; LMNOPQe3et 6TOP O 6 S E P 2002 10 FIELD OF THE | NVENTI ON The present
invention relates to pseudo-thernoplastic starch extruded in the f@qp$§F 0
fibers. Starch may be extruded and either neltbl own or spunbonded t'o r?%
fibrous |ow 15 density structures. BACKGROUND OF THE INVENTION It is well
recogni zed that starch nolecules come il two forms: the substantially

| i near anyl ose pol yner and the highly branched anyl opectin polyner. These

two forms of 20 starch have very different properties, pr I
ease of association of the hydroxyl groups anpbng differenm mm
8

il

ol ecul ar st r UABSGRBENEFLENSELE, STRECFUREAl |y |inear with two L ARG
relatively |l ong branches. The average degree of polynerization of"t he

branches is about CSOPRIBINHEFARGHEFBERSder conditions t hat ovi de
sufficient freedom of nolecular novenents, primarily by dil Bmuwmmﬂ”mwmn
sui tabl e ;sol vents, and in sone instances, 25 dilution coupl ng,
the linear anyl ose chains can be oriented into preferentially p®soeetel

al i gnnents such that the hydroxyl groups on one chain are in close
proximty with those on the adjacent chains. The alignment of neighboring
anyl ose nolecules is believed to facilitate internol ecul ar hydrogen

bondi ng.wCOnsequent |y the anyl ose nol ecul es form strong aggregates. In
contrast, the nolecular structure of anylopectin is highly branched via 30

1,6-a |linkages. The average deqre [ ion of the branches is
about 25 nonomer units. Due to%'ﬁ@ﬁ)&&ﬂ%w&gd structure, the _
anyl opectin nol ecrieqgeséiit veRionFEINEs B Hsdull e BledmaplidticiRarEtoéxtraliédin R FImassoci at e
as readily. Attenpts have been made to process natural starch _on standard

equi prent  artf fesiss Bierey machersiutsd srdather meltbloga op rrgbended todfomy fiyroudopce
natural gt ar&gsi%%g@leg.y has a 35 granul ar structure, it needs to be
"destructurized” andlor nodified before it can be nelt processed |like a
thernoplastic material. For destructurization, the starch is typically

heat ed above its softening QE{J@% %ﬁﬁ EAREhRRowder a pressurized
condition. Melting and 0 ?)3 % t ?dl sorderi_ng of the nol ecul ar
structure of the ktisawelhragogniash dhat ateeh mdlervies apmie dn thes formet the isubsthnidlar ch i s

obt ai ned. i r } ; I ize,
oxi di 2o, or A e psSRRL IR b nNG Bl PRaRANRRE HRERR FHELME 1.
bi odegr azbabkterch hawtvierysdiffertre ipeipartied) probatdy dueaad theteasecfi agsscistionrd de tysroayl
additive or the m nor..conponent. wi.th 5 petrol eum hased or synihetic

ol yirer 5. HEVATORETOTR BRIy i e A SRR bt S R o, s

t he maj or coftharsd five rélatieBNibngMbidnclat. Elie avaiage idagree uf polgmedaien o aeal

t her nopl astjc_processi t echni ques, such gs. nol di ng .or trusion, the

1t shod paPRatERRQsBY MaTRRGRF L | ValeG Edtiont it drtess TR Beiom O

modi fi ed st glofebulaPmeveents, Fmdrikeby Bl @ion GHNREHAR soblknts, Adandimb astaheen found
to have poor_nelt extensibility; consequent|ly, it 10 cannot be successfully
processet bifiltiion&Ryried with hiating dhe inepretrailesh shains3e &e sEenshing prefsendally i | s,
foams or thgarhitdf Giigritlel| sQitSthaithERRitckyl Srofds U WRe citdirPhire fn EloRefraxifty atith
principally to wet-spinning processeS. For Exanple, a starch/solvent

col | oi dal stheproenstheadiecent dhainex Thedlignment ofneigkhorinmenyesei melecules dobglisrest i ng
bath. This gy Ac&SFe [ErhGRcR HyBoptPEdiafle! EARERENIYOMhe qr;%logé Sroidduits s 9n and
form strongly associ at ed aggregaFes to 5rOV| de strength and integrity to
the final fptogaggegatesnid wpest.ithe molesian stniciirg oflapwlopeatinashighly brapelredtvip t hat
adver sel y, af f.eci. ek Lo 3 final
product . Y, tieat [flapel® Tht RRiacBLRR (poRARTEn BNl bidferal Bl tonbilfe | TF
ear| i er appromissches fortb¢ bgblypranchedestuctagg, theemyhipestal mata@ulasitab @obinbed #5 t he

ﬁg%ll ose-ri C?reﬁ%ﬁd &nnog%lsglnragg)gs%oji&rasfréa%ﬁ; spinning. Cearly this approach is

Attempts have been made to process natural starch on standard equipment and

existing technology known in the plastic industry. Since natural starch generally has a

35 granular structure, it needs to be “destructurized” and/or modified before it can be melt
processed like a thermoplastic material. For destructurization, the starch is typically heated

above its softening and melting temperature under a pressurized condition. Melting and



20 econom cally feasible on a comercial scale since a |arge portion (i.e,

t he anyl opectin portion) of the starch is discarded. In nore recentOGSEPZWZ
devel opnments, natural starch, typically high in natural amyl opectin
content, can be wet-spun into fibers. However, the wet-spun fibers are
coarse, typically having fiber draneter§ greater than 50 m crons.
Additionally) the large quantity of solvent used in th|s process requires

ddi t d t
ot uent  Soerinedt dRBBefE sfubre pRRHAGY Pt iR i end h SPurdentre
Pat ent No. ékar]:BQ; dDRheld S SHacAl Or kxﬁ&rﬂﬂftd@é’nteﬁ"ta)ailso mS&erbrduazmymﬂx&, oﬂt@rZ& u. S
Patent No. 4,853, 168 issued to _Eden et al. on ‘u ust_ 1, 1989; and U S
Patent No. % deaatigdhg starehs fMpdifipdsitahes bavedicen psed iy make biadegragable plastics, ) s
Pat ent Nos. wﬁer@t%@hglrﬁocﬁm é&l%H'QS @Yegdédoaﬁh'@rlhﬁﬁve,ebr Qtlte mhfk @ofipbinf Wathch 30

conpositions for making starch bers froma nel innin pr ocess. The

mel t st arSc hpeigyosbasedr SV@h@%P@]N@é'@ tchwhwmnélmm asltstagchtip proeasepd be
filaments h r r of
the die ori Fiekod B WESlP cBlrithd 11 FUGHOGh (P biakfiah il odthBlEERA
filanments atherrmpﬂnseqpmmshyg tictanques] owh asnmoldingioc axttugioos the fisished patstemi oal | y by

a drawing upit ta reduce th I anmet r, di sadvapnt age of the
Staron 0" Bk 545Set B aueolr ONOIPVE, Bf mepiin "B long REKTRE Hirs o
use high rmb@ﬁpdnart ofed glhntd)pﬁt; yeanr foundifol Idte @odraimele ektbﬁsxmaytcdaxéqeaﬁrypitl ity of
starch corrposrtr ons equently, the tarch C osition of Buehler et al.
coul d no¥ beng%tfeslgfqarfrﬁy RioFassedt by eipxiae ar pExgt TSN FRRPCRPH I, RS, 215

m crons or KesSfdamsei @BBkEr. 5 Other thernoplastically processable starch
conpositions are disclosed in U S. Patent No. 4,900,361, issued on August
8, 1989 to SachetRrevigys affemptstospropygetiarcidivess site preeirally sigewelowingiech 10,
1992 to Laypx%Ees@és F&J ﬁtanP pid pargtar&psolv'émt?gb@loﬁgﬁsusﬁeﬁ%‘dﬁQarp'Be RRirbded From 98 O
Bastioli et al.; pubrcatronV\O filed by Hanna et al.

publ i shed Nsm@wretmto wmulatrtrtze@&x sithmmwe&sdﬁlmgnthednek@demcmﬁnmatow tohe hi gh
nol ecul a ROLY & &,F ed nelt
Vi scosi t{/ \Qﬁ‘ medt ex‘f%% |b| Lm%g%ﬁ}t gi?%/tﬂ?c fﬂc&lﬂh% B e Bkl

char act eri sfibgs Any qmmxb@hswumgeéenm tdltraeql 8§ att mipurify thatsadeerselyhaffectscthd Eblerf oans.
Cel l ul ose fibrous webs such as ar w.density
fibrous webPared Prﬁc%gﬁrﬁdéﬁe 6@%“ ch‘?he tana?B‘y(\)l(al(lzlsuc {s}lggs\ﬂc%tweﬁ %%W“e{r“a ‘8‘@%?‘5
toilet ti sssterchfxané}ain dnhydepigetin, Rapéri apﬁroao.he.«t inelughe pre-teeatihgt the ﬂattkﬂ stafdhetol ar ge
demand f or such roduct s has reated. a._ne for . rove nents in
he br oduct SRR AFRE TR Tt Brrapit Pt s RepRoR e i APROAET QL0 o

wel | knosen e@nelarclny feagjBle Chinng ctmﬂp.apa:mad{ncaga lafgstﬁ)i'ﬁdﬁ @.e,qthe I‘ahﬂg)pectm

W eh the { QPRTODGROISH S Jihhy (ECBABER SoURRTL PHVRh b Eh s

First instanpigh,.in hitGrapamyilbpdctih Yordént, AP BE wWRt-GRAHGHS fibasS. HRaV@dtha Wet-Buheasi ng
demand on wood based cellul osic 20 fjbers resulii in a rapid depletion of
trees due t HOHEMSCRUENPIALY haying d8endiametersigrraieigh ”é‘osﬂ\f’é‘ﬁ’f’f‘%r{’acf ditipnalbh Hski ng
oper ati ons m&dqrﬁﬁtt!ry%foﬁlﬁnﬂc LRETiS (RS BrdcERULRADs ahSRLIBPAP dryifS 5BLdUnd Q

achi eve a | evel dration in order to forman aqueous pulp slurry.
Pr ocesse® fmcomeorwﬁwrnglt@rep i perefiientd itome refsrenepsdor wettspioning statcgvféter‘Sng, and
sanitary pr Ya k4, i lurry
and then 25 SHe - ERRE N4 LIRS RS IR P n b, RPRL Y S

cont enpor an@etgstll‘{p ﬂééli@n\gﬁun@wtﬂden étiaben dugiset,dPBY; tand Pk Pratent Prp6 234489,
Subsequent tQ &%&'ﬁ%&&td&gu tr*bgréﬂ’ﬁ? |6519%riocessed into a dry roll or sheet
form and event converted i nto a consumer package. Various types of
machi nery nust beUfSntﬂattyedIotosahisﬂlstamdnS 8 1655 78 emvaBedhien et pal.oredades tastirch
convertrch_r per at j on? uiri n‘ghj' i fi can % i.nvest ment i CaEl ;

Furt her , 28 nEOTRITVIORT F8rEr i SEAaIbPRgTesh ér Rr SHRAG BIOES 55» ati on
of additi vegompdsQiohiexpuddd thrdughradgindreneas ProBYR ARG Hating BdmBeARAgHlyes. For
i nstance, additives such as strength resins, debonding surfactants

sof t eni ng a§eAtEed relatyRentthe dipmete; oty dig pifices jop the sriyeEte (e, 2 die swell
fire-retardaflg). MECHambRS LB equehtfy dradh Bowd MethafiRIyOHGfermBmbdiEnically

manuf act ure of paper. The efficient retention of these additives at "the wet
end of a papErnéiRiving yitdeesduce the EbERIRxYa7 Thepmeise dissdvantigei efuthe ytardh t he
manuf acturer since that portion which is not retained creates not only an
econom c | oss but also significant pollution problens if it becomes part of
a plant effluent. Additives can also be added to the paper web subsequent
to dewatering via coating or saturation processes conmonly known in the
art. These processes usually require that 5 excess heating energy be
consurred to redry the paper after coatr ng. IVbreover |n sone |nstances t he

o, o . o o o o o



cellulose is a polyner of D-glucan nononers connected via 1,4-(3 |inkages,
starch is a polyner of D-glucose nobnomers connected via prlnarlly 104-SEP 2002
| i nkages. Because starch is available via agricultural resources, it is
cheap and plentiful. Wile starch has been 20 incorporated into various
aspects of the papernmeki ng process, atténpts to use starch fibers as

cel lul ose fi ber replacenent I n commer ci al papernaking processes have not

been successf ul he IS an xpensi ve . a d mel t
P oCessan! cotUASET Bl BHFHET ghalin e s fost e R B redp R Rl oL S

starch conpeiahdeRe HEIOH By SfREkIhIcBmBYsRIVAE. aCorRequertlyath Sfagd c&ﬂa&tti&y Of
sol vents or produce a | arge anount of effluent during the 25 %roce53|ng

operation. NoBudleset ak rep d‘o’sb‘éls‘éfﬁesé@%é‘&“tﬁt@ﬂuaéqﬁ‘otf]l%"dr\‘ﬁ?/@“?rﬁl ¢1s (eS| ogi cal

properties ﬁl‘l’dr&éQH%sJ?rdxaHéfer.' n conventional plastic processing equi pnment
There is also a need for a starch conposition suitable for use in uniaxial

or biaxial extensPberathepmaplieisliy prasegatie seerhf ¢dymositiorsi drasdischisakis U.5.0ans)
shaped arti a lik onom eff LfLcally,
the starch g%te %813| Jtplg%(%’lfgs?h%su ‘?orh AR, Wégé%s‘%ﬁeo e(%gal ca?r%r%fo%rtﬁ)gg OEAEI tabl e
for uniaxi aishly:dﬁﬁ Muiréhxioal 999 tekdyensli; €ns IPapnidde $,586 58 iskted ofBptil Phagetoi N a

racture or PHRGH thoreirct PeliriesS pyalhs A8 dn THEERel Puf ure )

fl exible stiyogg qn&e@@fmrcbﬁpaqloﬁéwlfdﬂcdnmems high lrﬂoﬂeéulﬂxgwﬁgﬁﬂtli)ti@m@ﬂ tiddarel | ber
spi nning techniques. Particularly, a_|ow densi t%/ flexible 6 S E P 2002
struct urld cBIFEISAR 1A el e dFﬁ“lSér‘%elt ifresity #di e §’Et?‘1§l?tli§}"eW‘H%l§ arergsitigaled

tensile stregpalil)chaddiasso ﬁb@dmﬁgbmerfﬁ@x@qummmp&rtmnemwkdahgve to
cellulosic pulp fiber strucPures and the |ike, while maintalning

bi odegr adabi | i ty Gellglop¢ fibieupmebs such as pagr greewEll XKoo SUNKRY Dw Temsity

| NVENTI ON TH rotld &ﬁ'}t 1'[1'1&%&%{1 o tﬁﬁa?‘{h SudsuBR30p a?é‘a%w&k% ep biGuS thdgt ur e
conpri si ng s arc ers urally o€curring sta e presence of

wat er, pl astisso¢,zeplgnarvet stifeeranddik tikey eThg largereietnaled(_fqr wdedpapadpoguats hast o
fLbers 1, LA E0ARRa RGN LBt B Sl BeRLAR AR ARRREENL, donol Ly
g/nm2 to 450 g/ n2. ThEhae ast saveral Mebemwnawnngnajpegjafdimgstheupa;pumlqngnmklm a size

ranging fr Orgqgf?xgg papermgkmg manufacturers to balance the costs of machinery and resources with

the total cost of delivering the paper products to the consumers. First instance, the
popularity of paper products has created an increasing demand on wood based cellulosic

20 fibers resulting in a rapid depletion of trees due to deforestation.

In addition, during conventional papermaking operations wood cellulosic fibers are
repulped, beaten or refined to achieve a level of fiber hydration in order to form an 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

25 subsequently removing the water from the slurry while contemporaneously rearranging the
fibers therein to form a paper web. Subsequent to dewatering, the web is processed into a
dry roll or sheet form and eventually converted into a consumer package. Various types of
machinery must be employed to assist in the dewatering process and converting operations
requiring a significant investment in capital.

30 Further, the conventional papermaking operation involves the incorporation of
additives into the pulp in order to achieve specific end properties. For instance, additives
such as strength resins, debonding surfactants, softening agents, pigments, lattices, synthetic
microspheres, fire-retardants, dyes, perfumes, etc., are often employed in the manufacture of

paper. The efficient retention of these additives at the wet end of a papermaking process



decitex to about 135 decitex. In a preferred enbodi ment the fibers can have
a size ranging fromabout 0.02 decitex to about 30 decitex, and m)StUGSEP 2007
preferably rangi ng fromabout 0.02 10 to about 5 decitex. In addition,
fibers making up the structure of the present invention can have a gl ass
transition tenperature ranging fromabodt -30 C to about 150 C, nore
preferably fromabout -30 C to about 100 C, and nost preferably from about
-30 Cto about 25 C. Exenplary physical properties of the flexible
structure OPEYeRE d@@ﬁéglanquﬁﬁv'émf?caﬁerlﬂsmnc iat perdion Mpich dhRqt refaiged eiRYEhUnd wet
tensile strgnghhecohBRicdbd BuEMSd LignifilanepdIuboProbiBRs Flif biebMELpart ¥t :GfladtS
measured as a geonetric nmean tensile strength, can range from about 10 g/cm
to about 12¢ffluept-cAdditives eangisebe pddsil {o the paperwsehubseguesy to e vEeriigovia c68dE g/ cm
and nost pr r.n 40, ab t. rensile
strength of 8{ ﬁé@ {o}r4 \f 3{08{%3?&% Ocnﬁpllqg{“gll IE ct)ﬁerraergsﬁirl%% 6%% Sgés ;‘g‘:‘aa#g} ??d({:\ﬁ rpéafatm

tensil e $trewgishheattgrene@pde chnsome@ o sdguthe Bamgt eftert coatigo UMorO@r gincsoine and
nore preferably fromabout 2 g/cmto about 200 q/ . BRI EF DESCRI PTI ON OF
THE. DRAVY B3R AR oR R ey o i Bl 1o 8 seliPL bRt Dvieayecominl son

present i nvVadtreqiireyekbdveBeTOrRRatiRahiteial b dRESEQMorMdghirdngal d to t he

foll ow ng description, appended clajns, and 25 acconpanyi ng drawi ngs where:

Figure 1 a il ustYaougnaurplofiberieothefdbaneteplossas avel a5 2 y2aeh o6 Sythsdie fest ar ch

fibers. Fi guivevkdh djpldyed mdhfdnelpafer! WoRe et 1004 RbIBIBIRAE hiN!REdad piovidk he drive
unit and disposed within the barrel of the torque rheoneter assenbly

i |1 ust r aPedcqmemarpigily @cceptable substifude for echplpae dua &y HiGE hiple Gatt BPorakosding| v
having a nme QWG S © Hiies Oard 1RAMGS ditrRGitist &F ' he
present i meBeprany il SndfEBees R ANMGE MirRGuH, R PRy timt
assenbl y. Fbiguehefitets havé besnr sugeested e asubstitutcafod celukaspginevagioemaspeash b ther at i on
for the extrusion.assenbly,depicted in.Eigure 2a. Fj e I]lusirates a
non- vent e PARTREEo HORRPY HER 5 Smstoll S’ D ol 355 73 hovd°hisR

i |1 ust r at esudshecesstul e isaan@suti, papeg pedeneat st béing muatfacured elmosthexchixivelysi on
assenbly deFri ct edd'#)n Fi glzre .3a. .If{tr%ure 4 illustrates a spinneret and a

dr awi ng Uni FoReqd Pase cllQsifdngrelisWopl astic starch melt fiber spinning.
Figure 5 ill ustr ast@sh isheplsd @irbehydatkhaaing aGoV@iire dfaskohOfo @mililege(ri Whdrehs
absorbency of the.starch fiper structures. Figure. 6 il|ustrates the cross
Section of PeHuloRs i BOBEr phE-aldip MEPTPBER amEEb Y L4-B inkages, Sarch 1 o

polymer of D-glucose monomers connected via primarily 1,4-a linkages. Because starch is

available via agricultural resources, it is cheap and plentiful. While starch has been
20 incorporated into various aspects of the papermaking process, attempts to use starch fibers as
cellulose fiber replacement in commercial papermaking processes have not been successful.
Consequently, there is a need for an inexpensive and melt processable composition
from natural starches. Such a melt processable starch composition should not require
evaporation of a large quantity of solvents or produce a large amount of effluent during the
25  processing operation. Moreover, such a starch composition should have melt rheological
properties suitable for use in conventional plastic processing equipment
There is also a need for a starch composition suitable for use in uniaxial or biaxial
extensional processes to produce fibers, films, sheets, foams, shaped articles, and the like
economically and efficiently. Specifically, the starch composition should have melt
30 rheological properties suitable for uniaxially or biaxially extensional processes in its melt
phase in a substantially continuous manner, i.e., without excessive amount of melt fracture
or other defects.
Further, there is a need for a low density flexible structure comprising starch fibers

utilizing extrusion and fiber spinning techniques. Particularly, a low density flexible



illustrated in Figure 5. Figure 7a is the Scanning El ectron M crographs of
fine starch fibers of the present 10 invention shown on a 200 nicron{pggtpzmz
Figure 7b is the Scanning Electron M crographs of ftne starch fibers o he
present invention shown on a 20 mcron scale. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON 15 Definitions As used hereinf the follow ng terns have the
foll ow ng nmeani ngs: Pseudo-thernopl astic conposition is intended to denote

terials which by the infl | t t ey be sof t ened
[0 cuch 5 doyPBRR S0P EhEy LR ROEs MBFOTGH RS T4 FPRUAR B B AF R and | n-

this conditi @fneeYyandabsirRESDratiesddiodio cBmaosopuldfitcn eruraptsand tie kgt eri al s
may be formed under sinmultaneous, influence of heat and pressure.

Pseudo- t her niypilesatip@ingghindssredabiisy addugibiom t her nopl astic conpositions in
that the softening or liquefying of the pseudo-thernoplastic is caused by
softeners or solvents present without which it would be inpossible to bring
them by any tenperature or pressure into a soft or flowable condition
necessary for shaping since pseudo thernoplastics do not 25 nelt as such.
The influence of water content on the glass transition tenperature and
melting tenperature of starch can be neasured by differential scanning
calorinetery as descri bed by Zel eznak and Hoseny "Cereal Chem stry", Vol.
64, No. 2, pp. 121-124, 1987. Pseudo-thernoplastic nelt is a

pseudo-t hernopl astic material in a flowable state. 3 ass transition
tenperature, Tg , is the tenperature at which the material changes 30 from
a viscous or rubbery condition to a hard and relatively brittle condition.
Basis weight is the weight (in granms) per unit area (in square neters) of a
sanple reported in grans per square neter. Caliper is the nmacroscopic

t hi ckness of a sanple neasured as descri bed bel ow. 0 6 SEP 2002
Apparent density is the basis weight of the sanple divided by the cali per
Wi th appropriate unit conversions incorporated therein. Apparent density
used herein has the units of grans / centineters cubed (g/cn8). Machine
direction, designated MD, is the direction parallel to the flow of the
starch fiber structure through the product nmanufacturing equi pnent. Cross
machi ne direction, designated CD, is the direction perpendicular to the



machine direction in the sane plane of the starch fiber structure.
Geonetric Mean Dry Tensile Strength (GVDT) is the square root of thd b SEP 2002
product of the machine and cross-nmachine dry tensile strengths (in
grans/cm. The value of GVDT 10 is repogted in grams/cm GCeonetric nean wet
tensile strength (GWM) is the square root of the product of the nmachine
and cross-nmachine wet tensile strengths (in grans/cm. The value of GWM is
reported in grans/cm Struct MWRmmmgummtowf one or nore parts
form ng a substance or body. 15 Absorbencg/ is the ability of a material to
t ake up fI ui ds bﬂhvafeﬁ%@vmmrowﬁeq AP %ﬁwhlﬁwctuwneng gy¥thent or
chem cal

capability o Ldfglgeiﬁﬁ a[jlg]tcogéru%r% edrl meggeft\:/nglr:lsﬁ g%/\na%ﬁ%{:}gh {l)ro cen and
with or w thomelt cmudcdnndgpumfmtptﬁbe’s fo form ant ®S6rbcmﬂpx1blham@tur¢\ha‘vmzan is a

sl ender qbj ect h ared o the 20

t wo orthggoﬁg?ar%&égnsg)ﬁﬁnﬁ%ﬁﬂnd%? géfénpet%pz /tcfng a% ag"{g% raﬂglf]g f)rr"eferabl y
at | east 10/1mg/rg?mmso@acz tex ,dtex, |s a unit of measure for a fiber
expressed in 10 F‘Z"hs FI ushabi | is determ.ned by the eomstrl Cc nean
decayed wet tensi’ Es’é’fc gt H‘a%l‘ 8‘«5‘? $AHdAv 5 Fneirg fro

structure hagcix GEHIBL 135 AediBR nIn(iq{ie%‘r%é BbdihRMShd £belf cah 85& alsha Bangb@ut 20
g/cmand nore preferably | ess than about 10 tg/cm 25 The term "bound water"

means the wdtost2bpuiQ? desitexrieplopt Malqumﬁw rrefarably rangipeonugbeui 94 ng of

starch vwot h (OLRGE 5 GO R RiddnOftRKS PRIRRR It @theQhrestdl SnvehRRQAH
invention. The term"free water” rreans he water that is added i n making
the conposi theve glfss tiesitinndereneratiraaging Gam aoye3sEirto apoud i Famgreski |1 in the

art woul d r%?{f&%lg?ro NB8butRFR: tBQ@ﬁ?W%ﬁos@Frgfegﬂbﬁglgo%oat pBpps tion,

water can n e distinguished by’its or per cent ages,
rati os and pabom@ﬁf@ons used herein are by wei ght percent of the
iti 2002

conposi tibn, unl t erW.s

speci fication coerf‘ts"ﬁ?1 ey phye gPﬁog?ﬂ&tf é@’? ifls¥ {%r?g%‘?%“f fﬁhggrefﬁg 13?(? Mterials of
t he present ihdhde iy ﬁm)leeeengmmemwhaér)sllpfmgﬁsa’ﬁe dro tengiteatenpitngf thdre pr esent

i nventi on, rial pr rties of the ent inventio and

onalyti ool SRLEHBTEY P oERRE et SR oEr HPSl Bendth SR TIRbAD i on 5
(1) Exenpl al‘gY/chbtaﬁblltab&) ERin, inbR pRf@sEy fromR¥aN B0 glomao shoat 600 gohydmr i s ni xed
with water, plastici ers OH'g"%tﬁI]er %dl tives a Xtr udgd t o produce

fibers . St éﬁ‘ﬂfhﬁ’rﬂef?\? BEAd g™ g-g‘ﬁWFtdﬁﬂﬁ e shepethobet o pr oduce

starch fi bersuddird GhMEES a1s§yle£suﬁa by EddfREicHRYn RAsIRREOHRE Bdn rdfhedrich f | exi bl e.
These structures may be used as substitutes for paper products such as

paper t Gfel $bowZBianhte abewsiPQe/om; and oz prefareblyifrom %Hés%’%lﬂ%@eut#a? g'cand wet
W pes. O her uses include, but are not limted to, oil absorbents, seed
carriers, fillers for concrete, pressed board, and other construction

materials, time rel eased \WEH’DH@C&‘PE@N&FWBAWQSS and thin films.

These and other features, aspects and advantages of the present invention will
become better understood with regard to the following description, appended claims, and
25  accompanying drawings where:
Figure 1a illustrates a torque rheometer assembly used to produce starch fibers.
Figure 1b illustrates the twin screw elements attached to the drive unit and disposed
within the barrel of the torque rheometer assembly illustrated in Figure la.
Figure lc shows a torque rheometer assembly having a melt blowing die used to
30 produce fine starch fibers of the present invention.
Figure 2a illustrates a vented twin screw extruder assembly.
Figure 2b illustrates the screw and mixing element configuration for the extrusion
assembly depicted in Figure 2a.

Figure 3a illustrates a non-vented twin screw extruder assembly.



The starch fibers of the present invention may be useful for form ng
fibrous 15 structures and al so form ng absorbent materials, as descHifo$EP 2002
above. The absorbent structures/fibrous materials conprising the starch
fibers of the present invention may have froma trace anount to one hundred
percent (100% starch fibers, or a blend of starch fibers and ot her
suitable fibers. Ot her suitable fibers %or the bl end include cellul ose
fibers, synthetic fibers, and a conbination thereof. 20 Starch pol yners can
i nclude any naturally occurring (unnodified) starch, physically nodified
starch, chem cal i.fi S h, . biologically i fi arch .or

conbi nati ons the?éb"?e%l{g‘fsﬁgtgﬁ t?“ggcg%v‘éﬁnlr%r'ﬁﬁégse{%gif %thcofqgguégetﬁ’ggcgﬁeyexa Mkt ure of

| i near anyl asembipdepictedimtfigiradny| opecti n pol yner of D-gl ucose units. The

anylose is a substantjally |inear pol r of 25 D-glucose  units j.0oi ned by
(2 a-D | nks. TR predisan rmmerg snd'a ey v ikt e dsoar RERORAts o1 ucose
units j oi negaRR} nfek fibpr Ppmblngnks and (1,6)-a-D links at the branch points.
Natural ly occurring starch tzlpi cally contains relatively high anyl opectin,
for exandl e, cor Flesteay Hpstratsa thssumpleipciopnsdaorsiysed fasdrtemmineg Rbsmbengn of

anyl opect i Nye shatddGibeBIrubig anyl opectin), potato (about 78% anyl opectin),
and wheat (73-83% anyl opectin). Though 30 all starches are useful herein,
t he present i nveRigurso iflustiatss the crosnssetion of thedtamee & ictsample gdek ang/¢aypect i n

nat ural st aﬁlﬁgﬁﬁeﬂﬁ@‘%&d‘s fromagricultural sources, which offer the

advant ages 0 el ng undant in supply, easily replenishable and

i nexpensi ve i n pFigoe 7a%utht 8&neing Eteotred Micrageapbs of fmg setchrfbesof thaprdasee | ude,
but ar e, pot .Ivielmo%egotod aC@rn .srtoglrc%i& potato starch, sweet potato starch,
wheat st'@r cHYeRHIOBSNT OB ATRPUROR PSS oca starch, rice 06 S E P 200 to
starch, soybean FigareCtb,is the Scannihg EBlecsdralvidnggrdpha ok sakahrfitlers of eepsesadtar ch,
waxy mai ze starch, h‘imgh agﬂiyl.ose c?rn starch, and commerci al anyl ose powder.
Nat ural |y o8GRt shovat o 44danicpn staleyl ar 1y, corn starch and wheat starch,
are the preferred starch polymers of choice due to their econony and

avai lability. 5 Physically nodified starch is formed by changing the

di mensi onal ~structure. EBP %@NHHQN%FEHEM@T@;&W my be

i ntranoheculfinifbnd Nt ernol ecul ar nodi fications. Intranol ecul ar

modi fi cations 1 nclude reduced nol ecul ar wei ght and/or nol ecul ar wei ght

di stribution, chasgess hersin, the followjnetermsthayethe folipwingmeanings: and the | ke.

| nt er nol ecul ar I, £yl i y 11 i { he starch
nol ecul es, redug;13 ?égﬁb ?ﬁ%(gﬁ%trlélébt%ﬁd ﬂﬁ%ﬁb&t&dg%@%{@? {ngecggg g’,ﬁ{cgﬁg t%er anul ar

si ze, and t [rdlubndeof elFrresidempeyatiremnaynteciofténcd td wplsa degyeelthatdebicavlesd by i nput
of energy ( mechani cal . .. Lcal. electromagnati c,
ul trasonic, %Ig’% t? rﬁgta:i’t:%&zgﬁ é Stzil)trc’eagxsl ﬁrmalg%%‘%ltgsotqﬁrﬁag%qsﬁﬁgﬁso‘%g{ ?d(') r?,g&lg%d

conbi nat0 onshetthaplasté matetisls mapbd formadintierstmdtaaconk inflaence nfhaatendpreasuae.ch,

fractionated starch .sture and heat. treate tarch. .15 i.cal

o 11 cati ohsugE HeRtpRt sy S et eed BRI AR FRISR s and
oxi dative chéftening®k HgueBfing oF theqdelE0-thaineslattia s caded by seedlersl ROKhRI Wei ght
di stribution. Suitable cﬁr}pounds for _crerq)cal m)gi fication of starch

i ncl ude or gLt FAnQpt Sch ityeould heimpossibiedo bripether by anyjfemperaturs qr presyurgy  and
adi pi ¢ aci djnth ROSHHTowaBIe bskilitfod hBcedRin WEiHagiAE Sihdepsaidodherbplastitd do i d,
nitric acid, phosphoric acid boric acid, and partial salts of polybasic
acids, 26 emgltaspyghphe influgagpef waigr sorgent an i glasntrapsitign tompgreBs #ds such as

sodi um hydr %tﬂxgten%%%é bEuTrEY 6 8% hid Ssured B RRentiarsk finfgRAloABBRESasS UCh as
hydr ogen peroxi de, benzoyl peroxide, ammoni um persul fate, potassium

per magnat e, dessibadrhytFetsandsond Heseni Eeredh Chernistre aVok 64,d¥ed 2 t1ipe 13 11 124; 198 d

m xt ures thereof . . cal : : ' i.on

i ncl ude anmoni umpﬁg{dgﬁlfe%&gfsagﬁ’l% ES%péaggg%%nﬁ@ﬁlggﬁ%gﬁgqta?giwél\;ﬁgg%%' m Xt ures
t hereof . 25 CheniGiass kynsitioditdmpechtise, digG s thetgmperafucr atediich yherraaterial olmngds its OH
groups with _al kyl.ene oxides, a ot her ether-. est.er- et hane-,
car bamat'e-) ﬁé’fn %/‘él C(?i'/%l‘?lraﬁ'be-cr}?c(%%ﬂ%mg% réitaﬁ?l(geéast'.velﬁéarg%fi’/ré l{i‘ilnl', acetyl, or

car bamat e st ar ch@asi®weightdk the @&ighh@f gads)gleCurfit Réa(ir gdlare Rerdrs) af & yanipdedi f i ed
starches. The degree of substitution of the chemcally nodified starch is
0.05 to 3. 0,’epﬁftéc?’érgé%’l‘i}’em%‘?ﬁretnlft‘?f)'. 2. 30 Biological nodifications of starch
i nclude bact eri alcadpgesthé Macrodcopib thickaésd 8NY Sl EmBONES as REcrDB YeIBY.I C
hydr ol ysi s using enzynmes such as anyl ase, anyl opectase, and the |ike. The
starch desirably has a bound water content of about 5%to 16% by wei ght of
starch. A water content of 8%to 12% by wei ght of starch is particularly
preferred. The 0 6 S EP 2002 anyl ose content.of the starch is 0%to 80%
by wei ght of starch, preferably 20% to 30% by wei ght of starch. Natural)
unnodi fied starch generally has a very high average nol ecul ar wei ght and a

o,



U6 S E P 2002 12 free water may be incorporated as the polar solvent or

pl asticizer, and not included in the weight of the starch. Hi gh nol ecul ar
wei ght polyners (hereinafter "high polynmers") which are substantial(§ SEP 200
conpatible with starch are al so useful herein. The nol ecul ar weight of a 5
sui tabl e pol yner should be sufficiently high to effectuate entangl enents
and/ or. associ ations with starch nol ecul es. The high pol yner preferably has
a substantially |inear chain structure.8Though a linear chain having short
(C 1-C3) branches or a branched chain having one to three |ong branches are
al so suitable for use herein. As used herein, the term"supstantially,
conpati bl e" neanéPWH@ﬁgﬁﬁﬁxédmﬂﬁméWF@Wﬁ5ﬂ§§@P@°gﬁﬁ&gbYHE°§@F¥éﬁ ng and/ or

10 the nel t jRgod-RINAI_bMHERIRL inkSBoraRdBRRIL. | AarchtiRndily GbediRteiRAs tes Capabl e
of formng a substantially honbogeneoys m xture with the starch (i.e., the
conposi t i onugifsé aramsy patigstersepibedde/cmrhns| ucent to the naked eyes). The

Hi | debrand sol ubif,i.fiXe & L NEGHSESh da BB it

conpatibility be%\li vz\lleelne S%ﬁﬁh%%&ﬁgﬁ%& tyﬁér. Gel;r?er aﬁl y},mgogub&sdt}gens’tt?rg

conpat i bf | i fiperiserticiere through thefproduteminafastudngpedvwipmgnpect ed when their
solubility parangter re simlar.. |t jis.kn .that _water ha 8wat er

val ue of 48.0 MPE %7 §1a & c"l'“'I(?:rﬁ’(r:’glmél’ écﬁlén ‘ﬁ?dg es %\gnang%&%%gﬁ%ﬁwggf@etﬁ?s, pr obably
due to the shtianodifeyiiinda e shaaplamofeepatdihtfibendftrusmteer . St arch typically has
a sstarch value gjmlar _to fh of cellul about 344 MPa] /2 W t hout
bei g bound by ¢ REBPSHe Medh bplensleBapach () § oy 1oshoidne Spaustel ner ei n
20 preferablpy midn@ieatd crébstaching dSitaisAOstFRLBE Uh BEmEBm). hEheVRIBGEGMDT evel in
order to forma substantially conpatible m xture. The interactions range

f rom t hd0 st isgpRprteg HeFRBHIMt ype i nt er act i ons such as hydrogen bonding

bet ween pol yner @%&H@&E&wét?en@%s%%ﬁ[gth?mks ROGANE kEITBNGLS pRALMGEN T hem
The polyners useful herein are preferably high nolecul ar weight,

subst ant i al thg hpchingrand prassrmaebine svgt tersile Trpngthi fheamicam e yalye pUEMYYE of a 25
anyl opecti ”is@éo?t%&'#ne {,A¥QLS the branches to interact intranolecularly, due
to the proximity o ¥He branches within a si ngl e nol ecule. Thus, it is

bel i eved that t h&trestyt tpeatrangempihted ahecor hase pots formingi asgbstance ontmdy.

ent angl nts/interaction i th ot her starcgh ecul es articularly other
any| opegﬂsn mol e&} ufoersénc)ﬁﬁzhe\é\%ﬁ%ya? iabrfl?t?rfagl/%v&acl?eﬁ’ps uérsg’ﬁ vy fnéagnss}rﬁ?htug e

pol ymer s t ocdpéilary)tokmsticebofvenit oreterningd activaning eetditysuchtleidact and/ or physically
entangle with 30_t he.branched, anyl apect.in |.ecul.es, such that the

anyl opectin nol egkffg’g‘%g‘gﬁﬁtf%?‘é%?‘ﬁwé’khe‘ ngecfwd{?i‘de?r?ﬁlé{c‘bg?é/%!;@{t The hi gh
mol ecul ar Wekighbrokén 4nb evitR @l Witkdut fRRkihg 61 itsklf tditsForer lapaous| y

i nteracdentangle wth several starch nolecules. That is, the high polyners
function as nol edUFSF isi2sierder phjectdipypg.Hmaigr axigyiich s Yery long pempgred ?Prfb?i on of

t he hi gho pokydBiiogbmul BRE hddHabRE by adpBae SdtiodNht 1641 4/ 5, (R fEARIS afletb 10/1
anyl opectin content. The entangl ements 0 6 SEP 2002 13 and/or

associ ati ons between starch and_.pol yners enhance the neptamsxtensibility of
the starch composetiErtieh s wHaf gﬁ‘f’ﬁ“’é@‘rfp@@f PiPEFTSddn 30i0b8RkeRerk OF

ext ensi onal processes. In one enbodinent, it is found that the conposition
can be melt att efilvghabiityisidaimasing¢dbytthe geometrip mepap decayedwret tensils strepedat er t han

1000). 5 1In &(mt f Ve . r I ations
with the st zgr C (g%lﬁﬁe{iagagdtv)héi ﬁ?%ﬁglg%tﬁ@%e%}gggg’%%ﬁ%é&?%{rn%ﬁ%aggiggt‘ei n shoul d
have a wei gldnsitenedlas thamaboat2l] glem wsd gk pofferatily leesctbin 60@, 10@Gm. Typi cal |y t he
wei ght er age ecul ar i ght, of the polyner ranges fr.om about 500,000 to
about 2 ,gooo, oogﬁjhﬁf"é‘f‘g'i’%‘\ﬁ? VQ‘F'F SR 8D ?%B“tr%g’a%‘ﬁf‘“gz'é‘,sg‘é%‘,aﬁgo, mor e
preferably befora miringlof stardR @itk Ofhed RmpbRets t& thalkfle Edihosisiolofhspreseflt pr ef er abl y

from about 2,000,000 to apout 15, 000,000. The. high nolecular weight i
pol ymers ar é“vﬁ?té"l"‘eror%%ﬁ“ﬂ3§°°t‘6a“frh6‘°%ﬂ§iﬂf‘i wafer tht §iaﬁ‘?ﬁqt"éﬁ’616‘8% fhe cPHPRLLD: Wi t h

several st abEthe present invention. A person of ordinary skill in the art would recognize that once the

components are mixed in a composition, water can no longer be distinguished by its origin.
30 All percentages, ratios and proportions used herein are by weight percent of the

composition, unless otherwise specified.



nol ecul es, thereby increases extensional nelt viscosity and reduces nelt
fracture. Suitable high polynmers have a 8pol yner such that the diffgsSap00?
bet ween sstarch and 8polyner is |ess than about 10 MPal ~2, preferably |ess
t han about 5 MPal ~2, and nore 15 preferably |l ess than about 3 MrPal ~2.
Nonl i nmiting exanples of suitable high polyners include polyacryl ani de and
derivatives such as carboxyl nodified polyacrylamde, acrylics and acrylic
pol ymers and copol ynmers incl udi ng pol yacrylic acid, polyrnethacrylic acid,
and their part i Gie spetifation eanteyrs apethijadedeseriptien ofdDregerprlpry matgrials-of tecohol |

bol yet nyl onge il (ol eRYal B 05 At e SRS M OO PRl ¢ oh s
pol yet hyl engropestiekenf tirairaspritapiehteoneand X #)baalytial pretddyiee foe preaguyihgprepayésde, and

m xt ur es thegﬁof. CoFoI mers made from m xtures of nonomers selected from
any of the SFGf B&H I08HEE% pol yners are al so suitable herein. Ot her

exenpl ary hi gh polyners include water sol uble polysaccharides such as

al gi nates, carrageenans, pectin and derivatives, chitin and derivatives,
and the like; gums such as guar 25(QEmRlERMRIsidum agar, gum arabic,
karaya gum tragagagt &e&umvéna&pﬂtarb@&?yﬂm mBEdhwith mteﬁﬂﬁ&iciiﬁsta‘?lfll sol ubl e

derivatives of cellulose, such as alkylcellul ose, hydroxyalkylcellulose,
car boxymet hytherddditivessand mett@xtrivied o keducefieersy Stendewkmelthbovdn or sBenbending yner s
(e.g., poly i i o I h ' ' [ I t avail abl e
o The hi g el pfco BrtodIELRATRH dficigh R B ARAR ko denf
anount @b 3endflaxitdd.i THesaruatgeningy besedas sabktiedkestfor pape ptelutts arhlbepappol yner s

of suitably, high | ecul ar. wei ght useful herein, The hi ol yoer i s added
Co the. corm it mimse iieL s, Bt d4R e e R AL Miath el B el o

vihsi bl'y redugerd kvt liffited toE] dsiaahﬁsuban@suéd eﬁﬁér}s,:fﬂllégs f&r@a&a@,qar?_&edfﬂobﬂr gnddur i ng

t he spinning_process such that substantially. continuous fihers _having
relatively 8@ﬁ%‘i°_§i‘€fﬁl‘°“ matc‘BaISS“E" Fﬁlf?@%’?”aieﬁm%gﬁg’{ g?usﬁaﬁmﬁ’é‘“ﬁﬂ]‘ ﬁE‘Eﬁun. These
pol ymers are typirgebth¢h msé%§@ﬂﬁ%ﬁreseﬁth@vemag@ayftfem@mnﬁngﬁbxtoes about 10
wt % preferably from about to about 1 wtqo@ nmore preferably from about

0. 05 t o labosiruchires a olseforming abworhsaianaerish, asidescrigedsthops i Hiedbsorsnt i nd that at
a relativel yrlQpeHaRGR MdtdhalsQBmpddieife RALYMRESo HediiskaGMhlioh hiiPfpyes the
melt extensibility of the 5 starch conposition. The starch conpositions may
optional |y ifiewialhse arient fovang hunsirediparcert 10084 starch diRersrfa avlend oftaselefbenni i ty,
par ticul ar |y, 4 B SuitBR Rl 0t Qlitab1D GG ORP R blch@ hektBE Sliuiolen@l t processing
conditions. The additives may function as plasticizers and/or diluents to
reduce the myitheti fibers, apd 8 combingfionthetene st arch conposition. The pl asticizers

are addggl to the sganh‘}@t%ﬁgn%?% ‘IS%}V %hlg% %xg}ﬁtt:uﬁagl? %éc{ﬁ%ﬁdf%ﬁﬂédiﬁ’@ b 20U nt

effective to inprove rocessa I'ty. The

pl asti ci zer physivallypimedifiedrparcl; ehdniieally nendified tatcl, tadlogitedly fmadidled praotiwct s, whi ch
is believed to .bei. du tofthe | owering of the glass transition tenperature
of the corrpS%rln]i”%lr?nB@c'ieﬁé pl asticizes. The plasticizers should preferably
be substanti al | y Naasgigtdcbiring\stadoh ishgengrally sretixtore adiipeat aniytoso ind hiangheésent

invention so that. th | asti gi zers .15 ffectively. ify the praperties
of ' the comRIGHEtR PoRghe L B-FluESY frics, /B bafiniens & NGB e ¥iotbr o
means when hghicesd uhibs j3inkEBPE[43LHD Hinlah THE atflepesn fsamighly Babhed pdtitgergl ti ng
tenperature_of the conposition, the plasticjzes is,(f(zsapabLe of formng a
subst ant i al P@RITOYERBIE? hyx (P @-Ri ks sindr 0)-prD links (3 e OFAFGRIRASH -
appears tr Wﬁﬁ&cuﬁfmg%fa@dﬂﬁ%ﬂ&ﬂ?%oﬁtﬂ@x@ﬁti Bigh @M?lbpecl?xﬁ), 8 BHaplel 6drgeS 1S
typically added to the starch polyner in order to [ower the glass
transiti on staehhb4Blioe agwlopersingt weeh maizse (83-1408r etiyylenssmcinieg ($e84%
flexibility, fl ddi hi .\ the RE8IeNe fovt b astdGhzes

| overs the T II%JE{S/&?Q’C%O%?% ?“ b\?\*{ﬁgﬁ) ?ﬁr?r lép(&?t}]n),f@d“ﬁ tgl? je]s@?%e yr?@%th $eXt r uuglon
process.30 Thedl gidreles iatsi eyl hgeiadirea pteseye Dweritipn dnmost gaminonly pragticrddwittabighg at

| east one hydroxyl aroup referably a polvol. Wthout, bei bou y
theory, it %‘"sy I%thne |tuer%l/jle rﬁ'ﬁsafi c'}vﬁ‘g ﬁé?‘cﬁgg%} rall;rs%lﬁcpeg’ 0 101} %@ergﬁea% Vlar(l:qg%egr S
enhance congfdeinpiaburkiynt in/subpllydasity rbpletidgiia adddnapensive lin prive. st arch matri x
material. Nonlimgi exanpl es of useful hydroxyl plasticizers include
sugars such as g|5,38%g<‘el}a“§ r PEETINg §t§f§1{€5gaél,lxatéq%f %‘Ha’gé’f’t %‘I??dd&éfﬂséag%}f’

gal act ose, Xyla@ssarchTBldedpRito bdkhOfRat SERIMNAEE pAMYKtadHOGBBiocAHt eI HeE , and
pentaerythritol; sugar al cohols such as erythritol, xylitol, malitol,
manni tol and sorbitol; polyols such as ethylene 30 glycol, propyl ene

gl ycol, dipropylene glycol, butylene glycol, hexane triol, and the I|ike,
and polyners thereof; and m xtures thereof. Al so useful herein as hydroxyl

pl astici zers are pol oxoners (pol yoxyet hyl ene /pol yoxypropyl ene bl ock
copol ymers) and pol oxam nes (pol yoxyet hyl ene/ pol yoxypropyl ene bl ock

NN PN o o T T 1



I n one enbodi nent, a m xture of the hydroxyl and hydroxyl-free plasticizers
is used, wherein the hydroxyl plasticizers are sugars) such as sucrosg SEP 200
fructose) and sorbitol) and the hydroxyl-free plasticizers are urea a g

urea derivatives. It is found that urea and its derivatives in the starch
conposition of the present invention have a strong tendency to 25
crystallize, that is, crystallization of urea and its derivatives occurs

even under fast coollng condi tion such!8s melt bl owi ng, spun bondi ng, nelt
extrusion, wet spinning, and the like. Therefore, urea and urea derivatives

may be used as, sol.idifyin ents for ntrolli.n

sol i di fi cat SgRM rsgéfbéa sf"%/ }hg”%‘gé‘?” i lbrl?f? ei“tSL% fus Sﬁé"?‘p?’@?émlz gﬁ‘ﬂf‘@htl on. In
a pref er r edhiphadbsedin stachyhnd ddfnthettial sglogswatd Nangdlly cec@tlfedartiest he
starch/ pol ymer 30 conposition in an_anount effective to achj eve the desired

melt proc esBaéB‘iullqﬂtchoé.’hﬁarE}bH}dl igabsiared, arpihe pesiereed siychipalymerre] chojca e st ar ch

conmposi ti ong, tdir dcBforly SAGMilabiliyent i on to adjust the melt shear viscosity
and enhance the nelt spinnability of the starch conpositions. Cenerally,

the mel t5 shear vPhysisalin poditied stasehds formedbyrbhangingthe dimgnsienal gaicturre pol ar

sol vent | ar
solvent is a@g@ﬁ%@n%ﬁ@?ﬁ%ﬁ% ggrcg %&%%h%@sl\?wa@ﬁj) (r) ma%.ﬁbﬁalzl%rxmmg/ﬁq%@gf erably
from about Iatramétetuwaraimdificatd@s wichdde rednaed proabelarawlghtfandim ra@dewndar ¥@ight % t O

about 20 wt %, of.the total 0sS abe use herein as diluents
are pol ar siﬁ%‘v&\t{%" ‘ﬁ‘ﬁ%eﬁ&’tge g?rﬁ |f‘7‘ %{F‘ﬁr‘%{’ & t&“’ fék W&Vlhoéecf‘gﬁm about 19
to about 48mb@itdtidns iﬂél&de&habﬂxg/anﬁfoﬂﬂikcamwg tidtdréh adlediles 48duvRad in2, and nore
preferably from.about to abqut 48 MPal/ Nonlimtjn xanpl es i ncl ude
water, 1- C¥¥S i Q’aFWBt?lﬁE?rSéi‘ﬁ&? gragylaryzs) d t %méf@ %TE?S&B{*%W@?ATE%&%@
formam de amgy Beichitadd Byasipus bdhed§ (Bt thetinall AledMfics Stheddofilebhshichior mam de,
acetam de and derivatives such _as _nethyl acetam de, Cellosolv (a glycol

al kyl et her ’ ’ nzyl Cellosolv,
| kyl et her fleciiomagraticaplirasous andthe eréspfb‘}é‘erwm%ﬁufeeﬁfﬁcagfeﬂtlen apdnzyl Cel | osol
Cel | osol v a&ﬁﬁtﬁﬂaﬁoﬁﬁh&re&e bhﬁ&ﬂl?’m@tﬂﬁedj@zfréﬂ/&h linchirle @Lrsgarévﬁkétl%Mtgd ddrin J. T
Baker, Phillipsburg, NJ), hydrazine, and anmoni a. IS al so known that the
8 val ue of moswreandhestitgated arglan be det er mi ned by voI une- averaging the 8
val ues the in Ehg; r. Yiing 8

val ues \&/)\% thin thehéﬁlf)ovel ﬁﬁ]fl%?ms e 1@%\1& 1&lud@‘?§1§%§ zhl E%a gbout 48
MPal / 2) ar eoxiflive shairt ®iskien focneduqsmohaﬂmwmghl&ld-'tmlewi@alwpight dlanhut»oed sol vent
of DMBSQ wat Vi n C 0si. t 90/ v/v uld have a 8 val.ue of
about 28.S; §L§‘5’Eﬁe g 0“)?85 850 e\r/nécr?l mgdl aélr(ﬁ1 ?éS%U| br e For alﬁnsdesu hearLSe:atﬁl is
found that add, acetlsabld,qwmhcaﬁmbﬁ@d@ﬁc doid; morgnhyadndmg&h ablprddichiyriandd, m)r e

effective in t he Vi scQsi t. ti.an.. As such, a

| over amount™ %‘F %'%Bf apd EE?W% °ac'g%gﬂ%/?c“l:alé‘ﬂ?ar?agnﬁtajoug?bg?aﬁlé 3% cosity to
t he despg ede. gaﬂgchbngamm GpipTaionda mél Kydidx@leasichwedodmmiydtoxde, t he pol ar
sol vent provides urt her advantage of redycing.the need for an

evapor at | onpﬁf%w"@wlwﬁ eiAmaghts 8’6}6‘21‘?5 a%"é‘tstsﬁé‘ ar?é‘g‘fh%‘?ndi?g%‘éqenl@f“%‘{yép) whi ch
results in phetidd aRthoridmipeAdNAL HaERfunSpieiagtte] RURIM ROSEMNe HIPSHIGRAC On, AND
| ower sol vent recovery costs, as well as |ower costs for

envi r onnent sltsraag thedikerapd aries thereef; Prokered chonaipal agrmis the REesertdgveBlian onal | y
 ncl ude | | Qi i Ghih ph uBEL GRS Bl By hScRSH il HAGKIAbraFRI Nl Y s

viscosity nodifiers of the nelt conposiftions he processing aid is

substanti al |y vofhemigaly reavifiedstarvhantydaformgd brieeastion of iy QHeswiphyitBt age such

that only a, q:H{m n e phiges b @ Thus, they

do not adverls e?ﬁe e’c%‘égﬁgaeg??e‘%te% hm{r?o ulcgrs l}c{}r ot ﬁ@"’yg‘?"‘g‘:ge‘?m 'E of the

final pr odumbstaﬂ'dee Bydrawyakkpl, mtyﬂ or ciranatessaicheb omelxnms thdrend afepefeiresh as

\SISLﬁt ;ls € s (F;Eil 3%81%1 lxg} §8ﬁ§ft§rc englrelemfsu strlgtlo%xoq'% cﬁgmllcarﬁw mch ﬁégipstara{ bonat es
is 0.05 to 3.0, preferably 0.05 to 0.2.

30 Biological modifications of starch include bacterial digestion of the carbohydrate
bonds, or enzymatic hydrolysis using enzymes such as amylase, amylopectase, and the like.
The starch desirably has a bound water content of about 5% to 16% by weight of
starch. A water content of 8% to 12% by weight of starch is particularly preferred. The



Optionally, other ingredients may be incorporated into the spinnable starch
conposition to nodify the processability and/or to nodify physical (g SEP 2001
properties such as elasticity, tensile strength and nodul es of the final
product. Nonlimting exanples include cross-linking agents, enulsifiers,
surfactants, lubricants, other processing aids, optical 0 s sEP zooz 17
brighteners, antioxidants, flanme retardants, dyes, pignents, fillers,
proteins and their alkali salts, biodegradable synthetic polyners, waxes,

| ow nel ting synthetic thernoplastic polyners, tackifying resins, extenders,

R A s R L g

Exenpl ary biwethgéfathiadd. e synt hetic pol ynmers incl ude pol ycaprol act one;

ol yhydr oxyal kangat es i ncl ydi n ol yhydr oxybut yr ates, an .

Bolzhzd_roxzval _eriﬁ ilﬁl&}@#ﬁéf&&&?&ﬁ?ﬁahﬁ% Ywﬁtgﬁ%%@w?eﬂaﬁwgawtives

are typi cal hybrédachslethr Weidht HR@bEEA @/3. RAUMN®Im 86GrcA Ha§ @ 8thdedmatbsiland to

nodi fy physical properties such as elasticity dr>t/, tensile strength, and
1

wet st rehgt veight of atopebl000,00Q and 1 molsedlar wefghtidisiutign greptppihaallPY0prBsent in
quantities %%?Qéerlgolfaé’updm\@igllt 3p 8ot O bW reliiRe @Y the @eﬁraﬂﬁr}aﬁg‘ﬁ!t@; {nk %?esgﬁs' S.

Preferred additives are urea, urea derivatives, cross-linking agents,
enul si fi er s inventidna by aghpin, sdission| toeidative or cmeymasichnaydrdlsiy (adik adri alkalines,

bi odegr adabl I S ).l O i i .

t her nopl ast icgta%%e{aélﬁgl&és}?w& g%:%ﬁ?@l dr?é r el(s?,)lﬁ %L \g{)%tr@n g@gm%g%%ghf 1)a'<r§’{ﬁye1§mfther eof .
Pref erred biofdegracadidgeeqmipnieh)f erccotrtbinatidng rtbereofi rithesedeagriohy elagp raluecthone,

pol yhydr oxybut yr at es., . pol yvhydr oxyval erat es ol cti.des, and hm xtures

Pher oot 100y Rt e B olontipt Poslchfiis Bn ol B By 126 fRo bt
optical bri gbo.engke thetidrhékirikaningethdd| AME tHeebaddidnt Bethély @fer @h HMENioBal and
fillers. For ,the present invention, a preferred additive is urea in

quantities rAYGRY rFishPY AT BSIRIHRSRRINGIRE ProgRss-Sui t abl e ext enders for use

herein include ge} 8id dmbodReat, ARI fAtubd SafthIShyilslfred$n fiid PrdshdB lof Ri@, Such,
soybean proteins, cotton seed proteins, and water sol uble polysacchari des;

such as al gighhydsechlosigapid geaHfiRg acidutaredyemthe mglepulargisihnad meleatler weighit ed
guns, pq[@t' Riste WG, BOnbikee Cgin?égf b \eRsin Qlisshl dekhtIRsy ITeSiHﬁ?—%ff&ed into the

al kyl cel I ul oses, hydroxyal ky oses, carboxynethylcellulose, etc. Also,
wat er sol ubineelts gpinrablei sarglp cpmbasitionssuck thdt the opaihyseissiph i reaction dakes prldogacryl i c
acid esters, | MM n te P L nyl a ol p Vi nyl Li.done,
rc. mmy b Bt ERAELEY R NS kb TLE MO kB EQRICHRY PRRSRERETES,
f | ow proper NoaEmiing tehemplesaofobkidative chaid sdssionragedth suifablecios sgsharaie dndigie
produci ng the present ion. The. | ubricant unds can incl ud«?1 ani mal

or veget anl A PRPET B ler B et Mok i RS b Rloidie 5 1V
t hose whbch ngikiares oherabf.aTypiodly, the ropsin atisdicn aglalcis taildedaih ahulbtounteetfectivd ®r i al s
e TG 581 055 0 B LB ABRRTRI o SaRECL B
i ncl udes t heximyle-igh Jousd thdEfor @idke bObiaxial melt attenuation processes, the starch should
have a weight-average molecular weight ranging from about 1,000 to about 2,000,000,
preferably from about 1,500 to about 800,000, more preferably from about 2,000 to about
25 500,000." It is found that compositions having modified starch in the above molecular
weight range have a suitable melt shear viscosity, and thus, improved melt processability.
The improved melt processability is evident in less interruptions of the process (e.g.,
reduced breakage, shots, defects, hang-ups) and better surface appearance and strength
properties of the product.
30 Typically, the composition herein comprises from about 20 to about 99.99 wi%,
preferably from about 30 to about 95 wt%, and more preferably from about 50 to about 85
wt%, of unmodified and/or modified starch. The weight of starch in the composition

includes starch and its naturally occurring bound water content. It is known that additional



nono- st ear at e. 0 6 SEP 2002 is Further additives including inorganic
fillers such as the oxides of magnesium aluninum silicon, and titagibl§BP 2002
may be added as inexpensive fillers or processing aides. Additionally,
inorganic salts, including alkali netal salts, alkaline earth netal salts,
phosphate salts, etc., my be used as ptbcessing aides. 5 OGther additives
may be desirabl e depending upon the particular end use of the product
contenpl ated. For exanple, in products such as toilet tissue, disposable
towel s, facifude watcssw@camwraﬁ@irasghmqlaarsolmr@@uelpstlmmtan@ncvtem@tdqd iinsthg

desi rabl e attl. Q“tﬁeﬁLQHs it is often desirable to add to the starch

pol ymer cross- I'ng agents known in the art as "wet strength" resins. 10
A gener al d|ssertH@homobmﬂmhew@ﬂp@@hmhmm&aaﬁﬁmmghmhrﬂﬂhﬂ&yutthnedein t he

paper art can be found in TAPPI nogr S 29, t Strength in
Paper and PapRi#wialy compaiply; ety st %@%6‘% ﬁfeL ereife TBGIROIERIET P of Adust ry
(New Yorlks, 1Q@#le po ﬁﬁermnd &%@fﬂélenwﬁlﬁ}swﬁegﬁﬂe étflglRfe8 MR/ GRABRERIidn been
cationic in character. Pol yam de-epi chl orohydrin resins are cationic

pol yani de an¥ie siafshcnolesulssy dFienhigl polymee pisfdiabledpna sbstanbiali lineap «hpin 15

found to be RAr f i
described i n&lfLchS gigf&ght% hﬁo% Cild“,g Hav“é%&@wllgg%})é%% g}ﬁgt&f%%rhgg%anihg%g and

3,772,076, issuedhien laugksarishes aQ alsqgv@bleb@t fsd Beseind Asouscdihereimdheotstth bei ng
her eby i ncor. b mr

pol yam de- epgg%?aéﬁglf%mﬁj% b(r?%g?e%gsl ‘%’%re %tg tgﬂf’ﬁératﬁrgfl}{ B%Itm il fﬁiﬁgegﬁqrawar e,
whi ch marketthe smﬂdthlgrtempemunarmahc témapasitiok, thy htgh@ol)&iﬁ:r@ yz:pxylb axf dorming a

pol yacryl am d sj, NS have al so. en found to b as wet strength
PosTne. " ThosuEiERNE hoRaetedte Mgl wE B BEPETIONGE bl 3y 00 on
January 19, &&Zﬁa;entﬁrtﬁﬁaﬁdeat)toﬁtenaﬂce,degﬂ@l 3, 556, 933, |ssued on January 19,
1971, to WIIlians_et , o patents b i nc orated herein b

ref erence. One coMffef a"éﬂm‘gﬂ’t}%&:‘ Bragpiery ilfagtb@d‘sﬁ{)‘{oféwwg}ﬁcﬂélp?@gf%s is
Cytec Co. ofpehhAf Qireh abhd thaVpbheMBrd@bRIRNQLSMERA] ESHAAbIIN Vetvidd® %5 Mark
Parez 631 NC. It is found that when suitable cross-|inki n%\‘r@%ﬂt such as

Par ez i slSadde#enals sancbesxpeciad WhsAplais ubHit, parpRgiens REstmilan o¥R thtider

aci dic condlMtamasmeagomgébummvﬁe«mqg{@dhmg%t arii| dolbfen sdR@dts,i S, the
wat er sol ubi |It{ Re" conposition, as tested ﬁ\; the Test Method déscri bed
}:

her ei naf t er , prpea lye@@ tp nlemst@@g/qhyéfp@eboa@ngf ceragily ethwafer? 08tprchdynically drepabl y
| ess than 305#%) I%Itoﬁﬁa?fyﬁécﬂﬁlh%(Lt%ﬁ?%ﬁ'lﬂ‘hl&% The products such as

fibers and f rom such a conposition aré al so water insol uble.
Still other wat erWsthllbbleg b@ltndcbm|theor>e§|m§ehﬁqudhﬁg>0lxmet $uitgble fortusé berginvent i on

are ureay, preferably interact with the starch molecules on the molecular level in order to form a

substantially compatible mixture. The interactions range from the strong, chemical type
interactions such as hydrogen bonding between polymer and starch, to merely physical
entanglements between them. The polymers useful herein are preferably high molecular
weight, substantially linear chain molecules. The highly branched structure of a
25  amylopectin molecule favors the branches to interact intramolecularly, due to the proximity
of the branches within a single molecule. Thus, it is believed that the amylopectin
molecule has poor or ineffective entanglements/interactions with other starch molecules,
particularly other amylopectin molecules. The compatibility with starch enables suitable
polymers to be intimately mixed and chemically interact and/or physically entangle with
30  the branched amylopectin molecules such that the amylopectin molecules associate with
one another via the polymers. The high molecular weight of the polymer enables it to
simultaneously interact/entangle with several starch molecules. That is, the high polymers
function as molecular links for starch molecules. The linking function of the high polymers

is particularly important for starches high in amylopectin content. The entanglements



f or mal dehyde and nei am ne fornmal dehyde resins. The nore common functi 3{1@#
groups of these polyfunctional resins are nitrogen containing groupsD 2002
as am no groups and nethyl ol 0 6 SEP 2002 19 groups attached to nitrogen.
Pol yet hyl enimine type resins may also find utility in the present
invention. In addition) tenporary wet st¥ength resins such as Cal das 10
(manuf actured by Japan Carlit) and CoBond 1000 (manufactured by Nati onal
Starch and Chem cal Conpany) nay be used in the present invention. 5 For

t he present andpenssociationa bsmebrabﬂawhcmnésaslymerskd:rﬂnglcaqhmtneitsexwdd@dityt@f thae

iti f 10%
o o B SRR R TREhA S ol B e i BB Rcsb B SR g
The Rheol oQénibbdiftest, ﬁtlarfaind(ﬁwamsaompmmldan%enewwem@umlaxhﬂﬁwa 9éryof the

starch conpgsition is an inportant consideration for selecting suitable
material s arfiBFUBY retQdesHerdtan 9A8Nt / processes. Many factors contribute to

the Theolsogi cal gha¥drab dectids BIATGRNPISABAS bhd/@Nassdottibldivitd thdgaREOUNT
and the type of polyneric conponents used, the nol ecul ar wei ght and

mol ecul ar wenelpaulesi gher hight pobymest suitahle derpembsieis, shonld bavsuntweighitaveyase of
addi tives (%& laPlN%%H SHafRhst 50&&0P&9&9§1§'tﬁ&9~@é@§\)ﬂag¥%le%lgxc\?éﬁ'ﬁt%gthe

condi ti ons suc as t erature, presSure; rate of deformation, and rel ative
hum dity, arpslymer ratmeescﬁxseabnﬂt mmommbom ?érOOﬁ(;ﬁ@(bMCéﬂr@ly frhla ableﬂ@ﬁ@r@ﬁ(h ton

hi story (i. t r_strai.n gtor e osition
of the pr esertl’?utlazr%vdgg}tap(g Ty Sfeé%tr l{f)ﬁ/ ﬁré‘s%g&hf&ﬂ qu?e boé’(t)n 0&{&)2) rrg
concent riat i quarlamyefrancabbntl 2,800,600nweatontal s 000(100) sﬂmhtghaholacum,tn\aﬂglﬂ or

fluctuating 20 ent rk d th Lseul d
Lhe i gh polyRERE BECBRETHC Rt Pans Ao G BEter A R oK breter S~

associ ati on melyculs, thétebynfertResBxhsihay MEIE dikcosif b gddaba Mich: fracre. der V\aal S
forces, or chemcal | nt eractions sucgw:las hydrog ngcﬁﬁd' ng. The starch
conposi ti on havi myiehe bighrahygresdaret dignes spdhdhal FIPISE OSISEN Pstatchw

behavi or typinga 9,; as mkﬂmfo@mowﬁmh ferably 63@haH1aB6 G 3 MO BId here Of the
present inventi may exhibit a }Zﬁé ai n hardeni ng behavi or that is, the

ext ensi oal m%r@blg.lﬁv thafc phoyt 3 MBad /% Nondipitenexgmplee fob switgbleohish pelveases .
Typi cal l'y, gndlestRRYa8F1atdiat aqd@mamefs s@khlab BEBExyl B LRNIR 1&9&%&211%

stress/force and ‘strain. That is, there is no strain ‘hardéni ng behavior in
a Newt oni an anfl a¢rglic pzﬂymﬁearcdtqwemyrnandlcluémg@ﬁlymwkc@mdapplﬁnﬁh@m;ac@mdbu ting

an increase f r |l e

still exhi blt%lafa %@a%E g{éﬁ- p%b&gfsn "ﬁde“‘dﬂ{gl 2512@1{1 ggoﬁ’v\& ylg{‘l?%fér%% .

Newt oni an I mob)vmymmomqna,l pobxihEeice Vvt dvptat, fnomt:dhybh@'mimt ang Qne like;

non- Newt d i t Uo
- %l}féin%eg g gl%ﬂg&t %nges.l_ uéh | ﬁé) gt'ﬁ?ihﬁes togfrd?/, gr)%%rogy e g?lld%il nis

caI I ed t he I-;mmwleseprq:yﬂen(e kkide, iﬁdlthm'eii theeebf. h(ﬂmp@ima@umdu tﬁloamnahlrcs of

el ongati on, t(beo Sc & dl [iatlfe P S Iten %tlone crUIad UIPaglC hercm equal

to the straiROTHSSs S %a%ﬁ }Eaa%rf?qg )ﬁm g feh ST ESes Appl i ed

external | y hythéhexemphty hig‘l?Ipblymé:@\lmﬂlﬁlcoﬁateprs@lilblﬁ?polylszfcclsalmdé’s ash adelg{naee,se t he

Hencky strain correlates directly with t rmation/ ation sH

he sanpl e on
= In (L/Lo) Sffagesnang pepfingnd; eafives; Shupn pod 3@&6?@@ af’ngsg% gé‘als§'t“i?‘e3§ ’'s nost
of t en obser vggh, ixBnthNeWi@R| #iar, gl atibic, TAI8ya lgual t@ghcdr b@in,(1ddubt bein @hthSdhdused to

express the extensional flow behavior. The Trouton ratio is de i ned as the
rati o betwediket MBSkt 9T orfalublyi sdeeatives (of eSeliylose: ¢ 1echs hasnr alyledlptasey

(ris), Tr = hyd%ﬁmzywe)uuibsé eRodRietly ReliuiRe, eaas@ 80 9ikORAE mpiniEORkbyE Tl e 1S
dependent on the deformation rate (e') and tine (t ). For a Newtonian fluid)

the uniaxi al ext e¥siopolnnerst(es. palyrwylivasrid nelymsthasiylie agidlearsfgeneralippoty
available in the high molecular weight range (i.e., 500,000 or higher). A small amount of

30  crosslinking agents may be added to create branched polymers of suitably high molecular
weight useful herein.

The high polymer is added to the composition of the present invention in an

amount effective to visibly reduce the melt fracture and capillary breakage of fibers during

the spinning process such that substantially continuous fibers having relatively consistent



20 non-Newtoni an fluid, the extensional viscosity is dependent on theng sgp 202
deformation rate (s') and tinme (t). Shear viscosity (rls) relates to the
melt processability of the starch conposition using standard pol ynmer
processi ng techni ques, such as extrusion, blow nolding, conpression

mol di ng, injection nolding and the |i kel* A starch conposition having a
shear 25 viscosity, neasured according to the Test Method di scl osed

herei nafter,, of |ess, than abo 30 Pas referably from about 0.1 to about
10 Pas- mor SHHLFERABT PO PO dnetror el BhSaEeE et R Apfe el
at t enuat i on Q1oL @B6&S 0vaYe piferabBors abdut 10.06 asTpiamt 1 ivans mdes geferaBByfrdiave | ow
melt viscosity such that they may be m xed, conveyed, or otherw se
processed i rPPPHAtte abryt 0-p S1t¥ink thespppesitiann dt 1s qUiPTRene fing Shat &4 4 splatixedy f or
viscous fluiigg, coR@nihtih, BRsePpsiiridrt QR arily Xiglprdvad kPR \WhikiitiR €56 Mg Punp
and spinneret. The shear viscosity of the starch conposition may be

ef f ecti vél y stapehi dompdsitian. t he nol ecul ar wei ght and nol ecul ar wei ght

di stribution of t r el . [ | ymer, and

t he amount of pl aﬁ}%isé¥°§§§@p°§ﬁ§§ So@s‘%ﬁgll'ea?}? é%ﬁlsc} g .dltﬁ{cs %02; %P%ﬁggcﬁﬁg‘i‘ arr“{educi ng
t he aver age mait poeshsabilityepaytidulaply theregtesdilElitylof the compaitiopotdevthewayt t 0 | ower the

shear viscosity of the.35 1tion. 06 P20 It .is.generally
nown ¢ hat - EEsTTasapeiisns. SRBGTE Y funes Sesiefat tyer Byl ¢ oS

eval uati ng reé inelpshracssadiylof thy s@ifch thposmiber Tiel pldsticiteradte bdded & thé her nopl asti c
processes such as _ injection nolding or ext r'}ltsi on. For CO}}}Y{EP“ onal fi ber

spi nni nd % he&PRBRTIRNL 9f the pEg§en InYEntion in 45 ampounte ety YO IMPEYE theflows Berpedier s

there is a shdiOfBoesQbili8. aht PRstRBEVRRY af%@ﬁﬁfrq%itﬁ&ﬂbﬂt{illkf'5fﬁ5‘ﬂnaﬂ?ﬁkﬂﬂ@t§,ona|
viscosity of these conventional thernoplastic materials and bl ends thereof.

That is, thevhighinhelisved tope dye to e loveering phfhe gl Frasitien emperaeer ofithepl y by the
melt shear WoRBHidnby R GLRRUER: JlEciSAL St phdrtatiy b&suBERRRNY Y control | ed
primarily.by nmelt extensional viscosity. The correlation i's quite robust
such that t trempatide withthe selymeriraomperients @f b preprat inE¢ntion prothpt the plastigizery i n

sel ecti a : ' I j el The. . t i ensional 10
Vi scosi '?l g hgga }{cgﬁegqruf%dé%l% epté()pgg{egﬁﬁl tln‘g)u t%lﬁ(gil' qis?rs %deﬁr%?cﬁrg%eotgﬁ( It is

t her ef or e susnpstinginliygcampatitileldnaahewhen heatet ta p ddmpsratpostiové tha softshing laed/pr esent

i nvention dq,not,.exhibit, su tel at | ; ext ensi onal
i scosi t1 s MERRRY kbR o ERThl Atk 8Bk A0 BB 1 TS The
present i nvenbstatiallshatgatotsoniatusgt vaithcdtareha(irp othe tantpositibingppsdre aenspareicosi t y of
t he conposition remins rel atively unchanged, or 15 even decreases
slightly. Ba é‘gu?fﬂptg’ém{ﬁdi%ﬂal wi sdom such a starch conposition woul d
exhi bit mecr easeda pilsticiff aCsicAl ddiddyto andstavol belymer inlaedes wo Lokl ehef @issmel t
ext ensi onal praocesses. However, it is surprisingly found that the starch
oot £1 on TERECERFABIE Heghron am e m et fhe 8 Bilet otn ferrs dbe ¢y
when even a aibh, tAEPldsdnceOdf the plhstiBiRENORErs ki rdldastosifyOwKiet heiin Meilitake st ar ch
conposition herein is found tg have enhanced nel ’ 20 extensibiljty and is
sui tabl e forNfEFl CERIOASIGFE! T Riptigaeds RuanReconiigp SFEAYA REPOLIURVEEndi ng,
bl own film nplighisnene hyedkyMRoth, Hedfer@R§l al Byoll Whout Eéﬁlg_rb%pmal {Hbry, it is

el ongati onal Vi scosi tgqgrl e) relates to nelt extensibility of the

conposi t35on, belignedithatghe hydsenyhigroprs atbe tpasticiresy endrcerrompagility ycossias such
as fiber, flﬂgla}rggsn ARGV AR e Brch MR bR %ﬁ‘llimi‘t’ihé,&:ﬁﬁipfe)é of BERHACSokyI" €€
types of defdrmation: uni axi af or 25 sinple extensional viscosity, biaxial
ext ensi onal MNisticieers tigcluds rrigguu sechsis eglucoesy tseareseo fragtosgi saflimnise, ymalipidextioné, axi al

e MRS IR b Bt e AR A sipe vt
ext ensi onal alécholssidhi B Sryéiritol] xyni’ml,trmhitol,fmannttdﬂeandb isca&i'tcﬂ;l pobpolsemshi aretiprerieor m ng

processes for king, filns, foa heets or parts. It i.§ fqund.that the

D operti s AV PReraRishe By dur iy 895 o B RO e idletnd Wl

ext ensi onal polys@sihkitof: dtdaniRivedd tRedoymer s useful for enhancing the nelt
extensibility of the starch conposition_ of the present invention are
typical l'y high nofkedise! Rerignts) hditet plpsticirers a1ei plgtoniss (Rebrogyetiisover |
hi gh pol yner golybdfropyRns UbSt agjobl 1y CQBRhdbe W t harjt ar ch gEigxdmmisds
effective in enhancing the nelt extensibility of the starch conposition.

0 6 S E P 20@9lyeyethyleng(polynxspropydend dblodkacopsltyaieesh ol eihplerd diasrine).usaditgblef or
melt extensional processes typically hasve their extensional viscosity
increased by a factor of at |east 10 when a sel ected high polyner is added
to the conposition. Typically, the starch conpositions of present invention
show an increase in the extensional viscosity of about 10 to about S00, 5
preferably of about 20 to about 300, nore preferably from about 30 to about
100, when a sel ected high polynmer is added. It has also been found that

o = o " Y " o " o o



easily achieved. The starch conposition of the present invention typi%@gkéP o
achieves a draw 15 ratio from about 100 to about 10,000, preferably gr r200
t han about 1,000, nore preferably greater than about 3,000 and nost
preferably greater than about 5,000. More specifically, the starch
conposition of the present invention ha& sufficient nelt extensibility to

be nelt drawn to fine fibers having a finite average dianeter of |ess than

50 microns, preferably less than 25 microns, nore preferably less than 15
microns, eveRolRKerBery eMIah blpck egrolymEsh 0b polyoxysihxlepsirolyoxyRIodepe hsvidger abl y
less than 5§l £igRRe sWGe:t he starch conposition of the present invention

is subjected to a braxial extensional process, the enhanced nelt
extensibility of the conposition allows it to be nelt drawn to filnms having

a finite average cql iper of |e j@?ﬂ: .8~ s, prskerably dess.than 0.6
nmls, nore pref er%‘gl §eﬁ%sgﬁ{2ha§1)s"0. ch’-)ss,clg\1 e?)ifmgcgﬁ%)rgggr aCbe%f%ss t han
0.2 mls,s and nost 25 preferably less than 0.1 mls. The starch conposition
herein is processed in a flowabl e state, ich typically occurs at a

t enper at ur e ‘é}th"éég‘i‘s LY %“goé‘orﬂ ?5%? q PreH! %r ¥ ){‘gﬁ Y‘il‘ﬁf%raf‘@%@?‘&tah?‘é. _
Therefore, tipaoRb&E 862hdY hhSIRBIIhAMiIR) fFebh Bdut B tCDBEL40] ARGDréMabip R HEBLL I N
tenperature of the starch conposition, which is neasured according to the

Test Met hod Ta¥s gici g velveddhese| coplymety areatyaifiple eflpioris® EpmdistiiFarof t he

starch conpasidiiany, R Shilabi mErs QA AAOMMIRY afeQvAiBBRGs Sgﬁ;ﬁfo?ﬁ‘c@’hé(mf rom
about 85 to about 1600C, and nore preferabl% from about 90 to about 1400C.

It is tollbe IGhEbemirdodVimiagtondife waafetonis BASB RerpadtgrsippanyeNhi bi t pure
“melting” behavi %s? ﬁﬁtaﬁﬁ% o Jéé‘gl&leiﬂ’as %?%ﬁﬁ%%ﬂﬁlcﬁieﬁ%é &%ﬁ@ﬁ?og%ngﬁonﬁans

the tenperature or € range of tenpe or above
conposi ti on foshihg omanis dmpamds whidh do Sothave 29draxy2 Frdipempluding ureaiaad iueda

ext ensi onal r.ocesse ui,tahle faor .the starch.conposjtions include.nelt

o o RO Ry A des P eah Aol o R AP GRLah 8RS shb s BT ben | o
detail in U vegetaitapsieinsNach ds Q6o protein,Sdogban profddese odih s2ed, prai@ing; dnd
Akiyama et al.; U.S. Paégn% hbr 4,418, 026, issued. on_ Nov nbei 29, 1983 to
Bl acki e Bt dpixturgsthegeob All of thyglasticizgrsgiay i?@éa?fﬁgh@dméwrcﬂf}wg- 8, 1989 to
Bourland et al.; Typically,fed pdtoxMoplastici9étLofhpfises ifiDMmUdGutEwivR EcCdbod070 W60 to
Cuculo et al.; U S. P teg% No, S 145 6310 i ssued onzigg%enber 3 1992 to
lezic; U S.mpsPEtailpiron abay 18 4% tp abopt B0 wivonmgst BferaPhokomr 3bah dp Mt et
al.; and U §o {3hehd Wi of tR4dardP 2ompciftiefd T APGHSA-fr8 plabfififer tigpilinym et

al.; the disclosure of all of the above are i ncor por at e hegein y
ref erence. TIoEWFigas fTompghoutst bitre te 2hert/ 7G Wites prederably from abpytiSeyize oRbogi6s o |

and wat egy V@4 WBrEheRAST fdn 1B0SI0 1t Ba6&ut b bABbhthe iR cdMRKiBion.COT f €€
filters, tea or coffee bags; thermal insulation materials and sound,

i nsul ation mat er i &l ape enbadiveing migureefethe hydroxyd @nd dydrpxd-frep plagticizess Buch as
di apers, fenipi | M ti such! d extile
Faori e for Vo aeed: oo peR o SERRLNE Rl LEL PP O HAR, B BrbRE,

m crof i ber oandithedydtoaiol-fecefpddsti¢izess aranree krslotreagistivativesallt iy feynd thgburea argl its

structur ed V\%pigzxtivcs Cf\n()lhle %&whnc%m%ggtignemﬁé Bgscqv %ntvént{ogihg\freog gt%@ﬂ%r?deg&ﬂtom bs

for hard grade
25  crystallize, that is, crystallization of urea and its derivatives occurs even under fast cooling

condition such as melt blowing, spun bonding, melt extrusion, wet spinning, and the like.

Therefore, urea and urea derivatives may be used as solidifying agents for modifying or

controlling the solidification rate of the starch composition of the present invention. In a

preferred embodiment, a mixture of sucrose and urea is added to the starch/polymer

30  composition in an amount effective to achieve the desired melt processability and cooling
rate.

Diluents may be added to the starch compositions of the present invention to adjust

the melt shear viscosity and enhance the melt spinnability of the starch compositions.

Generally, the melt shear viscosity decreases in a nonlinear manner as the polar solvent



of paper, such as wapping paper) witing paper, newsprint, corrugatﬁ%SEPm2
paper board, and webs for tissue grades of paper such as toilet papeF,

paper towel, napkins and facial tissue; nedical uses such as surgical

drapes, wound dressing, bandages, dermal patches and self dissolving

sutures; and dental uses such as dentaliéf|l oss and toot hbrush bristles. The
fibrous 20 web may al so i nclude odor absorbants, termte repellants,

i nsecticides, rodenticides, and the |like, for specific uses. The resultant
product abs @mhismt\i\aimeleauadldTnjidallanhb ma; sélivend iaﬁsiéed in apiamownt fryak aboutspwi’

ror ti cul tur 47 SRR IT el HEobn 55 o Pl by ARUESY Ry obriFiatl s "

al so be |ncabmnatveﬂtowommt\h%omméﬁfalain&‘poslumh as saw dust, wood pul p,
pl astics, and concrete, to 25 form conposite materials, whi.ch can be used

as buil di ng mat eStittle fop s hgwings diluents aienoly solymishaving p salubilify paramgler © gy y

vel |'s and baglsidaGeom m@lt BP0l abb\d 48 Mp%w ﬁ&daeblym %lut zzseslb&mb My least s,
splints, and tongue Fpgr essors; and fire il for decorativé and/ or
bur ni ng pur pod goreTpreferablyt fr@!hebMéS éepbqvéri& li¢] oqu eltmge@,@rnplesmaluéh
conposi tion t f rLppl astic
processes tr%%éﬁcgrggnséa ?r}g?rgwde%?(gﬁgi gir{]dsg)?@ﬁ]e rrat SHd%)O @n !ﬁg@l ﬁ%’ t he
proper nelt dstreéivesviusic os Nemethyl dotmiaznidea N-asiil dorsiagnde, awasmn&sartdydemvate/cst arch

conposi tions f th re en ent ant | reduc
cochrrence. drhea ] hERire, CRIGRME gBRY ASDERET Plentarl 3R 455 o, o
that intier r Wellosobi@, |mm£epﬁs@m :{Eﬂosami) et GH (Eailsaﬂv@faamdaﬁqauwscnﬂuct S.
These processe clu W di.ng, S E P,2002 24 _blown  ilm

ext rusi on OFV%,(??B{?{}F %%aggcgﬁhﬁpfb&?%%q‘y ARG ARE ANBPRAn L 1 gnﬂﬂ‘?‘%‘g%l on
nol di ng, tramshRrs valetifaGoRss nikhuRChh eadaahﬁhea@y v'bﬂﬂiela%xhgxﬂgtlﬂwmeﬁs of
t hese processes are described in details in U S. Patent

5, 405, 564, | 9&thedngividuglspivents. Thegefore; wixed splyenthavipg & valpes Wlthat Babays:

5,468, 444, i;gHE ARgd\QY.C DR abeut: 19 1:(990%& 2 Nz BRy ar@hls@-kuﬂabﬂe’ for usEdbRRL S5 No.
5,462,982, i ssued on October 31, 1995 to Bastioli et al.: the disclosure of
all of tlie Joporample aﬁerebgpl\renwfr%Satwr thgvingp é?@?ﬂ?élonPﬁé?O/é? tivevesd
produced by hBJ?lseaS@va‘Me%gﬁgﬁlg% 5.nGhudG: x§chs%?“£eﬁv sKitérh Bouitf0ot 19 Bereln@M nat es,

pi pes, rods, bags, an ped arti c es bottles, cont ainers). The
articles may findt issfourds thoh gelas sedtents scapdbisppf fvgmbagwdrogﬁobendylgbegsnorend

gar bage bags; C L AGELO, n C ai ners
for frozen %ge‘?%gwaelfgp%}%?l%g%’? i“cal heusoeigsgﬁdc g;"A‘a‘c’ss[R(:hf;1£gu }e@m())@tggtg%l ngs
for medi ci neolafl balvdnt Ixmfﬁmgntbread;)udbﬁeamqoatyl tp the dcss'par@gt fdraneluspennaeg. f ood
wraps, sz ri %m aaf%%vepamgmunt %9‘6’1% olar selvo es wdl@% #hcpgdvgat‘yx € otsrcdlpme ert her
processed for Gs'e as an I nexpe S|ve3 Fegradaple carri F S OEheT

mat eri al s swedéd bsaxsmpbratmn sfegrdtlmdglozetu‘rsequé:dhce&n mek prmyssing sap;p#hlédesmhst he
films or sheet scrf or Sg hvises sugh 3s emr cons \ dmpc{g ¢ rT(H‘QSnIttI ons
of the presdhCPIAVENETHATRRVES T5h 58 %de ﬁ?’ ‘ﬂ‘mc?é FEureVBy
controll ed rramsowbosw‘ ast\h:ﬂl aso&,vaetr cosBs fﬁﬂd’iip@m&llfcgulgory oomipEance.pol ar

sol vents). Howev Qr. expandj n are generally i ncorporated
to produce articl |‘i‘?§‘%f’%fé‘??e‘aa5prt’[98§b’dgﬁP‘$ﬁ pr ‘é"c‘?’“ﬂ&?‘iﬁ? essing2iddp| ary
f oam ng K@r Gmmrfdﬁdﬂign HARN £ Vidddity SR IFRE P theFhePdofPositiond € ThehtBeesdiiitaid
carbonate salts such as sodi um bicarbonate, either 20 alone or in

conbi nat i on isFybRtantialy | volstzadcand ceraovap ideminghihe MeHRECTSINGta88 XYeh HRtEbs2 (e.

pol yacrylic r@sqauqyufct Db Serfifsih ke mwlomerms'\mw H&h&t'aﬁ%r%@k@tﬁe of the

foanmi ng and form ng processes are described in U t ent 5, 288, 765,
i ssued on Febengdy ynaiplus poother profutissi of|the final groducty Fhe polar solventpdisdossds, 895,

| Soued on danaie= Bt SN IRATHRMGIR i Qi i RE Dbl ol >0

i ssued a9 Apaibbnafes sGGOB sodburBhstmbalate. et al . ; the di scl osures of whi ch are

her eby i ncorporated. by reference he resul.t ant rod e in
egg cartons; foar@gloﬁ%lﬁs OftiSF 'ﬁ%fd"ff‘li/é'}aég s IMCRBAR nle"rsﬂfscofpl%éa& f g . meat

trays; plat esmpéstidaow modifr the rpeoctassﬁtaEilltySaﬁAdfautdﬁ ma8difAphicanpop&tiePauch ias;
packagi ng ITB.EEI’I als, either lgose-fill or nolded to conf ormto the packed

article (e.d asticityc Shsiig sEsnsthang modwuneftheing) prodyct - Nanlimitiag, pxamp "‘r?ﬁ{dérl al s;
and 30 noi serdsesibkiag 'a@éhté)rerrﬁl%ﬁk?s RLARENRY 1WFRE&H, dtier prackssERECATHN, Ap¥cal
Processes Extruder Apparatus S SEP 2002 25 The apparatus for carrying
out the process of the invention consists of an extruder having a. first
i nl et chanber containing at | east one conveying elenent, b. a heated
recei ving chanber downstream of said first chanber and containing 5 at

| east one conveying el enent;



Cc. a heated destructurization chanber, downstream of said second chaghe
cont ai ni ng kneadi ng and retaining elenents; d. a heated degassing ch 2002
under reduced pressure downstream of said destructurization chanber and

sai d degassi ng chanber containing at | east one 10 conveying el enent, and e.
a heated extrusion chanber downstream of said degassi ng chanber bei ng under
el evated pressure and having at | east one conveying el enment. Furthernore,
the extruder preferably has at |east oné delivery device for solids for
process step a, a liquid netering device for process step b, a degassing

fitting for process 15 st d, and.,a di,e far process step e. LW n.screw
ext r uder ha@ﬁgﬂgenaso 'Pya?fggﬂfﬂar%?ﬂﬁsd}(/ﬁ%’i %ﬁn%ﬂsh%ﬁf‘fs’t%‘ételgﬁw @Flf\é\%ﬁ' on is
preferred. ks, bfbﬁeg@icﬁSl@niynthHcﬁgbiyﬂﬁrs, twaResS t1aw CleliiRg &FhtBdticC BRrsplatia t ot al
wat er content, i.e. water of hydration plus added water, in the range of
about 5 to BYFHErs4BoKiiynEsrEiaBkignders, eempgeherrolanbiee emtiony ingedient>000 The
starch mat epj,abe hdsdeRlgBshtitics Bh@YPEGH 01 9B ORIy MREnLE: tRddohiptlift. 10 form a
pseudo-thernoplastic nmelt. Such tenperature is typically higher than the

gl ass transiti onExenplouy bipdegradable snthetie nolumers dricludp polyespradagtoneit eri al . For. t he

s 300, POy SRR p R ERT AR EREL B BB A SE o

pref erably pelylttales;andmixpfrestberedf. - 30C t 0 about 100C, and nost preferably in

t he range of abo - 30C. 1o about. . 25C. | The | £, enperature i.s
oret e ary i nt ALY R g g R o By FERBloBlith ol
pseudot her nagd ta siadify physical ppbpettiee siuchdeelhdtioity, dryetensile yiranptheanklwet steenpthvi ng a

shear rate dependent. viscosjty, as kno in the art. The viscosity

decr casdd wPtbe PrERekdteRy %445_&# PR{WPIEEY \REFSPRL AL AR YPS FAREIE Lom L9%to _
t enper at ur e70% 89 walght &l ABALVRIakiRk bists. IPEARA aBdigtRhArs, iréa derfa@®gd Vol ume in
the presence of a low 30 concentration of water to convert the starch

mat erial t ocEsypltkingeemie erblsifists: suefastnts, lubricantsoprateing and;their alkli gdfs.a cl osed
vessel of tBBIURIITRE sk BikyRlis! ke RRY mBin@ il @brmoBfisd GRflniua orl al as
happens i-n the 'screw of extrusion equi prnent. ressures created I1n a cl osed
vessel wi || tackifyingiesipg, exfenderssand mixturss thaeeof; dpseferrgshiedegnadablf sypfetis as wel | as

pressur g C i i ! rew barrel of
Phe oxt fadapoinel Bl ol hyRARGE ol At iy oiplafly kBl P D9V E0 o
t he nol ecul polylaetidghtandmidpts thereofg Othve prgfepred additives dndradsociated propersiesir ch

macr onol ecul es .resulting in a reductipon of th verage | e ar i ght of
the starch. ionue B ottt dafrbihfh A 2autts S SRt elffe B o  as o
mel t. Suit alle@resedtadvwstion, a préfetrekaddiive gaméain ginchtiOesganping ficeh 216946 toS60% Bpl e 5

i norgani c aci %B i nclude hydrochloric acid, sulfuric acid, nitric acid,
phosphoric ¥E&&8" and boric acid as well as the partial salts of polybasic
aci gs, 80 9. NaHsgﬂitdble xahide _rmu@g@pegﬁuélﬁ@kgeaﬁ@,gggelmm {6t s gdgﬂ@té Iude }‘_or mc
acid, acetic gcid, propionic acid, butyric acid, lactic acid, glycolic

aci d, oxal i E"HIOMER PrRfFiny 1Y PEPICiRsaPAtigR peed ARAITNS, ?f_tda‘@é%w@ei d, succinic
acid, and opli9facstataddi sucRed MSndtEAOWRrabddndrd Suad dum, bfle) gddli dMbiPaidirkialedsal t s of
t he pol ybasic acids. For the 10 present_ invention, the preferred catalysts
are hydr ochBwPs.eedtis) watersluplerdedvaivesef cellwpseiseah as alkglogtlulosa| udi ng i xt ur es
thereof . 'TheydGaaIceMifks hSolMleRGI RllodEhd sk lualeP Cudbiloamgid | ed star ch
used is by a factor of 2 to 5000, prefer'a’bl.y by a factor of 4 to 4000. The
concent 2at i polywtrscackhispolyactylic dcidst pedyacrylig ecidésterg pelyvipylagtatesnpl e of cat al yst
per nol e of - L4 ef er between 0.1 x 10-3 to Sx
10-3 nol e OP&QQE%{%@% h%é@ﬁ‘r@@@ ldﬁ{r?h{/tgfrggjg%u%gds'e unit of starch. The

fol |l owi ng exanpl ésbiidahtustopeinds g fitrthprebeatided)o s o@rthefipw propertiesanfdheoper at i ng
parameters for. producin tarch fibers. 20 EX |l e 1 The .purpose of this
example | Faep TRt apls Dickrdircr BEd B pRfvmialr ueeel BUPEPL IR “oross

secti on and lubibse gorRpiuhds ddh @isudé @nitnal edKgRsbIEfBSHrefRAblyiin their Bydrogenated

pseudot her | astic starch fibers were produced usjn t.orque rheoneter
assenbl y° 106 Fapeiplyt epeivichiagspld 4t ropm we&awfeq@dﬁ??e@m@fmé% 1y 100
includes a ¢Hclude méfbiglysdrifieimd(diBRBéRES AHIGHoNatlda kel cit &tor BRREOCOT d
90), a barrel 120 pa%t% tioned ({[%Pg f our ﬁgr.r%er ature zones 122, 124, 126 and
128, a feed Ppeent invontionga prpfsgedlubrigeny qompgund;iecludgpthe meno-glyvesrids| flyseetidr el

wi nder 140. mT)Wi)-@te%%feeW el ements 160 (nodel TwW 100, from Haake GrbH),
depicted in Figure |'b, are attached to the drive unit 110 and di sposed
within the barrel 120. A capillary die was made to fit the die 130, with an
orifice dianeter of 0.5 M 30 and a length of 5.6 nm The mandrel rew nder
140 conprises a 3 inch core mounted to a sinple DC driven 3 inch dianeter
shaft. The 3 inch core can achi eve surface speeds from 150 to 2000 fpm Raw
materials utilized included the follow ng: 0 6 SEP 2002 27 45% by wei ght

A ~ P~ o, . ~ N ~Nr—n 7 “AZ 2




5 15% by weight Sorbitol available fromA drich Chemcals Al raw material s
were mxed off line until a slurry was forned. The slurry was then ndh@éf?ﬂmz
fed into the feed port 121 of the torque rheoneter assenbly 100. 10 The
settings on the torque rheoneter were as follows: RPM 50 Barrel Tenperature
110 C Die Tenperature 105 C 15 Feed Rate 1.7 granms/ m nute After running the
rheonmeter for approximately 20 m nutes, the process stabilized and a single
pseudo-t hermopl astic starch fiber 150 eited the die 130. The single fiber
150 was nmnual |y wound around the mandrel wi nder 140. The w nder 140 was

then slowy sped_up, 20.f.0 900, feetl m nute surface speed in order to draw
the 1 ber 150" nEPBE A eR BoRBE o Rl e TS DGR THE LB

sectional arR@inubi)Silidém aRd @hni@h ndah ®c Wl & ihépeiisive TS peéstmeridédd) and 90
m crons. 25 Exanple 2 The purpose of this exaﬂylﬁ is to illustrate how
starch fi beAddigpaliyeingrepniesidle wngluding alkal wetal i, plcpline earth petelsalts, The

pseudo-t her mppb,ASE Lafts Sty bk LRARS pRteshii@iiide 1 Were cut into 8 nm | ength
staple fibers. The starch Staple fibers at a basis weight of 55 g/n2 were

air laidSonto a [sHeeeradditivesgmpy beridegjrablgbdapending troacthe radichlar end usPaf dret No.
4,637,859, wth 3 brd u.s. B 1P , 6,/2.248,
Py S Brlnin P s SRR o R et e

5,211,815 a a erein e al so "bei ng
j udged sui t didviad tifspes dndiothepsimparpeoductd veet ftrdnegthss avdesirabie attrébdtewiThis, itas efterat a

| evel of 20% .b d he ight of t fiber and .t hen dri,ed at ‘
o evat od ¢ oftbinar i bl el B broblechEke wRR S BREPrGh e Hendlly o
2002 28 ExaresplsP 3 : Starch Fibers Extruded Using A Vented Tw n Screw

Extruder The purpose ‘of . this exanple is .to illustrate . a yented twin screw
oxt 1 udorcont | GurSERERL ST o0 Seriies GG rErethicnts 1L RUbE PAREE AT Fbcr o

for the presenbudd#ETAPPIN mosSgRdphNsefibd BloS 20 WelBeEngds i Pafer ddhd APAefBaa
(Peterborough, Enahgnd).tmﬁn screw extruder 5 200, a cgﬁlllary e 212, and
a wi nder ( ndechairghAysociationsefdhe Pyip pndjBansr Industey{@epny ok sHi6aly Ehe mogawsetul

conpri ses a fakf&lQdnd Bk éeﬁerﬁ&pﬁécﬁtcgﬁor{i@hocﬂafa\éﬁr.Z@B@%idzgﬁicmxrdh%ﬁrzoz
encl oses the extrusion screws and m xi ng
resins are cationic polyamide amine-epichlorohydrin wet strength resins which have been

15  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 and both being hereby incorporated by reference. One commercial
source of a useful polyamide-epichlorohydrin resin is Hercules, Inc. of Wilmington,
Delaware, which markets such resins under the mark Kymene®.

20 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 3,556,933, issued on January 19, 1971, to Williams et al., both patents
being incorporated herein by reference.  One commercial source of glyoxylated
polyacrylamide resins is Cytec Co. of Stanford, CT, which markets one such resin under the

25 mark Parez® 631 NC.

It is found that when suitable cross-linking agent such as Parez® is added to the starch
composition of the present invention under acidic condition, The composition is rendered
water insoluble. That is, the water solubility of the composition, as tested by the Test Method
described hereinafter, is less than 30%, preferably less than 20%, more preferably less than

30  10% and most preferably less than 5%. The products such as fibers and films made from
such a composition are also water insoluble.

Still other water-soluble cationic resins finding utility in this invention are urea
formaldehyde and melamine formaldehyde resins. The more common functional groups of

these polyfunctional resins are nitrogen containing groups such as amino groups and methylol



el ements and serves as a contai nnent vessel during the extrusion prOCﬁﬁg é .
solid feed port 204 is disposed in zone 1 and liquid feed ports 206 a 55 2002
are disposed in zone 1 and zone 10 2. A vent 210 is included in zone 4 for
venting the pseudo-thernoplastic nelt to decrease the water content of the

m xture prior to extrusion through the die 212. The screw and m xi ng

el ement configuration 300 for the twn screw extruder 200 is illustrated in
Figure 2b. The twin screw extruder conprises a plurality of twin |ead

screws 15 (TLS) and single lead screws (SLS) installed in series. Screw

of “those | aen AFiTib AR0aRY phUEIMIRR e b IR Tna RS, B il "1

core of theirsentew dh eddtiin, teﬁperar}uwtlestrenglh teeladsnch sl Celdds®s 10 feannfantosed byf

Scrow. 1 ncr ket ogoaet Kol Y s ER nARhE Sl Chree ey of

the screw amnfiyibeadedaste plegenpineéiion.e generatlng capability of the screw. The
pitch of the screw is the distance needed for a flight tg conpl et e _one

revol utidn 25 of Fphie prsseat invention, auyypble Srogs-inkingpgent iradded & the cpBRPsiiaBnent
di aneters pgf &Hﬁtxé&%ﬂ%‘u@t@orﬁ gk LBy Rbigh thlab&iit 0% RBCHERS RBrel fREreRb,Ch Of
the screw increase the pressure generateg the screw and decreases’the
vol unetric @aﬁﬁ@PW§)kﬁbXW@g@é¢éﬂwtﬁ%éYﬁ@%b%h of a screw elenent is reported
as the ratio of length of the element 30 divided by the dianeter of the

el ement. This exanple uses TLS and SLS. Screw elenment 310 is a TLS with a
1.0 pitch azhe, cbldgylo€iihg Starchy ComposRiongw el ement 320 is a TLSwith a 1.0
pitch a t. 34 a SLS
with a f}? 4 pi tch 0}( egfoil%%} ‘1%%?\/,\/ of t%t s?aon§1 gjcng)é)\%&?e%é%n@pgg%nicg%é&&%nand a
"/ < pitch afigt scléohng | smitgitldn mamadn abd | fatyddatigra dqhipmeBpbocsses/ i MgnyaSadtorsi ng

el enents are al. ] nel yded .i seri ith the SLFS and TLFS scre in

or dor 't o onfmEBs o Hesoab bEuVEh af e Abief chmtosiipr nfBfad s B S60 and
reversing elengpé of JBGnaAd c3hPorhe 1S 0the ndédlRF welght AQRE Idledul 8 \Weagd

corresponding mxing time. In zone 1, Durabond A starch nd s rhitol are
fed into thdSEHufien PEé‘EF GRRRONSHS thA Fmoynt, pad, g g, e?F%itWF% (3 msameas »por t

208 f or Ak NG pabcBsinf UAils) Witheh pebcbQing 0dotiitibRy Gth haltbRperdti@S Gressure, 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).
The starch composition of the present invention typically has a high solid content
(i.e., a concentration above a critical concentration C¥) such that a dynamic or fluctuating

20  entangled network is formed wherein the starch molecules and the high polymers become
associated and disassociated temporally. The association may be in the form of physical
entanglements, van der Waals forces, or chemical interactions such as hydrogen bonding.
The starch composition having the entangled network structure exhibits melt flow behavior
typical of a non-Newtonian fluid.

25 The starch composition of the present invention may exhibit a strain hardening
behavior, that is, the extensional viscosity increases as the strain or deformation increases.
Typically, a Newtonian fluid exhibit a linear relationship between stress/force and strain.
That is, there is no strain hardening behavior in a Newtonian fluid. On the other hand, a
non-Newtonian fluid may exhibiting an increase in force at higher strain (i.e, strain

30  hardening) while still exhibit a linear force - strain relationship at lower strain (i.e,
Newtonian-like).

The strain experienced by a fluid element in a non-Newtonian fluid is dependent on

its kinematic history, that is



materials are conbined inside the extruder with water added at the liquid
feed port 206 to forma pseudo-thernoplastic nelt. The tenperature, yg 5P 2002
pressure, and correspondi ng function of each zone are provided in Table |

0 6 SEP 2002 30 Table | ZoneTenperature (deg F)Pressure (gauge

PSI ) Description of Screwl700Feedi ng219334M xi ng32680M xi ng42100Pr essur e

Decr easi ng Conveyi ng52050- 10Pr essure Gener ati ngDi €194430~hapi ng 5 Exanple 4

: Starch Fibers Extruded Wth A Non-Vent®d Twin Screw Extruder The pur pose

of this exanple is to illustrate a non-vented twi n screw extruder
configuration, depicted in Figure 3a);us éo make starch fibers for the
present invention. ' Starch ftbers®ar ge Usi ng an APV Baker

(Pet erborough, England) twi n screw extruder 200, a capillary die 212, and a

wi nder (not TRROHY or iafatoma%p%ﬁdenveﬂmi@ds baMed (RS HONEKS XStrtaiad@fy).C Qrok iagUiiedii on i s
illustrated in Figure 3a. The twin screw extruder conprises a barrel 202
that is sepiPaessgcquatugiaxial, elopggtien thersirrinEte erpenensed By (epay dluid glementrigsi on
screws and ghatt ROLELBIPMIpR s (REPERGI FressPsutR Bl e REERLs ppRcdkeetiAlll BY t he
extrusion process. A soﬁpgsfe%go‘ pg}gt 204SS|?5 di sposed isnaY)zone fqgﬁ%ggi qui d
feed ports H@cinstumenRGRvies er diossesdn sigh arpiddeal Icasa dhey Harckp strais cPhrelatesr ew and

m xi ng el emgnt ¢ (el i on . in screw extruder is illustrated in
Fi gure 3b. mﬁlﬁgcﬁlg(rel&e}&f?c%%’ﬁ)ggigfrﬁ’hg%oé{ggpéwognd sorbitol are fed into the solid
feed port 204 and urea is fed into the liquid port 208 formng a m xture
with a 60/20/20 wei ght ratio. Thesepgmatle(li/als are conbi ned inside the
extrudenow th water added at the liquid feed port 206 to 20 forma

pseudo- t her SogH aadidaCstitg] fespordeo pplipddtRisis MostPfieSshseed MNEwEaHidnefpdndi Ng
function of each 'IZh%r']I'%u%nera 1(2 'I!S g% teli Qsec-lr %belxgrelssl the extgns%naﬁﬁ'ﬁ))wz& gvig)r.l 'I-'[xgbl el
Trouton ratio is defined as the ratio between the extensional viscosity (ne) and the shear
viscosity (ng),
15
Tr= ne(e®, )/ ng
wherein the extensional viscosity 1 is dependent on the deformation rate (e®) and time (t).
For a Newtonian fluid, the uniaxial extension Trouton ratio has a constant value of 3. For a
20 non-Newtonian fluid, the extensional viscosity is dependent on the deformation rate (°)
and time (t).

Shear viscosity (ng) relates to the melt processability of the starch composition
using standard polymer processing techniques, such as extrusion, blow molding,
compression molding, injection molding and the like. A starch composition having a shear

25  viscosity, measured according to the Test Method disclosed hereinafter, of less than about
30 Pass, preferably from about 0.1 to about 10 Paes, more preferably from about 1 to about
8 Pass, is useful in the melt attenuation processes herein. Some starch compositions herein
may have low melt viscosity such that they may be mixed, conveyed, or otherwise
processed in traditional polymer processing equipment typically used for viscous fluids,
30  such as a stationary mixer equipped with metering pump and spinneret. The shear viscosity
of the starch composition may be effectively modified by the molecular weight and
molecular weight distribution of the starch, the molecular weight of the high polymer, and
the amount of plasticizers and/or solvents used. It is found that reducing the average
molecular weight of the starch is an effective way to lower the shear viscosity of the

35  composition.



ZoneTenperature (deg F)Pressure (gauge PSI)Description of

Screwl700Feedi ng21800M xi ng32600M xi ng42150Pr essur e Decreasi ng 0 6 SEP 2002
Conveyi ng519330Pr essure Generati ngDi e172150Shapi ng Exanpl e 5 : Foaned Starch
Fi bers Extruded Wth A Non-Vented Twin Screw 5 Extruder The purpose of this
exanple is to illustrate the various zones of a twin screw extruder w thout
a vent and the operating paraneters associated with each zone for producing
f oaned starch fibers which are | ower infldensity and having a higher
absorbent capacity relative to non-foaned starch fibers. Foaned starch
fibers are made using a fiber mak | appar.atus conpr.ising the tw n screw
extruder confi guhj‘a‘fi%ﬁ“ﬂ@p‘ﬂ%ﬁ‘ﬁ“ﬁg %?regg“@ﬁ alid ?Btgg‘?lrpr% “f‘?ﬁ‘b{ﬁ\’nf abond A
starch and s@ikitihgmeRbrcéesbilitibOtht RRatesial ih Gradigerhl PRfhoplOtc Froeksdts eathias f ed
into the liquid port, 208 forming a mxture with a 60/20/20 weight ratio.
These 15 nai¥fatigh okiRg EHRTUNER  iFAS Fonyertpaalolter gpraping thepmeplasics g8 at t he
l'iquid feedppQpibfiOfolyanifiand folR3RkIMelcies ARRL SsttdtioBltlveen ShG: VRERRY At LI €,
pressure, and correspondi ng function of each zone are provided in Table

| 11. Tabbfe Bndexragiomd viseesity of hegedenvertimabiiempoplagtipangeriatsind hisnds thetepbn of

Scr ewl700Feegi.ng2180 (-9 3 | 4 Decr [.N
Conveyi nQSZgggtO%r élgssglr\%ﬁ 2 e%gtg ?nmgaﬁrgggélggghgﬁﬁ%de%gﬁgsg)ﬁ?iﬂg l'?'ﬁl(tar‘c’}r}(f'flf)l astic
St arch Mel t viscdsdy, eSgi thoughghespmnglitydis @ propertoéonfrolrdrpsimadtydydneligextensibind

i nvention fromthe,pseudpo-.t her | astic I 0sifions pccurs by the
usual melt SBTIR B RRarS WRErPEk et B e SRR R el S s
non-woven t Bidanvipdosisyt inGelketngiatd Srmulafing @&lt §pirmable xiateridie ATHeGhdtyexkchsionat el |

I rnown in the arth Ext{ ded p Iglnerréjrs"lfunlder pressure, are forced through a
spi nner 0 SISATSHY 2P THERELYS @ad”l“i‘ tHal sEEEPHa8 )9°%%f  downwar d advanci ng
fibers. The fibers iahigrdore ie@ingd tb Nfirdl thal heCARERREIpARIoNS tof tRe pEBEdtON-type
drawing or attenuating air slot. U S, Pat. No. 5,292,239 5 issued to

Zel din, et #ventiogede potgexhibifosuch @ eommelstions behwaen, shiear pnhextensipnelo¥iseOSigRs f i cant
turbul ence 'SBecqmllﬁ'wheflh(m’ﬁh'p'al ef§iecteR abtdkdifY ©ile REENGARGIIGH 830ded 18RP! Y 2
drawing force to the fibers. For the present invention, structures are
produced fr etarch coinresition, the shsat Wicagjty, of theomnositigatremaingyelatvely inchanged,cond ot her

opti onal,.addj t| . j i . . i r 0.1 dto a
peeudo. thor nom) A8 Resel SIghilBadefob biHvEGichl Bor Wt oo oA BRUET 1 o
10 to a dr awkhibt Weéreas@d) nfelir procegsabilitye ptd e@bldynadrbeesvitalle dor melt nexgensidmalnwar d

processes. However, it is surprisingly found that the starch composition herein shows a

significant increase in extensional viscosity when even a small amount of high polymer is
added. Consequently, the starch composition herein is found to have enhanced melt

20  extensibility and is suitable for melt extensional processes (e.g., blow molding, spun
bonding, blown film molding, foam molding, and the like).

Extensional or elongational viscosity (ne) relates to melt extensibility of the
composition, and is particularly important for extensional processes such as fiber, film or
foam making. The extensional viscosity includes three types of deformation: uniaxial or

25 simple extensional viscosity, biaxial extensional viscosity, and pure shear extensional
viscosity. The uniaxial extensional viscosity is important for uniaxial extensional processes
such as fiber spinning, melt blowing, and spun bonding. The other two extensional
viscosities are important for the biaxial extension or forming processes for making films,
foams, sheets or parts. It is found that the properties of the high polymers have a

30  significant effect on melt extensional viscosity. The high polymers useful for enhancing
the melt extensibility of the starch composition of the present invention are typically high
molecular weight, substantially linear polymers. Moreover, high polymers that are
substantially compatible with starch are most effective in enhancing the melt extensibility

of the starch composition.



advancing fibers F. The spinneret 10 conprises an assenbly which is Eaﬁﬁﬁ
inthe art. The spinneret 10 includes a plurality of nozzle bores 12Vwi 00
hol e di ameters custonmary for fiber 15 production. The spinneret assenbly 10
can be adapted to the fluidity of the t so that every nozzle bore 12 has
the sane rate of flow The drawing unit 20 conprises an open upper end 22)
an open |lower end 24, and an air supply manifold 26 supplying conpr essed

air to internal npzzlgs, (ARl 1R QURh SBhibeRdad ub 1oﬂﬁx\éﬂ"<¥§{e fokdsQly As
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30 belt 30t enS|ty str ctu ‘e conprising ers. The
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preferr r duci n SLI the present invention is
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density str %Qwé@ﬂtﬁ?oﬁéﬂﬁ?p aed ma$trprqf@r9blhgreat§h@arsahw¢ é?o%rMQ@s‘Q@%ﬁ%Hbm in
the art. (3)th%va rgf(i: :cgr|1pcP sltioh Gf {h'eﬁﬁeséﬁ) qu'é&% Gh$ sﬁﬁ'&&t %’ﬁe]t@x{%ﬂ&ﬁﬁ@' 5 bk Q! S

toilet tiss tissue, ns an wet W pes nanifest “various
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20 10 microns, and most preferably less than 5 microns.

When the starch composition of the present invention is subjected to a biaxial
extensional process, the enhanced melt extensibility of the composition allows it to be melt
drawn to films having a finite average caliper of less than 0.8 mils, preferably less than 0.6
mils, more preferably less than 0.4 mils, even more preferably less than 0.2 mils, and most

25  preferably less than 0.1 mils.

The starch composition herein is processed in a flowable state, which typically
occurs at a temperature at least equal to or higher than its melting temperature. Therefore,
the processing temperature range is controlled by the melting temperature of the starch
composition, which is measured according to the Test Method described in detail herein.

30  The melting temperature of the starch composition herein ranges from about 80 to 1800C,
preferably from about 85 to about 1600C, and more preferably from about 90 to about
1400C. It is to be understood that some starch compositions may not exhibit pure “melting”
behavior. As used herein, the term “melting temperature” means the temperature or the

range of temperature at or above which the composition melts or softens.



structure conprising pseudo-thernoplastic starch fibers can have a basis

wei ght ranging fromabout 10 g/n2 to about 450 g/ n2. More preferably.,)§HeP 2002
structure can have a basis 15 weight ranging fromabout 12 g/n2 to about

150 g/ n2. Moreover, the structure of the present invention can have an
apparent density ranging from about 0.0% g/cnB to about 0.20 g/cnB; nore
preferably, an apparent density ranging from about 0.04 g/cnB to about 0.15

g/ cnB and nost preferably, an apparent density rangi ng from about 0.04
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casts, splints, and tongue depressors; and in fireplace logs for decorative and/or burning

purpose.
The melt rheological behavior of the present starch composition also makes it
30 suitable for use in conventional thermoplastic processes that involves biaxial extension of

the material. By having the proper melt shear viscosity and biaxial extensional viscosity,

the starch compositions of the present invention may substantially reduce the occurrence of
tearing, surface defects, and other breakdowns or defects that interrupt continuous

processes and produce unsatisfactory products. These processes include blow molding,



W pes require a pertain |evel of absorbency. Herein, absorbency neans
absorbent capacity which is a neasure of the anmount of distilled watdrg SEP 2002
absorbed and retained by the structure. The nmethod used for determ ning the
absorbency of a structure is defined below For the present invention, the
structure has an absorbency ranging fromabout 1 gWJa/ to / gDry structure
25 about 15 gW-~a ; preferably fromabout 2 gWw~ to about 14 gory Structure
gory Swetara gW-~ ; nore preferably froftabout 3 gwar~ to about 13 gWla/ /
gny swegnm swc~/ g pry swa~r~ (4) Anal ytical Met hods 30 (a) Sanple
Condi ti oning And Preparation: Prigr to testing, sanples are conditioned at
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increased at ,a rate o 250C..The tu ii,n the sanple is
det er m ned Lfg’l ‘ﬁe arteﬁ}fr lléﬁ?fpof%ésétg ﬁegerf’}ﬁzg |1;1h|eta}mﬁ esvx%m&ﬁ Jﬁ% tli’eéf |p5qﬁ§ssn%t art
Wei ght - V‘él@&lﬁde@ﬁ&@ flmB/Ddoatin g, elaminhted, Hfés Slods, tbaé%laghﬁhapt&‘irﬁclad (susagght s
arelnmlllgrgﬁ’éa b BaleWsi%AOwestaél f8{x)ll'esismaefrom
the precondiioftegniais e’;*watﬂ? s fay pd Yie 28 bpgsisuch as shapping bagseergeesy pagsh py 4
i nch squar e.anf ghish® kS pbuicRES fOCHIBI Soragd or%b@nmr@a@bnee&tﬁh&y e Fron
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measur entént fopd ; pAPhREnassYticak usesucksagpapsales T qafings SerdnasiFinga Tha Slnspnbe S a
m ni mum of  Qy,QekafGial dfﬁ“ﬂﬁ%lrédt [ dséastt‘é@@m}yb%m%&mﬂspso& wAn®we@Snielopes Fheon the

pan of the top | oa al ance. The bal ance is protected fromair drafts
and ot her d|fs1tr1§rrwrﬁ1@sbm%¢thg maoagssad forsise es an inpgpeypive; bigdegradabler eaiervipren t he

wer ght 1 cadi S RREASEIREARFpaBRRAAL AP o B Y Bl B BT ng
is 20 al so dﬁovotﬂerd:sd:sheclmml@hls reading by t he ar ea of the sanple which is
nor mal | ylSl6 SAUaT-fhe starch compositions of the present invention may also be made into a foamed
structure by controlled removal of the volatile components (e.g., water, polar solvents).
However, foaming or expanding agents are generally incorporated to produce articles
having foamed or porous internal structure. Exemplary foaming or expanding agents
include carbon dioxide, n-pentane, and carbonate salts such as sodium bicarbonate, either

20 alone or in combination with a polymeric acid which has lateral carboxyl groups (e.g.,
polyacrylic acid, ethylene-acrylic copolymer). Nonlimiting examples of the foaming and
forming processes are described in U. S. Patent No. 5,288,765, issued on February 22, 1994
to Bastioli et al.; U.S. Patent No. 5,496,895, issued on March 5, 1996 to Chinnaswamy et
al.; U.S. Patent No. 5,705,536, issued on January 6, 1998 to Tomka; and U.S. Patent No.

25 5,736,586, issued on April 7, 1998 to Bastioli et al.; the disclosures of which are hereby
incorporated by reference. The resultant products may find use in egg cartons; foamed
cups for hot beverages; containers for fast food; meat trays; plates and bowls for one-time
use such as at picnic or parties; packaging materials, either loose-fill or molded to conform
to the packed article (e.g., a computer shipping package); thermal insulation materials; and

30  noise insulation or sound proofing materials.

(2) Exemplary Processes
Extruder Apparatus



i nches, which is approximately equal to 0.0103 square neters. The “”iﬁ#%EPZMZ
nmeasure for basis weight as used herein is grans/square neter. This is

cal cul ated using the 0.0103 square neter area noted above. 25 (c) Cali per
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tensile strength”is determned on one T heh W de s rips o sarrpfé using a
Thwi ng- Al bert | nt el @ataididg Kneadithoand refaning klemdesgt er ( Thwi ng- Al bert | nstrunent

Co., 10960 Dutton, Rd,, Philadel phia, Pa., 19154). This nethod js intended
for use on finis dafb‘é[férdeg_fés“tﬁr%a‘&g?’é‘?g‘?éeéif‘“éé’ﬁ%f‘lé%?°“ﬂﬁﬂeaﬂh%féﬁ'\9‘erted
stocks. Two stacks @ur@nRlzhfch RiBbTBEsald dRPAskiRg clRhedialnif e thast AP | €S.
From one of these stacks of 8 plies, four Strips are cut 1 1nch by 7 inch

with thd0l ong 7 i nctpneyirenelementratdni ng parallel to the machine direction.

Not e these sanpl es [ | I AW ES- . L5 f strips
1 inch by 7 inc h%\'/\,i ?ﬁeﬁ{eﬁ?@é% cginﬁb%g%&%{gﬁéanm 3§ard8%?1§%g{f&b%}r%gﬂglug€€rt o the
cross direction. Aldewtspreasuee aedeving atrigpstoone gortveying dlB@ert- 10 or JDC- 1- 12

0 ST ety L L BBl B T i ARRO PR o,
inch by 7 i pedeeststep psa lihiduhétertngtdaviekfor piotdss staeb, & degeskinglfining Sir processnni ng
par el Lt o s RGN Shcection and Lour LSRRy ZADCD GRS, © P oS
which run in the same direction is preferred.
For the present invention, the starch material can have a total water content, i.e.
water of hydration plus added water, in the range of about 5 to about 40%; preferably in the
range of about 10 to about 20%. The starch material is heated to elevated temperatures
20  sufficient to form a pseudo-thermoplastic melt. Such temperature is typically higher than
the glass transition and/or melting temperature of the formed material. For the present
invention, the glass transition temperatures are at least about minus -30°C, preferably in the
range of about -30°C to about 150°C, more preferably in the range of about -30°C to about
100°C, and most preferably in the range of about -30°C to about 25°C. The melting
25  temperature is preferably in the range of about 100°C to about 180°C. The pseudo-
thermoplastic melts of the invention are polymeric fluids having a shear rate dependent
viscosity, as known in the art. The viscosity decreases with increasing shear rate as well as
with increasing temperature.
The starch material is heated preferably in a closed volume in the presence of a low
30  concentration of water to convert the starch material to a pseudo-thermoplastic melt. A
closed volume can be a closed vessel or the volume created by the sealing action of the feed
material as happens in the screw of extrusion equipment. Pressures created in a closed
vessel will include pressures due to the vapor pressure of water as well as pressures

generated due to compression of materials in the screw-barrel of the extruder.



20 direction. Each of the four eight ply stacks of nachine direction and
cross machine direction sanple tensile strips are neasured in the 06 SEP 2002
Thwi ng- Al bert Intelect Il Standard Tensile Tester. The four measurenents of
the 8 ply stacks of machine direction sanple tensile strips are sumed and

di vided by four, which is the nunber of machine direction strips tested.

The 25 sumis al so divided by eight, which the nunber of usable units per
tensile strip. The calculation is repeated for the cross machine direction
measurenents. All results are in units of grans/inch. Appropriate unit

conversions may Qe made to achieve units af grans/cm reported herein. 30
(e) Initial Wet %&H&'i“ﬁ‘é‘s%,‘t“rcéﬁgvfhwgﬁﬁf"t“H‘&S?’Hi"?ﬂ‘%‘?pﬁwéf?‘gﬁ‘}ﬁf§?’1“§“%§? engt h

det er m nat i @fycosiiiPBundé MRhdtartRadrifidlecuflPsEltihGinlareRictfbfite Wedags for five
seconds prior to the tensile strength neasurepent. The wet tensile strength

i s det er ni n8WlesHapwkEeht o the wiateh, ey Geysedde reduspdhevisropificetshemsgiiday- Al ber t

Intelect 11 }Iﬂm N&|; : L. NG I d ., 10960
Dutton Rd., et %éérﬁ‘ag‘o%‘g{aglgIﬁ‘?ﬁ%ﬁ’é@%@?a@a@ o ?‘%Z‘)E"Z‘%W%"@?nch Vit

St r engt hs Dewiocganic@aitlninolyddNuydbashlorig aqii, slfiwicagid Alitie peid| nhotphomesrid, @d , 10960

Dutton Rd., . Phi l.pRi Pa.. i t m [,on and wet
tensile tes'P F#nég%‘:ﬁf%g% angﬁcg?lgh%ﬁ%%gb{;&raggs’ie%'a or%gﬁgﬁpﬁﬁi%gen at 105
t 3 degree Geitableusgdnaracals pehide tbrinfc abidndcatid agl, propiosie eciddsityritheidslactipl es
shoul d be sus

ended in,the. oven.such.that. the .forced.air can circul ate
ot ween ¢ hofli BBt @R AT Al i hns b e Pl BR M B o st ng
shoul d t ake ofheBsiganid dchisknbéwicinehddrt, iRdiaf pirtisl selans tipolybssipaidt Borchand
hum dity room Two stacks of 5 plies each are.nmade fromthe cured sanples
after cdfdi Prest H’d?“t’li’PotE? HHES“B‘F Calphstsar akygeqsélom s, i@ﬁmcia@@: oGS s 1 | ps are
cut 1 inch B¥d4AndiiGhy Mixtledth®edfong 4 inch dinension running parallel to the
machi ne direction for machine direction sanples. An additional four strips

are cut 1 inch byharedution of tha molesulporright of the rongnedified sasch ysadisiby 2paral l el to

the cross digfegfbF 9N 5@, SrEREDIyHyaGadtdrOP 4 874080 SPhe Ddenfrition RERIPREIR !SI N @
paper cutter (JDGC 1-10 or JDG1-12 wth safety shield from Thw ng- Al bert
| nstrument  ¢s.range @6 50° PUtOrHoRe4 eatalpit pérawdt ¢fienkydrotglugnse unit, rofarybly Ther e ar e

a total ,of ej les: ' ' i ' 5 plies
thi ok witgh Thosp ERTRISS sclhor ot Rty bl AR Pt B Fon
and four 1 The following examples illustrate the type of extrusion equipment and operating

parameters for producing starch fibers.

20 Examplel
The purpose of this example is to illustrate starch fibers extruded at a particular

cross section and subsequently drawn to a reduced cross section. Drawn pseudo-
thermoplastic starch fibers were produced using a torque rheometer assembly 100
illustrated in Figure l1a. The torque rheometer assembly 100 includes a drive unit 110

25  (manufactured by Haake GmbH, model Rheocord 90), a barrel 120 partitioned into four
temperature zones 122, 124, 126 and 128, a feed port 121, a single capillary die 130, and a
simple mandrel winder 140. Twin screw elements 160 (model TW100, from Haake
GmbH), depicted in Figure 1b, are attached to the drive unit 110 and disposed within the
barrel 120. A capillary die was made to fit the die 130, with an orifice diameter of 0.5 mm

30  andalength of 5.6 mm. The mandrel rewinder 140 comprises a 3 inch core mounted to a
simple DC driven 3 inch diameter shaft. The 3 inch core can achieve surface speeds from

150 to 2000 fpm.

Raw materials utilized included the following:



inch by 4 inch strips which are S plies thick with the 4 inch dinension
running parallel to the cross direction. Each of the four five ply s{gc$ep 200
of machine direction and cross machine direction 20 sanple tensile strips
are neasured in the Thwi ng-Al bert Intelect Il Standard Tensile Tester. The
four nmeasurenents of the 5 ply stacks of machine direction sanple tensile
strips are summed and divided by four, which is the nunber of machine
direction strips tested. The sumis als¥ divided by five, which the nunmber
of usable units per tensile strip. The calculation is repeated for the
cross machine direction neasurenents. 25 All results are in units of
granslinch. Appropriate unit conversions rnay be made to achieve units of
grans/ cm as 45%ivwentht DaraBodd. A Chth sbegayReNYMonall&taeh | € (Soaked for 30

m nutes) Sane as the Initial Wt Tensile Strength except the sanples are
al l onved to 2BHLYIYFIOWAE water for 30 minutes (t 30 seconds) prior to Vet

Tensil e Strqpgiyy W URL aviifble HofAREdH EhéndfidaBXi i 11ty as used herein is
defined as the Slope of the secant of the graph-curve derived fromforce

vs. strefch 196dutvecighih Serhiteleezilable famsddrichfhsaddalst he origin (zero 06 SEP
2002 38 stretch, zero force) and through the point on the graph-curve where
the force per centineter of wdth is 20 grans. For exanple, for a sanple
whi ch st r et tieswhdSérials.veers mixed offhcuntibh sluapgahiormed. Th2Glugy aastheh f or ce per

f e wi f hr ough (0% 0) and (10% 20
'S 2. 0° st ngrbAb haf BT Erpls L IR oo ZH IO ) "5 s

herein nmeans the geonetric nean of the nmachine-direction flexibility and
cross-machine-directign flexibility. Nhtqenatically, this is the square
root 10 18f tlhesqstingg 9 fhedpraparheqmelan e aaifello¥si on f1exibility and
cross-machine-direction flexibility in grams per cm (h) Absorbency

Absor bency herein is defined as the anmount (grans) of distilled water at 73
2 F 15 per &'3n of sanple KBl d by the sanple after it has been subnerged in
a water bat gberréhfaikod qiod9 t 3 seconds and then allowed to sit in a
horizontal position for 120 t 5 seconds followed by 60 t 5 seconds sitting
at a 75 angllie Tempasatersur ed 18% fC of hori zontal ).

15  Feed Rate 1.7 grams/minute

After running the rheometer for approximately 20 minutes, the process stabilized and a
single pseudo-thermoplastic starch fiber 150 exited the die 130. The single fiber 150 was
manually wound around the mandrel winder 140. The winder 140 was then slowly sped up
20  to 900 feet/minute surface speed in order to draw the fiber 150 increasing the fiber length
and decreasing the cross sectional area. The diameter of the wound fiber 150 was between

70 and 90 microns.

25  Example 2
The purpose of this example is to illustrate how starch fibers can be arranged to
form a starch fiber structure. The pseudo-thermoplastic starch fibers of Example 1 were cut
into 8 mm length staple fibers. The starch staple fibers at a basis weight of 55 g/m2 were
air laid onto a papermaking forming fabric as described in U.S. Patent No. 4,637,859, with
30  the fabrics of U.S. Patent Nos. 5,857,498, 5,672,248, 5,211,815 and 5,098,519, all
incorporated herein by reference, also being judged suitable for this purpose.. The fibers
were misted with water at a level of 20%, based on the weight of the fibers, and then dried

at an elevated temperature to produce a bonded starch fiber structure.



A preconditioned sanple is cut to a size of 11 inches by 11 inches. The
Machine Direction of the sanple is marked and the sanple is wei ghed ofg 002
torsion balance to 0.01 20 granms and recorded. This is known as thd 3‘?})?3
Dry Weight. After weighing the sanple, the dry sanple rack (further
described below) is placed on the balance and the weight is recorded to t
0.01 grans. This is known as the Rack Y Wei ght. The sanple is placed on a
rack and covered with a rack cover, fur her descri bed bel ow. The sanpl e,
contai ned by the rack and rack cover, is gently and conpletely 25 submerged
(to a depth Q I illed water at
a terrperaturEnggﬁlP%Sér%D?gr xg-gﬁédzgﬂﬁ %o‘yﬁ ted %lgg%aﬁxﬁgld?hbnerged for 30
3 seconds, the sahppwpass ofpbistekamplaissedlugtiatea mwﬂ&wihy;rpwtemnieack cover is

120 5 SecoRauaAten dBreROnaaTte Wit Ui e e RS rd i nfiofhe S0

hori zont al B&ﬁdhtﬂbafs,ardlbﬁicﬁ fusifig & bt NEV@Qk&rMBetérB&KthSEwH) twinbdpedexdfullet t hout
t ouchi ng the owi ng the drying of the rack and the conpletion of

the hori %on?%q "‘§FR“(14%S‘°|3(’—5@’|36Q13Wt‘!‘?é‘@%fék“&‘ﬁd sanpl e together are gently

rai sed so that thgsMNRERIFIRIA, 86 thiRRerbw eRtudefcorpEbe a baddl 202 GhaSEP 2002 of 75
fromhorizontal and allowed to sit in this position for a period of 60 t 5

seconds. Af seperatediigfo Sive Tanagy The bperd 20Lenclosss)the axfrusiehssraws@prd Bidngs anpl e ar e

returned t 0 RmRRL hiBhal as&%hﬁfn%n@e&epdmﬁﬁg g @ktﬂlstoh?)ch@s%kN s3lid reeégo@f
standi ng water. The rack and sanple are gently placed on the bal ance and

the wei ght 204 Bdisgesadrin Zoge ta@drqd@cfced'ﬂqrtsm@nﬂ Ad%wre dispasheinZo8ahpidezoand Rack
Vet Veigpt. , ?.eveﬁ‘tbﬁBrlsbﬁﬂﬁé’ 41 d?b[%g4%m}8%tjng%h QFdoél ﬁm%@& 1A%t of 8lordall €€ (3)

machi ne dlrec i on ‘sa SS nac I'rection sanple
During the dfc@&sermdmtnéthdnﬂi)em;)ﬂﬁrtﬁTEzEtﬁ.lSl‘oElt’lEmIghthehbe ZiRoss- machi ne di rectl on
of the sanple is placed at an angle of 75 from horizontal. 10 An
illustration of the sanple rack and cover is shown in Figure 5. Both

i nclude frames 4Qfe spdvsiddusikiag elinedt@ofbiyulitioB oG Haﬁh@ae@aﬁmdr 2otier
Fabrication) with a _¢crosssecti on shown | n Figure 6, The out5| de di mensi ons

405, 410 of usEated igfiguredy The bvin suey extadorromppiss @ ppyalityof fvinlgadagrewsc hes .

Nyl on t hs eagrE3QAnd Qnd@TondicvRY(SL) ihstalled glh&he.é StleWREnRA AfeSchhdi@eredm NUM
frames 400 in a pattern shown in Figure 5. All diagonal threads go 15 over

t hose t hr ead¥ themmbergf pratipeava feady and rRh‘F’é)P“b@Féﬁaﬁ%l to the frames 400. For
each of the 6 tests, the followng calculation is made (all units are

grams): Sanple V\?:[eleé\/@% g%lht; %&%@%eﬁ%%&f@)%wﬁ%a@&ﬁ%& of tl%as%}%vpr y Veight 2o

Absor bency = ~s~ Sanmpl e Dry Wi ght The
cal cul at i on elegiente Jbainwubef of lewla drilicafes thamuBberwé Hights vaerpingdheicond 4t aBy absor bency

number s 20  given location along the length of the screw. Increasing the number of leads reduces the

volumetric capacity of the screw and increase the pressure generating capability of the

SCrew.,

The pitch of the screw is the distance needed for a flight to complete one revolution
25  ofthe core. Itis expressed as the number of screw element diameters per one complete
revolution of a flight. Decreasing the pitch of the screw increase the pressure generated by

the screw and decreases the volumetric capacity of the screw.

The length of a screw element is reported as the ratio of length of the element

30  divided by the diameter of the element.

This example uses TLS and SLS. Screw element 310 is a TLS with a 1.0 pitch and
a 1.5 length ratio. Screw element 320 is a TLS with a 1.0 pitch and a 1.0 L/D ratio. Screw



are averaged together and reported as g W-a (granms of water / grans

sanple dry ~n~.~ swn~2 weight). 25 (i) SHEAR VI SCOSI TY The shear vi Bc,ﬁos.aﬁptmz
of the composition is measured using a rotational visconmeter (Mdel DSR

500, manufactured by Rheonetrics). A preheated sanple conposition is | oaded
into the barrel section of the rheoneter, and substantially fills the

barrel section 30 (about 60 grans of sanple is used). The barrel is held at
a test tenperature of 90 OC. After the 4oad|ng, air generally bubbles to

t he surface and does create problens for the run. For a nore viscous

sanpl es, actl 1o runnin be use nol t en
sanpl e of eﬁ F“ﬁ‘ﬂ)tp?g $L%r"f'ﬂba 0|pst§b”r?gtaelrbele %b PREYr 2R Sqr?'g&rﬁ aé‘ plied
stress fromalfpitchtand a B 16fth @61 40 dyne/cmto S000 dyne/cn1 The strain
experienced by the sanple is nmeasure by a strain gauge. The apparent
viscosity of the conposition can be derived therefrom Then |og (apparent
shear viscosity) Huﬁba%mdie%@s@&wlﬁg%s rhiflg CRAMEAS ark k8 IncRBEH fhiQedsQicnl S fitted
by the power law tl = K yn-1, wherein is a material constant, y Is the
shear rafe. ttﬁﬁéFIS@pMLE\'ﬂscgvesheaudet\m sehasdetnyixing. Nh@otstcenftghra@emﬁmfbllobabn herein
IS an extra t i gw rel ation.
(j) EXTENSI % ?@%P?&Yﬁ%ﬁé%{??s eﬁg ?[gdngsiag\r/eﬁég&lo@lo?& r }02:% ﬁg(g\sfg)&eg d usi ng a
capi |l l ary r khemespérding(mifpulgkimé0 Rheograph 2003, nanufactured by Geottfert).
The measurenments are conducted using an orifice die having a dianeter D of
0.5 mmand a length L of 0.25 mnm(i.e., L/D = 0.5). The die is attached to
t he | ower end of Imzdnan|PhrabontiACdmarttsank ebrtlitéltarecfed @ad the me*eemtporteo&ﬁmgooc. A
preheat ed sanpl.e conposition is |oaded into t ection qf the
oot db, SR 1<ish Saae Hiaif Jort o8 BfiRge B PG aADRHAD wRERRGE KB osadi ng,
air gener al InatdeidRRtLDMbMed BRide ufefemcrl@uaw@temQ& £ (RAiqRidFedoftPB6 tor t he
run. For nore viscous conpositions, conpaction prior to runni t he test
may be used fers & psgudorbermplesis meknhetemperaires BiSHEE: mdrcorrﬁépﬁmdsma)%mft@n

pr ogr ammed I the barrel through the orifice die at a
chosen rateh?ﬂRH§ eaggﬁgﬁgaggg?ﬁgggn1the barrel through the orifice die,
the sanpl e experiences a pressure drop. An apparent viscosity can be
obtained fromthe pressure drop and the flow rate of the 20 sanpl e through
the orifice die. Corrections are often applied to the apparent viscosity
foll owi ng procedures generally known in the art. A shear correction factor
and Cogswel| equation are applied to the cal culation of the extensional
viscosity. The corrected extensional viscosity at 700 s-1 is reported. It
is known that the extensional viscosity can be neasured using an or7fice
die and 25 applying the correction factors, follow ng the method descri bed
herein. More details of extensional viscosity neasurenents are disclosed in
S. H Spielberg et al., The Role O End-Effects On Measurenents O
Extensional Viscoisty In Filament Stretching Rheoneters, Journal of
Non- Newt oni an Fl uid Mechanics, Vol. 64, 1996, p. 229-267; Bhattacharya, et
al ., Uniaxial Extensional Viscoisty During Extrusion Cooking_ From 30
Entrance Pressure Drop Method, Journal of Food Science, Vol. 59, No. 1,
1994, p. 221-226; both are hereby incorporated by reference. It is also
known that the extensional viscosity can be neasured using a hyperbolic or
sem - hyperbolic die. Detailed disclosure of extensional viscosity
measurenents using a sem -hyperbolic die is disclosed in U S. Patent
06SEP1002 41 No. 5,3S7,784, issued October 25, 1994 to Collier, the

di scl osure of which is incorporated herein by reference. (k) MOLECULAR

VEEI GHT AND MOLECULAR VEI GHT DI STRI BUTI ON 5 The wei ght - aver age nol ecul ar

wei ght (Mn) and nol ecul ar wei ght distribution (MAD) of starch are

determ ned by Gel Perneation Chromatography (GPC) using a m xed bed col um.
Parts of the instrunent are as follows: Punp Waters Mddel 600E System
controller Waters Mbodel 600E Aut osanpler Waters Mddel 717 Plus Col unmm PL
gel 20 um M xed A columm (gel nol ecul ar wei ght ranges from 1,000 to

40, 000, 000) having a length of 600 mm and an internal dianmeter of 7.5 mm



Detector Waters Mbdel 410 Differential Refractoneter GPC software MQ%E@P 200
M Il enium software 10 15 The columm is calibrated with Dextran stand

havi ng nol ecul ar wei ghts of 245, 000; 350,000; 480,000; 805, 000; and

2, 285,000. These Dextran calibration standards are avail able from Aneri can
Pol ymer Standards Corp., Mentor, OH The calibration standards are prepared
by dissolving the standards in the m)biie phase to nmake a sol ution of about
2 mg/ M. The solution sits undisturbed Bver ni ght. Then it is gently swirled
and filtered through a syringe filter (5 ~tm Nyl on nmenbrane, Spartan-25,

avai lable from VWAR) using a syringe (5 m, NormJect, available from VWR).
The starch sanple is prepared by first making a m xture of 40w % starch in
tap water, with heat applied until the m xture gelatinizes. Then 1.55 grans
of the gelatinized mxture is added t%ng grans of nobile phase to nake a 3
nmg/ M sol ution which is prepared by st#? ang for S mnutes, placing the

m xture in{@gndVen] fdmperhette(deF) ONE Piediire (Fa8RPMIINT [ MRsEApKbIEESHeWM Jhe

oven, and ¢QOTTTIg %y roOM tenmperaturg. The sot uton [[igediid Tered using the
sSyringe an;z;yu g Lg‘3| Her—as—desct '}Abu' above—The—f I—Ni&ﬁgbdﬁt olll_doll tHor

sanpl e sol yE-er—-stiaker—ap—by—the—gotosanpler—to—FHhysh—gut—previoust est
mat eri al s IHH—a—1L00 %?‘rg --ecti-on—-ogp—and—nj-ect—+he ‘j\\@mg&p test—ratqri al
into the cofum. TP% Ocolum is held %t 700C. The sarégés‘gfga‘ﬁaasfr’lgomthe
colum is neasuredl against the nohifl e phase hackgrol NEYIE differentli al
refractive |Pndex de?®ct or hel d at ¥ and with the |$&essire Cenarafingangd set
at 64. The|Mile ph¥se is DVSO with#30.1 % w v 20 25 Shaping 42 0 6 SEP (2002
Li ar dissolved therei'n. The flowrate is set at |.0OrM/mn and in the

i socrati e (i.eq. the nohile ' durin he run). Each
st andar dgoﬁg‘%ﬁ‘%‘%“ 'Fgar?huﬁlbf ﬁtﬂd‘ﬁrﬁﬁ%ﬁ‘é%@oﬁﬁggﬁm§craehv§£’{t'ﬁ'e ®fesults are
averaged. The avdahap@psseloethid exsimple isg illuettatd dwonkvegled paih gerew exteudpr ovi ded by
the material 5 suppliers. . THERVAL | PROPERTI Theral properties of the
br esent st ar BTy SFTF i Eds S b i HERT SHTeR M AN HERPUREET DG 2010
whi ch has* bgaichdietstiketh@id using hinPV Biket(Petodbidugls Eagiahad) GwinwbrewRxitair 10 an
nmelting tenperature (onset) of 156.60C and a heat of nelting of 6.80

cal ories pert0Qrsanillapt diegddrand g winder @at shpsm; cal literature. Standard DSC
operating procedqhenfifienfRMWhackWeRiud: (RaERhtidAGs Mafkedd ih Pigieed. TRve to the
volatile evolution (e.g., water vaporé fromthe starch conmposition during a
DSC neasur efuhiscred ekirgler cammuses abamelefd thapis separated ingp fige zanagy Bedpreld0dsed to
prevent the eﬁ’ﬁ&s@?ﬁ'\e Q,Etm\g{ah@&raw&dfrﬁiseﬁgalaﬁerﬁ@&m's@rvpéﬁ-ac miﬁﬁmwe&exﬁ and an
inert reference (typically an enpty pan) are heated at the sane rate in a
control | ed d@nungtbaentrusion Pibesss.ah selit feed podr20p sselisposeg limzome ¢ hahliguidfeedir s in t he
sanpl e, the | NSLT. t,. Ne r flowto or fromthe sanple
versus t hat po?%%égﬁdr%ggﬁgrdlespgsr%gﬁ‘czg).ge #E@d%&ﬁs rTunent is interfaced with a
conput ertsf or contlhekdréwignd thizingekmeptaoafigiraios fqrehegwin scheev dx¢radarmygy/ cool i ng
rate), and fil‘ﬂ;rs co in%(;tuirglgd calculating and reporting the data. 20 The
sanple is wei gHe I'nt® a pan and enclosed with an o-ring and a cap. A

typi cal sanpl e silzeoned, Rirabdndmi dtirtigandyerbitdihe: fed mtothe sbljdadeed pprt2Ddestd i n t he

instrunent and.the.co ter is ramed for .th nal surenent as
SRR T PR S S N e BBy s el
100C/ mi n t 0 raffAfsrarefoond@ed isiAe the eRiniief RBh RhterladAEGt tHe-ligalidtbedqjortOBE M n to
300C, 6. equilibrate at anbient tenperaure for 24 hours, the sanple pan may

be remov8d fi¢Ea pspedorthermoplastic mattn tThe KENPETRAES Brepsirea 2Rd FRTTEPORERE RIAGH o nnent

at 300C in tohkRh 3chetd biiQdk in Tablt ft Urn sanpl e pan to the DSC instrunent and
equilibrate at 00C, 8. hold for 2 mnutes; 9. heat at 100C mn to 1200C;

10. hold for 2 mnutes at 1200C; 06 SEP 2002




43 11. cool at 100C/ mn to 300C and equilibrate; and 12. renove the used
sanpl e. The conputer calculates and reports the thermal analysis requg SER3002
differential heat flow (OH) versus tenperature or tinme. Typically the
differential heat flowis normalized 5 and reported on per wei ght basis
(i.e, cal/mg). Where the sanple exhibits a pseudo phase transition, such as
a glass transition, a differential of the DH v. tine/tenperature plot may
be enpl oyed to nore easily determ ne a3dl ass transition tenperature. (m
WATER SCLUBI LI TY 10 A sanple conposition is made by m xi ng the conponents
Wi th heat and stirnng until a substantially honbgeneous m xture is forned.
The nelt conposition is cast into a thin filmby spreading it over a Teflon
sheet and cooling at anmbient tenperatUieIThe filmis then dried conpletely
(i.e., nowater in the filnico sition) in an m/F_u_arr" 1000C.__The dried
filmis thedosquil Bemaneeaprs (deg Ehm| Pestsiiss epysed SDThDesqript BY flilmis
ground 15 i{hto smalT0 pellets. 20 T& determine the|BeedBBi ds in thg sanple, 2
to 4 grans|@f the pl&%und sanple i §0placed in a preMmengthed netal |pan and
the total Wweight of2éan and sanpl ¢0i s recorded. ThMixisg ghed pan gnd sanpl e
is palced in a 100[Qwven for 2 hoyms., and then tpkesuRDecadnyel|ghed

i medi ately. The % solids is calcuylated as foll owsco@eyi'hgis - (driled wei ght
of n-round[Fampre Ki@an - wel ght ofgpan) X 100 (T PrebsulO AatifY round
sanple & ptbié WeT 0¥ of —panm)—To ygtgr e t1e So S%{n tyof—tme|sanpl e
conposi ti om rgh—1o—grams—of—ground—25—sanpte—TtTh—= 2 . Add
dei oni zed water to nmake a total weight of 100 granms. M x 30 the sanple and
wat er on a ExamplelSaFearhal StarchiRihereExtridadeVith Al Non-WeptehTwin Sreweast 2t nL of
stirred sanfkerudet o a centrifuge tube. Centrifuge 1 hour at 20,000g at 10C.
Take the super naTagpurpdse bhthiserirhple fsugtilsteadé eardosizanesef attivin scefr act i ve

i ndex. The % solubjlity of the sanple is calculated as follows:. Sol uble
Solids = (RE¥UdEs yithoui %ﬁ?@&af@)th%%@ P8 REGATELS %%“‘at%*d weitcgent 2088 50144 EXAMP~, ES
The mat eri abgpdiifgifohMed S8 cIERRPPVIASh AL Hvabinfdehdit9 Whd hdvingStiRdhefAIbrbentd

nodi fied starch having a wei ght-average nol ecul ar wei ght of 100, 000; Nadex
i s a nodifi &PasibaERAvhianPrripamedesrgh fibgs fosmad parck berafre mode iingd fiver 000; 5
and | nsant ‘nﬁkQE Lpdasand BRPHifih e BiR bl BAMUAG oA MR LefUEd @ lageul ar
wei ght of 800, 000; all are available from National Starch and em cal s
Corp., Bridgeddlter, NJ. Superfloc A-130 is a carboxyl ated pol yacryl an de
havi ng a wei ght -average nol ecul ar wei ght of 12,000,000 to 14, 000,000 and is
avai l able from Cytec Co., Stanford, CT. 10 Nonionic pol yacryl am des PAM a
and PAM b havi ngImzaneil gburatzone Acstpechrant eerbitel are fed into the solid feed port 204 and

urea is fed into the liquid port 208 forming a mixture with a 60/20/20 weight ratio. These

15 materials are combined inside the extruder with water added at the liquid feed port 206 to
form a pseudo-thermoplastic melt. The temperature, pressure, and corresponding function

of each zone are provided in Table IIL.

Table III
Zone Temperature (deg F) Pressure (gauge PSI) Description of Screw
1 70 0 Feeding
2 180 0 Mixing
3 260 0 Mixing
4 240 0 Pressure Decreasing
Conveying
5 220 30 Pressure Generating
Die 225 150 Shaping

20

Pseudo-thermoplastic Starch Melt Fiber Spinning
The production of fibers according to the invention from the pseudo-thermoplastic

melt compositions occurs by the usual melt spinning processes. Devices for producing



wei ght of 15, 000, 000, and 5, 000,000 to 6,000,000, respectively, are 06 SEP 2002
avail able from Scientific Polynmer Products, Inc., Ontario, NY.

Pol yet hyl enei m ne havi ng a wei ght -average nol ecul ar wei ght of 750,000 is

avai l able from Al drich Chem cal Co., MI|waukee, W. 15 Parez 631 NCis a

| ow nol ecul ar wei ght gl yoxyl ated pol yacryl am de, and Parez 802 is a | ow

nol ecul ar wei ght gl yoxyl ated urea resin,, both are avail able from Cytec Co.,
Stanford, CT. Pluronic F87 is nonionic poloxomer, avail able form BASF

corp., Parsippany, NJ. Urea, sucrose and glyoxal (in 40% solution in water)

are avai | abl 10 frernﬂ f?iqu{o lC%q%%Elfﬁl%& fr&‘ﬂ fft(rjdr?e%l w&ga d:ll kﬁwl\tﬁ‘e 61 A

mel t processaBI e corrp05| fon 0 e 1 nven by m Xi ng 45w %
starch (Cr y&traIExaxde)d polyhefSutnBeér pressure, 4reJoratDthmugh ogpinnemhfbriBingvd Yértlicale wat er ,

and 25 manuall i rei to forma . .slurry. Palvacryl am de (PAMa, Mv =

15, 000, 000) ¥ gl g%f%@%‘owﬁwvgf@,zn%g sy, e %&1{% %f&ﬁ&%\ﬁn]%" s‘%‘hﬁ"i Bn. An

al i quot of tdibﬁjuﬁaioﬁﬁi&ﬂh/a\/sﬁ&tﬁxh tmldwm@gbriaae@d@tmlﬁsmtthe; Bitum.ys,zgmwr in the
slurry is then evaporated until the weight perc crylam de in the

pPa
final m x5tur‘é9“F‘§t CM & al7iarcd §niidi diselnses V‘é"@‘ﬂ%‘& ucﬁ%‘ ‘iaP of 0.65 Pas

and an ext engianpade iy 'th%(igsﬂotwﬁn 8fder8 uhidGAyPand@nsiskhntly APy 4 @Rt G0
COVPARATI VE EXAMPLE 6b A conparative starch conposition is prepar ed

accor di ng t chefibarpl e 6 except no pol yacryl amide is added to the

conposi tion. The opn ésEdt?rP:eﬁt?oﬁ s@m&ﬂ%@érfe%Elogiﬁcgegif@éxs%nx?ur%godnspr@go 6 SEP

2002 Pas anri an exte si onal Vi stoslt nd 900C.
Exanpl e 6 armhrémmpar,atasweExamlpdtle:r 6ﬂmoddmddis'tasaﬂe showatin Eigdiet4, the noktuee snal |

bl 0{0 hi 19 rRrerté{iqg b ggeeﬁcg ﬁm%‘xsrr?o%latstbcemar 53h e)Ytl'u%SPa%d tcénv%&é&%[ﬂ and

significantly TNereasé nsional " viscosity A melt

pr oc essabl e spnﬂmsiatbaﬂrwﬁngdm&mmﬁmtg mrtlcsllwrepad euttdiryofidownward50wt % st ar ch
(Crystal 30wt 9 .5 W% sucrose, and |B.Sw % free water, and
manual |y stl ?‘Wﬁ’gtf e‘F rm a sI urry. Polyacryl am de (Superfloc A-130, Mw =

12- 14, 000, 000) i STidispimmérateld chmpiiiRt QR asRnbBrvRich iPMdvarih GRWS:. Tk sihRfst AN
al i quot of the polyner/water
10 includes a plurality of nozzle bores 12 with hole diameters customary for fiber
15  production. The spinneret assembly 10 can be adapted to the fluidity of the melt so that
every nozzle bore 12 has the same rate of flow.
The drawing unit 20 comprises an open upper end 22, an open lower end 24, and an
air supply manifold 26 supplying compressed air to internal nozzles (not shown) oriented in
a downward direction. As compressed air flows through the internal nozzles, air is drawn
20  into the open upper end 22 of the drawing unit 20 forming a rapidly moving stream of air
flowing in the downward direction. The air stream produces a drawing force on the fibers
causing them to be attenuated or stretched before exiting the open lower end 24 of the
drawing unit 20.
For the present invention, the fibers exiting the drawing unit 20 can have a size
25 ranging from about 0.01 decitex to about 135 decitex. Preferably, the fibers exiting the
drawing unit 20 have a size ranging from about 0.02 decitex to about 30 decitex. Most
preferably, the fibers exiting the drawing unit 20 have a size ranging from about 0.02
decitex to about 5 decitex.
Upon exiting the drawing unit 20, the fibers are deposited on a moving conveyor
30  belt 30 to form flexible, low density structure comprising fibers. The fibers are then joined
to each other through conventional techniques. A preferred process for producing
structures of the present invention is described in U.S. Pat. No. 5,688,468 issued to Lu,

November 18, 1997, which is incorporated herein by reference.



10 solution is added to the slurry. Water in the slurry is then evaporated
until the wei ght percent of polyacrylanmide in the final mixture is 086 SEP 200
0. 003wt % The conposition has a shear viscosity of 1.12 Pas and an
extensional viscosity of 46.0 Pas, at 700s-1 and 900C. 15 COVPARATI VE
EXAMPLE 7b A conparative starch conposition is prepared according to

Exanpl e 7 except no polyacrylam de is agded to the conposition. The
conposition has a shear viscosity of 1.23 Pas and an extensional viscosity
of 0.69 Pas, at 700s-1 and 900C. Exanple 7 and Conparative Exanple 7b

denonstrate t hat yaggidchesgfiodddsiRhibuRERAAb- ks Mgl fRelsYiiRle ARrdecr eases

the shear viscosity slightly and significantly increases the ext ensi onal
vi scosity. BXwvPfiterg shapediiberse sucheompltidebdh fbérnandamyltticompringnii fibgrsdamall s used

to process Ue] roﬁ?%ﬁ r%g h%ﬁgo rﬁ}ﬁ g&?ggiégi&@ a%ﬂ giethzggoﬁlgegpq&gntri%ﬁ{ﬁ %e érﬁc SS

illustratedi ue rheoneter asse cludes a
drive unit ZIdrQhd gvbdietiorRifelesofickrOfayvan oadsteze fwithmcbimadmd@glokfrydem barrel 120
partitioped inta four tenperature zones 12 124, .126 and 128, a feed port
Don and s Aot mreE TR AR R TRt ng o B enli £roteh® ot
TW 100, fr omctigacto@ipinherat Staplels@edhefibeisnayao 8¢ tonerttditd fldxible,dow delisgposed
within the barrel 120. A six inch wde nelt blow ng die assenbly 131
(avail abl e FW‘SWYL‘:&%?’F)W@&,a“ﬂ)é’ﬂ?é’ﬁhWP‘Feréf‘L‘W"@fheiag‘ connected to the
end of the barrel via a punp 160. The die assenbly has a spinneret plate
whi ch has 52 holes per linear inch and a hole dianeter of 0.015"
(0.0381cnm), surrounded by a 0.02" w3ddMaiérial Prapestiggeway 152, from which a

hi gh vel.gcity air .1 TR t il ] i bel ow t he
pi'nner &8 pl at o, PiEEE A kP holchi NG e G ARG, Rl Bt 0L

si mul t aneousitipes imaoifésheprioheptysicd RbarddermticsywHichanclededbaspweipktrast appacknt
attenuating jthe fila ts. The conpositian of. i repared (as,described in
Exanpl e 6) B§SHY ﬂohb"r{ezf@\’l@%agetn’ﬁ’bwc 18?%'/"3‘#%“%]:@ ,ﬁw re ”%rﬂ%’f‘ytg%r yl ani de
(PAM a) f 48@1&9{? bérRising pbeudb-thesitiepl436Estardh Abkds GnBukelp basis ﬁ/rcighfrﬂaﬁgiﬁg' xth ure is
gravity-fed via fee oyt 121 into,a torqu eoneter. The torgue rheoneter
and di e assdiBl %}’métrlg gzrlé{mzi’éo‘ftﬁp&gﬁbzr ?Pé?"m;f’g' PR CaRIREA B RS F00C Zone
124 900Gs5 10 weiheradgiRe BOHGhaRNE Ii%ﬁn%@gouTQSMyﬂiz.m%@m thd frul@rastad ure

126. 70C Air Tenperature 126.70C I5 Air Pressure 35 psi_ Punp, 40 rpm The

moxture is OEUEJRYENTORSAT bR AR aRPRIGHIclensit TRNGHS Tombebei 02 slere’ torsboutel ¢

bl owi ng di e g 2bRn{3eRidld frétBraBl ! AP Fdr&H d@ﬂsltﬁﬁﬁ%ﬁ%ﬁ&rﬁﬁbédt 094 iR St the
i nvention have fiher diameters ranging from 0 40 mcrons. 2Q Note that

the wei ght Pebetm’ asd mostpreferabliicanppparens densisaging fremshes POA 8f6m e udes t he
wei ght of 55@&51%@@:&?‘3 wei ght of bound water (which is on the average
about 8 wt% of the“starch). It is to be understood that the as-prepared
conposi 2hons ar e The prbdfiaty listadi ahsvezlsognlibib Ferteinghechanicahpriopartids, partadssiyes .

Fovever ol BRI Pl RS B BASRS RT
wat er . tensile strength (GMDT), and geometric mean wet tensile strength (GMWT) wherein
GMWT includes initial wet tensile strength and decayed wet tensile strength. Flexibility is
related to stiffness and can attribute to softness. Absorbency relates to the products’ ability
25  to take up fluids as well as the capacity to retain them.

Geometric mean dry tensile strength (GMDT), previously defined, provides a
measure of the dry tensile strength of the structure. The method used to determine this
measure is described below. For the present invention, the structure comprising pseudo-
thermoplastic starch fibers can have a GMDT ranging from about 10 g/cm to about 1200

30 g/cm. More preferably, the structure can have a GMDT ranging from about 30 g/cm to
about 600 g/cm. Most preferably, the structure can have a GMDT ranging from about 40
g/cm to about 475 g/cm.

Geometric mean wet tensile strength (GMWT), previously defined, provides a

measure of the wet tensile strength of the structure. The initial geometric mean tensile



25 The resulting product does contain sone bound water (possible by
absor bi ng noi sture from anbi ent environnent). Therefore, the conpos{jiSEP 16l
the resulting product may be nore appropriately expressed by its solid
conponents, calculated on a dry solid basis. For exanple, to calculate, on
a dry solid basis, the conposition of the fiber nade according to Exanple
8, one would take out the 9.8 % free water fromthe overall conposition
and the 30 8wt % bound water fromthe sfgrch, then nornmalize the renaining
solid content to 100% Thus, the conposition of the fiber of Exanple 8

cal cul ated op_a,d i.d. i I 0 J Wit hout
bound wat er )St,re"&hz’%%\?vt%% eﬁgﬁﬂ?/ g%:rn??h%g 5%?0%3%?{% r \%th% bﬁeig&é%ge dég g) a%f g%r g &%r ose.

47 0 6 S E Fkecafdi2 The(AkiRbdud Thdetetivp dds measure Of dekocibagbadow. Far titsgdréseftl own i nt o
M G ogr aphe TP e STEPh PP PR B Are ST B GrORN:

M cr ogr aphs n 3 nple 7
using the p&@@&gﬁod%eﬁtiﬂagedntdthmaUWNF@mS MdrE\préferably, the 206btiFe 6andavda Scal e.

Figure 7b is_the Scannjng El ectron crographs of the same starch fibers
shown onsa SBM¥lemginadtost eouue/rmeq PordVeB that starch fibers of Exanple
9 have a fairly eRpatML &idin ddcBRA wdi RAMRE SifenPih (BRI TPiIs Tnfeh QRSof theYPLE 10 10
Fifteen grans of starch (Crystial Gum Mw=100,000 ) and fifteen grans of
free water d#nsilarigegih efizhestivetureaftegging ipnmersedrinnyaier fern thirts minuwiest iFor thhe ni xture

becones sub ' 0 - i 0l [ I PAM a,
V15, 000, OBo it RERAEAR AR Alin el AlcfBpinnds U TUBRMERICEPIN S
| r nown conc &GMD Wi rangingAronabliogtdg/crfto stvet 20/ grmeMbiegreferalsip) the stomturescandded t o
t he star.ch/ ywat er.m re .such that .the 15 o | m xture contains 0.006
gr ans oflSPAﬁ?avi.aWﬁggl%é?rglapo%oﬁgmtgaPOSUYE(Seg)f'@d to evaporate water until
t he wei ght of t h8ofthesshas BeentddscBibédisarphisiolb}iddlia paelvatbitieibyte @dichlis 30 gr ans.

This mxture is _subjectjvely shown to have suitable nelt, extensiQility for
drawi ng fi b &perally gneaserdry %ersnﬂemﬁr&ie uatipng, §ﬂ°tlt?‘&ﬁ§fy“’é 55 . high
pol ymer and pygkbdovd ifitoRWE Béthsfdert) bhIRQoSREPandTBIMARE sc¥eds BaNAGRhAs has The
final conpositions of these m xture are shown bel

. 1 ) OoW.
MAVEX- 11Ex- 1Pesecongiaied forsheatstféness andifignibiinovulssupare gofmyssdaa beeg redgied tocr v ani de
Super f QS  surface texture and smoothness. High softness requires flexibility. The method used for
A-13012- 14, 000, 000w %®. 02PAM b5- 6,000, 000wt %). 02Pol yet hyl enei m ne750, 000wt %
6. 17Wat er wt Ygtomgging the gete fpxibilty qiastructursigpdesined betoyw. dfor thedrasent dnventinm, ar e

subj ecti vel Mt ahl e TR r awi ng fibers.

EXAMPLES 14}(1%%{}9&{\(}%.958@&@%%%@3 ,ﬁ%@gﬁen %f‘tﬁm‘% t%%%ﬁ%& %/%ns are

prepar ed i nptelfesatdnfremabout 810 ghun ©ehons 5@ g/tmividmarg preferdbbxfrarg Sbout 2A@opst al

GunlL0o0, 000\/\@0%%3.“%29 n1720. 77Nadex2, 000w %20. 771 nstant - n

O | 800, 000wt &0 ‘fy‘acryl am dePAM al5, 000, 000wt %®. 080. 080. 08Ur eawt 6. 236.

236. 23Su0r osewt ¥@®raddés A6 a@dBRmsable t6@dls, Meilet-tissue, facial tissue, napkins, and wet

~wt %d. 041. 041. 04Vt er wt %d4. 8844 88€f4. 82%Thes% C r;Eosi ti OBS of the_invention

are expect ed/Re §H4TR? ESAINBYCL O AP ITOGY: SHIETPR 4 F‘t‘@e Heans gpIorieRt PP s And

where the wathih ih@me36RDS 8@jabhdiR@f dietikd ater pidorbed idtaetadsdiby thogindchbers 5 are

expected to_have a water solubjlity of |ess than SO(ﬁegg%ge or&iqtr e test
‘ng%u

met hod di scil88BEHAL peed for detempyping theabserbragst of g sERENIS At is
prepared by mxing 45wt % starch (Crystal 10 Gum, 0.2wt % pol yacryl am de
(PAM a), 40 PEREYATPHe™ tﬁ‘? W/%}?gé‘? %té’%r,%e%‘fﬁﬂa“@f“ﬁ\ﬁi"% vy g/t %MMJ} Lslurry.

The conposition is nelt blow into fine fibers using a torque rheoneter as
shown i nsFi gusy@ 14 8ex=)/n t he; pRRBIy fS scubBEwi-fi Exanmp Hof, 14except the
mxture is neter-fed®rie~the torque rheomet éEovsFye torque rheoneter and

di e assenbl Yy, 21 set as follows:
ater

; more preferably from about 3 Bwae, to about 13 Bwae .
£ Dry Structure Dry Structure Dry Structure

(4) Analytical Methods
30 (a) Sample Conditioning And Preparation:
Prior to testing, samples are conditioned at a relative humidity of 48% to 50% and

within a temperature range of 22°C to 24°C until a moisture content of from about 5% to



15 Barrel Tenperature Zone 122 Zone 124 Zone 126 Zone 128 20 Torque Feed
Rate Die Tenperature Air Tenperature Air Pressure 25 Punp 700C 900C 9@0o3EP 2002
900C 140 rpm 16 gm m n 137.80C 137.80C 50 psi 40 rpm 49 0 6 S E P 2002

The resulting attenuated filaments (or fine fibers) of the invention have
fiber diameters ranging from10 to 30 mcrons. The fibers are air laid onto
a papernaking formng fabric as describgg in US Patent No. 4,637,839,

with the fabrics of U S. Patent Nos. S, 857,498, S S, 672,248, 5,211,81S and

S, 098,519, all incorporated herein by reference, also being judged suitable

f hi 0 . h f NE- | Ay
of Exanpl 6 BPORQe R UGFa oS PTG Pt BR IR TR AR B eacil ), BT TVES

avai | abl e ndiod Therimo GroAmeio Analase a Hiyest TEA SIS0 Tetryogodviniettioamabizbiefrdm iAneer s’

desi ti ' | d t he . d iall i | abl
Lovel, r eapUBtpBrg < ol AHRFRESA) O DAL GIHLY ' YA RED shoues an

i nproved oi |FobsngliRNnayhuertfers idtruddibnd, iR seaplRidCad areinféd invBé uditanihe
follow ng aspects: ( 1 ) the web absorbs oil faster than the conmerci al
paper towel ,'hQEMEFANRFE i increased gta ate of AL CARRYE 1238 ¢ The Braisiwe é1th¢ ace of the

web; and (2)sa@ble§ dedPmHRE 0fAiSthe WHBhtIEHR altfthic RitRPRbight ag GolR{ysabout 1.S to 2
times larger in dianmeter than that of theuéfnnerC|al paper towel. EXAMPLE
19 This exanple il ustrat esStarhieightte Weight®@ 2¥ifogi ti on of the present
i nvention can be édﬂﬁﬁ&ganto bUT K" elBRE €7 | &l S, Bxﬁg, pressed board. A
melt processable conposition is prepare y m xing 60wm % starch (Crystal
@Qm, 0.1 w % polheacalywaghtdae (nShilljgrannt % urea, 2 W % sucrose, 1.5 Wt %
Parez 631 NC and 34.4 wt% water (adjusted to pH 2 with sulfuric acid) to
forma slurry. The slurry is fed in to a torque rheoneter (Mdel Rheocord
90) as iiol ugbyRisedweightti gure 1 ¢ and operated under the conditions as
described in Exanple 17 2S above, except a single capillary die (having a 1
mm di aneter and & ee“Fﬁ?EPﬁ% plies ‘sdPadgg"G_@)tE‘? regpadiffonsd spraplgs- o?heétaﬁl_é?fcg( B5F nni ng
die. The extitbd@do aulimRbyiaSndlieqlRd Ahliddis A¥inNisle SHel REIODiSHAY] pUs Wwhi l e
still wet and sticky. The dusted strands are conpressed together to forma
| og. The | ogStevengi$ti WateshurmGonm., 067 14) s ypaddelaggpmplishdhis wting wo hours to get rid
of the residual el I fol ot IS a
Tog. of 47, Bt 5 sy qgar BTl BeilRbf GRERATIE sfible 6 kAI wllge e

15  aminimum of 0.01 g readability is used. The stack of 8 plies is laid on the pan of the top

loading balance. The balance is protected from air drafts and other disturbances using a
draft shield. Weights are recorded when the readings on the balance become constant.
Weights are measured in grams.
The weight reading is divided by the number of plies tested. The weight reading is
20  also divided the weight reading by the area of the sample which is normally 16 square
inches, which is approximately equal to 0.0103 square meters.
The unit of measure for basis weight as used herein is grams/square meter. This is

calculated using the 0.0103 square meter area noted above.

25  (c) Caliper
Preconditioned samples are cut to a size greater than the size of the foot 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
30  surface has a circular surface area of about 3.14 square inches 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 loading surface. Such measurements can be

obtained on a VIR Electronic Thickness Tester Model II available from Thwing-Albert,



EXAMPLE 20 so 0 6 SEP ~UU~ ':"his exanple illustrates that the present
invention can be incorporated into structural materials as reinforcengEp ;0]
Though this exanple uses fibers nade froma conposition w thout high
polymers. Tt is believed that when a conposition of the present invention
is used, the product would show better or equival ent performances. 5 A
conparative cenent sanple is prepared as follows: s parts of comrercially
avai |l abl e Qui krete Anchoring cenent are3omixed with |.s part clean tap water
until a thick syrup consistency is obtained. Wthin s mnutes of mixing,

the cenent was introduced into cylindrical mplds in order to obtain a
constant di FBikdelphiasBarpihe caliper meAsprement drrepepisr andusrardsogt leastdive fimgy and 0. 23"

in inner di gget&Rhit fsirepBrted AMMRcEH@l | Y available straws) are filled by 10
driving the pasty cenent m xture up fromthe bottom This filling nethod

el imnates air i b e ofth¢ readings rédorded e thagaibe testtiedisidadbietie apmberiof owed to
cure for 5 g@a\ﬁﬁgﬂe&:&ﬁe«{. Ofilmg}‘eg{\l'r'ﬂ%é)%ﬂﬁdi-g%llmfegeq?@n)?ar efully scored on the

outer surface sG as no anag e sanp si‘de, then the nold is
peel ed atay to retrieve the conparative sanple (Exanple 20b). 1 s A nelt
processabl e i ared by m xi ng 45wt % starch (Durabond,

onpaQsi ti on LS. pLep
avai |l abl e fr@m Nﬁryg‘ﬁr}ﬂegﬁﬂg@h and Chem cals Corp., Bridgewater, NJ~, 1 s
W% urea, 1 s W %hsarfedsid streAfttl isZztenhifed\ord @ie iob Widd s of kamiply usingwe sl urry
is fed in tg a torque rheoneter (Nodel Rheggcor.d s illustrated in
Fgure 1o RISOMEHE I ih O Sion i GO o R AUER (BUHmPH G dAGRe. 19
above. The fuass RdapiR1aadiis, PR, 54y, MThih rdTRIdASE infin@eda¥bLuse bh fihiRhel pabdt 20
| ength for use herein. e extruded, thin spaghetti-like strands are

i ncor pori@t edrqduetd reck paspplespandpppanyeted stocksar t s of commercial ly avail abl e
Qi kr et e ANCROT | A GERBIYr 53 4 Y8k ikt orShoRlibned sRfled RoriBheEs aNd 0. 5%

(on a dry weight basis) starch fibers. The additional ‘anmount wat er added
herein is rdéepsé staaks ofB plishi fewetriph eresoinipiachuy tinclowith the damey ingh dimensiconpar at i ve
sanpl e abov I g1 : l e 20) are
2s cured angnnrner{éﬁ)lagagggb :ﬁll’el %@ﬁ@@%%@%@%@z gsea.?@%éeh%geaérlrp es are
subj ect i vel paepled. Aatadditiimal foenstiipsd ibah Hydd ihelr wittbthe loap d inchxdamgisien 26inaige

Bxampl e So. Raetes B et A s el hR et RER TR I Thnar ot v
Exanpl e 20b wissafety shiehifi@nThwiagailtieyt InstruiedSLy.,| 1096eDution ®oad, Phitidefphlag, it is
demnSt 1t R S b TS Ym0, B and
thick, with the 7 inch dimension running paraliel to the machine direction and four 1 inch
by 7 inch strips, 8 plies thick, with the 7 inch dimension running parallel to the cross
20  direction.
Each of the four eight ply stacks of machine direction and cross machine direction
sample tensile strips are measured in the Thwing-Albert Intelect II Standard Tensile Tester.
The four measurements of the 8 ply stacks of machine direction sample tensile strips are
summed and divided by four, which is the number of machine direction strips tested. The
25  sum is also divided by eight, which the number of usable units per tensile strip. The
calculation is repeated for the cross machine direction measurements.
All results are in units of grams/inch. Appropriate unit conversions may be made

to achieve units of grams/cm as reported herein.

30 (e) Initial Wet Tensile Strength
For the initial wet tensile strength determination, a portion of the test sample is
immersed in water for five seconds prior to the tensile strength measurement. The wet
tensile strength is determined on one inch wide strips of sample using a Thwing-Albert

Intelect IT Standard Tensile Tester (Thwing-Albert Instrument Co., 10960 Dutton Rd.,



0O 6 SEP 2002 This exanple illustrates that the conposition of the pr eﬁ%ngEP 2007
i nvention can prophetically be nade into a controlled water rel ease

mat erial when mxed with potting soil. The controlled water rel ease is

useful for horticulturai and agricultural plants which thrive in a

relatively low hum dity environnment and/or infrequent watering. A nelt 5
processabl e conposition is prepared by g xing 50wt % starch (Durabond,

avai l abl e from National Starch and Chemcals Corp., Bridgewater, NJ), 0.1

wt % pol yacryl am de (SP2), 15 wt % urea, 15 wt%sorbltol 1.5 wt%Parez and

18. 4 wt % Watpgfiade ghiaown @1§4)%& Y Findi0W cB4HnEN DcSich, Kohtaldh Niintir YDIFIUE T heomet er
(Model Rheocord as illustrated in Figure 1 ¢ and operated under the

condi tion ad%@gﬁlwmwmta@ml 1@9@_@3@@@\}@ PirfiadelphiarRadd@1549hi n 10
spaghetti-1like st soi | .
The ratio of st ar}{:r%p%asggéﬁgﬁe g Lr?@&%nﬁ%e?{e%(s#@?esm th? sa%a% s%&l@bﬁ?&réd 4

requi r ement Soéd draft boainsat t(}ﬁpiekd&gi’eep]e&mssfor a@enecteﬂSl rymut:mﬂm 8¢coddssThe ch- based
st rands |n potting sqil sho i sfact hol di n | ease results.
5" Exanpiies Sobisnshgdll vr siRgRs it Fofriel iR Ertstan s A i aner 1 of
hi gh pol ynerthem.I't is believed that when a corrp05| tion of the present
invention is used in each of these exanpl es, regsul Fa@gfaﬂeroduct woul d

show beneficial iVpPlRsTRaRten sq aiasp5et o '@gwetete‘b“' tle t pRlace great er
flexibility.wighh HKXEMinEs A2helddhsiark teaiPlakird Anhma&mpe&ont hBo §thiks spggw tions
of the invention can be made into thin filnms, using a Wrner & Pfleiderer
ZSK- 30 co- rma@mrﬁgwéwmm thercusrd samplesaBer spndironing. /From gng of thse stecks PRE screw
confi gur t| f

ecti ong® TG RE ipPapiu 13 SOGRY I Gphi PR Aol BnRRERIIR | e
by seven heatbema%ezi@rnﬁwn formashing dicectienssapples.eén e@dﬂtwetfpum;y aggcuZbnes A, B,
1, 2) 3, 4 rofile
sumari zed QH b&/m}[ 1,?rﬂﬁ15 nFé\?\?cgggﬁe{?%?éﬁgg@gpgrg@%goe@g% o{?gtw& 12345
Tenper ature msamecﬁen Smphs. Q.Bc% afe@nd310 uAngrepapepruterd$REHF K ax dbPdsiz i on i s

Vol tmotri o (BEBIEC Sp Forh B Pegpes Riverice, OB SRl 55 Mhirbten 5 6 sep

2U02 netgri g, 1hEs4).i Tiekd dile k2 6f éght sdthplesZ0L1 thcby 4 ieh endbs whieh ateist h a mi ni
punp (available fromMIton-Roy, 1vyland, P(A%P The gﬂgﬁonent 44wt %

starch ( Dur RYShUCK withhg 4 ingh dimepsion ’R%R“i‘ Shedreching dissrbinn g‘éﬁ f'{%’“rdor p.,

Bri dgewat er ,indWy. 4 ihW¥aips Wit ard Spiiek WiskUGEOHS4 irdR dinsivh HmWRb Birallel &8 M Xt ure
is conveyed fromthe extruder into a Zenith B-9000 gear punp into a

si x-i nch™ wi dBe ¢rp#ditestiom di e (avail able fromKillion Extruders, Cedar G ove,

NJ) at a flowr at&cﬁ)t)ftﬁéfoﬁpﬁééglysmemgfﬁaanmteQﬁe&%aandmaa nia%htﬂ@ﬂlpécﬁbrned at
960C, the filmdie is maintained at 940C and the die opening is set at 15

mls. TH® r egupbledensild stiipparemeagured mehe Ty‘rw@s Aloptt Intelegt tha@acqw qnpilersister.

(avail abl e fﬁ@%tﬁ'ﬂc'aéu%héﬁﬁt rf\:‘rg%rpw stX@'s gﬂn cﬁmg?ir&:ttl@ﬁ 1&en QE{ sgljae tilmis
t hen wound onto a paper core at ‘@ spee o 5 resul tan ilmis 10
about 1 mi| sumntediankdieided bysfourgivhick 1stthtt:¢¢ynbbooftrhvehmgdm¢wlomstdpm$tcda|'1fhs

excel l ent fl exi.biil | n [ epPea | . t Q degree
angle wt hout' mb? %151?( ﬁl&g%?y ?‘Z)er‘r’#“ﬁﬁ% n}:’i@%& Oﬁ*‘%‘%ﬂ“‘é{%ﬁ%ﬂ@fﬁ‘ﬁﬁ?‘s exanpl e
i1l ustrates dalalatibrhie rdpedted for mﬁxm;ﬂhmﬂﬁcmmniaesurmdatsi nto a seed 15

carrier for agricuyltural a Ilctlon The rie de accordlng
to this Exanple p&hW‘H@é’m’d P'l’:f‘e f igeh. %EP@PT ‘futfl %’f‘vecf%{ﬂ“s%“yr[? MdGown t o
cover and setedctﬂcvleahgﬁof%faewcﬂfafsee;iolrtv«eherem.The material holds water to
facilitate the germ nation of the seeds, and the material is biodegradable
such that no recovery and disposal are required. The filmof Exanple 22 is
placed on a @ n9|&cﬁ&c@l&ﬂetﬁ%hs@l@%@oaﬁmﬁf309rﬂﬁlut%£)r| nkled with grass seeds 20
avai l abl e from M dwestern Sup or other garden supply stores. Another
sheet of single shameds tl@lleagléggtéfgeﬁleusgerpﬂﬂa@@ept&wsgraplesﬂre pleveddegnak inrhe
assenbl y,4 s A and inserted
Mto a & nohe BaRErol S HRAs 5 e B T A SRl e
preheated to 2070C. The assenbly is equilibrated under | ow contact pressure
for one m nu(tgg tﬂg 1blp essure is increased to a maxi num pressure of 25 6000
pounds. The se heI d under the maxi mum pressure for one m nute and
qui ckly depr essurlFlz;ebihty'Elsesca%tenﬁls gefingd ssakesio@uwir tlefsedahtofphieegsphamuevec 0ol ed t o

r m . . ..
00 derived from force vs. stretch % data which secant passes through the origin (zero %



tenperature. The resulting filmconposite shows good cohesi on between fi#qa
and seeds such that the filmconposite can be handl ed w thout | oss d¥ 6 SE 02
seeds. 30 EXAMPLE 24 This exanple illustrates that the filns of Exanple 22
are fusable such that the filns can be nmade into substantially transparent
bags/ pouches useful as seal abl e food storage pouches, shopping bags,

gar bage bags, grocery bags, and the like. Two pieces of 4 inch by 4 inch
(10.16cm by 10.16cm filnms are overlaid®with a pi ece of rel ease paper

i nt er posed 0 6 SEP 2002 53 5 between them The rel ease paper shoul d be
smal l er than_the filns.so that, at |.east. three edges o he fil rein
direct cont SEH e e RRLHATE Bpo R e R e i o Rk e, S

i sI used tgose\aidtltibwgraﬁis.dm eﬁim;ilheoxﬁvsgmglai“ﬁidhislratshesTh% (&, Bémicam o$ef]I at 50%
vol t age, psi . pressure, Si X seco wel | tj one second on and 5
seconds of f je,“g%‘hg“l? g(?grémﬁ 8? foyce pergm ‘?\fga’f’i’lﬁé"“m" t{sﬁor‘%ﬁwcaw op @V"b ant bag
shows uni fobmnd\/(@d%,%? 82 BingMhd Bnffa: Si des. The fourth side can optional be
sealed to forma conpletely seal ed pouch. EXAMPLE 25 This exanpl e

illustrates the water-insoluble starch conpositions of the present 10 15
i nvention. A conposition is prepar ed by mxing 50 wt% starch (Crystal Gunm,

a crosslinking additigo a&u;lgzﬁe and the anount of the crosslinking
additive are shown in tﬁé TdhleXbel ow) and a bal ance of water which has

been adjusted to pH 2 using sulfuric acid. Where glyoxal (in 40% sol ution
in water) is used, there is no need to adjust the water pH The conposition
and test sanpl e FolPedpityed uddherfeh Midns he fadietdEhbmobf fiRmadhihediratbabi | 1ty
o Do ha o St on sy bbby 35 £ 2 S0 oo

8020. 00%@ 7 Y37 #3 prduct 47/Hhe Ml AR LN ARIGHANG Biidbrovd ¥HabRind A¥ECHEn ROGHIRRARYD. 7591
499%. 0094496%.. 50%41%1% The di scl osures of all patents, patent

appl i cat i onSTRREr Ahy patents which issue 20 thereon, as well as any
correspondi ng published foreign patent applications), and publications
menti oned throughout this description are hereby incorporated by reference
herein. It (B expbesbingy not admitted, however, that any of the documents

i ncor por ated by [,gLak ARG EeBREELAdSAHR Moul @AM AR ANASG0s LRupNt i on.

Whil e particular e presen nvention have been illustrated
and 25 déscpermrdn of samptzihell byshecdmpleafertivhas heswsubikerpgedoid aiwater hath forta t hat

varh oue oL ey EEanS, Bl e et RS R bR S RS
i nt ended t o falpwed by 60 £ Beecapdaitticht & 1750 dngleddsimeugirbd off afigeomatyl nodi fi cati ons
that are w thin Ekhp(arecsc)ggllggncgfsarltlpqg isicQtvtggtsézg Qf 11 inches by 11 inches. The Machine
Direction of the sample is marked and the sample is weighed on a torsion balance to + 0.01
20  grams and recorded. This is known as the Sample Dry Weight. After weighing the sample,
the dry sample rack (further described below) is placed on the balance and the weight is
recorded to £ 0.01 grams. This is known as the Rack Dry Weight.
The sample is placed on a rack and covered with a rack cover, further described
below. The sample, contained by the rack and rack cover, is gently and completely
25  submerged (to a depth of 2 to 3 inches) horizontally in a bath of distilled water at a
temperature of 73 + 2 °F for 30 £ 3 seconds.
After being submerged for 30 + 3 seconds, the sample is gently raised
(horizontally), the rack cover is gently removed, and the sample and rack are allowed to sit
for a period of 120 £ 5 seconds in order to drain. While the sample is sitting in the
30  horizontal position, water sitting on the rack is gently wiped off without touching the
sample.
Following the drying of the rack and the completion of the horizontal sitting period,

the rack and sample together are gently raised so that the Machine Direction is at an angle



, . ;. 06 SEP 2002 -ss CLAI~11 S 1. An absorbent, flexible structure
conpri sing pseudo-thernoplastic starch fibgys wherel n the structure ]‘0865 BP 2002
basis weight ranging from 10 g/ n2 to about 450 g/ n2. 2. The structure OP
claiml1, wherein the starch fibers have a size ranging fromabout 0.01 dtex
to about 135 dto?)f5° fom ﬂ-&ﬁoﬁlraﬂﬁgﬂgv?ed% mﬁh%@?é’smom rﬁﬂeﬂo&mosigyé\c% s© has a
geonetric mean dly tensile strength ranging froma 10 g/cmto about
1200 g/ cz~n.) after thistsittihg lgfemmqom@lcméaﬂle ek artdesnmplleerestmmngtdu hogimgritalg from
about 2 g/cmto about 400 met g ﬁ [ Lten e
strength rangi HSSIP?n ar%d 3hor *’%"“6% rgc gn abogu m&ﬁg W%%eig gsgsrfl &Flidyof
claim1, furth@laceddirhe bdlage axd&haatnghxlﬂmu @a’nﬂ@'rr&drdédl orid ]semgﬁoasphe

consi sting of sorhbjtol osaccharldes di sacchari des, glycerol, polyvinyl
al cohol , and p§PS’/‘B]FHWB?‘Fé‘nR8F%8E “wherein said plasticizer conprises, based
on total wvei ght of tihe a&%fﬂéﬁéy%&lur&ﬁéms@%@Encﬁre%de@fﬁﬂhﬁb(’J-}tmaZQné’\@lreéloé
The structure of claim1, fiuther conprising cross-linking agents sel ected
from the group seBpies @Eilﬂﬁge @) crogsanaghing discctipn Emplss oRyRg the pressimpshine direction

ur ea- f or mal denyde. b &3nkShe BbY MXiRL GboRR HR MnpiiASadef 8 el BE

f or mal dehyde re5|gﬁursr 80 yeetty enﬂlnﬁné ne resi ns, Cg as 10 resr% C?gglr?l) 1000
resin, wherei nhsazcnitacross I i nki ng agents are present in anmounts ranging

fromabout Q.1 wt % aht. aof .t he
Structure. '8 Mrhe <evi R e Yemplet R ARE B kG et Bt AL
absor bency r andtangs #00cmonsuoted ofl 160G Al@nifuh §Tedloo Coatdbafter Brbrication) Hith b eiogs-e

~rySQuelurc 7. The struct | ai wherein_t cture has_a total
flexibility raﬁ&‘i“ﬁ@slf g gﬁ?)‘“ﬁﬁ%‘frﬁn%%dﬁs fg(?@ifth#axges 4§0 areahetur e
conpri sing pseud%txhafegmsp&baﬁttlmssﬁlare@hN§1bﬁ>ﬂﬁ&dwb®(oesnﬂnHiaﬁxeﬂ‘ef)b@tﬁdgmbamga Tg
of at |east about -30C and the structure has a geonetric nean decayed wet

tensil e strengtfopsthghgninymy FrmesdqP “@Pa@ﬁﬁf‘tsbmﬁb’élﬂguﬂ}s Gicdizeara) thipnds €9 n sai d
fibers havgsa {i&8nhdsatéagnhhiafbapidicufdr ijd/dﬂb%llél% @0 Rbheslddp, dteX. 9. An
absorbent structure conprising one or nore piles wherein at |east one ply
conpri ses pseudot hedrbgachof the Odests By fdlowring calenlationie meda(all Heiteare gremek  one
ply has a basis weight ranging fromabout 10 g/ma to about 100 g/ nz, a GVDT
rangi ng fromabout 40 g/cmto about 475 g/cm an apparent density rangi ng
from about 0.04 g~criBmpls VigsoVeiglo =1Samgleand BackaNet Weightn ReckalPry(GN#ightr angi ng
fromabout 2 g/cmto about 200 g/cm .A9y. A&{y. A&{,r. A
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(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
System controller Waters Model 600E
10 Autosampler Waters Model 717 Plus
Column PL gel 20 pym Mixed A column (gel molecular
weight ranges from 1,000 to 40,000,000) having a length
of 600 mm and an internal diameter of 7.5 mm.
Detector Waters Model 410 Differential Refractometer
15 GPC software Waters Millenium® software

The column is calibrated with Dextran standards having molecular weights 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

20  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 filter (5 pm Nylon membrane, Spartan-25, available from VWR)

1 using a syringe (5 ml, Norm-Ject, available from VWR).
The starch sample is prepared by first making a mixture of 40wt% starch in tap

25  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 solution which is
prepared by stirring for 5 minutes, placing the mixture in an oven at 1059C 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.

30 The filtered standard or sample solution is taken up by the autosampler to 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 700C. The sample eluded from the column is measured
against the mobile phase background by a differential refractive index detector held at

500C and with the sensitivity range set at 64. The mobile phase is DMSO with 0.1% w/v



10H

| ML0% & () Y+10% & () - g) 10% & () - F(10% & () - & 10% & () - 3%.0% & () - =8 5558401
2dE:/ 10H 7310% & ()-610% & ()- 410% & ()%

3310% & ()-110% & ()-/MLO% & () - OOK@@/@N@ @DAOC 10H@10% o0& () -y

L i

S10% 0& () - BCefB&i!le[yDaaBb Gorils&hFdL&ﬁg"d}Q&m()) Fadl0%araiid(Jr shraftd 0%00 &rdugh the GPC
F10% 0& () - 0% 0& () 10% 0& ( P/D%w EEFO:deC 10H!
(10% "' & () - &10 csdimes 204 Yy 195uks e %Vf 22409 0& ()- Y'10% 0& ()-

10% o0& () - OF] FFFL r
10% of o((& ?()_]If (1(%‘9% %W%ﬁfﬁe@g}ﬁ &ﬁt}iko%loﬁower is 1R300 Ky the dRIeRE () -

10H 10%\ & {) - suppbe-& ()-s', 10% & ()- 10' 0 10' o

() THERMAL PROPERTIES
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

10  an melting temperature (onset) of 156.60C and a heat of melting of 6.80 calories per gram,
as reported in the chemical literature.  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

15  and an inert reference (typically an empty pan) are heated at the same 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 00C;
2. hold for 2 minutes at 00C;
25 3. heat at 100C/min to 1200C;
4. hold for 2 minutes at 1200C;
5. cool at 100C/min to 300C;
6. equilibrate at ambient temperaure for 24 hours, the sample pan may be removed
from the DSC instrument and placed in a controlled environment at 300C in this

30 duration;

7. return sample pan to the DSC instrument and equilibrate at 00C;
8. hold for 2 minutes;

9. heat at 100C/min to 1200C;

10. hold for 2 minutes at 1200C;
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The dried film is then equilibrated to room temperature. The equilibrated film is ground

15 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 palced in a 100°C oven for 2 hours., and then taken out and
weighed immediately. The % solids is calculated as follows:

20

% Solids =  (dried weight of ground sample & pan - weight of pan) X 100
(first weight of ground sample & pan - weight of pan)

To determine the solubility of the sample composition, weigh 10 grams of ground
25  sample in a 250mL beaker. Add deionized water to make a total weight of 100 grams. Mix
the sample and water on a stir plate for 5 minutes. After stirring, pour at least 2mL of
stirred sample into a centrifuge tube. Centrifuge 1 hour at 20,000g at 10°C. Take the
supernatant of the centrifuged sample and read the refractive index. The % solubility of the
sample is calculated as follows:.
30

% Soluble Solids = (Refractive Index #) X 1000
% Solids

35
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CT.

10 Nonionic polyacrylamides PAM-a and PAM-b having a weight-average molecular
weight of 15,000,000, and 5,000,000 to 6,000,000, respectively, are available from
Scientific Polymer Products, Inc., Ontario, NY.

Polyethyleneimine having a weight-average molecular weight of 750,000 is
available from Aldrich Chemical Co., Milwaukee, WI.

15 Parez® 631 NC is a low molecular weight glyoxylated polyacrylamide, and
Parez® 802 is a low molecular weight glyoxylated urea resin, both are available from
Cytec Co., Stamford, CT.

Pluronic® F87 is nonionic poloxomer, available form BASF corp., Parsippany, NJ.
Urea, sucrose and glyoxal (in 40% solution in water) are available from Aldrich

20  Chemical Co., Milwaukee, WI.

EXAMPLE 6

A melt processable composition of the invention is prepared by mixing 45wt%
starch (Crystal Gum), 40.5wt% urea, 4.5 wt% sucrose, and 9.8wt% free water, and

25  manually stiring to form a slurry. Polyacrylamide (PAM-a, Mw = 15,000,000) is

dissolved in water to form a PAM aqueous solution. An aliquot of the polymer/water
solution is added to the slurry. Water in the slurry is then evaporated until the weight
percent of polyacrylamide in the final mixture is 0.2wt%.

The composition has a shear viscosity of 0.65 Paes and an extensional viscosity of

30  1863.2 Paes, at 700s-1 and 900C.

COMPARATIVE EXAMPLE 6b
A comparative starch composition is prepared according to Example 6 except no

polyacrylamide is added to the composition. The composition has a shear viscosity of 1.35
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10  solution is added to the slurry. Water in the slurry is then evaporated until the weight

o

percent of polyacrylamide in the final mixture is 0.003wt%.
The composition has a shear viscosity of 1.12 Paes and an extensional viscosity of

46.0 Paes, at 700s-1 and 900C.

15 COMPARATIVE EXAMPLE 7b
A comparative starch composition is prepared according to Example 7 except no
polyacrylamide is added to the composition. The composition has a shear viscosity of 1.23
Paes and an extensional viscosity of 0.69 Paes, at 700s-! and 900C. Example 7 and
Comparative Example 7b demonstrate that addition of a small amount of high polymer

20  decreases the shear viscosity slightly and significantly increases the extensional viscosity.

EXAMPLE 8
A torque rheometer having a melt blowing die is used to process the composition of
Example 6. The torque rheometer is illustrated in Figure 6. The torque rheometer
25  assembly 100 includes a drive unit 110 (Model Rheocord 90 available from Haake GmbH),
a barrel 120 partitioned into four temperature zones 122, 124, 126 and 128, a feed port 121,
and a melt spinning die assembly 131. Twin screw elements 160 (model TW100, from
Haake GmbH) are attached to the drive unit 110 and disposed within the barrel 120. A six
inch wide melt blowing die assembly 131 (available from JM Laboratories, Dawsonville,
30  GA)is connected to the end of the barrel via a pump 160. The die assembly has a spinneret
plate which has 52 holes per linear inch and a hole diameter of 0.015” (0.0381cm),
surrounded by a 0.02” wide air passageway 152, from which a high velocity air stream 151

impinges the extruded filaments just below the spinneret plate. The air stream has the
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Zone 124 900C
10 Zone 126 900C
Zone 128 900C
Torque 100 rpm
Die Temperature 126.70C
Air Temperature 126.70C
15 Air Pressure 35 psi
Pump 40 rpm

The mixture is conveyed from the extruder through the pump into the melt blowing die.
The resulting attenuated filaments (or fine fibers) of the invention have fiber diameters
ranging from 8 to 40 microns.

20 Note that the weight percent starch in the melt processable composition includes
the weight of starch and the weight of bound water (which is on the average about 8 wi% of
the starch). It is to be understood that the as-prepared compositions are used for uniaxial
and biaxial extensional processes. However, most of the water is lost during the melt
process, and the resulting starch fiber, film or like product contains little or no free water.

25  The resulting product does contain some bound water (possible by absorbing moisture from
ambient environment). Therefore, the composition of the resulting product may be more
appropriately expressed by its solid components, calculated on a dry solid basis. For
example, to calculate, on a dry solid basis, the composition of the fiber made according to
Example 8, one would take out the 9.8 wt% free water from the overall composition and the

30  8wt% bound water from the starch, then normalize the remaining solid content to 100%.
Thus, the composition of the fiber of Example 8 calculated on a dry solid basis would be
47.8 wt% starch solid (without bound water), 0.23 wt% polyacrylamide, 46.8 wt% urea and
5.2 wt% sucrose.
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fiber diameter of about 5 microns.

EXAMPLE 10

10 Fifteen grams of starch (Crystal Gum, Mw=100,000 ) and fifteen grams of free
water are mixed together at 800C with manual stirring until the mixture becomes
substantially homogeneous or gelatinizes. A high polymer (PAM-a, Mw=15,000,000) is
dissolved in free water to form a PAM aqueous solution of known concentration. An
aliquot of the polymer/water solution is added to the starch/water mixture such that the

15  overall mixture contains 0.006 grams of PAM-a. Then the overall mixture is heated to
evaporate water until the weight of the final mixture (starch, PAM-a and water) equals 30
grams. This mixture is subjectively shown to have suitable melt extensibility for drawing
fibers.

20 EXAMPLES 11-13

Mixtures of starch (Crystal Gum), high polymer and water are prepared in the same

manner as in Example 5. The final compositions of these mixture are shown below.

Mw Ex-11 Ex-12 Ex-138
Starch Crystal Gum 100,000 wt% 4999 4999 46.92
Polyacrylamide Superfloc A-130  12-14,000,000 wt% 0.02
PAM-b 5-6,000,000 wt% 0.02
Polyethyleneimine 750,000 wi% 6.17
Water wt% 4999 4999  46.91

25  These compositions of the invention are subjectively shown to have suitable melt

extensibility for drawing fibers.

EXAMPLES 14-16
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Urea wt% 6.23 6.23 6.23
Sucrose wit% 6.23 6.23 6.23
Parez 631 NC-. wt% 1.04 1.04 1.04
Water wt% 4488 4488 44.88

These compositions of the invention are expected to have suitable melt extensibility for
drawing fibers. And where the water has been adjusted to about pH 2, the resulting fibers
5  are expected to have a water solubility of less than 30%, based on the test method disclosed

herein.

EXAMPLE 17
A melt processable composition is prepared by mixing 45wt% starch (Crystal
10  Gum), 0.2wt % polyacrylamide (PAM-a), 40.5wt% urea, 4.5 wt% sucrose, and 9.8wt%
water to form a slurry. The composition is melt blown into fine fibers using a torque
rheometer as shown in Figure 1c in the manner described in Example 8, except the mixture

is meter-fed into the torque rheometer. The torque rheometer and die assembly are set as

follows:
15 Barrel Temperature
Zone 122 700C
Zone 124 900C
Zone 126 900C
Zone 128 900C
20 Torque 140 rpm
Feed Rate 16 gm/min
Die Temperature 137.80C
Air Temperature 137.80C
Air Pressure 50 psi

25 Pump 40 rpm
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30  the benefits of light weight and lower cost (on a volume basis).

EXAMPLE 21
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can be repeatedly bent at a 180 degree angle without breaking or forming a dead fold).

EXAMPLE 23
This example illustrates that the film from Example 23 can be made into a seed

15  carrier for agricultural applications. The seed carrier film made according to this example
provides an inexpensive material that can be laid down to cover and seed a large area
effectively. The material holds water to facilitate the germination of the seeds, and the
material is biodegradable such that no recovery and disposal are required. The film of
Example 22 is placed on a single-sided release paper and sprinkled with grass seeds

20  available from Midwestern Supply or other garden supply stores. Another sheet of single-
sided release paper is placed on top of the seeds. The assembly is placed between Y4 inch
(0.635cm) aluminum plates and inserted into a 6 inch by 6 inch (15.24cm by 15.24cm)

} Carver hot press that is preheated to 2070C. The assembly is equilibrated under

low/contact pressure for one minute, then pressure is increased to a maximum pressure of

25 6000 pounds. The assembly is held under the maximum pressure for one minute and
quickly depressurized. The assembly is taken out of the press and cooled to room
temperature. The resulting film composite shows good cohesion between film and seeds

such that the film composite can be handled without loss of seeds.

30 EXAMPLE 24
This example illustrates that the films of Example 22 are fusable such that the films
can be made into substantially transparent bags/pouches useful as sealable food storage
pouches, shopping bags, garbage bags, grocery bags, and the like. Two pieces of 4 inch by

4 inch (10.16cm by 10.16cm) films are overlaid with a piece of release paper interposed
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24LAB-SP) is used to seal three sides of the overlaid films. The sealer is set at 50%
voltage, 60 psi pressure, a six second dwell time (one second on and 5 seconds off), and for
5 atotal sealing time of one minute. The resultant bag shows uniform, welded seals on three

sides. The fourth side can optional be sealed to form a completely sealed pouch.

EXAMPLE 25
This example illustrates the water-insoluble starch compositions of the present
10  invention. A composition is prepared by mixing 50 wt% starch (Crystal Gum), a
crosslinking additive (the type and the amount of the crosslinking additive are shown in the
Table below) and a balance of water which has been adjusted to pH 2 using sulfuric acid.
Where glyoxal (in 40% solution in water) is used, there is no need to adjust the water pH.
The composition and test sample are prepared according to Test Method for Water

15  Solubility described hereinabove. The results are shown in the Table below:

Solubility:

% Additive Parez 631 Glyoxal Parez 802
0.00% 37% 37% 37%
0.12% 16%

0.20% 10%
0.25% 28% 48%
0.32% 11%

) 0.40% 7%
0.50% 16% 16%
0.75% 14% 9%
1.G60% 14% 6%
1.50% 11% 4%

The disclosures of all patents, patent applications (and any patents which issue
20  thereon, as well as any corresponding published foreign patent applications), and
publications mentioned throughout this description are hereby incorporated by reference
herein. It is expressly not admitted, however, that any of the documents incorporated by
reference herein teach or disclose the present invention.
While particular embodiments of the present invention have been illustrated and

25  described, it would be obvious to those skilled in the art that various other changes and
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- 55 .
CLAIMS

1. An absorbent, flexible structure compriging pseudo-thermoplastic starch fibers

wherein the structure has a basis weight ranging from 10 g/m? to about 450 g/m?,

2. The structure of claim 1, wherein the starch fibers have a size ranging from about

0.01 dtex to about 135 dtex.

3, The structure of claim 1, wherein the structure has a geornetric mean dry tensile

strength ranging from about 10 g/cm to about 1200 g/cm, an initial geometric mean wet
tensile strength ranging from about 2 g/cm to about 400 g/cm, and a geometric mean
decayed wet tensile strength ranging from about 0 g/cm to about 20 g/cm.

4. The structure of claim 1, further comprising a plasticizet selected from the group
congisting of sorbitol, monosaccharides, disaccharides, glycerol, polyvinyl alcohol, and
polyethylene glycol, wherein said plasticizer comprises, based on total weight of the
structure, from about 5 wt % to about 70 wt %.

5. The structure of claim 1, further comprising cross-linking agents selected from the
group consisting of, polyamide-epichlorohydrin resins, urea-formaldehyde resins, glyoxy-
lated polyacrylamide resins, melamine formaldehyde resins, polyethylenimine resins,
Caldas 10 resin, CoBond 1000 resin, wherein said cross-linking agents are present in
amounts ranging from about 0.1 wt % to about 10 wt. %, based on the total weight of the
structure,

6. The structure of claim 1, wherein the structure has an sbsorbency ranging from
about 1 gy to about 15 gwi,
al>:(Dry Structure Abry Suueture

7. The structure of claim 1, wherein the structure has a total flexibility ranging from
about 1.0 g/cm to about 75 g/cm.

8. A structure comprising pseudo-thermoplastic starch fibers wherein the fibers have
a Tg of at least about -30°C and the structure has a geometric mean decayed wet tensile
strength ranging from about Og/cm to about 20 g/cm and wherein said fibers have a size
ranging from about 0.01 dtex to about 135 dtex.

9. An absorbent structure comprising one or more plies wherein at least one ply
comprises pseudo-thermoplastic starch fibers, and wherein the at least one ply has a basis
weight ranging from about 10 g/m? to about 100 g/m?, a GMDT ranging from about 40
g/cm to about 475 g/om, an apparent density ranging from about 0.04 g/om? to about 0.12
g/cm’, and an initial GMWT ranging from about 2 g/cm to about 200 g/em.



