i j at o hF kL QP i c

i 11 5ed ¢ ORl Tl o8 Thal M s Vie TR Rerolons ¥holBa el A g,

t hr ee- difimenswenatopiiucarsnarad hadeiamétdira gamgnd éron260o SOmécroms.hod conpri ses
20 applying a fluid pressure differential to the plurality of starch
filanments. Thissoiké pAbedimdrs earerinarén basirdiych@nbeheant e atmedsng, menber
200 is fluidperneable. For exanple, a vacuum apparatus 550 di sposed at the
backsi dén@@espacificedlys framud ger Hamtd mereispec elformoab i m maagpwbﬁged to
apply a nr j 0 and thus to the plurality
of s%aréﬁﬁﬁﬁ#gﬁgHﬁ§%%%ﬁ§%§§@22%ﬁ?%§?gg%??Epggt .- Under the influence of the
vacuum pressuge fonﬁ of the.starch. filanents can beldeflecte into.the
apertures 220 %& Hdr t%“%?'&oe HED 5 BIOFeSH %Pdf%\ﬁa%nﬁ €M '%d

ot her wi ggnieainf @cBulsOat faetérhﬁémiw@asu@ml edq@aditier or hiveeothanl its i@l eved
that all three regions of the flexible structure 100 may have 3o generally
equi val dampgaaiuee.nel geftelorepfhel erperasing temperatienrapgesisganrallpddneiis into

: ] . gec i f th
fesul 11 ngiogd iEbeat e PERIG S'iEn ERheBRrt S i Byl el 1 T
regiions thad OTesthMeting @esciiBéd tihatietall ehéreln. deThe ahelting ntehiperaties t of ¢se 220

may be inprinted by conpressing flexible structure in a conpression nip. If
i npri nt édarchn EOAPISItion HErRineranNgss; Hosy ?%Itoﬁgy(% tp1 gbput iW@F@aséﬁof%l ative

to the | ' e i f TR ' 130.
The. denoierSEl frohL 8Bl 30t 1o Bo gt A AT o el Fort 28500
t he densi@’¢ tf abhet OOPCd Thgi meltihgotamperatyreeof theastarhle aengogifonfistae
pillows 120. The third region 130 will |ikely have a density internedi ate
Phose offunRien ap the e ipegiconient o tnsiari® PliRBarte foobbPefiiey o1 11
to Risg. Higher hitdtid exhBbritatd)Udha WatdPRoArper tHenpldstcizBe cBhR#EHnd fyent i on
may be thought of as having three different densities. The hi ghest density
regi on Wype obelastieizer.gh density inprinted region 110. The inprinted region
110 corresponds in position and geonetry to the framework 210 of the

mol di ng nenbeExéaplanyhaniav@stexdensiongl rprgcesses shitalle exonl thest stacthure 100

will be that of is.the,pillows .120, cor onding jn positipn a eometr
o the inbostians sidGe® imefrShiafe. FEHEEIOSHE, Y Sofif ety onfhdss ™'
COr r espoidcagsds atdedsscnsktngs dé&il im U.hs. reatdhnNdTesiDed 60H), isvléd dave a
density internediate those of the pillows 120 and the |£r| nted regi on 110.

The 20syrigecersber 230 187€ toulkiyeaa 6t alhe U-PamateitNe1d 4HuPAG gsgediorction

ﬁﬁfé?ﬁf'ﬁ@%@?g% B %‘%Q%Q@ﬁ?ﬁh?rﬁ%g’?{?@?gﬂ : :%;@@ﬁsﬁgé $o' do
; L. Brefate G, . ] Maesh 220.
?ﬁhs,ext ?d%%rﬁgr?a?ewbg?e\g?g@égagégi nﬁ‘l 23@%?%4&? aﬁ%?tﬁ?ﬁ%g rr% be
t hought €4 QF%%A‘&QM gtelp pRlesE MG 1 : §|]g|'§5h’8. €N REPIRMPRLAAewor k
210, whey %ﬂ% tcg‘gé%ﬁe,cb'.@.e}’ét%gig\_fd?fﬁ§%[9?l 52is8LikA Q)nhﬁlla?’ 1{{%' 124 ® BGEReMet O

notch in ramewor e three regions o e structure 100,
accasdi ngj.;tand UeS.fPatenhNoi by342, 890, issugd be AugusyBO, 89940 Rhimetdils poged at
three different elevations. As used herein,,.the elevation of a region
refors tdSPPSURRSRIAIRS e hoye alp dicalbraipd herain bgefergice. i ane) ““ror
conveni ence, the reference plane, ca e visualized as horizontal, 30
oy e The cbaTamahsaly Sl Eide dmd a8 Delutis AoRaTAR A0 O pErdyYSeg  The

el evati ofafth ﬁlﬁaﬁu} t§ ﬁxit%b?é)ﬁ% fHe fleXiBle! §GYEHRFe 100 GNtHY ﬂ%é&%n?tiﬁ&é‘rﬂiofni.' ament

structure 100 € neasure US.I ng any non- cont apt 1 ng asurenent device
sui t abl eTherapparatysurl foswyasoinpriae| Ifok example, ahsingle-scrawpar ttwinHsarevw

S N M e R T
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s mllimeters. Suitable non-contacting Laser Displacenment Sensors are szné?_i
by the Idec Conpany as nodels MX1 AIB. Alternatively, a contacting styl EB 2003
gauge, *as is known in the art, may be utilized to measure the different

el evations. Such a stylis gauge is described in U S. Patent 4,300,981

issued to Carstens, the disclosure of which is incorporated her ei n by
reference. The structure 100 according to the t o present invention is

pl aced on the reference plane with the inprinted region 110 in contact with

the refanerte PhaBtarcReIulion earbhdvdaaswl Watertddment, €6 watekI) gyFRRth
vertically away fromthe reference plane. Differential elevations of the

regi ons Plu® a , water, 18otheafiarge Pfblcmophedt Bye U9i AC¥h80%m| anthdneatsrer

200 haVlgb%CﬂfchzFr?p}é P%nlg%e fpc?moébo‘ﬂt‘a\ﬁ% iooggg\&ft‘gd‘g’osre[aﬂ&g‘?ogl M%&ﬁﬁ{

pattern,”tas sc i's Shown I'n rée-di mensi o

pat t er nsofhtaei stgreh Hrfsgedat i aheoaatdnsh@t@wmns oreatedito ktevmed tbyipepdatdiary
pre-sel ected portions of the nolding nenber 200 to reduce their elevation.
Al so5 t Haifligent Ry f@r"é‘ﬁrb%rpsﬁgéoéaﬁﬁPP@'?%C ety PUE famPeralire: in tyicaktde by

257, SIRGE LTS 8 TG A o OB R

depr essiroatdriat. otTrus psesdo-tmernoapia$tar medtscalr thesipeedtioy dre podymetic Zildsal so
havi ng di fferent el ev O her convthl onal kechnl g,?ls of for m ng
f

tion
ot o0 eyt Hishagr £ Arpenasnt visrosm B Rieln ola Aa EqBsRESY
PUI POSCSocfoa AT 2RSSR -AELA WP sELIBChoRIash e RAREAGRRY! 1 cat fon o

a fluid pressure differential by a vacuum apparatus 5 and 9) or

a vaEUUM 2S prek<uag eﬁgp?ér{: PP I}e%}ed Fnhé‘tcl?%%lﬂa tﬂ%% tﬁé)ﬁﬁeééfncterlﬂ’ a

filaments or portions ereo e way t rough
and t husloleadntenfration ngf sestelr| ad ponvehbl e istarche nnaeteuialt dat af Ipeeubbe

t t th k | t d" t f
i G osoolJPEHPPESHE A58l 1 hey GIRe VAU erigt Desarqiates VEPeg b qv@@néﬁmbe
benefi ci @atd Bgrmeeémﬂgn@ato% of thd19caPIndhtBAas s r%?b%rnsaﬁ%ebmuseft hey

prevent formation of a vacuum seal between the backside 202 of the nolding
menber 2@<1rwa1mn aeguipfaeot ofPreksunssperaadkd nig 4% closed Fvassgl 200 3iretudepment

o Dol aoyee S Il et e W BB IR o B °5r ' o

appl i cat fodbrapredsiRCofuiaRIreES I el Stréwidakeuehtidl éxtelidgdrng process of making
the flexible structure 100 of the present invention. O her nethods of

creating s sughimid %’e‘i’é@% @ét@ f@t %hi@ﬁ&édh@eeptr% nfc @ndBwaight Sy8Wiitting
5,741, 402; 5,744,007; b5, 5, 885,421, the dlsclosures of i ch

are i ncoﬁhﬁcﬁla@@,&idlﬁémﬂds lb;lhraeeft@Mrm@cronh@ec@aﬁageultjag inlasredbetion eathal usi ng
so-callegd "diff i.al i 4SS e I " escr| kn U S
so- cal | elverslhb ! BhRRLIRLAAD br TR A dE0 18 580uds ke IRELER o
20 the pseudo-thermoplastic melt. Suitable catalysts include inorganic and organic
acids. Suitable inorganic acids include hydrochloric acid, sulfuric acid, nitric acid,
phosphoric acid, and boric acid as well as the partial salts of polybasic acids, e.qg.
NaHSO, or NaH, PO, etc. Suitable organic acids include formic acid, acetic acid,
propionic acid, butyric acid, factic acid, glycolic acid, oxalic acid, citric acid,
25 tartaric acid, itaconic acid, succinic acid, and other organic acids known in the art,
including partial salts of the polybasic acids. Hydrochloric acid, sulfuric acid, and
citric acid, including mixtures thereof can be beneficially used in the present

invention.

The reduction of the molecular weight of the non-modified starch used can
30 be by a factor of from 2 to 5000, and more specifically by a factor of from 4 to
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~0 5,529, 664; 5,514,523; and 5, 334,289, the disclosures of which are 94 FEB 7003
I ncorporated herein by reference. The nol di ng nenber can be nade by

appl ying a coating of photosensitive resin to a reinforcing el enent that

has opaque portions, and then exposing the coating to |light of an

activating wavel ength through a mask having transparent and opaque regions,

and al so through the reinforcing elenment. is Another way of creating

backsi de surface irregularities conprises the use of a textured form ng

sur f ace 4000, aHeesbntertrdidhrdfeatalysidis asthdesegeldd 0ol (3 mprt eMddalyst
5,364, 504; 5,260,171; and 5,098,522, the disclosures of whic

h
i ncor poiP&f SPIA&T @nRYBLP-gkIcere Wi, amhmm&meﬁ'@caﬁmﬁetvymobwﬁﬁgé%dg Ocasting
a phot Osﬁﬂﬁéto'f{‘ﬁféelﬁ:#r?ﬁ&@ cff%‘f]\htymézg@%og %nft?f'g{é)rg:ﬁ! ng el ement while the

20 reinforcing e ravel s over téxtured surrace, and then exposing

the coating t ig f ctivatir vel engt h.through a_mask i.ch has

transparent. dnd Bpdauler Srh o BT SUEBR yhid ik 2pRaris ek

appl yi F‘éle@tr&%?yﬂﬂhéi pradiuctiofgef | st@rch ehambhRN LWBeADIPNRIEkING RhESALKBId O t he

plurality of filanments through the fluid 2s perneabl e nol |ng menber 200,
a

or 2 f a¥tryGiete é%mﬁﬁh%pm?ﬂrﬁgﬂ;@q&i@gi tiRFeapRRIaY s éommmi:se@?_ U$iﬂf9 o
11 et e iaes End SPHPQdegrtinerRienti REME Bt somue Hhiad can

Fur t her®heainfaiged thereimeand iextrltgd Shoew Rintpstarohlfilshentsot 74 ieopghcess of
the present invention, wherein the plurality of starch filanents iIs

over | ailgt \M‘f&f apdigohead i BpIAN §HBBPr6ﬁLi%ﬂ%W8Ib%9@V&Qﬁﬁ3FQ sireiaten(aginyess
bang,t rBV%hbn@:)arOWé%ltilt‘)gl !‘)I?idf‘.?hat hehtd t$ﬁ§f°’%‘99$ t@ﬁr@%o?fﬁ@nSWba g?%iﬁdamant .

contacting the 'plura I lament's. IS, plurality
i s sandisingperdiureorOthec en¢ainfoudreiatidg avelt kmmyn bethseart, sich as) ithiosg usenher 200

d the flexible sh f material 800. The flexibl t_of material 800
can_ havBSl o G BHISEL SPTBLS o A 2T e R FeH i A mERB G B9 (St 1 1

S sone REMCHERAMCH GMpdRtiG - i npermeable. An application of a fluid
pressure

The electric field can be applied directly to the starch solution, for example,
15 through a electrically-charged probe, or to the housing 11 and/or extrusion die 13.
If desired, the molding member 200 can be electrically charged with the electric
charge opposite to the charge of the starch filaments being extruded.
Alternatively, the molding member can be grounded. The electric differential can

be from 5kV to 60kV, and more specifically from 20kV to 40kV.

20 The plurality of extruded starch filaments can then be deposited to the
molding member 200 traveling in a machine direction MD, at a certain distance
from the apparatus 10. This distance should be sufficient to allow the starch
filaments to elongate and then dry, and at the same time maintain a differential
charge between the starch filaments exiting the jet nozzle 14 and the moiding

25 member 200. For that purpose, a stream of drying air can be applied to the
plurality of starch filaments to cause the plurality of starch filaments to turn at an
angle. This would allow one to maintain a minimal distance between the jet
nozzle 14 and the molding member 200 -- for the purposes of maintaining a
differential charge therebetween, and at the same time, to maximize the length of

30 a portion of the filaments between the nozzie and the molding member 200 — for
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differential P to the flexible sheet 800 causes deflection of at |east 24 FEB 2003
portion of the flexible sheet towards, and in sone instances into, the

t hree- di nensi onal pattern of the nol ding nenber 200, thereby forcing the
plurality of starch filaments to closely conformto the three-di nensiona
pattern of the nolding nmenber 200. US ~o r~ patent 5, 893, 965, the

di scl osure of which is incorporated herein by reference, describes a

princi pl e arrangenent of an equi pnment and a process utilizing the flexible
sheet otharpuepassls. oiagtiectivatnldryingrthel filameats.vdnysuah eheardngempntstber e

differential, mechani [ essyr n_also u .to facilitate formation
of ' the PGB0 TRERGr G781 off S5 HisPasad ot i affer ERlver o AdidcbighirreRe

st ruct ufigedfl8n@inté MR eprtaegRiitithy pitioeRle SUETEw ERTRIQE Rl pressure can be
created by any suitable press surface, conprising, for exanple a surface of
aroll or a ey duchUaaRg-aif bah b SBAYA doMiRARIPARYare Eleattoapitics of
pressing surtace. A pair or Several pairs of press roll 900a and 900b, and
900c5 antbreedd pravidedheskrdwing farce eaubingsharstarchi filaments te beditbposéed,on t he

nmol di ng_ne r, 200 to re.ful confaormto the three di i onal ttern
t her eof ©f ﬁq%?ﬂ?eégsﬁﬁ‘%f g@é’ret"%%l ci]%)qsﬁ%d ;*Pe mﬂnﬁggcg}?ng%ergﬁﬁﬁed%-f'? esi red,
for exagph&mati®SWERSRY#h Exemifshybeinneeimditeo Md i Paadap@dvRidwaan be
greater than that between the roll's 900 a and 900b. Alternatively or

addi t i oparlapnuial ariigedldsepe@vpassing s Bt npazlel 14 @ndubiae polaroridisea 18nd

950b, can 2s be pres again a rtio he .fil ament .si 201 of the
1ol o ng ChuAT S5aBT EF 3205 3P00Rd pie Ry Bh ool Belen 8RR if O cileen. The
presg seiiacramibrRéntsBIchE RferRAYAg it REAGTONATRNHOAR] aRabsSefhfbtedt s own.
In the latter instance, the press surface can be used as an enbossing

devi ce, in thef piegeat iveprlionst i ve micro-pattern of protrusions and/ or
depressions in the 30 flexible structure 100, in cooperation with or
i ndependent | YActouling e thbrpressot inventorrBBeZgqRchdfileenaritercan pave er sizef t he
nmol di ng _nenber, 200., Fur r nor the .pres urface can be used,to _deposit a
var ety o adran, aaSU hAE PRRfex (i SR dee e, 6% Rpatiah oroRe
f1 exi bl epglif B0UGRcRED td iRt Badgecifex et @R Imdrecipidiiagly sowhaBsut f or
exanple) ink roll 91.0, or spraying device (or shower) 920" nmay be used to s
di régt| .02 degiiexelst epodkposlecitaxyasStarch) Bepmeands t¢aredave vavBods estpss-e
structur bej he st r.u re.: y .pna|
foreshoﬁgéﬁggﬁ §égﬂ%§3ﬂ§aﬁ&ﬁﬁ’tlg @?P.ﬁﬁéggs Orfggéﬁg gghxbg&ggegﬁ%Pished
by crepitfgndutar, shexadona, 160sétike) astar-iiked Braduare, anddanpr eosdeationzal |y
froma cylinder, such as, for exanple, a cylinder 10 290 schematically
shown i GFFPQE .netf‘éllc')‘?iéj‘ ithe é‘E‘c‘d@wﬂ%ﬁ%‘é”WtPﬁt sUeh e \arigly &5@“?92,3 @& is
wel I knewn sdrm Biffer&hR $K5 P i C | Pat ent
4,919, 7%6, clsrssetlg;g)yipr |elr 24, 19§2 t8 S(!l ai , tSIhglgglgst?l gg@ed%gﬁﬁh#%ﬁhi S
i ncee pofitareentserein by reference. Alternatively or additionally,
foreshortening may be acconplished via mcrocontraction) as descri bed
above. t s THégf HOAI btreerstticallyuskowdOwithatit ilimifations some padside torpssal |y
nor e extenPibIe , i
sectional areas of the starch filaments. The starch filament's cross-sectional area

is an area perpendicular to the starch filament's major axis and outlined by a

perimeter formed by the starch filament's outside surface in a plane of the cross-
25  section. It is believed that the greater the surface area of the starch filament (per

a unit of length or weight thereof) the greater the opacity of the flexible structure

10 comprising the starch filaments. Therefore, it is believed that maximizing the

surface area of the starch filaments by increasing the starch filaments' equivalent

diameter can be beneficial to increase the opacity of the resulting flexible

30 structure 100 of the present invention. One way of increasing the starch
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in the machine direction than in the cross machine direction and is re%ﬂlk!BZW}
bendabl e about hinge lines formed by the foreshorteni ng process) which

hi nge Iines extend generally in the cross-nmachine direction, i. e., along

the width of the flexible structure 100. The flexible structure 100 which

is not creped andlor 20 otherw se foreshortened, is contenplated to be

within the scope of the present invention. A variety of products can be

made using the flexible structure 100 of thé present invention. The

resulta roducts. i,nd seinfjltesfor ir, oil apd water; vacuum
1 eaner TATERIS ottt ommatar sompises faipid shirrbfomepl BEVnGanop- oo
cof fee Ba@giar! MEMHIBIfAES Wradd-QBctiBHaEEhahds.and sound insul ation materials;
nonwovens for one-time use sanitary products such as di apers fem ni ne

pads, and | NGAHAAANGE, @fatréfﬁ'fﬁérneﬁqgoﬁé‘é’d NSt £4Iifo Pfkh%ésfé?{glégr”pro"ed

nmoi st ure absorption and softness such as mcro er or br habl e
f abri cscress-séetidina ared thraligoctthedilamest s lecgth eda\miutlcﬁmtheu:ed)ﬂ eE:gl mg, and

ing_dust d webs f d f h
ww aphi RO AREMPIS: SSRGS BhawE, S fisernery Pl SteehspRTRnt TERTdGa oo
paper b%&enﬂﬁﬂcr‘ﬂ%@%efc%nél'a%%\éealSﬁg'iﬁ@ﬁ‘re hPf’cﬂf‘dh giteheriia) ERISsEedhBRS] -

gl X [
paper towel, napkins and facial tissue; di cal uses such as surgica
dr apes, aneas dcair émmrgned)etndaf@eSexaum!ealvapﬂng heresance mﬂhﬁrdiassm vongpy

sutures; ,and. dental uses s fl oss and t.oot hbrus t]e
The T oenBnginer Al Bast TR O it SarERrtiod (iR, Aoy fhe Yiskifion: o) &
repel | e@t@nu‘aﬂﬁgcbircbﬁieé uﬁ%d@mthC'adf?ﬁelt-@leh@ep#ddé%s fd?r asﬁéﬁiﬁhétndiﬁes
The resultant product absorbs water and oil and may find use in oil

wat 8 spneltblewinthang elestracsRinnBI0 FECORE-er retention and rel ease for
agricultural or horticultural applications. The resultant starch filanments
or fiber websSome stheah filemantompay hevel “noticbest Histrihuted mhtcertaid intervels as saw

dust, | d t f t I whi ch
can b dtens a8 IRraRhs Taglr PrrcPEBh et | BTG RGPS AnbS $Adted
boards, filimensd' | erodackdetiokaNgfeaaadngeitthé NBafridnes; Ié?‘r’dﬂt‘?rar@cbéﬂékeusﬁﬁ such
as casts, splints, and tont%@e depressors; and in fireplace |ogs fo

decor at |W0Hﬁ@ﬂl%rﬂ%th4|m’r@ fﬂ@g@ntss sfatigteMpHIBEonts ShRiAly i gwyaldsy The

h
Chode: R0 B s A BRTBPRE o DL BRECHERE, 1 G Bus @R e RO e
conduct @td)ﬂtmssegam fleribiilityarof tdeerebawmgqlanmleasmmmeD1 00 bkirfy ?mad'&’ﬂ artek a

|l ength L of 30 nm ie is attached to th r end of
a barrelr)OtQ\Wﬁ%rPﬁ%tEﬁbP@”%‘JﬂrC'%' 'fr@Q’H 3{'8%& &l%ﬁfé‘r‘%fi &"aﬂéﬁﬂjﬁ rgniaetars f \géb)fo 90

C. A sarpfa& hidht8 P 80fRES %Fn‘ric‘;ds tedfprels ture is
| oaded into tﬁgg)g?r f&sectl on of h’?ﬁ rﬁeorrgte , ﬁaérzrﬁ gsﬁgn%rpgrl fons; ills
t he bar rad desaritieshbglavout 60 grans of sanple is used). The barrel |s hel d
at the specified test Zs tenperature (t). If after the | oading, air bubbles

Sampbe of ent AR GERt ofap S Bhet e cobPALPE taliab ™ rido i SebRer €90i om t ne

barrel Theongldindmeraper 260 Yadicongdrise @@bttefnem@ﬁmm(ar dctsshon)tdreothanpl e
goes fromthe barrel through the capillary die) the sanple experiences a

pr essur BaeBplorming spambRf, SHEhAS\A Helisot 8 bandathe mQIing omembare HaD |
pressur g, QAR 2kt BWdAhG Hde DB SR backSHA WL bBS oppBtite 7 Yhdll € 52

filament-contacting side 201. A fluid pressure differential (for example, a vacuum

25 pressure, that can be present beneath the belt or within the drum) can force the
starch filaments into the pattern of the molding member to form the distinguishable
regions within the flexible structure being made.

In the course of a process of making the structure 100 of the present
invention, the starch filaments are deposited onto the filament-contacting side 201.
30 The second side 202 typically contacts the equipment, such as support rolls,

38



2 4 F E B 2003 Then | og (apparent shear viscosity) is plotted aga| nst '2043FEB 2003
(shear rate) and the plot is fitted by the power law ~~ = K yn ~ , where

Kis a material constant, y is the shear rate. The reported shear vi scosMy

of the conposition herein is an extrapolation to a shear rate of 3000 s-'

using the power law relation. s B. Extensional Viscosity The extensional
viscosity is measured using a capillary rheoneter (Mdel Rheograph 2003,

manuf actured by Goettfert). The measurenents are conducted using a

sem - hypeidipbi oIs! 8 \%auaﬂawgém@@ bl tasa+ecﬁm@aet5>eb(§ﬁeomo é’r’ace%E TREM a

final dlarreter(D~a~ 5mm and a | en
seni - hy fiament-costastiag (Sfdet Re1 @pmnr@ea@‘thﬁe@fdwemal@nelqmmrorczf prwle$tenz t he

the-di o Aol SeRrEmORE  oRiripAly, (ABBEHE ng BN fd; bBrgMu(RIF 5 ©f
initial randof ana repeamr\ssnt Tile thrde-Hirkbhdiomdl RteFhefdhe flsmeht asheetihg t he

| ower end of a barrel ich is held at a fixed test tenperature (t) which

cor r espdiedR 209 ¢ae corppisea grbstantiaity @@ﬂttm@ugt%t@lﬁn é6@péé4 gisslpstantiagy be

process a yPr. ?33?@ A t ture
above tﬁ%m' %‘Fﬁ‘gﬁgé ?R%;n gﬁ@a Ieao ta H‘gc 05| rfﬁgmén' g)f 8@8&1&8‘
starch quondsrances (Iélgpsggh@aaeyi Cbmbﬂr’iHilodl teetarfpewamrteel Sutatiad e starrtb t he
barr el sectlon of the rheonete afqd substantially fills the barrel

sect i on.filgmenty ds @@RPQ"‘SQdPHE? ”&‘? I3ment contartinge sider 24Pt dBRPIAFIBA pri or

|t0|os{ gg“:@@ﬁﬂggrmt&é ?Id%éfr‘tg df%iekitte SBRcARldRanE 2R SstHarkMly BOBHNEIL- A

10 the molding pattern of the molding member 200.

The molding member 200 can comprise a belt or band that is
macroscopically monoplanar when it lies in a reference X-Y plane, wherein a Z-
direction is perpendicular to the X-Y plane. Likewise, the flexible flexible structure
100 can be thought of as macroscopically monoplanar and lying in a plane

15  parallel to the X-Y plane. Perpendicular to the X-Y plane is the Z-direction along
which extends a caliper, or thickness, of the flexible structure 100, or elevations
of the differential regions of the molding member 200 or of the flexible structure
100.

If desired, the molding member 200 comprising a belt may be executed as

20 a press felt. A suitable press felt for use according to the present invention may
be made according to the teachings of U.S. Patent Nos. 5,549,790, issued Aug.

27, 1996 to Phan; 5,556,509, issued Sept. 17, 1996 to Trokhan et al.; 5,580,423,
issued Dec. 3, 1996 to Ampulski et al.; 5,609,725, issued Mar. 11, 1997 to Phan;
5,629,052 issued May 13, 1997 to Trokhan et al.; 5,637,194, issued June 10,

25 1997 to Ampulski et al.; 5,674,663, issued Oct. 7, 1997 to McFarland et al,;
5,693,187 issued Dec. 2, 1997 to Ampuiski et al.; 5,709,775 issued Jan. 20, 1998

to Trokhan et al.; 5,776,307 issued Jul. 7, 1998 to Ampulski et al.; 5,795,440
issued Aug. 18, 1998 to Ampuliski et al.; 5,814,190 issued Sept. 29, 1998 to
Phan; 5,817,377 issued October 6, 1998 to Trokhan et al.; 5,846,379 issued Dec.

30 8, 1998 to Ampulski et al.; 5,855,739 issued Jan. 5, 1999 to Ampuilski et al.; and
5,861,082 issued Jan. 19, 1999 to Ampulski et al., the disclosures of which are
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~3 2 4 FEB 2003 the sanple fromthe barrel through the hyperbolic d

i n
at a chosen rate. As the sanple goes fromthe barrel through the orifice234 FEB 200

di e, the sanpl e experiences a pressure drop. An apparent extensional
viscosity is calculated fromthe pressure drop and the flow rate of the
sanpl e through the die according to the follow ng s equation: Extensional
Viscosity = (delta P/extension rate/Eh) 10+5), where Extensional Viscosity
is in Pascal - Seconds, delta P is the pressure ~o drop in bars, extension

rate i siddegpdla@d Mar&inOby trefereas®! eint BhoalEinkiie énthddiment, theahsbifing S
di nensi onl ess Hencky strain. Hencky strain is the tinme or history dependent

st rai n. M@ebet 260 Mmak perexesutas By aapresaifelt @ceatsing tathe teaehiegs ohVa® 1 ui d
i s depe 0f ci i ' st venl 1S, 15t s =J $(f) at' 0 The
Hencky E;té‘r?gﬁ% ?Eﬁ?ﬁé@r'gﬁf@&sﬁég%ﬂqgﬁ tg.(g%;\gye(ﬁ}'ned by the eqt(Ja%ion: Eh =

I n~(D, rntia~ {Dtina~ ~ 20 The rent extension Vi,scosity is reported
as & funct; o8 RICHA, BADOAIECR) B3oB8 MNPRG (HETRRNED aanTRiEs! oh.

Det a4 | edeglh6Gs TRathewsfk ?qtoe(qjtﬁh@@atb o miéwgﬁ\b@a@w@gm.s VBE "@sthous

sem -hyperbolic die is found in U S. Patent 7,784, issued Cctober
25, 1994rameevgerkl 20 canhbave st icestaine peg-salectad ipettern. i fowsr pxarapled Figr édi n by

et ght - S0 o RuBEltRa Kl fhe et ot adh BlMGPLeRRr R,
(MAD) o228t tegdthed iyt etigrstrne erivodigleniBe r thieatdinfording @@heat @sbyca? beGPC)

using a m xed bed colum. Parts_of the instrunment are as follows: Punp:
Wat er s IspBsiangabe flyig-perneaite £ e faig-permeable reinforcing element 250 may

10 comprise a woven screen, or an apertured element, a felt, or any combination
thereof. The portions of the reinforcing element 250 registered with apertures 220
in the molding member 200 prevent starch filaments from passing through the
molding member 200, and thereby reduce the occurrences of pinholes in the
resulting flexible structure 100. If one does not wish to use a woven fabric for the

15 reinforcing element 250, a nonwoven element, screen, net, press felt or é plate or
film having a plurality of holes therethrough may provide adequate support and
strength for the framework 210. Suitable reinforcing element 250 may be made
according to U.S. Pat. Nos. 5,496,624, issued March 5, 1996 to Stelljes, et al.,
5,500,277 issued March 19, 1996 to Trokhan et al., and 5,566,724 issued

20 October 22, 1996 to Trokhan et al., the disclosures of which are incorporated
herein by reference.

Various types of the fluid-permeable reinforcing element 250 are described
in several US Patents, for example, 5,275,700 and 5,954,097, the disclosures of
which are incorporated herein by reference. The reinforcing element 250 may

25 comprise a felt, also referred to as a “press felt” as is used in conventional
papermaking. The framework 210 may be applied to the reinforcing element 250,
as taught by U.S. Patents 5,549,790, issued Aug. 27, 1996 to Phan; 5,556,509,
issued Sept. 17, 1996 to Trokhan et al.; 5,580,423, issued Dec. 3, 1996 to
Ampulski et al.; 5,609,725, issued Mar. 11, 1997 to Phan; 5,629,052 issued May
30 13, 1997 to Trokhan et al.; 5,637,194, issued June 10, 1997 to Ampuiski et al.;
5,674,663, issued Oct. 7, 1997 to McFarland et al.; 5,693,187 issued Dec. 2,
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System controller: Waters Mbdel 600E Aut osanpl er: Waters Model 717 Pl US 9 4 EEB 200
Colum: PL gel 20 ~m M xed A colum (gel nol ecul ar weight ranges from 1, OOE)E

to 40, 000,000) having a length of s 600 mMmm and an internal dianmeter of 7.5

nm Detector: Waters Mbdel 410 Differential Refractonmeter GPC software

Waters M Il ennium software The colum is calibrated with Dextran standards
havi ng nol ecul ar wei ghts 10 of 245, 000; 350, 000; 480, 000; 805, 000; and

2, 285,000. These Dextran calibration standards are avail able from Ameri can

Pol yrmer St aggiards or h tbH@N n r gpar ed

by di ssolving t eAéﬁ%Lﬁ%gr g/g%ﬁn ?ngrzgé Sﬁéﬂa‘;!!eqenfjl Qeré%géaﬁggflé}ﬁéorﬁ egfgdbo t

2 mg/ M. ThEoSai4f issuesi Asgundi §1998uedAmmersk| ghtal., Bhgtd, 190 iissupehBept.s29,r | ed

Svai | ol o TOoA OB, B 6 AP e TrduRgtOpbBRr b 1gadllo i haave!briéﬁg S BaETR
The star chisgagplrsed. 8, pm@fcﬁﬂnwém el R Bigcl%sméét 8f @hrh é&%%d@ 20 ' n

tap water, wth heat applled until the mxture gelatinizes. . gr ams
of the 5ge| Belein bydefeirence.e i s added to 22 grams of nobile phase to make a 3
ng/ mM 20 solution which is prepared by stirring for 5 mnutes, placing the

oven. and cool MR RERR e TR e Homer 20, My o 1t o8 g Fene
syringe amld@wﬁpémeeéblétrernf@snrcgaslemmasahmecorﬁb:esé ifbt exsrelpkt, ansislythedic

sanpl e solution is taken up he aut osampler to 2s flush out preV|ous

test mat efe8NgUS MMater@d Ldﬁn’ﬂﬁjalekq i@rdiffemnt dioam KieeBratemd wyask it meking a
material it Qe f8f 99bUSN the' R rhﬁt?rhﬁbﬁ & th&0 esEH? ﬁ@ﬁ’loﬂ o piadcl rom
t he col umm 1's neasured agal ns ase bactkground

di f f er ant imadterief,r actmstel;i @dgx oﬂﬁresumablbehdtmal EﬁCswmdeMtﬂmatérmlsemsahyw ty
range set at 64., The rmb se %W v, Liar sol ve
the?ei n. FRBIRateniheRe |SE£'L9( Séﬂ"ség (?m"n ﬁpt 'ﬁ@PRfﬁ@'aﬁ%o@@gtﬁ?\ Hg
(i.e., th@m@f@ﬁhbébléh?éﬁfdrél G‘goéﬁeh?éﬁt 28 Wag ctabge rtH@)mof%?f?d”' nSdABERMS, OJs a

sarrple is run throug hree tinmes and the results are averaged
2 4 F E Bwiude, wéenallsecfdmaflmn@r@ﬁabm sttrlsdotb@mn@mod dhatatheureintaiciag ™

fol | ows: a h aem)lecu
wei ght s DoRREl m mrapdted AR b [ SR RS B,
conposii i OMtatds, esoheé PoRidTEd! the rghfarclify elefidri PB0tAalbe mﬁd-@ewhegblehamnbeen
calibrated with an jndi um met al standard, which has an nelting tenperature
(onset) ofanpdeerepodion af feeytreinforcing element 250 may be fluid-impermeable. The
molding member 200, as a whole, can be fluid-permeable, fluid-impermeable, or
partially fluid-permeable. In a partially fluid-permeable molding member 200, only
a portion or portions of a macroscopical area or areas of the molding member 200

20 s fluid-permeable.

If desired, the reinforcing element 250 comprising a Jacquard weave can

be utilized. llustrative belts having the Jacquard weave can be found in U.S. Pat.

Nos. 5,429,686 issued 7/4/95 to Chiu, et al.; 5,672,248 issued 9/30/97 to Wendt,

et al.; 5,746,887 issued 5/5/98 to Wendt, et al.; and 6,017,417 issued 1/25/00 to

25 Wendt, et al., the disclosures of which are incorporated herein by reference for
the limited purpose of showing a principal construction of the Jacquard weave.

The present invention contemplates the molding member 200 comprising the
filament-contacting side 201 having a Jacquard-weave pattern. Such a
Jacquard-weave pattern may be utilized as a forming member 500, a molding

30 member 200, a pressing surface, etc. A jacquard weave is reported in the
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of nmelting of 6.80 calories per gram as reported in the chem cal 7 4 FER 1003
literature. to Standard DSC operating procedure per manufacturer's

Qperating Manual is used. Due to the volatile evolution (e.g.) water vapor)
fromthe starch conmposition during a DSC neasurenent, a high vol une pan

equi pped with an o ring seal is used to prevent the escape of volatiles
fromthe sanple pan. The sanple and an inert reference (typically an enpty
pan) are heated at the sane i s rate in a controlled environnent. Wen an

actual o i LNSt t
reasur od SRLFHIG Y PRCERTIRAG MG dhe des BEPYEn biliiest R VAR
r ef er ence striibturé rista niggndudhs as rypicdidc edcuvst ipen trampfdrei & ofankewt dirlg ng t he
test paranmeters (e.g., the heatinglcooling rate), and for collecting,

cal cul at9"™HB"and reporting the data. 20 The sanple is weighed into a pan and
enclosed with an o-ring and a cap. A typical sanple size is 25-65
mlligranms. Mh@csatdansed witin the preseat invention, i are.r seuatala®l eheofcdmput er

i s progr o. r : I o A uil.ibrate at 0C
2e 5o RTRS® 2220 1 W Bt 3REHBRE 00 Ty e Blindia & 0SB i or 2
m nut es ddsctiBe€; indUScPetentt5, 9PZBNBNiss0edAE; POlat et ohr@dte 28, 1390| end
tenperature for 24 haours) the sanple 30 pan nay be renoved fromthe DSC

i nst r uneheclasidrepPhMEich s dneerraratedefewiivityorpferance:  Fucthe) Ratert ailgdt i on;

SG Z ; S t e | I

cqui | | b I A FegR bple ApHbes” SRR AR Gais riber, 1Y MTEe Bee 1o
hol d f orusediomendsr tte aRe@res 220 flidainpatmédidlei n t o 30C and equi l i brat e;
and 12. renove the used sanple. The conputer cal culates and reports the

or e, " Typ BB B SP e ORI o BRI 0 SR Gl SRR ERGS ted on
Fr s £ e B £ ono (i T aRra) (o BuRituep phase
ti mel t chpee aomiens?bt. My Bspengedypedtians A9 arealsvejed from the reinforcing
element 250 to form void spaces 215 into which the starch filaments of the present
invention can be deflected to form cantilever portions 129, as described above
15 with reference to Fig. 3. The molding member 200 comprising suspended
portions 219 may comprise a multi-layer structure formed by at least two layers
(211, 212) joined together in a face-to-face relationship (Fig. 6). Each of the
layers can comprise a structure similar to one of the several patents described
above and incorporated herein by reference. Each of the layers (211, 212) can
20 have at least one aperture (220, Figs. 4, 4A) extending between the top surface
and the bottom surface. The joined layers are positioned such that the at least
one aperture of one layer is superimposed (in the direction perpendicular to the
general plane of the molding member 200) with a portion of the framework of the
other layer, which portion forms the suspended portion 219 described herein
25 above.

Another embodiment of the molding member comprising a plurality of
suspended portions can be made by a process of differential curing of a layer of a
photosensitive resin, or other curable material, through a mask comprising
transparent regions and opaque regions. The opaque regions comprise regions

30 having differential opacity, for example, regions having a relatively high opacity
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determne a glass transition tenperature. E. Water Solubility is A sarm] EEB 2003
conposition is made by m xing the conponents with heat and stirring until a
substantially honbogeneous m xture is formed. The nelt conposition is cast
into athin filmby spreading it over a Teflon sheet and cooling at anbient
tenperature. The filmis then dried conpletely (i.e., no water in the

film conposition) in an oven at 100C. The dried filmis then equilibrated
to 20 roomtenperature. The equilibrated filmis ground into small pellets.
To det 0 SQf | <N s F&gioRs t r f afh r sanpl e
is pl ag(g‘ n{‘tﬁaiﬁ;{@ﬁdﬁh\:g‘snﬁa}a&ﬁ) pan gﬁ%'ota?\e%\é?%@\Arrggdg&fr\\/teﬁyoﬁvgaggg%& sanpl e
i s recoopkity (Thee havinghsampdrarnsparawypl e is placed in a 100C oven for 2
hours., and then taken out and wei ghed i nmediately. The % solids is 2s

nenht or a0 B8 rate Bl phnerS ol estiird SUBCATE Ml pan)

30 To dedeyrd BRiet e expbsdd ltot yurddy r¢iagantheommees irhask) adysiealh td0ttgr ans  of
ground sanple in a 250nl_ beaker. Add deionized water to make a total
wei ght Bpment-receiying sidg ef theygoalinante WR-tiansparansirediong dathe maska stir

| ate for. o) e |1 f L t fi.S1 1 l e
Pto a Sush Ffbess gtiebodtind fioMdnetingad @R o echliistbdddaber fRIP
super nafiahtareds bhéhecevdting trgedgls dinpleatisnthiclewdstdfahe efoatingi VEne pdetial- The %
solubility of the sami)l e is cal cul at_eﬂ a ,fgl | ows:. 5 Sol uBI e Solids -
(Refrac?P%@tyl FREMQN S Ao amaso OnlvsPaTtelly Shigd secPpi Arees 4fd EiGRAUNGNIO i1 m
sanpl e | (R ; i LAl 9 ;
¢ anper ot g ' LERBTHaBlOR bR RELNE sdubhd dibadlo SRR dinBness 1 160
i s dohi iessdhaitibe rtbickness of re eoatings (whgimming rfeam Blye TG éMthracaiving side

G avinetric Analysis). For Thernmal . vimetric, Anal ysis, .a high resol ution
Terros00 T BRRUA 1S BRaTSolD SiveaRo ot PEERcDa &t egiphs of He

Appr oXi skl Eavd thikd afe SR BPIfe icdaity UREHicidBd t allée tharburing! @it tdhe
manuf acturer's instructions, the sang!e and pan are inserted into the unit
and t heCurnfherthrd ceeassthiraugle feeantie taickaess of theowatingut e to 250C. The %

noi sture in 20 the sanple is determ ned using the weight | ost and the
initial weig ; i ; | ght i st fY 100%
Start Wei ght ?@%%({1 |n{tl%ﬁg%%srgérgﬁée{\?ng¥ge“agu% (%Jéaregégg%ﬁé%eé ?ﬁglﬁnYhe si ze
of tike faratedsnaldied tennearsurkhd heswthg ferdende ffamewbdk hasusefilanserd- circl e

ith f 1
W ancgrrnt%%tir?g s‘?de f’2101 formed from the filament-receiving side of the coating and a

backside 202 formed from the second side of the coating. The resuiting
framework has a plurality of bases 211 comprising the backside 202 and formed
from the third areas of the coating and a plurality of suspended portions 219

20 comprising the web-contacting side 201 and formed from the second areas of the
coating. The plurality of bases may comprise a substantially continuous pattern, a
substantially semi-continuous pattern, a discontinuous pattern, or any combination
thereof, as discussed above. The suspended portions 219 extend, at an angle
(typically, but not necessarily, at about 90°) from the plurality of bases and are

25 spaced from the backside 202 of the resulting framework to form void spaces
between the suspended portions and the backside 201. Typically, when the
molding member 200 comprising a reinforcing element 250 is used, the void
spaces 215 are formed between the suspended portions 219 and the reinforcing
element 250, as best shown in Fig. 6.
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square inches. The sanple is placed on a horizontal flat surface and 24 FEB 2003
confined between the flat surface and a | oad foot having a horizontal

| oadi ng surface, where the |load foot |oading surface has a circular surface
area of about 3. 14 square inches 30 and applies a confining pressure of

about 15 g/square cm (0.21 psi) to the sanple. The caliper is the resulting
gap between the flat surface and the |oad fgot ;s 2 4f t d~cuu3 |oading
surface. Such measurements can be obtained on a VIR El ectronic Thickness

Tester NModel The aeat lsadp eofoiveShydpagitiigbvet pluPhilty adelselide-th&amoglastical i per
nmeasur enent i eat eg]%aﬁ recorded at a ines. The result is

to1, || fi t
r epor t edtareh :fffarég s 9 peNt FRNMBCLE ﬁ‘§§sé(é1cl8¥§?f‘d””f°ﬂ ROtABMORF 9% tests
PP H M . e .
e BRSSO s e ARG o RS b st R RIeRE, "
FI LAVENIES &t 1les6tUSiaxtBalior chbifdren GAVEHEY tieR-HEETIs@aFLhatRrh 3oDite HREARIAG JET
NOZZLE 15 AIR N LORIFICE 1 |R (DI SCRETE) ORI.FI CE. 17.. STARCH
covPés ﬁ‘letﬁ/‘ibqﬁéégT rENg ARENT SMRSE RE XF%L%“%%@JMW’M%YZFQ-éTUP@G ONS
OF 100 é%ﬂngﬁﬁg\@rﬁﬁﬁg%ﬁt Ol QOarE! AN 15%&?@%&&@%@ thie3¢h Bl RD
REG ONS OF 300 115 SUBSTANTI ALLY VO D SPACES (POCKETS) I N 100

dimensional filament contacting side 201 of a molding member 200. In an
industrial continuous process, the molding member 200 comprises an endless belt
continuously fraveling in a machine direction MD, as schematically shown in Figs.

10 7-9. The starch filaments can then be joined to one another and mutually
entangled through a variety of conventional techniques. The disclosure of U.S.
Pat. No. 5,688,468 issued to Lu on November 18, 1997, teaching a process and
apparatus fopr producing a spunbond, non-woven web composed of filaments of
reduced diameter, is incorporated herein by reference.

15 In some embodiments, the plurality of starch filaments may first be
deposited not to the molding member 10, but to a forming member 500, as
schematically shown in Fig. 9. This step is optional and can be utilized to
facilitate uniformity in the basis weight of the plurality of starch filaments
throughout a width of the structure 10 being made. The forming member 500

20 comprising a wire is contemplated by the present invention. In an exemplary
embodiment of Fig. 9, the forming member 500 travels in the machine direction
about rolls 500a and 500b. The forming member is fluid permeable, and a
vacuum apparatus 550 located under the forming member 500 and applying fluid
pressure differential to the plurality of starch filaments disposed thereon

25 encourages a more-or-less even distribution of the starch filaments throughout
the receiving surface of the forming member 500.

If desired, the forming member 200 can also be used to form various
irregularities in the starch filaments, particularly on the surface of the filaments.

For example, a filament-receiving surface of the forming member can comprise a

30 variety of sharp edgeé (not shown) structured to imprint still relatively soft starch
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(BETVWEEN THE CANTI LEVER PORTI ONS AND FI RST REG ONS) 128 DOMVE PORTI ON 1

CANTI LEVER PORTI ONS OF 100 200 MOLDI NG MEMBER 201 FI LAMENT- RECEI VI NG §|4DEEB 2003
OF 200 202 BACKSI DE OF 200 210 FRAMEWORK 211 FI RST LAYER (I N MJLTI - LAYERED
STRUCTURE) 212 SECOND LAYER ( )
215 VO D SPACES BETWEEN 219 AND 250 219 SUSPENDED PORTI ON 220 APERTURE 230
SYNCLI NE 250 REI NFORCI NG ELEMENT G/ 4 FEB 2003 290 (CREPI NG CYLI NDER 292
CREPI NG KNI FE 500 FORM NG MEMBER 550 VACUUM"APPARATUS 600 VACUUM PI CK- UP
SHOE 800 Hlﬁ%ﬂsﬁ@d@ﬁ@dﬁew HBl ohbateHMRCBAR(LChBRTELEESTY EhpwBO&ig. PD0wr

PRESS ROLLS 910 I NK ROLL. 920 SPRAYI I S 0. PRESS BAND 6S 72
4 E EB zOSA&iHARqUres ielhe gtargh fi ff‘gEQ?/' %@J(%%r} g@?%ﬁ'@%&ﬁ%ﬁpl@ﬁntﬁ%b‘e
plural ity @f,calraren Bélhgrﬁ%@é ast(ﬁlé’so?lbéb!fa}b‘é&@ conprising at |east a first

region and a second regro each of the st and second regi ons havi ng at

| east one co R SPEI
ntensi ve proports BREoRl GRS, MOFGlab, OF Rimp B8 B8, faFRed,
one copmoriramttee Soraingr meentier 500 tdthe ewididgrragmber 200 by any conventional

means known in the art, for example, by a vacuum shoe 600 that applies a
vacuum pressure which is sufficient to cause the piurality of starch filaments
disposed on the forming member 500 to separate therefrom and adhere to the
molding member 200.

10 It is contemplated that in the continuous process of making the flexible
structure 100, the molding member 200 may have a linear velocity that is less
that that of the forming member 500. The use of such a velocity differential at the
transfer point is commonly known in the papermaking arts and can be used for so
called “microcontraction” that is typically believed to be efficient when applied to

15 low-consistency, wet webs. U. S. Patent 4,440,597, the disclosure of which is
incorporated herein by reference for the purpose of describing principal
mechanism of microcontraction, describes in detail "wet-microcontraction.”
Briefly, wet-microcontraction involves transferring the web having a low fiber-
consistency from a first member (such as a foraminous member) to a second

20 member (such as a loop of open-weave fabric) moving slower than the first
member. Now, it is believed that if the starch filaments can be formed and the
plurality of starch filaments can be maintained in a sufficiently flexible condition by
the time of transferal from a relatively slower moving support (such, for example,
as the forming member 500) to a relatively faster moving support (such as, for

25 example, the molding member 200), it may be possible to effectively subject the
plurality of starch filaments to microcontraction, thereby foreshortening the
flexible structure 100 being made. The velocity of the molding member 200 can
be from about 1% to about 25% greater than that of the forming member 500.

Fig. 9A shows an embodiment of the process according to the present

30 invention, wherein the starch filaments can be deposited to the moiding member
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2. The flexible structure according to Claim1l, wherein the conmon 7 4 FEB 200
I ntensive property is selected fromthe group consisting of density, basis

wei ght, el evation, opacity, crepe frequency, and any conbination thereof.

3. The flexible structure according to Claim1l, wherein one of the first

and second regions conprises a-substantially continuous network, and the

other of the first and second regions conprises a plurality of discrete

areas di spersed throughout the substantially continuous network. 4. The
flexible structure according to Claim1, wherein at |east one of the first

regi on arkPQ Alear @pgledArtbal ean berfim d840 89S eand Erpiei shgsificatit Femiabasit Sthe

fl exible struct accor di to Glaim.1, fuyrther I SI.Nge. | east, a
third re_gtPo‘;TlP%\Lﬁﬁg gﬁ‘sl %@g’gd%eer_‘ i'ﬁt%‘?f"@g%Br%epgls@@g%iyaﬁepgﬁ@é%%nﬁp?h and
differs ifomdiendmes 2Oe Hamr@@d:é’p%rﬂ%@p@ddibné’mehQ UdetiSt SLERiAT apathd he

i ntensive property of the second region. 6. The flexible structure™

accor di ngdeppsion of the stamhelilaments ¢4s to dme mgldinganember 209dvakes thenwoidhi r d

regi ons conpris substantial |y caontinuou ef. 7. . The flexihbl.

P uct or TR, AT geree ArEn Yt AUhehRT aREte &8 mpdolel 1EioReBaon
and thirdeleR@NONESE ARBIE 2RBesHiBIRORS IIOMYUshRIfRRDble @arch~fitanferfisB12803n8. The
flexible structure according to Claimb, wherein at |east gne of the first,

second, a#FAUiREES Megstareh Wamants ksmord seal filhinevald spaceniifudu§iguas. 9.
The flexi tlﬂleeséﬁh{huféltam&\t?cl%%rﬂ"en@eﬁ&itgd.atb%é’mmifﬁ%trﬁﬁetj 535 in ‘NO§ stépd he
, an ird re np plurality e

first, secon gi ons ‘conpri ses a of "discre ar éas
di sper sedsd hhaupbibukinidseofs thes tvaitt spates @40t +-nuostreametweid kspat@s 2454 exdbl e
structure conprising.starch filanments, the_structure c rising at | east a
Subst dht | PHOSERAT VRIGEPAESEASD TogribReaRgt HOP Hit AOlPa PeRpabpaial Heeas

di SperSEdﬁléﬁ{e‘ﬁﬁWrﬁe hﬁtﬁdﬁg%bmﬁérajkcioy %gtﬁhﬂg@%a i pgaﬂﬁ@gx A gein

the substantially continuotds network regi a relative nsity
rel ati ve molding ehemberd y20@w pdeticilany othet hge@hetral ang/oof odiestatione or dias.

11. The flexible structu accor di to Caim1l, wherein when the structure
s’ di sposHPRSRdEdRATIgNR 210§ GPumsiEamypaele A Tl ¥4 Baval g BRrantframLeny
first el eygdtredim amae Bhe second region outwardly extends fromthe first
region to define a second el evation.

15 As soon as the plurality of starch filaments is disposed on the filament
contacting side 201 of the molding member 200, the plurality of filaments at least
partially conforms to its three-dimensional pattern. In addition, various means
can be utilized to cause or encourage the starch filaments to conform to the
three-dimensional pattern of the molding member 200. One method comprises

20 applying a fluid pressure differential to the plurality of starch filaments. This
method can be especially beneficial when the molding member 200 is fluid-
permeable. For example, a vacuum apparatus 550 disposed at the backside 202
of the fluid-permeable molding member 200 can be arranged to apply a vacuum
pressure to the molding member 200 and thus to the plurality of starch filaments

25 disposed thereon, Fig. 8. Under the influence of the vacuum pressure, some of
the starch filaments can be deflected into the apertures 220 and/or the void
spaces 215 of the molding member 200 and otherwise conform to the three-

dimensional pattern thereof.

It is believed that all three regions of the flexible structure 100 may have
30 generally equivalent basis weights. By deflecting a portion of starch filaments into
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12. The flexible structure according to Claimb5, wherein when the struc] Jf€B 2003
i s disposed on a horizontal reference plane, the first region defines a

first elevation, the second region defines a second el evation, and the

third region defines a third elevation, and wherein at |east one of the

first, second) and third elevations is different fromat |east one of the

ot her elevations. 13. The flexible structure according to Claim 12, wherein

the second elevation is internediate the first elevation and the third

el evatio T fd~axi bl e r r or,di t ai i he

second rQTg% éﬁe%ﬂ%r izjggs @eplcébaﬁg{:r;éag?a@t% ap ghgl(& Iqqo&v\%}s?, r%%&ﬁne%g?ﬁsvgérrg Zng t he
pi | ows mxtative & the derskityeofbetfiret) iraptietadi negibnomMiOheTHe rediors dvatthanateo t he
second el evation and a cantilever _portion laterally extending fromthe done

portion B8Pt {dsdestedhoiy 1Be eFRRTYRS &0 MAYbepRREied 18y crnapresaigpfiexible
Struct ur gy ageps o DcbARRANN My WIRRGled, HRNBLANINPD e BhARER FARIL ever

portion 1s 1nterned at si'ty o regi'on and a' densi t he
done Por 1il0ris inGreasee réladivetbethst dendityref thecpifidvag! 2@ addatihe densityhefr thien t he

vor souldBaatlbh e Hat el PG R R R b e 3t
f 1 exi bl ez?bra‘h%ttHéa]e@%ﬁ?b@tﬁkgtrﬁﬂ r@g&srm:i@ avmrg%g tedn IHRASENSHBY tRE phildfvs

plurality of star aments haveé a size from0.001 dtex to 135 dtex. 18.
The fl exitB0e Fheuthindr eegicrn ot3 ngll tlikel@l have 15 dehesiteiinteamedéiatst thosereofothet he

plurality of starch filamen haye a ,si.ze fromO0.01 dtex to 5 dtex. 19. A
f1 exi bl eYFEP?rE}EPJPE'OEBr{I&ﬁ %ﬁ‘é\é‘edp%?WF’éilbty of starch filanents, wherein the

flexible st e is. npde b dugci ng t | ity of st fil t
by it spi niterglring: SHIER Ria g e, Teoiteratrugtund 200 dbcdrfi agherpaRgt
combi nat jRRntiBRT R b@Tt‘P&SUQGf‘%faasf IngivirgP @ B iR ram afbﬁgitiégnb%ecm@%stm ng

a reinforcing element joined to a patterned resinous framework havi'ng at
| east ondenpiby regien ik bet thedhigh denisidy imanatesk redierviling. altie impentedrreg@invi ng

id d eive the plurali f h fil h . and
backsi de AP ewagS Rebrs iaene: pavaely dg BedlibmenerRe Tt 31 08P eRiRen,
bei ng pogdrhbaedofetimpeBwele dbhsiaRitiod of tHe/ fidddbR steuctort 800 MeRBE tRaber tion

of the backsjde of the framework,” the filament-receiving side conprising a
substant the pilowsrtat gerrespandiearin pesiigpanshgeRmetfy da e @aﬁfturﬂﬁo%ég phtheer n,

i ural 1 ¢ NRG BRI o, 28R PO a0 BolrBSGiing 6708 shhdesiBoin i ng
menber, e nwldingheepiber D00t wilbhasde ar dénditylinteemieslizdée thess bf e pillavisy! 20

conformto the pattern of the filanmpnt-receiyi si de, of t framewor k; &
>3 Fep 904 BE MihNned reoiand i LR aline s S Pa SUgaCRs Qo JrArToveY
starch f '2'1@”?%\%%; g Eedi?&ﬁioﬁoxyéﬂt&gcI)r'nbéheﬁtGth%HEir@f frbhe tid @lathédtreebiving
filaments supported by the patterned framework, and second regions of the
pl ur adi t widsf 28t aot the inalding snateber208dtowards tthe backsids 202nthespef: t uhe
ther eof %Qgclzsnlje'%pgﬁbeéjo bn%t tehx":t‘end completely through the framework 210, as do the
apertures 220. Thus, the difference between a syncline 230 and the apertures 220
may be thought of as the aperture 220 represents a through hole in the framework
210, whereas a syncline 230 represents a blind hole, fissure, chasm, or notch in the

25  framework 210.

The three regions of the structure 100, according to the present invention,

may be thought of as being disposed at three different elevations. As used herein,

the elevation of a region refers to its distance from a reference plane (i. e., X-Y
plane). For convenience, the reference plane can be visualized as horizontal,

30  wherein the elevational distance from the reference plane is vertical. The elevation

47



reinforcing elenent; and separating the plurality of the starch filamenfg FEB 7003
fromthe nol ding nenber) whereby the flexible structure conprising the

first region and the second region is formed. 20. A process for neking a
flexible structure conprising starch filanments, the process conprising

steps of: (a) providing a plurality of starch fllanents (b) providing a
nol di ng nmenber having a filanment-receiving side and a backside opposite
thereto, wherein the filament-receiving side has a three-di nensi ona

pattern t§ 8@@%4?1@&59@99%2% ggl?ﬁé s@{gﬁ %hgem Ut ngw@b ﬁbgfb@n{ alsﬁlég%gf.u%ipﬁri Ly

recelrvin er an usi n

of st ar chafiy hananintadtingahebs@eingrideyvel suwaom‘ for vuch ptdnpowae&f welenswanal
pattern thereof 21. The process according to C aim 20, wherein the step of

provi di ng'Mat hepladt- ngA RAfEEY I8 Y npiaoes fb@%‘-ﬁHfmgnee&'Cﬁde?n@oﬂ'é‘q%@c“mﬁelr%saﬁ t he
thr eedi rregﬁ 4 con ﬁttéé’rﬁgbrq{a\}irﬁ fdéa‘m‘%gktet 568 XN rﬁl'llffi\’?et%m{é§§ﬁgé"o{ 89

subst ant i I nuous patt a Su antially sem -conti nuous” pa
a pat ter nnilometersi n§uitalpe moml—a:cbr)xaoﬂngjLasereDespﬂHammmairSensms are sy by the

conbi nat i t her eof T S cording to Ca 21, wherein the
Step of  pls GORHATY B S ORL L oo AE AR Rs 6P e B5TRS S SAyGee Aok
that conprh&®a n@ﬂﬁ@%ﬁn Cﬁgé@ﬁﬁ’z"&ﬂb hRa88ft e GffeRirdEatpse! SRS st rg
The process according to aim 21, wherein the step of providing a nolding

menber cogpuyeds dpsawbeﬂ imgUeS rrBda@lnlhé 981 issued tosCarstepsrtheati$aosue of 7 4
F EB ZOQR 2 r oc according.to Cla ere the s

provi di ng Q‘%bl' '?Féjo r?g%i h@éﬂﬁr?%égf%?%?ﬁ di tbezftrﬂrl\gflﬂﬁng WBF&?@\}PH e
suspengledppsydnt fentioRds plAtRdP6P &Rs fefafeiiethlafe WatHAMRI impthtediggieh N 10hia
step of prOV|d|ng a nmol ding menber conpri ses BFOVIdIn a nol di ng nenber

f ormed by cantackxsth thadefea?@e% plasienedihe ilevrred 20 ng thgctbirdgegipnel30 extend

rel ations t e f
deposi ti ngéﬁﬁ’gﬁgﬁ eff?%‘ éfegé:(:(% ﬁlaﬁgne[%ﬁ g@olgl %fe%\/fa Wﬁéngmler 'eclﬁilsl ﬁb@m de
of the rrothn@nmerrber cammlscauaa figrnbd Byl wsig the oﬁolﬁing eherhbeaPOOt iatingat

| east partlr%I I}]/,[d)e'onformto t he, t hr ee-di nensj,onal ﬁ ern thereof co ri ses
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The pr oceseptiséeledatianst oaCibe mazie, bytsangling pimsete@tﬁcbfpodm ol they nmtddmgt ed
member 200 to reduce their elevation. Also, the molding member 200 comprising a
curable material can be made by using a three-dimensional mask. By using a
three-dimensional mask comprising differential depths/elevations of its
20 depressions/protrusions, one can form a corresponding framework 210 also having
differential elevations. Other conventional techniques of forming surfaces with

differential elevation can be used for the foregoing purposes.

To ameliorate possible negative effect of a sudden application of a fluid

pressure differential by a vacuum apparatus 550 (Figs. 8 and 9) or a vacuum

25  pick-up shoe 600 (Fig. 9), that could force some of the filaments or portions
thereof all the way through the molding member 200 and thus lead to forming so-
called pin-holes in the resultant flexible structure, the backside of the molding
member can be “textured” to form microscopical surface irregularities. Those
surface irregularities can be beneficial in some embodiments of the molding

30  member 200, because they prevent formation of a vacuum seal between the
backside 202 of the molding member 200 and a surface of the papermaking
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portions of the plurality of starch filanents conprises applying a 2 4 FEB 2003
mechani cal pressure to the plurality of starch filanents. 29. The process
according to Claim 20, wherein the step of depositing the plurality of

starch filaments to the filanment-side of the nolding nmenber conprises
depositing the starch filanments at an acute angle relative thereto, wherein
the acute angle is fromabout 5 degrees to about 85 degrees. 30. The

process according to Caim20, wherein the step of providing a plurality of

starch filaments conprises nelt-spinning, dry-spinning, wet-spinning, or
any conb®MPIERt (R as, ?ql‘?xafﬁélepreoé\éggc%%g’?%liVﬁE;U‘t”@ @P%ﬁ”ﬁ‘\t@gg M@g)éi n an
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32. Th di ' ' fil
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daimn 20$U6Wétl@§$(a%é)§¥€ bfschBed iRtGIS. HatbMces 108 BOBI g7 haopt us alik tag7of
starch filaments. 34. The process according to Claim33) wherein the step

of for eshdBeti g andnp BB 16 tep digLlostres o oMtica @ e dncorppraied draseimaby on
t her eof . ACAS . Ap LA A A A0 . AH An. An
. AHYe. Al\[eg?sr.eRQ?AF. AX. AN. A. A. AS. AX3. A?. A(3. Ak .A( ?.A

. AR A A AaR AN, . Au. Afl . AfR. ANFR A(Il . Al . A3Y?. A(R. | . . AY, . A53, . AHe. ASy.
AN, A3XF. A(3. A h?Al'Q%Kaﬂ.eAlc‘(a.”AﬁJé‘A%ﬁ A?éﬂ%‘?%‘ﬁ'ﬁ@ﬁl s C?ﬁg%.. it .%F‘ﬁgiﬂ!g)&‘!t
, - A Asu3RaAeriiRRA kédHATles” as described in U.S. patents 5,624,790; _5,554,467;
*{vqgl gb] X] ca] ca caj ca] ca cal ca gg%%ggca] ca] caﬁ)ca] cal] ca] ca] ca] ca] ca] ca] ca] ca

Ul calTa] ba2O:%%4] 51,{5}1&&5% \Upoe | #@ disclosures of which are incorporated
herein by reference. The molding member can be made by applying a coating of
photosensitive resin to a reinforcing element that has opaque portions, and then
exposing the coating to light of an activating wavelength through a mask having
transparent and opaque regions, and also through the reinforcing element.

15 Another way of creating backside surface irregularities comprises the use
of a textured forming surface, or a textured barrier film, as described in U.S.
patents 5,364,504; 5,260,171; and 5,098,522, the disclosures of which are
incorporated herein by reference. The molding member can be made by casting
a photosensitive resin over and through the reinforcing element while the

20 reinforcing element travels over a textured surface, and then exposing the
coating to light of an activating wavelength through a mask which has transparent
and opaque regions.

Such means as a vacuum apparatus 550 applying a vacuum (i. e., negative,

less than atmospheric) pressure to the plurality of filaments through the fluid-

25 permeable molding member 200, or a fan (not shown) applying a positive
pressure to the plurality of filaments can be used to facilitate deflection of the

plurality of filaments into the three-dimensional pattern of the molding member.

Furthermore, Fig. 9 schematically shows an optional step of the process of
the present invention, wherein the plurality of starch filaments is overlaid with a

30 flexible sheet of material 800 comprising an endless band traveling around rolls
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being made.

The structure 100 may optionally be foreshortened, as is known in the art.
Foreshortening can be accomplished by creping the structure 100 from a rigid
surface, and more specifically from a cylinder, such as, for example, a cylinder

10 290 schematically shown in Fig. 9. Creping is accomplished with a doctor blade
292, as is well known in the art. Creping may be accomplished according to U.S.
Patent 4,919,756, issued April 24, 1992 to Sawdai, the disclosure of which is
incorporated herein by reference. Alternatively or additionally, foreshortening
may be accomplished via microcontraction, as described above.

15 The flexible structure 100 that is foreshortened is typically more extensible
in the machine direction than in the cross machine direction and is readily
bendable about hinge lines formed by the foreshortening process, which hinge
lines extend generally in the cross-machine direction, i. e., along the width of the
flexible structure 100. The flexible structure 100 which is not creped and/or

20 otherwise foreshortened, is contemplated to be within the scope of the present

invention.

A variety of products can be made using the flexible structure 100 of the
present invention. The resultant products may find use in filters for air, oil and
water; vacuum cleaner filters; furnace filters; face masks; coffee filters, tea or

25 coffee bags; thermal insulation materials and sound insulation materials;
nonwovens for one-time use sanitary products such as diapers, feminine pads,
and incontinence articles; biodegradable textile fabrics for improved moisture
absorption and softness of wear such as microfiber or breathable fabrics; an
electrostatically charged, structured web for collecting and removing dust;

30 reinforcements and webs for hard grades of paper, such as wrapping paper,

51



| &$100%IU& ()- ! &$10%u& ()- S)10% u& ()- 10z 10zbr zX9B/ 24 FEB0C
10z, $10% u&' () -!D, $10%uqu&’ ()-!S!' $10%u& ()-'1!3$10%uvu& ()-s$10% & ()-:!1
s$109%uru& ()-: "C'E'F'G'H'W#~ = 10z!'t$10%& ()- f){10%@& ()- 10-u 10-u

10-u, <t 10% u& ()-f2s$10% & ()-!1f 2s$10% U u& () - #$$$URR} A7~ =

10z! 10%@& ()-"10%@& ()-! DS109%& ()- 10%@&' ()- 10%@& ()-'% $10% )& () -

&&' > ' b(1)zX6~_=

10! N+$109%&' () - m \ ($10%&' ()-! y#" 10%@8&' () - y#" 10%@& () -! @109%& ()- 4! $10%@a (

o ) bbbt St S 05, b SRR Bt ares o
paper such as toilet paper, paper towel, napkins and facial tissue; medical uses
such as surgical drapes, wound dressing, bandages, dermal patches and self-
dissolving sutures; and dental uses such as dental floss and toothbrush bristles.

5 The flexible structure may also include odor absorbants, termite repellents,
insecticides, rodenticides, and the like, for specific uses. The resultant product
absorbs water and oil and may find use in oil or water spill clean-up, or controlled
water retention and release for agricultural or horticultural applications. The
resultant starch filaments or fiber webs may also be incorporated into other

10 materials such as saw dust, wood pulp, plastics, and concrete, to form composite
materials, which can be used as building materials such as walls, support beams,
pressed boards, dry walls and backings, and ceiling tiles; other medical uses
such as casts, splints, and tongue depressors; and in fireplace logs for
decorative and/or burning purpose.

15 TEST METHODS

A. Shear Viscosity

The shear viscosity of the composition is measured using a capillary
rheometer (Model Rheograph 2003, manufactured by Goettfert). The
measurements are conducted using a capillary die having a diameter D of 1.0

20  mm and a length L of 30 mm (i.e., L/D = 30). The die is attached to the lower end
of a barrel, which is held at a test temperature (t) ranging from 25 °C to 90 °C. A
sample composition which has been preheated to the test temperature is loaded
into the barre! section of the rheometer, and substantially fills the barrel section
(about 60 grams of sample is used). The barrel is held at the specified test

25 temperature (t). If after the loading, air bubbles to the surface, compaction prior
to running the test is used to rid the sample of entrapped air. A piston is
programmed to push the sample from the barrel through the capillary die at a set
of chosen rates. As the sample goes from the barrel through the capillary die, the
sample experiences a pressure drop. An apparent shear viscosity is calculated

30 from the pressure drop and the flow rate of the sample through the capillary die.
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is fitted by the power law n = K y"-1, wherein K is a material constant, y is the
shear rate. The reported shear viscosity of the composition herein is an

extrapolation to a shear rate of 3000 s using the power law relation.

5 B. Extensional Viscosity

The extensional viscosity is measured using a capillary rheometer (Model
Rheograph 2003, manufactured by Goettfert). The measurements are conducted
using a semi-hyperbolic die design with an initial diameter(D,,.,) of 15mm, a final
diameter(D,..,) of 0.75mm and a length(L) of 7.5mm.

10 The semi-hyperbolic shape of the die is defined by two equations. Where Z
= the axial distance from the initial diameter, and where D(z) is the diameter of
the die at distance z from D,

(n—1)
- " total
Zn-(L+ 1) -1

15
2
D. ..
( initial )
D(z n)- : —
Zy Dinitial
l+— -1
A L D final
20

The die is attached to the lower end of a barrel, which is held at a fixed
test temperature (t) which corresponds to the temperature at which the starch
composition is to be processed. The test temperature (processing temperature)
is a temperature above the melting point of a sample starch composition. The

25  sample starch composition is preheated to the die temperature is loaded into the
barrel section of the rheometer, and substantially fills the barrel section. If after
the loading, air bubbles to the surface, compaction prior to running the test is
used to rid the molten sample of entrapped air. A piston is programmed to push
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pressure drop. An apparent extensional viscosity is calculated from the pressure
drop and the flow rate of the sample through the die according to the following
equation:

Extensional Viscosity = (delta P/extension rate/E,)  10™°),

where Extensional Viscosity is in Pascal-Seconds, delta P is the pressure
drop in bars, extension rate is the flow rate of the sample through the die in sec™,
and E, is dimensionless Hencky strain. Hencky strain is the time or history
dependent strain. The strain experienced by a fluid element in a non-Newtonian
fluid is dependent on its kinematic history, that is

t
g = [eo(t)ot
0

The Hencky Strain (E,) for this design is 5.99 defined by the equation:
= |n[(Dmlual /Dfmal) 2]

The apparent extensional viscosity is reported as a function of extension
rate of 250" using the power law relation. Detailed disclosure of extensional
viscosity measurements using a semi-hyperbolic die is found in U.S. Patent No.
5,357,784, issued October 25, 1994 to Collier, the disclosure of which is

incorporated herein by reference.

C. Molecular Weight and Molecular Weight Distribution

The weight-average molecular weight (Mw) and molecular weight
distribution (MWD) of starch are determined by Gel Permeation Chromatography
(GPC) using a mixed bed column. Parts of the instrument are as follows:

Pump: Waters Model 600E
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Detector: Waters Model 410 Differential Refractometer GPC
software Waters Millennium® software

The column is calibrated with Dextran standards having molecular weights

10 of 245,000, 350,000; 480,000; 805,000; and 2,285,000. These Dextran

calibration standards are available from American Polymer Standards Corp.,

Mentor, OH. The calibration standards are prepared by dissolving the standards

in the mobile phase to make a solution of about 2 mg/ml. The solution sits

undisturbed overnight. Then it is gently swirled and filtered through a syringe

15 filter (5 um Nylon membrane, Spartan-25, available from VWR) using a syringe (5
mi, Norm-Ject, available from VWR).

The starch sample is prepared by first making a mixture of 40wt% starch in
tap water, with heat applied until the mixture gelatinizes. Then 1.55 grams of the
gelatinized mixture is added to 22 grams of mobile phase to make a 3 mg/ml

20  solution which is prepared by stirring for 5 minutes, placing the mixture in an oven

at 105°C for one hour, removing the mixture from the oven, and cooling to room

[ temperature. The solution is filtered using the syringe and syringe filter as
described above.

The filtered standard or sample solution is taken up by the autosampler to

25 flush out previous test materials in a 100 pl injection loop and inject the present

test material into the column. The column is held at 70°C. The sample eluded

from the column is measured against the mobile phase background by a

differential refractive index detector held at 50°C and with the sensitivity range set

at 64. The mobile phase is DMSO with 0.1% w/v LiBr dissolved therein. The

30 flow rate is set at 1.0mi/min and in the isocratic mode (i.e., the mobile phase is

constant during the run). Each standard or sample is run through the GPC three
times and the results are averaged._
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Thermal properties of the present starch compositions are determined

using a TA Instruments DSC-2910 which has been calibrated with an indium

metal standard, which has an melting temperature (onset) of 156.6°C and a heat

of melting of 6.80 calories per gram, as reported in the chemical literature.

10 Standard DSC operating procedure per manufacturer’s Operating Manual is

used. Due to the volatile evolution (e.g., water vapor) from the starch

composition during a DSC measurement, a high volume pan equipped with an o-

ring seal is used to prevent the escape of volatiles from the sample pan. The

sample and an inert reference (typically an empty pan) are heated at the same

15 rate in a controlled environment. When an actual or pseudo phase change

occurs in the sample, the DSC instrument measures the heat flow to or from the

sample versus that of the inert reference. The instrument is interfaced with a

computer for controlling the test parameters (e.g., the heating/cooling rate), and

for collecting, calculating and reporting the data.

20 The sample is weighed into a pan and enclosed with an o-ring and a cap.

A typical sample size is 25-65 milligrams. The enclosed pan is placed in the

instrument and the computer is programmed for the thermal measurement as

follows:

1. equilibrate at 0°C;
25 2 hold for 2 minutes at 0°C;
3 heat at 10°C/min to 120°C;
4.  hold for 2 minutes at 120°C;
5. cool at 10°C/min to 30°C;
6

. equilibrate at ambient temperature for 24 hours, the sample
30 pan may be removed from the DSC instrument and placed in a
controlied environment at 30°C in this duration;
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The computer calculates and reports the thermal analysis result as

A0 ()0 () @ 109E () 100 () Ks7 A0 ()

heat flow is normalized and reported on per weight basis (i.e, cal/mg). Where the
sample exhibits a pseudo phase transition, such as a glass transition, a
differential of the AH v. time/temperature plot may be employed to more easily

determine a glass transition temperature.

E. Water Solubility

A sample composition is made by mixing the components with heat and
stirring until a substantially homogeneous mixture is formed. The melt
composition is cast into a thin film by spreading it over a Teflon® sheet and
cooling at ambient temperature. The film is then dried completely (i.e., no water
in the film/composition) in an oven at 100°C. The dried film is then equilibrated to
room temperature. The equilibrated film is ground into small pellets.

To determine the % solids in the sample, 2 to 4 grams of the ground
sample is placed in a pre-weighed metal pan and the total weight of pan and
sample is recorded. The weighed pan and sample is placed in a 100°C oven for
2 hours., and then taken out and weighed immediately. The % solids is
calculated as follows:

% Solids = (dried weight of ground sample & pan - weight of pan) « 100
(first weight of ground sample & pan - weight of pan)

To determine the solubility of the sample composition, weigh 10 grams of
ground sample in a 250mL beaker. Add deionized water to make a total weight of
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% Solids

F. Caliper

Prior to testing, the film sample is conditioned at a relative humidity of 48%
- 50% and at a temperature of 22°C to 24°C until a moisture content of about 5%
to about 16% is achieved. The moisture content is determined by TGA (Thermo
15  Gravimetric Analysis). For Thermal Gravimetric Analysis, a high resolution
TGA2950 Termogravimetric analyzer from TA |Instruments is used.
Approximately 20 mg of sample is weighed into a TGA pan. Following the
manufacturer’s instructions, the sample and pan are inserted into the unit and the
temperature is increased at a rate of 10°C/minute to 250°C. The % moisture in

20 the sample is determined using the weight lost and the initial weight as follows:

Start Weight — Weight @ 250°C
% Moisture = gStart Weigghtv *100%

Preconditioned samples are cut to a size greater than the size of the foot
25  used to measure the caliper. The foot to be used is a circle with an area of 3.14
square inches.

The sample is placed on a horizontal flat surface and confined between
the flat surface and a load foot having a horizontal loading surface, where the
load foot loading surface has a circular surface area of about 3.14 square inches

30 and applies a confining pressure of about 15 g/square cm (0.21 psi) to the

sample. The caliper is the resulting gap between the flat surface and the load foot
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region and the second region comprises a semi-continuous network.

$10%* p&' (
) -

239%40% & g) Z 9°F, 239%40% & (g Z
wherein at least one of the first

5. The flexible structure according to Claim 1, further comprising at least a third
region having at least one intensive property that is common with and differs
in value from the intensive property of the first region and the intensive

property of the second region.

6. The flexible structure according to Claim 5, wherein at least one of the first,

second, and third regions comprises a substantially continuous network.

7. The flexible structure according to Claim 5, wherein at least one of the first,

second, and third regions comprises discontinuous areas.
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& ()- 17. The flexible structure according to Claim 1, wherein at least some of the

plurality of starch filaments have a size from 0.001 dtex to 135 dtex.

18. The flexible structure according to Claim 1, wherein at least some of the
plurality of starch filaments have a size from 0.01 dtex to 5 dtex.

19. A flexible structure comprising a plurality of starch filaments, wherein the
flexible structure is made by

producing the plurality of starch filaments by melt-spinning, dry-spinning,
wet-spinning, electro-spinning or any combination thereof;

providing a fluid-permeable molding member comprising a reinforcing
element joined to a patterned resinous framework having at least one
aperture therethrough, the framework having a filament-receiving side
structured to receive the plurality of starch filaments thereon and a backside
opposite to the filament-receiving side, the reinforcing element being
positioned between the filament-receiving side and at least a portion of the
backside of the framework, the filament-receiving side comprising a
substantially continuous pattern, a substantially semi-continuous pattern, a

discontinuous pattern, or any combination thereon;

depositing the plurality of starch filaments to the filament-receiving side of
the molding member, wherein the plurality of starch filaments at least
partially conform to the pattern of the filament-receiving side of the

framework;
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20. A process for making a flexible structure comprising starch filaments, the

process comprising steps of:
(a) providing a plurality of starch filaments;

(b) providing a molding member having a filament-receiving side and a
backside opposite thereto, wherein the filament-receiving side has a
three-dimensional pattern therein; and

(c) depositing the plurality of starch filaments on the filament-receiving side
of the molding member and causing the plurality of starch filaments to at
least partially conform to the three-dimensional pattern thereof.

21. The process according to Claim 20, wherein the step of providing a molding
member comprises providing a molding member wherein the three-
dimensional pattern of the filament-receiving side comprises a substantially
continuous pattern, a substantially semi-continuous pattern, a pattern

comprising a plurality of discrete protuberances, or any combination thereof.

22. The process according to Claim 21, wherein the step of providing a molding
member comprises providing a molding member that comprises a resinous

framework joined to a reinforcing element.

23. The process according to Claim 21, wherein the step of providing a molding
member comprises providing a molding member that is air-permeabile.
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25.

26.

27.

28.

29.

30.

31.

 THO M REeRE BR0rdig to Claim 21, wherein the step of providing a molding

member comprises providing a molding member having suspended

portions.

The process according to Claim 24, wherein the step of providing a molding
member comprises providing a molding member formed by at least two
layers joined together in a face-to-face relationship.

The process according to Claim 20, wherein the step of depositing the
plurality of starch filaments to the filament-receiving side of the molding
member and causing the plurality of starch filaments to at least partially
conform to the three-dimensional pattern thereof comprises applying a fluid

pressure differential to the plurality of starch filaments.

The process according to Claim 20, further comprising a step of densifying
selected portions of the plurality of starch filaments.

The process according to Claim 20, wherein the step of densifying selected
portions of the plurality of starch filaments comprises applying a mechanical
pressure to the plurality of starch filaments.

The process according to Claim 20, wherein the step of depositing the
plurality of starch filaments to the filament-side of the molding member
comprises depositing the starch filaments at an acute angle relative thereto,

wherein the acute angle is from about 5 degrees to about 85 degrees.

The process according to Claim 20, wherein the step of providing a plurality
of starch filaments comprises melt-spinning, dry-spinning, wet-spinning, or

any combination thereof.

The process according to Claim 30, wherein an aspect ratio of a length of a

major axis of at least some starch filaments to an equivaient diameter of a
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cross-section perpendicular to the major axis of the starch filaments is at
least 100/1.

32. The process according to Claim 20, wherein the starch filaments have a size
from about 0.001dtex to about 135 dtex.

33. The process according to Claim 20, further comprising a step of
foreshortening the plurality of starch filaments.

34. The process according to Claim 33, wherein the step of foreshortening

comprises creping, microcontraction, or a combination thereof.
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