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FIELD OF THE INVENTION
The present invention relates to pseudo-thermoplastic starch extruded in the form
of fibers. Starch may be extruded and either meltblown or spunbonded to form fibrous low

15  density structures.

BACKGROUND OF THE INVENTION
It is well recognized that starch molecules come in two forms: the substantially
linear amylose polymer and the highly branched amylopectin polymer. These two forms of
20  starch have very different properties, probably due to the ease of association of the hydroxyl
groups among different molecules. The molecular structure of amylose is essentially linear
with two to five relatively long branches. The average degree of polymerization of the
branches is about 350 monomer units. Under conditions that provide sufficient freedom of
molecular movements, primarily by dilution with suitable solvents, and in some instances,
25 dilution coupled with heating, the linear amylose chains can be oriented into preferentially
parallel aiignments such that the hydroxyl groups on one chain are in close proximity with
those on the adjacent chains. The alignment of neighboring amylose molecules is believed
to facilitate intermolecular hydrogen bonding. Consequently the amylose molecules form
strong aggregates. In contrast, the moiecular structure of amylopectin is highly branched via
30 1,6-o linkages. The average degree of polymerization of the branches is about 25 monomer
units. Due to the highly branched structure, the amylopectin molecules can not move as
freely and do not align and associate as readily.
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
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starch is rich in amylopectin, earlier approaches include pre-treating the natural starch to

obtain the amylose-rich portion desirable for fiber spinning. 'Clearly this approach is not

20 economically feasible on a commercial scale since a large portion (i.e, the amylopectin

portion) of the starch is discarded. In more recent developments, natural starch, typically

high in natural amylopectin content, can be wet-spun into fibers. However, the wet-spun

fibers are coarse, typically having fiber diameters greater than 50 microns. Additionally, the

large quantity of solvent used in this process requires an additional drying step and a

25 recovery or treatment step of the effluent. Some references for wet-spinning starch fibers

include U.S. Patent No. 4,139,699 issued to Hernandez et al. on February 13, 1979; U.S.

Patent No. 4,853,168 issued to Eden et al. on August 1, 1989; and U.S. Patent No. 4,234,480
issued to Hernandez et al. on January 6, 1981.

U.S. Patent Nos. 5,516,815 and 5,316,578 to Buehler et al. relate to starch

30 compositions for making starch fibers from a melt spinning process. The melt starch

composition is extruded through a spinnerette to produce filaments having diameters slightly

enlarged relative to the diameter of the die orifices on the spinnerette (i.e., a die swell

effect). The filaments are subsequently drawn down mechanically or thermomechanically

by a drawing unit to reduce the fiber diameter. The major disadvantage of the starch
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popularity of paper products has created an increasing demand on wood based cellulosic
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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 slury 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
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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
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| arge quantity of solvents or produce a | arge anount of effluent during the



25  processing operation. Mreover, such a starch conposition shoul d have

mel t rheol ogi cal properties suitabge for use in conventional plastic
processi ng equi pnent There'is also a need for a starch
conposition suitable for use in uniaxial or biaxial . extensional
processes to produce fibers, Hrﬂiﬁ ?*tﬁﬁ‘%rﬁnfr? jophaped articles, and the
i ke econom cal ly and effici eﬁ{{l y. peci fi czﬁ ly, the starch

conposi ][ : on s hg_ul d‘_hhglwsbnniawnti&_ﬁ)proviriescﬂn@géoc@t fhexdpestucise comiptigipg darthr
uni axi al l'y or_ bi axi.a ext ensj ona rocess L0 kS in a
subst anti al | Yo&8n Ftﬂﬁh% gccﬁﬁﬁﬁéiafcﬂi“} .Q,p re\?ﬁr’tc?lgivf'at&k@mm% b other aﬁmﬁéeg |

ektessive anount of nelt
fracture is &1t Hldedd M8 kRMtiso fibers to form an absorbént flekible strodtnge baviig s need f or

a low density flexibl truct i Si i b .
BRI o

flexible 10Ig/nr112to_450 g/m2. _ 5 structure
conprising starch fibers, wherein the structure has i nproved tensélg
P pul p

strength, sof t nesShe staweh Sbers meking yp the stpeciure ead hags a91767anging Zom pbau

; : 3 g L a;f Ir :Jf;%&?ex %goth lgbdiex. Why ﬂr&eﬁr&ii SHREIRROhE FOG e 2 didelringiipd
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absor bent 10f | Gic))( ial?olu‘f:“S ﬁécﬁtgﬁtﬂ%&ﬁ&{]ﬂﬁéé }nglgnéﬁ;?ﬁg |§'u'ucture of the present invention can
have a glass transition temperature ranging from about -30 °C to about 150 °C, more’
preferably from about -30 °C to about 100 °C, and most preferably from about -30 °C to
about 25 °C.
Exemplary physical properties of the flexible structure of the present invention
15  include dry tensile strength and wet tensile strength. The dry tensile strength of the
structure, which is measured as a geometric mean tensile strength, can range from about 10
g/cm to about 1200 g/cm, more preferably from about 30 g/cm to about 600 g/cm, and
most preferably from about 40 g/cm to about 475 g/cm. The wet tensile strength of the
structure, which is also measured as a geometric mean tensile Strength, can range from

20  about 2 g/em to about 400 g/cm, and more preferably from about 2 g/cm to about 200 g/cm.

BRIEF DESCRIPTION OF THE DRAWINGS
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.
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Fi gure 2a il | indlupnee eEelavaiedrigrensratwesmaychesnftened tasiieh 2 degmesthdt yhey can be
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Pseudo-thermoplastic compositions differ from thermoplastic compositions in that the
softening or liquefying of the pseudo-thermoplastic is caused by softeners or solvents
present without which it would be impossible to bring them by any temperature or pressure
into a soft or flowable condition necessary for shaping since pseudo thermoplastics do not
25  meltas such. The influence of water content on the glass transition temperature and
melting temperature of starch can be measured by differential scanning calorimetery as
described by Zeleznak and Hoseny “Cereal Chemistry”, Vol. 64, No. 2, pp. 121-124, 1987.
Pseudo-thermoplastic melt is a pseudo-thermoplastic material in a flowable state.
Glass transition temperature, Ty , is the temperature 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 grams) per unit area (in square meters) of a sample

reported in grams per square meter.

Caliper is the macroscopic thickness of a sample measured as described below.



7 Figure 3b illustrates the screw and m xi ng el enent

configuration for the extrusion assenbly depicted in Figure 3a.
Figure 4 illustrates a spinneret and a drawing unit used for
pseudo-t her nopl asti c starch nmelt fiber spinning. 5 Fi gure

5 illustrates theApparpitdensiy is tixrisisis ewight afsedsaiple diaded byrithrei calipeaitbr bency of
the starch fiber structures. . . F qure i.l | usirate he cross
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Figure 5. units of grams / cerftin@tetscuBéd (genBhe Scanni ng El ectron M crographs of
fine starch fibers of. the present 1 i nvention sho on 200. m cron
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starch f'ber%b&fsu{l&@rclﬂ{r&_figﬁﬁﬁeproductmbﬂﬁ‘f&ﬂﬁib@@q&@@e}m_ on a 20 micron scale.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 Definitions

used herein, the G5 BwFtHEr ditseting. draigaateieDy i thegiipotign peamdifyir to the
Pseudo- t her Mapkast bifecGRAN shin® PlahSofiht @RALELE ArflgmOt e material s whi ch by

t he inflluence of elevated tenperatures may be softened to such a
degree that they &semeteic Mean DryFepsidrStrength (GMD) tnthdriquars rest ef theyprgdiatof hi s

condi tion egr%a %%Qc ?-rqgc%nre%l A 1%?1@%‘9&@%8}% gg%rﬂg:ﬂpﬂeaﬁtﬂe%f ERpSt ! al s

may be forne nder si'mil t aneous uence-o pressure.
Pseudo- t her migxepsted dn gramy/asi ti ons differ from thernoplastic conpositions in
C i

SRR T e AL R S
I npossi bl e t ghedmiadtfinet dnd BrosymadhyhetventeasiRisttérgtin (ingtamssfdnt)EThe value of GMWT
' is reported in grams/cm.
Structure is an arrangement of one or more parts forming a substance or body.
15 Absorbency is the ability of a material to take up fluids by various means including
capillary, osmotic, solvent or chemical action and retain such fluids.
Flexibility indicates the capability of being deformed under a given load without
being broken and with or without returning of itself to its former shape.
A fiber is a slender object having a major axis which ié very long compared to the
20 two orthogonal axes and having an aspect ratio of at least 4/1, preferably at least 10/1.
grams
10,000 meters
Flushability is determined by the geometric mean decayed wet tensile strength
(GMDWT) (defined below). A flushable structure has a geometric mean decayed wet

Decitex ,dtex, is a unit of measure for a fiber expressed in

tensile of less than about 20 g/cm and more preferably less than about 10 g/cm.

25 The term "bound water" means the water' found naturally occurring in starch and
before mixing of starch with other components to make the composition of the present
invention. The term "free water" means the water that is added in making the composition
of the 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.
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body. structures/fibrous materials comprising the starch fibers of the present invention may have

from a trace amount to one hundred percent (100%) starch fibers, or a blend of starch fibers
and other suitable fibers. Other suitable fibers for the blend include cellulose fibers,
synthetic fibers, and a combination thereof. -

20 Starch polymers can include any naturally occurring (unmodified) starch,
physically modified starch, chemically modified starch, biologically modified starch or
combinations thereof.

Naturally occurring starch is generally a mixture of linear amylose and branched
.amylopectin polymer of D-glucose units. The amylose is a substantially linear polymer of
25 D-glucose units joined by (1,4)-a-D links. The amylopectin is a highly branched polymer of
D-glucose units joined by (1,4)-a-D links and (1,6)-a-D links at the branch points.
Naturally occurring starch typically contains relatively high amylopectin, for example, corn
starch (64-80% amylopectin), waxy maize (93-100% amylopectin), rice (83-84%
amylopectin), potato (about 78% amylopectin), and wheat (73-83% amylopectin). Though
30 all starches are useful herein, the present invention is most commonly practiced with high
amylopectin natural starches derived from agricultural sources, which offer the advantages

of being abundant in supply, easily replenishable and inexpensive in price.
Suitable naturally occurring starches can include, but are not limited to, corn starch,

potato starch, sweet potato starch, wheat starch, sago palm starch, tapioca starch, rice
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unl ess ot her \kﬂe&&oxﬁmemd‘ ukrdsonic, and the like), pressure, moisture, fractlonatlon, and

9 , he. s le t|o |ns det Ied de tio
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for produci ngnélktﬁeﬁﬁeseaﬂ&eatda\gafmﬂ on, (3) material properties of the
resent invention, and (4)_ anal tlcal rocedures for neasurin roperties
gf t he prlésent i n\g’ﬁfni‘cﬁ 1ﬁcat1ons of starchﬁ:)ypmally include acid or alkali hydro ysi[; (1)

Exenpl ary Wt&fdaﬁ&haln scission to reduce molecular weight and molecular weight distribution.
Suitable compounds for chemical modification of starch include organic acid such as citric
acid, acetic acid, glycolic acid, and adipic acid; inorganic acids such as hydrochloric acid,
sulfuric acid, nitric acid, phosphoric acid boric acid, and partial salts of polybasic acids,

20 e.g., KHpPO4, NaHSOy4; group Ia or IIa metal hydroxides such as sodium hydroxide,
potassium hydroxide; ammonia; oxidizing agents such as hydrogen peroxide, benzoyl
peroxide, ammonium persulfate, potassium permagnate, sodium bicarbonate, hypochloric
salts, and the like; and mixtures thereof. Preferred chemical agents or the present invention
include ammonium persulfate, sulfuric acid, hydrochloric acid, and mixtures thereof.

25 Chemically modified starch may be formed by reaction of its OH groups with
alkylene oxides, and other ether-, ester-, urethane-, carbamate-, or isocyanate- forming
substances. Hydroxyalkyl, acetyl, or carbamate starches or mixtures thereof are preferred
chemically modified starches. The degree of substitution of the chemically modified starch
15 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
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reduce the welght-average molecular weight of the starch to the desirable range. For

example, it is found that for uniaxial or biaxial 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 wt%,
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
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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 moleculés. The linking function of the high polymers

is particularly important for starches high in amylopectin content. The entanglements
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polyvinylpyrrolidone, polyethylene vinyl acetate, polyethyleneimine, and the like;

20  polyamides; polyalkylene oxides such as polyethylene oxide, polypropylene oxide,
polyethylenepropylene oxide, and mixtures thereof. Copolymers made from mixtures of
monomers selected from any of the aforementioned polymers are also suitable herein.
Other exemplary high polymers include water soluble polysaccharides such as alginates,
carrageenans, pectin and derivatives, chitin and derivatives, and the like; gums such as guar

25  gum, xanthum gum, agar, gum arabic, karaya gum, tragacanth gum, locust bean gum, and
like gums; water soluble derivatives of cellulose, such as alkylcellulose,
hydroxyalkylcellulose, carboxymethylcellulose, and the like; and mixtures thereof,

Some polymers (e.g., polyacrylic acid, polymethacrylic acid) are generally not
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



have a wei ght-average nol ecul ar wei ght rangi ng from about 1,000 to about
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substantially conpatible with starch are al so useful herein. The nol ecul ar

wei ght of!0a Fompesifianps the psen} irvention dnsnrmaaniaffeptiveite irmprgvertheyflow,diendef thet uat e
ent angl enent §FbREsaBiHRO Ghabi ' - The. hi gh
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a |inear chaivhi¢hd® beligvedobe dyeco thedgwdnma of Heglass transition tenipechticiafi the havi ng
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nerei n, the. tor e el e OB A2 iyl BB B8 e 0t o o

t enper at ur e Fbwydibldwitlsthe pelpineriy camgidrents b the pesentixiventivg sb eapihe plhsticzenf t he

ool A A e PR et A b AT
transparent onbstantisiiyl coepatiblé"andahewlien hesledip @ 39mperature above the softehi drtiloglebr and
Dot veen s af ai SR (EPREFYARLIHE SommnbRa: yPosgiset A AF oEGRBRBRDI | 1 1y
. ; y
bet ween t WO substantially homogeneous mixture with starch (i.e., the composition appears transparent or
translucent to the naked eye). '

20 A plasticizer is typically added to the starch polymer in order to lower the glass
transition temperature of the starch fibers thereby enhancing the flexibility of the fibers. In
addition, the presence of the plasticizer lowers the melt viscosity which in turn facilitates
the melt extrusion process. The plasticizer is advantageously an organic compound having
at least one hydroxyl group, preferably a polyol. Without being bound by theory; it is

25  believed that the hydroxyl groups of the plasticizers enhance compatibility by forming
hydrogen bonds with the starch matrix material. Nonlimiting examples of useful hydroxyl
plasticizers include sugars such as glucose, sucrose, fructose, raffinose, maltodextrose,
galactose, xylose, maltose, lactose, mannose erythrose, glycerol, and pentaerythritol; sugar
alcohols such as erythritol, xylitol, malitol, mannitol and sorbitol; polyols such as ethylene

30  glycol, propylene glycol, dipropylene glycol, butylene glycol, hexane triol, and the like, and
polymers thereof; and mixtures thereof.

Also useful herein as hydroxyl plasticizers are poloxomers (polyoxyethylene
/polyoxypropylene block copolymers) and poloxamines

(polyoxyethylene/polyoxypropylene block copolymers of ethylene diamine). Suitable



15 materials can be expected when their solubility paraneters are
simlar. I't is known that wat er has as[err] value of 48.0 MPaJerr],
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that the conposP¥FBHE Pyt 13%@&9&?% 6%?1"@»(‘?‘&‘1”? fﬁrﬁ’lhﬁf?@@om 30 witi gh
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comprises from about 0.1 wt% to about 70 wt%, preferably from about 5 wt% to about 65

20 wit%, more preferably from about 20 wt% to about 60 wt% of the starch composition.

In one embodiment, a mixture of the hydroxyl and hydroxyl-free plasticizers is
used, wherein the hydroxyl plasticizers are sugars, such as sucrose, fructose, and sorbitol,
and the hydroxyl-free plasticizers are urea and urea derivatives. It is found that urea and its
derivatives in the starch composition of the present invention have a strong tendency to

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
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mol ecul ar~ wei ght Ataisgfeurd thet polHOBIGOG wpathi gh&rminghysimegen banding ereghorg(
crosslinking eﬁ&ﬁ%ﬁxlﬁ@éﬁrﬁ%@ﬂ%@if& g%feiﬁé &ﬁ%ﬁﬁ&he&k f204 }éq&{/ﬁl 81%’ Fﬁféb ly

hi gh nol ecul ar wel ght use ol ymer is
added t o t he polenpalwent isosufiasfient ioeadiuse Slenvisdosipetet the desired asnge for mahumming

effectiveg,toyy n%'abfo%ﬁmr ﬁg&ﬁ? of 91% p'g?alr tsolzrén?cgou rd%f %r}?ﬁ&ggh an%r e%ﬁ&%%?‘x CLOUS

fibers during Spl hni Ng “process 2uc subs
fi bers havi ngeeddbmn eveforativonep ﬂum!rgtor subsequent to the melt processmg step, whxch results

in operating cost advantages such as lower energy consumption, AND lower solvent
recovery costs, as well as lower costs for environmental/regulatory compliance.
The starch composition may optionally include liquid or volatile processing aids
25  which function mainly as viscosity modifiers of the melt compositions. The processing aid
is substantially volatized and removed during the melt processing stage such that only a
residual/trace amount remains in the final product. Thus, they do not adversely affect the
strength, modulus or other properties of the final product. The polar solvents disclosed
above may also function as volatile processing aids. Other nonliminting examples include
30  carbonates such as sodium bicarbonate.
Optionally, other ingredients may be incorporated into the spinnable starch
composition to modify the processability and/or to modify physical properties such as
elasticity, tensile strength and modulus of the final product. Nonlimiting examples include

cross-linking agents, emulsifiers, surfactants, lubricants, other processing aids, optical
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with the starch matrix mate |mt|ng es-of "use
pl asti ci zer s waightude sugars such as gl ucose sucrose fructose, raff| nose,

mal t odextj ose, ulmﬁg%}a&lg% Gar us%’ ] ose ascm vegataﬁlgiﬁ%éeérfﬂisgp aguch as

erythrose, gl ycer aer

erythritol, >syhilavekr profei, Bd)ydbba,n preteins, tca&onaadi pméllns,taﬁdl watpdojubles such as

et hyl ene polysaccharides; such as alginates, carrageenans, guar gum, agar, gum arabic and related
gums, pectin, water soluble derivatives of cellulose, such as alkylcelluloses,
hydroxyalkylcelluloses, carboxymethylcellulose, etc. Also, water soluble synthetic

25 polymers', such as polyacrylic acids, polyacrylic acid esters, polyvinylacetates,
polyvinylalcohols, polyvinylpyrrolidone, etc., may be used.

- Lubricant compounds may further be added to improve the flow properties of the
starch material during the processes used for producing the present invention. The
lubricant compounds can include animal or vegetable fats, preferably in their hydro genated

30  form, especially those which are solid at room temperature. Additional lubricant materials

include mono-glycerides and di-glycerides and phosphatides, especially lecithin. For the

present invention, a preferred lubricant compound includes the mono-glyceride, glycerol

mono-stearate.
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triol, and the |like, and pol ynmers thgreof; and m xtures thereof.
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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 beén 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
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_ (1.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 2 non-Newtonian fluid is dependent on

its kinematic history, that is



avai lable fromJ. T. Baker, Phillipsburg, NJ), hydrazine, and ammonia. It
is al so known that the [err] value of,p@ solvent m xture can be
determ ned by vol une-averaging the [err] val ues of the individual
sol vents. Therefore, m xed solvents having [err] values within the above-
identified range (i.e., from about 19¢te fakewjasd8 MPa[err]) are al so
suitable for use herein. 15 For exanpl e, aom xed sol vent of DMSQO wat er

havi ng a conposition of 90/10 v/v woul d have_a [err] vaI ue_of about
28.5: such a mbbisdtime oy ditor dspeadent straini is gplled the Hegeky pEfin(§)- For an ideal
I't is found thal, BEl@susSal a\fcﬁmeﬁmgﬁlaﬁlbth@ s@fin TRk TPGiehddrH0RROANE | dthedl &
nor e effective in lowering the nelt viscosity of the COIT[{)OSI'[IOH As
such, a | owér amﬁkm the ftraim émposed by the hrplied giregsn gechjas tha gifepses anplicd extermgliydy t he
viscosity to t I | nni; h SraliP unt
of the polar sg Se ?ﬁntlér%g’lvclE ggg%é ?Jce{gﬁeléi % vgﬁt“%glec%)g teé@m g tahe%{ela%@
need for an evainecta/thdr\thsSaa'pplcddﬂfonmgtmm/elmngent to the nelt processing

step, which results in operating cost advantages such as | ower energy
consunption, AND | ower sol vent recov r(mc?sts as well as |ower costs
for envi ronrrent al / regul atory conplianc¥®l The starch
conp05|t|o nay 0 i nclude i or vol ai.d

whi ch function §‘r‘ﬁ$ aj “%?Ecé%(g’?ﬁ? ggﬁ”@??"&“? 8° ﬁﬁ%@ﬁ‘f‘?gﬁ The
processing aid ThSTiBUH0SH &aalat(mhd Ofted Qbedltd EQflesa tid emamxﬁdﬂdu beHagiot. eheTel t
processi ng stage such that only residual /trace am;)unt remajns in

the final produtPutonFte is defimpd abth%deﬁ%m?egéheye%w’eeﬁl visqesity (ne) andithe shsph
modul us or ot heyscBeigRANL i es of the final product. The polar solvents

di scl osed . above tmy al so function as volatile processing aids. O her
nonlininting exanples include 30 carbonates such as sodi um bi carbonate.
Optionally, other ingredients may B nelehpdmated into the spinnable starch -
conposition to nodify the processability and/or to nodify physi cal
properties suchwiegein the extemkmat *risx:iosiy/ neiedepchdentan the gefhrnzatidn rasei(sM)and difnet(He
final product. nlI\{eWt mian %nf" Slai 94 nl’&gr? Trouton ratfo s cJ)rl %{ \th.fe‘%ggn%ﬁr a
emul sifiers, surtac Flocant Ot her " processi ng ras,

17 oir | gkmaﬂmmmraﬂmm,othe dﬁatsmnalf hmtyrmtdapeddm on thg/éefornpngnm&t &)
fillers, prot eiarrllatgnréc{t)t hei r al kal i

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 Paes, 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.



salts, biodegradable synthetic polyners, waxes, low nelting synthetic

t hernopl astic pol ymers, tackifyingiresins, extenders, and m xtures
t hereof . These optional ingredients may be present in quantities
ranging fromo0.1%to 70% by wei ght of the conposition. 5
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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.



18 Further additives inclgging inorganic fillers such as the.
oxi des of magnesi um alum num silicon, and titanium may be added as
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starch less than 25 microns, more preferably less than 15 microns, even more preferably less than
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.



conposition of the present invention under acidic condition, The
conposition is rendered wat er insolduble. That is, the water
solubility of the composition, as tested by the Test Method descri bed
hereinafter, is less than 30% preferably |less than 20% nore preferably
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webs for tissue grades of paper such as toilet paper, paper towel, napkins and facial tissue;

medical uses such as surgical drapes, wound dressing, bandages, dermal patches and self-

dissolving sutures; and dental uses such as dental floss and toothbrush bristles. The fibrous

20  web may also include odor absorbants, termite repellants, insecticides, rodenticides, and the

like, for specific uses. The resultant product absorbs water and oil and may find use in oil

or water spill clean-up, or controlled water retention and release for agricultural or

horticultural applications. The resultant starch fibers or fiber webs may also be

incorporated into other materials such as saw dust, wood pulp, plastics, and concrete, to

25  form composite materials, which can be used as building materials such as walls, support

beams, pressed boards, dry walls and backings, and ceiling tiles; other medical uses such as

casts, splints, and tongue depressors; and in fireplace logs for decorative and/or burning
purpose.

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,



deformation history (i.e., a tinme or strain history dependence).

The starch conposition of the present ingention typically has a high solid
cont ent (i.e., a concentration above a critical concentration C¥)
such that a dynam c or fluctuating 20 entangl ed network is fornmed wherein
t he starch nobleenlids etdsibier kbgdrugod, ywrewsn Haeraomg pressure fasEng i @irpebssom
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viscosity increases as _the strain or deformation increases.
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behavior in a Newonian flurd. Onh the other hand, 4 ~ 7 non-Newt oni an
fluid may exhbasilesi epgtaingrs).nBrecstindesinteyffiod vee astbagn yhleas sheppinigrbags, gwcerybags, n 30
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'2163 ki nermat i Csul?)lstgrgtﬁhy h'algsggjéntltbsr use as food wraps, shrink r"éﬁpﬁ ])r windowed efaﬁ?lgpets.i H.‘Be or

hi story depenfilemtmayt 4186 be fistheraprbedset Ifer idens lay itdxpaisive lﬁieddgiagabéé:ezmanfo'r ?fa! g
honbgeneous unj axi al . el ongation, fhe strain rate experjence y every ui
el enent is.5 °th‘3dﬁ"’é‘fm¥éowaﬁaé § %F 8 'E‘?”ﬁ‘ﬁff&s ghesiyes ey %Fp”@?i“’éi& gfrf%‘% or hE¢th as
the stresses fpptheadessutieisiaelsy by the instrunent, device or process.

In such an_ ideal case, the Hencky strain correl ates directly with the
sanpl e detdr mat i onfeq %&hfqnmqsmons 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. E;cemplary foaming or expanding agents
include carbon dioxide, n-pentane, and carbonate salts such las 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



[erf] =1In (L/L[err]) 10 Such an ideal strain response to applied

stress is nost often observed in Newt oni#nh fluids. The
Trouton ratio (Tr) is often used to express the extensional flow behavior.
The Trouton ratio is defined as the ratio hetween the extensional
viscosity ([err]) "ARAPRAFESIPISATYINgG out (e Reeqsss qf yhe(ipwnpiqr congigfs of an extruder

[err] migg ei n the extensional viscosity [err] is dependent on the
deformation rate ([err]) and tinme (t). For a Newtonian fluid, the

uni axi al ext ensi o THstinlshchambérsonfaining atlsass pegronveyingeslesfen. For a 20

non- Newt oni an fl uid, 2N n Si n
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mol di ng, r%r% JresirynERgon Phmbek ASRISHEATPHYIdiRePne fetiteRe. A
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about 8 Paferr f Y %%Fé s S erein.
Some starch conposi t?i%%&tﬁgz?@&é%mbé?aﬁ&&d‘% SSQ%%W ne to(?l\%lsc% yeozlﬁch t hat
t hey may e m xed, cmay@;lemmtmnﬂervm se processed in tradl tional

pol ymer processing, eg ng t 0 cous fluid such
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nol ecul ar wei ght. of the starch is an effective way to | ower the shear
vi scosi t ylSof SfR&: 2yl a dig.foRpigesst steme. A twin screw extruder havmg closely meshing screws

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.



21 It is generally known that nelt shear viscosity is a

mat eri al property useful for eval ua@ing nelt processability of the
material in traditional thernoplastic processes such as i njection

nmol di ng or extrusion. For conventional fiber spinning thernopl astl cs such
as pol yol ef i Aschalpéwmca@ystawhwbmdwgthsmsole%rewgh@yap REHAE

correl ati on BEENRRNLGRESA MR APRhdImolecul A RAuEH ANSLARAI ofiROATREY Of these
conventi onal ernopl asti c nmateri s and S t hereof is, the

spi nnabi | i tymfcculheﬂmtefihabm@hmayéled&déﬁ rdneeches Yipaopily nyhﬁtmelldmel t shear
viscosity, eygn, érPtI]aI%Hcheltt h§u1t§91' @ﬂ?@é& J%ngu&esm&gB‘{ iORRT ot danfe WOHE. Oé\lxﬁglgp” marily

by nelt ext ensi o atron"I's quite robust such
t hat the $i bérorgandusits mclludcshydﬁichbdc aaid, 1snhiﬁ1r1mbx'd nitric acid jyhasphoticdd etd/ i n

Ui scosi Uy natotSil g b aR et RO Boh ot Bpeo a0 &5 07l 10

It is theref sﬁ@bwrmi&cmg ilctudé Forakictabid} acEthﬁac&I, fioionic @BIASitric@Bid, Iadtict he
present i.nventjon do aqot exhi bit _such, aﬁﬁ’grrel atl&(zn bet ween shear and

ext ensi onal 9§idebisplis arid, oxalic acid, citgip peid darfagic agifedizconiqacit sucinipagid. & ect ed

accor di ng t 0 ofhREorPISRMs khOWERthOPt, indludRlg 8aHiAIQalss of the poBbadicdtidsORBOAL t i ON,
t he shear viscosity of the corrp05|t| on renmains relatively unchanged, or 15

even decr®as@sat inyprtiop, thpprsiredentalystnaenipidemsblorigpradd spifuriedeid, adsitas ch

conmposi ti on ‘éﬂH'ﬂcludmgmmﬁif&'d?érE gdecreased nelt processability and woul d not
be suitable for 't "'extensi ona (1 processes. However, it is

surprisingly founa'hcMﬂcmnefmmulmmbfﬂhgmm@p@ﬁﬁﬂ%ﬁmeéis bya
significant 'f&?Jr%f‘%o Bi‘fbgdérgﬁ&%ggd%aal faéf&rsogg% id()ﬂ"“?ﬁ ofid Hat?onsorf@ét%lyon het of

hi gh pol yne arc conposi rein
is found to Iﬂmmgmﬁméecdlm%hmlew catalgmtpemmld:)oﬂ anhydraxplicess usitjipteddybldy f or nel t

ol i ng, FoalPREPLR HO SRaRIG LR se B mAE Sty arrgp R b Gy syt 1

el ongati onal Vi scThé fquowiﬁgresdﬁlplésahadue& theCtypedfiexttusion @GuiPmént byd ferdting

conposi tion, and |sﬂr)>art cul ar tJ ortant for extensional processes such
as fiber, fi PAREfters rpm‘!fuﬁ%sﬁﬁ% g)‘P The extensional viscosity includes

t hree types of deformation: uniaxial or 25 si npl e extensi onal viscosity,
bi axi al extensional viscosity, and pure shear extensional Vi scosity.
The uni axi al extensional viscosity is inportant for uniaxial extensional
processes; gExamphah as fiber spinning, nelt blow ng, and spun bonding. The

other two extensi %@bm;pose of th\ﬂ e?{%xg?l'etlé tE FAntrdte ftﬁ'@ﬁﬁf)@?éxﬁu@d & Q‘fnaﬁﬁbﬁ%ﬂ al

extension or formng processes I ng sheets or
parts. |t i-s cfasusedtionand setisequonthpdrawi o rgiuc@drmoshusg:hoxpowlgawerpseuﬁave a

thermoplastic starch fibers were produced using a torque rheometer assembly 100
illustrated in Figure 1a. 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 and alength 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:



30 significant effect on nelt extensional viscosity. The high polyners
useful for enhancing the nelt extesibility of the starch conposition
of the present invention are typically high nol ecul ar wei ght,
substantially |inear polyners. Moreover, high polyners that are
substantially conpatible with starch are nost effective in enhancing the
mel t extensi bid,i . t i.1d

22 %A’ﬁyx”ell%htggrsa%nedeﬁne?%t&% %ﬁﬁgt{?{g‘%%&g%npositi ons useful for
mel t ext ensi @6%l bypreight ¥&es typically hasve their extensional

viscosity in sed. factor .of at .l.east .10 when a sel ected high
polynmer is agégﬁ)yﬁ%l@%é@e@g‘%%@ﬁﬁi‘) d‘ﬁ}b °81“fa35, the starch conpositions of
present i 8ventYuy vedightSabitolediRbls eromnAldkich Ghehidats onal vi scosity of about 10
to about 500, 5 preferably of about 20 to about 300, nore preferably
from about 30 to about 100, when a sel ected high polynmer is added.

I't has al so harRwiikHlsiwed mied bffHineOaRs & 3Rh§ wadfipasd. { THRR9fwak gn Pr esent
i nvention cal I% have a Trouton ratio of at | east about 3.
§

Lypl c:
Typi cal |y, t%ﬂ%‘é&%ﬁmr fegd pahigd of the derque rheomefgs ggpembly 108 about 5, 000,
preferably from about 20 to about 1,000, nore preferably from 10 about 30

to about 500, when neasured at 90 [err]C and 700 s[err]. When
the stardf cdmpeeitingsen thertorgyrsrhenmestes wereas fgilosist i on i s subjected to an

uni axi al ext ensi onal process, a draw ratio, expressed in
(Dlerr]/Dlerr]) wherein Derr] is the dianeter of filament before

drawi ng and BFM the dianetép of the drawn fiber, greater than 1000 can be

easily achie a-he starch osition of the present invention typically
achi eves a- d\rﬁga%ell-%mperraéﬁo fln('f@ﬁ?about 100 to about 10,000, preferably

great er than DiéoTehpetat@@0, naog@ref erably greater than about 3,000
and nost preferably greater than gbout 5,000. Mre specifically, t he
starch cc}lp‘rpoggfqa%ﬁgof the pr s%?‘f?sf}?‘}?\‘i‘@nti on has sufficient nelt
extensibility to be nelt drawn to fine fibers having a finite average

di aneter of |ess than 50 m crons, preferably . | ess than 25 m crons,
mor e pr ef er aliFr TERRe thegheomstenfor pppreximalely 20 imipwtesy the peqcess sipbilizedend an 20

10 mcrons, anglePRaidoRMkehoyiARE Haks B8ert196 Bxifed MleH13D: 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 Example2
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/m? 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.



V\hen the starch conposition of the present invention is subjected to a

bi axi al ext ensi onal process, the e#hanced nelt extensibility of the
conposition allows it to be rrelt drawn to fil ns havi ng a finite
average cal i per of ss than 0.8 nil preferably |l ess than O mils,

|
more pref er afPgmplecs %f"'ﬁ&th Wets Extyuded y\?’éﬂ A¥ented T aingereyy Bxiruder t han 0.2

mls, and noSt 25 The BirgbRlodMidexh @i 1§t9 ﬁﬂxsgatél-a Mt twin screw extruder  1h€ starch
conmposition herein is processed in a l e state, which typically

occurs at a tcenjraiowdepigted indigure éfqu%ﬂd tg makfr stasphyfifeers fonthe presest wtntiong
tenperature. glhgf @Jegﬁe made u51 tarafr‘ A@R/%%?P('[Pﬁgrb&%ugf Eﬂélyﬁcﬁ A Ew! e§truder
e starc

controll ed bythe rretlngte erature o conposition,
whi ch i s Aead08.adapiioyditi2ig, and a whmleTeet shivirhod described in detail herein.

30 The nelting t e.starch c ositio r.anges from
about 80 to 180[erA%]% i tpidte % pr’g# el BorS ™ B o%?nsﬁ%an‘fageggdg[ﬁ’ Feo[errjc,
and nore pr efsepasdtddyintorfivaezatea uTheIarrel@02 bidldses the ex&u&%ﬁ&&é\m]zﬁdxﬁximgs to be
under st ood th sone, starch co osi fion not exhi bit i ng"
bonavt or - A SHREHARY BFHFS ST HERABRITL RSTS PITE (R SEPRT Ar Rty icfrad por

t enper at ur e @04 istilisposed in zoha M gad Bduid REPHRIrRL06 EndB08 Qe HdPO¥d iNkine N ahdgone
corrposition Itsn%< sof tens

23 Ave ﬁfﬂna’;“@edaﬂ ronei4fpr wepting e pisudo-therraplagticmatfordsgraset or t he

starch conposhd witontent of HB kR pifet fo kRS tRQug®é lieRI2W ng, and spun
bondi ng. These processes are described in detail in U S. Patent No.

4,064, 605, issued on Decenber 27, 1977 to AKi yama et al.; US. Pat ent

No. 4,418, 026, 'S%@gcrg\paw ﬂ%%ﬁen‘?egt?ﬁg%gtgﬁ qlﬁ'&eetwﬁlt c%kvex der%OdDg[ ent

No. 5 4, 855,179, 1ssue ugust ourlan et a
Patent No. 4 lmgatgd’@ Figure tw dlhe twin scrow Mudyhcmnsda@&omthty@ﬁwh b:aétscrews U.

S. Pat t NO
ot ot NG & (RS0 SRS 1ot SEHEASER REMATE Gl Scrsy clomehis e iratfiiedy
U. S. Patent Nsthdizuﬂbanﬂ‘:eﬁuunummndserrdtﬁugmtofﬂﬁselaﬂ% to Rnimet al.; the

di scl osure of all of the above are incorporated herein by reference.
The resul tant produ nd use filters for ajr, oil and water;
vacuum cl eaner fi Iﬁg?im% %g'va‘F]Peé’lxémgf)a"étéc}h‘ﬁ’?R% the coge pthe screw ¢ | {or s,
tea or ?:of f eeldargs The hembalof ieldshdéadd The HRihdEs @Imomaﬁﬁh@ﬂte o at @yl on
materi a 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. It is 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



nonwovens for one-tine use sanitary products such as diapers, fem nine
pads, and i ncontinence articles; bipdegradable textile fabrics for

i mproved noi sture absorption and soft ness of wear such as mcrofiber
or breathable fabrics; an electrostatically charged, 15 structured web
for coll ecti nglepat 4@ benSLisgwith s pitetednd fadriclengttintatio abdewelsmeiitai50 fsar SLSgmddes
of paper, such a a writing paper, newsprint, corrugated
paper board, pﬂdﬁmfféﬁ%gﬁvgv ‘ti ssue grades of paper such as toilet
paper, paper tomel napki ns and facial tissue; medi cal uses such as
surgi cal drapes, mound dress bandages, dermal patches and self-

di ssol vi ng sut ur es BlIgpaiPRid iﬁséﬁ {r5vRg a§l§‘&‘h‘“&§‘°ﬂ‘é‘ﬁfé‘l"a]ﬁ?&}'§§" dethi 2s5BEsHERUS h

bri st es. Fhe gid dIraUsd 2OFS sohH iffBMeth %ﬁhah&%w#@ W%us%bﬁﬁgu%eﬁssofbh%ém te
repel l ants, insecticides, rodenticides, and the ke, for specific

uses. The reswrddigs36Qpnstravarsingiemants 348 erd 358 e used nmﬁ#rﬁmgﬂnfrpldbmié in oil

or water Sp"%mﬁ&ﬁﬁﬂu&ﬁmxﬁ.u ntrolled water retention and rel ease for
agricultural or hortfcultural applications. The resultant starch
fibers or fiber mebs may al so be incorporated into other materials
such as saw dust, GQne 2 r osite
mat erials, which can’b %5RUS£31) a'bgtarghdﬂnd BRIt lt &1 ok sn?dstll}é%md%eed °%2%k§““ggort
beans, prd9sedrdadefedinto tﬁequabbnsmﬁﬁninﬁgkmm;s wathd 6020120 ngight iaas Tiekder

medi cal uses s

fireplace | ogéna?%‘ragaée 8@1*@@513587582“%??{%8&%" add Qgﬁ@%@@@% port 208l "

The nelt rheolfas £gbudoahéitioplastRimdlth Thotetiperature; brEsufe, GIRE8iPohdRg AhstdnBkes
it 30 . suitable for use in conventlonal t hernopl astic processes that

i nvol ves bi axichfecBgens &g yAviggd inTable Lt ne naterial . By having the proper nelt
shear viscosity and bi axi al extensional viscosity, t he starch
conpositions of the present invention may substantially reduce the
occurrence of tearing, surface defects, and other breakdowns or
defects that interrupt continuous processes and produce

unsati sfactory products. These processes include bl ow nol di ng,

24 bl own filmextrusion or coextrusion, vacuum form ng, pressure
form ng, conpression nol di ng, transfer nolding and injection nolding.
Nonlimting exanpl es of these processes :



are described in details in U S. Patent No. 5,405, 564,issued on April 11,
1995 to Stepto et al.; U S Patent Mo. 5,468, 444, issued on Novemnber
21, 1995 to Yazaki et al.; US. Patent 5 No. 5,462,982, issued on
October 31, 1995 to Bastioli et al.; the disclosure of all of the

above are hereby incorporated by reference. The articles produced by these
processes i nclude sheets, filns, coatings, |amnates, pipes, rods,
bags, and shaped articles (such as bottl es, contai ners) The articles
may find use as bags such as shopping bagisl grocery bags, and gar bage
bags; pouchs —fp CO ] vat W
frozen 10 fz\???l an 3?%%#%@3*%‘?) '"'e‘é"égrs'(g e 2ol ool Sr—e rwg° for

ttCar Gco StHer—asS—Co ecd; éJ t++
ahaky *mnc ﬂ.fS.,.‘P for—use—as-if ood

medi ci ne. The—HH subs o
wraps, shri n_&w;_a 93,\/\‘ ndowed enve ;id es_ The f P‘mg may al sa b
further pr odessed f 1258ce as an inexh®nsive, hi aodegr alddBing carrier for
other materildl s such?Hs seeds or ferf?lizers. Adhesi vicBressurg Dsereagingl i ed t o
the filnms orl_sheets for other lises such as | abe| €onvgsing The
starch conpaditions|@#5the present i h@dhtion nmay al sof Rressnmdenérating a floaned
structure by Rientr ol Il%l removal of tph480vol atil e conponsimpimg(e.qg., water,
pol ar solvents). "+ However, foam ng or expandl ng agents are general ly

i ncorporat ed cl havi n oa Qr porous_internal
structure: EME ‘eté??fﬁﬁht?ﬁ "t’é‘igﬁgm% DQ@%‘FH*% o Seraytitesar bon

di oxi de, n-pent an%e@ﬂ@o%fﬂﬁ@é&aﬁpﬁ@d mlmabaa&l-w@dumn@bﬁw&m}e ei t her
20 al one or |n conbi pation with | ymeric acid which has | ateral

car boxyl gr oufgatigugatign, depicted in ]f}S‘I“?é% Pﬁdlt%%]éﬂ stprchefibepy feride arepspt inkentiopol yner ) .
Nonlimting @gﬁm&g L RGeS

described in U. S1 Psat eﬁ%g@usir@amzmgggr Qeggbﬁé%@%n@ngﬂﬁ@uary %%Se %(Sei

to Bastioli eX00capillerydic 313; andta winder GloudewalS5, i ssued on March 5, 1996 to

Chi nnaswaggy et 5 Hanyary 6,
1998 to Tonka; an U %1' g‘é%detﬁ%n{%%%gumgmiﬁg §ﬁ}u§&sﬁeﬁg%§%§ﬁorl ﬁlﬁ , 1998
to Bastioli dwingcrew exhradedcauprosys mereldf02 wheit slsemratednietodlyy zones. Thel tagrer20ar at ed

by reference. ;Iigs%s{hesu tant products. ma find pyse in e cartons f oanmed

cups for hot Dever ageg’émséogr?f%wﬁ%rf%sm‘f‘glﬁ Pt iy ‘gsﬁwefrﬁsaat [;l? nEYEFSEl es and
bow s for oneiuhngrme extrusion pERess LA oG ead pdet 208 iCdisPosqddn korRS; anP ﬁ@tﬁ&ﬁeﬂg

materials, eit I nol de conform to the packed
article (e. g.p g?@o?&@éﬂ@ﬁ?ﬁﬁﬁﬁ@%&iﬁ%@@y 2t hermal insulation materials:
and 30  130i se i NSThe8érew BndihixSplbleneRt QAfi MR iJNE6ahd @iSscrew extruder is

2) Ex | ary. Pr
(2) enpt a yllusirgt% n Pegure 3b.
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In zone 1, Durabond A starch and sorbitol 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
materials are combined inside the extruder with water added at the liquid feed port 206 to

20  form a pseudo-thermoplastic melt. The temperature, pressure, and corresponding function

of each zone are provided in Table II.



Extruder Apparatus

25 The apparatus for carBying out the process of the

i nvention consists of an extruder havi ng _ a. first inlet
chanber containing at |east one conveying el enent, b. a

heat ed receiving chanber downstream of said first chanber and containing 5
at | east one conveying el enent; TablelI C- @ heated destructurization
chanmber, downstream of said second chanber, cont ai ni ng

kneadi ng and Zw€ai ni| TgmpéretmeridegF) | Pressure (gauge PSIy. Debeiptiedofifegms s| ng
chanmber underl reducgdOpressure downsd ream of sai d | Feeding
destructuri zaion chasber and sai d jdggassi ng chanbegmigmptaini ng art| | east
one 10 3 26@0NVeyT ng el engnt, and Mixing . € & trent ed
extrusi on chapber dowpstTean of —sai [y degassT g cirar ssdfébé&ealgfﬁgc'
el evated pregssure anpd having at |east one conveyi ng & TR
Furt her nor e, [ treexymgate Pt eferabhygras—at—teast—ope_t y—dewv] ce for
_ 1 30097 - ‘fresurchr;g;a’Emg
solids for Die, . P! mﬁfo step—a—=a sy e ere ocpss step
b, a degassilrg—H++ilrg—for—precess 15— step g _and SHAREE. ¢ o nrockss step
e. Atwin screw extruder having closely nmeshing screws whi ch run in

the sane dir eitantple 5 Fopmed StarelfiFibers Extruded With A Neh-ViehdAWaR Sflewl NVeNti on,
the starch neEsfidRk can have a total water content, i.e. wat er of

hydration plus addeg paglosof m1§e)&ﬁ§1eﬁﬁeglﬁxs§£teﬁﬁ%ou§ zbiits BPPRin §0%
preferably in the range of about 10 to about 20% The starch materi al

i s heated to Sfedeaithout aypriaed e ererating pargmeteis @ssepieted with eacnzene for
pseudo- t her Mypbdeink SoaRel E&rcf%'ﬁ‘ﬁfl’t s WRITR Ge Wi aeisﬂ:yya@h ?1%1111%’ A grgé %so%ben

the glass transition and ing tenperature-o erial. For
the present capacity relajizp tq non-foanked Sgrtﬂnefé)eltsr Emeﬁlsumhtféanqsermadeemnga éibat | east

about 15061 r‘ﬁ% b uP AR e bl o spERERR aoBORE et hout

and 3b.
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In zone 1, Durabond A starch and sorbitol 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 III.

. 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



100[err]C, and nost preferably in the range of about -30[err]C to about
25[err] C. The nelting 25 tenperature is ppeferably in the range of about
100[err]C to about 180[err]C. The pseudo- t hernoplastic nmelts of the
i nvention are polyneric fluids having a shear rate dependent

viscosity, as Iﬁﬂﬁ}%\énr’thérhﬁplasﬁc fabfio etratng-eOfEdni Mchﬁi&éd’}ﬁ)@g&ﬁﬁsamétnbll kes#reia lieng
shear rate as wel I ncreasi erat ure. . ) The
starch materi al®d x‘iﬁ‘é‘ﬁg B?JY’BFréf‘% aaliewfenafa?%ﬁéé qughd SB?B""FY@FWEg Arediedle of

a low 30  conegeBitEddurtain of owdiaed advencifpTitels! ThO8bed @6 GlenBRUVithalr it 0 @
pseudo-t hernopl astic nelt. A cl osed volunme can be a cl osed vessel or

the vol ume cre&PRIENGHGN WHA2 suckipy-fyge drawinger atenppiwepislet. U.S. PatyNg. 820%P3%
happens in the ;gGsaWzelinS 4 tal ok @R 8 ©19Y4 RIEETLes o deRSSHERSIUELGRRR AN @ C' osed

vessel w Il include pressures due to the vapor pressure of water as well as
pressures turhuleroe dn e aig flew iorderrip rrifpsinbyrind ponsisteatly anply 4 drawing force to

screw barrel ofythe extruder.

26 A chai n sci ssion cat al yst, which reduces the nol ecul ar

wei ght by splitti ng Fohthe present glvgmtios,isthictutenare producet! fromsit raix e coaprisinp| ecul es

resulting in a uct.io f.the rmeularwe ht

starch, may be usedw?%r’ Elé%ﬁggrst%’g g\es%)glgﬁl §dd6?vet§ h 8‘3 gﬂ(’fb#l%ure“ tfhe mnﬁ“re

t her m)pl astioc rietdnverditd Apdeadosthéraloplastk mehich mdecuuﬂerragammemd:romgam c aci ds.
Suitable 5 I noy gani.¢ aci.ds.incl dr och) c. ach sul furic acid,
nitric acid, pﬁB’é‘g 185° %ﬂ’iaﬁmgélﬁ’&%%m rVF’E“’é[?' (H‘eﬁtg ﬁbgfafn of dovprarfar ¢ al
salts of pol ybaav@cagﬁdaspe g. NaHS( err] or NaHerr] P(err] etc.

Sui tabl e organic acids include formc acid, acetic acid, propionic acid,
butyric acid, |actichespinneself)compgripeypn asssmbly Whighds knowadn the agti Th wingeret],

tartaric aci d: lotimmeiat £pfalifh of %b’[zfe'lﬂi‘é 19t hol@'aﬁmeters cuStbRASH f RAI C aci ds

known in the art, including partial salts of ol ybasi c acids. For the
10 presen® i mﬁtmsln The F@nqsreéwéfpm@nl%ean&eyéqpsedé@ tbe rﬂyulptwmhemeb sediat],

sul furic acid, gizgcr ?lh th ing mxtures thereof.

The reduction of n e aa? wel ggtrat%ﬁoﬁg non-nodi fied starch used is by

a factor of 2 "Ifbe dﬁﬂ@(g ungr28 fcempriiey arhypemuppgr engr2204n open lyws0GE.24;T4nd an
concentration %fir sﬁﬁ%@%%x? E‘o%qu]%ﬁésrulg{_;'l&né comp r%ggd 1%%91%:&%;1 n%%l (nclt sltmwnj} keenrtéci in ol e-

of catal yst per S8R , prefe
a downward direction. As compressed air ﬂows through the lntemal 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.



15 | between 0.1x10[err] to 5x10[err] nole of catal yst per nole of

anhydr o-gl ucose unit of starch. 33 The fol l owi ng exanpl es
illustrate the type of extrusion equi pment and operating par anet ers
for producing starch fibers. 20 Exanple 1 The purpose

of this exanple i slntaddifipn tospyrhpeded stactires; mbm—ﬁb%xmm&leratstaale@aﬂs,l cuI ar
cross secti Onh&i:éll@ USRI ok, s%ﬁé@’?m{){? . 1ébal t%i%kca%g nﬁx’itp ognp%ﬁgﬁt Ifgprs gyl N
t I ¢ starc

pseudo- er nopl as ers were uced ‘usrng
rheonet er assksdsbducdd)ey using the qohﬂpuﬂsmqnaamﬂnctho@o@meerekau m'VhlﬁlohthE;lpeocbheo met er

nmbly 100 jhye, ni manuf a ake GrbH,
ﬁzzgl R%eocor%’r g’ﬁ}ggo%ﬁaf)bn% Sef%ﬁrs par %eft} %nﬁesgg? W?féaf%ﬂ?wngng Xxu’t’h‘g Hper at ur e
zones 122,5 12p<kpdu’bﬁ@ aapsdudb2ta¢m;nlﬁaﬁ&dtamhrmelﬂaaﬂl poxa/ejslhgl?I“eth&&rabd,llggi’cbtoﬁgal 130,

d d 140, TwWin screw el e node
00, 1 rom rEaR bfer TSR i) STt o ooyt e o reg it ORI ¢ he
drive unit 1l&rameks 8y s90iagdiMayidY, And $ilar processEnb®h inlBPart A capillary die
was made to fit the die 130, with an orifice di anmeter of 0.5 mm 30 and a

| ength of 5.6 nm The mandrel rew nder 140 conprises a 3 inch core nounted

to a sinple DC driven 3 inch dé anl???ﬂel-nes-rhe 3 inch core can
achi eve surface speeds from to 20 Raw material s
utilized thcl uded ¥reductsguthoasidisgosable towels, toilet tissue, facml tissue, napkins and wet

27 4@16%?%&’%Et%ﬁod%ﬁ%?c%p&aéct%‘ggtﬂs §§u%fx ?n@lufd&ra a?s}sl\\!vaetigh? ax?d apggrgntc

density, both of which have been previously defined. For the present invention, the
structure comprising pseudo-thermoplastic starch fibers can have a basis weight ranging
from about 10 g/;_n2 to about 450 g/m2. More preferably, the structure can have a basis

15  weight ranging from about 12 g/m2 to about 150 g/m2. Moreover, the structure of the
present invention can have an apparent density ranging from about 0.02 g/cm3 to about
0.20 g/cm3; more preferably, an apparent density ranging from about 0.04 g/cm3 to about
0.15 g/em3 and most preferably, an apparent density ranging from about 0.04 g/cm3 to
about 0.12 g/cm3.

20 The products listed above also exhibit certain mechanical properties, particularly,
strength, flexibility, and absorbency. Measures of strength include geometric mean dry
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/em. 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/em.

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% by wei ght Water 15% by wei ght Urea available from Al drich
Chemcals: 5 15% by wei ght Sorbitol avai hgble from Al drich Chem cal s

Al raw materials were m xed off-line until a-slurry was formed. The slurry
was t hen manual ly fed into the feed port 121 of the torque rheoneter
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stabilized and a ug pseudo-t her nop Iastlc starch fiber 1g0 exited
the die 130. THangingfea a*rq %gfcmaea%a&m glem. Mamaff frobld s ER fay I s @

mandrel wi nder émahsngvﬁeﬂ%oulé@cmaw@@o@g/m y sped up 20 to 900

feet/mnute surface speed in order to draw the fiber 150 increasing the
fiber length aAepmptricrroess idpegyed et tangitestrergth (FYIRW Risameashe ofithaiist er  of

the wound fiber %}sﬁs exgthﬁﬂﬁ@%%cmre aﬁ‘tefr bZﬂ %qerﬁ& 1%&921)?' tl-?%mm%'t:és FéPHRPl e 2

The purpose of tt eistol ow star ers can be
arranged to presehnnvnnaors therstrixctdre b@nprsinglpsetudoeherﬁfmaspis stemgh {ib¢re camdpiest i c

The starch st anPdot bevEnk PR el Seamio heleah Bt e SRR udRiereb B S,

onto a pape[makhavgammWﬂ‘gaﬂgatgrﬂdmmwmgmndmﬂuﬂlmgu:ns Pat ent No.
4,637,859, with

Sofiness has been described as a physiologically perceived attribute which is
generally measured by expert or non-expert panel evaluations. Perceived softness can be
broken down into two components; bulk softness and surface softness. Bulk softness has
been correlated to sheet stiffness and flexibility while surface sofiness has been related to
15  surface texture and smoothness. High softness requires flexibility. The method used for

determinin_g the total flexibility of a structure is defined below. For the present invention,
the structure has a total flexibility ranging from about 1.0 g/cm to about 75 g/cm;
preferably from about 2.0 g/cm to about 50 g/cm; and more preferably from about 2.0 g/cm
to about 35 g/cm. '
20 Products such as disposable towels, toilet tissue, facial tissue, napkins, and wet
wipes require a certain level of absorbency. Herein, absorbency means absorbent capacity
which is a measure of the amount of distilled water absorbed and retained by the structure.

The method used for determining the absorbency of a structure is defined below. For the

present invention, the structure has an absorbency ranging from about 1 Swa= A to
Dry Structure

25  about 15 Ewax ; preferably from about 2 8w, to about 14
Bbry structure Bbry structure

to about 13 gw,,%

Dry Structure )

g“’y ; more preferably from about 3 Bwae
gDry Structure g 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



30 . the fabrics of U S. Patent Nos. 5,857,498, 5,672,248, 5,211,815 and

5,098, 519, all I ncorporated hereinispy reference, also being judged
sui-table for this purpose.. The fibers were msted with water at a
| evel of 20% based on the wei ght of the fibers, and then dried at an

el evat ed t enpstoat 18%by¥ ®eiphitas measufed be rrdieotThérmbct}ta\ﬁmbtac Asblysis)tismchieved.

Extruder  Fopiiemo Grayiet daiE W ehi C AL R O e 08 8

vented tW N SHi@imaxd ik ustar Approx1mafé@fﬁ0|r@6f&ﬁmﬂ6 is \Gkﬁﬂieﬁﬁxﬁda II‘GAFpagur e 2a, used
to make starch fihers for the present |nvent| fibers are

made using a BPHoAfNg the mapuifobuerey iBHTUERTS, t ﬁ?@’lpgr?ﬁﬁl P'i“\/ﬁr?llné‘iﬁeg\wt‘é% rEged 5

200, a capi! | gfYerfllefandd & inciSednt WS 10¢dIRinuE 8 YBI°C. The % moisture in theAS Show
in Figure 2a, the twn screw extruder conprises a barrel 202 that is

separ at ed i nt eamrleis dotermined uping thsaeiaht lostond thednitid esighhes fellawsusi on screws and

m Xi ng el enrents and se 1 | { ~vessel during the
extrusi on process. % Mdistufd = ét\é Wgnt* %?éh? Bcdﬂle@%sed in zone 1 and
liquid feed ports 206 and 208 are dtapdéaghtin zone 1 and zone 10 2. A

vent 210 is incl udesjﬁl n %von 4 f.or 1\I/entl ng the pseudo-thernoplastic nelt to
decr ease t he "o ab 8 S &5 BY"BRESni xt ure prior to extrusion through
the die 212. The screw and m xi ng el ement configuration 300
for the twin rew extruder 200 is illustrated in Figure 2b. The twn
screw ext r‘?ndeib%(ﬁﬂﬁ‘ﬁ gt o plurality of twin |ead screws 15 (TLS) and.

single lead screws dn%@k df@%ﬂx@d ik efdad ﬁoxﬁa{elpee%ondﬁwneavsaa{pwgemh@st@k%fs lies
characterized t he nunmber of conti nuous | eads and the |tcﬁ

these | eads, iscut mt°a‘}/1 nch by 4 jnch guerei 4 raledie fm Agag Sfﬁelé‘“kelﬂ‘eﬁ‘@m *3 angl e)
whi ch wraps t ReveRIe Wtiteri)ﬁ? (§>ﬁﬁ &0¥714) is use@{oea'agd?ﬁ lisH s daimper of | eads

I ndicates the nunber of flights wapping the core at any 20 gi ven
| ocation al ong the Fprethg@qﬁuad)fneasnerr@ntroé\the weight eftb¢ sagplene topdeading bg]pnqeezgﬁg

reduces t H? a minimum 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 sqﬁare 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,



volunetric capacity of the screw and increase the pressure generating
capability of the SCrew. 16 The pitch of the screwis
t he di stance needed for a flight to conplete one revolution 25 of the
core. It is expressed as the nunber of screw el enent diameters per one

conpl ete Phil‘a&&lﬁﬂiuﬁ’hO'ﬂIhd)zfahﬁerﬁrleh@dean@%’p@ﬁSd 4ig rédofiep af 1643t fi¥e tink®. SCrew
i ncrease the ess rat g tg the screw and decreases the
vol umetric ca ﬁ%f‘crﬁ‘vlf)'fe rffg Ly 1S The length of a screw

el ement is report e"ﬂhe@dﬁmtdfﬂlerréddir@s fkorde @i tHefcaligeetesth &MIBAdIN the flimbbstd by
t he di aneter of  the el ement. Thi s exanpl e uses TLS and SLS.

Screw el ement readipgsirecordedy Ehegesulf igreported i plimglsg (mm). 3 1.5 |ength ratio.
Screw el engnt 320 is a TLS with a 1.0 pitch and a 1.0 L/D ratio. Screw

29 elenment 340 is a SLSwith a [err] pitch and a 1.0 length rati o.
Screw el enent(d350 Py EensileStrgngth a [err] pitch and a [err] length ratio.

Bi I obal paddles 368n5¢) khifl el XubgnBhABROhS nBh Giddls ﬁﬁbf‘s%%%gm' p a

series with 5 t he SCrews in or ancerm XA
Vari ous conf i Guwiag-iAdbest Inteletsill Staadard Tensile wlbwn@ﬁ‘ﬂbanhhstnemt €o. ng)%d) enent s

340 and 350 abﬁtton%?cfj Plhﬂacpe[p%xa Pd. 019‘1"§)4!3t &‘ﬁls mel Od'is 1rr&ended for use on finished Sgalcrn g

m Xi ng time.
10  products, reel samples, and unconverted stocks.

Two stacks of 8 plies are made from the preconditioned samples. From one of
these stacks of 8 plies,. four strips are cut 1 inch by 7 inch with the long 7 inch dimension
running parallel to the machine direction. Note these samples are machine direction
samples. An additional four strips 1 inch by 7 inch with the long 7 inch dimension running

15  parallel to the cross direction. All cuts are made using a cutter JDC-1-10 or JDC-1-12
with safety shield from Thwing-Albert Instrument Co., 10960 Dutton Road, Philadelphia,
Pa., 19154). A total of eight samples are produced: four 1 inch by 7 inch strips, 8 plies
thick, with the 7 inch dimension running parallel to the machine direction and four 1 inch
by 7 inch strips, 8 plies thick, with the 7 inch dimension runniﬁg 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  sumis 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 II Standard Tensile Tester (Thwing-Albert Instrument Co., 10960 Dutton Rd.,



In ‘zone 1, Durébond A starch and sorbitol are fed into the solid feed port
204 and 10 urea is fed into the liquid pdtt 208 formng a m xture with a

60/ 20/ 20 wei ght rati o. These materials are corrbi ned i nside the
extruder with water added at the liquid feed port faorma
pseudo- t her moplFadtdetphipefs-, 19ﬁf’é aﬂ%ﬁﬁ@%‘i‘/&%%&eﬂsﬁ&%m é:at"é‘?ﬁfq%l?el‘ &s¥dndi ng
; gnct i on (@hwiRBAbFAREnAe: 6. 00bsEButd R-Eal?’hﬁadelphl_lz_t, Pa. 1915,

one
Tenperature (deg F) Priopiossmple @ropgraiiqpeanpsiey tensilpéasting, ﬁxew@rnple& shs@ri éocured in 2]
70 g
193 forced draft ovenc%léhOS + 3 degree Celsius for a period of él\:ﬁﬁ);&?{ﬁg— 10 seco%c%. The
268 5  samples should be Guspended in the oven such that the forcdd ati qag circulate Hetween
210 m 0 Pressure Decreasing
Conveyi ng tge ) 205 0-10

Pressure Generati ng Sample ;:I'r]:pxaratlon and allkSpkcts of the wet tensile testlng should tak8 Place
Shapi ng 5 Ex h Fi bers Extruded Wt

Ext 1 uder o e i o RS By Tpg T S ot B
non-vented tw rba&Cirema@é(ﬁérﬂﬁﬁrcured samplé e Qionditibfig. F6RMioat 6fkhts sktiglors 3a,
used to make starch fibers for the present inventi on. Starch fibers

are made usi®ng RIS ApYsERR & c’("‘lﬂe‘f‘@rtb'& igehyith e lpng Adyehedipepsion rapingperallelde
200, a capi || argge hhéhirdlifrect®R Jordndthine 8frectiBi? fanHRR WAL additional four strips are cut 1

inch by 4 inch with the long 4 inch dimension running parallel to the cross direction for

Screw

cross direction samples. All cuts are made using a paper cutter (JDC-1-10 or JDC-1-12
with safety shield from Thwing-Albert Instrument Co., 10960 Dutton Road, Philadelphia,
15  Pa., 19154). There are a total of eight samples: four 1 inch by 4 inch strips which are 5
plies thick with the 4 inch dimension running parallel to the machine direction and four 1
inch by 4 inch strips which are 5 plies thick with the 4 inch dimension running parallel to
the cross direction.
- Each of the four five ply stacks of machine direction and cross machine direction
© 20  sample tensile strips are measured in the Thwing-Albert Intelect II Standard Tensile Tester.
The four measurements of the 5 ply stacks of machine direction sample tensile strips are
summed and divided by four, which is the number of machine direction strips tested. The
sum is al§o divided by five, which the number of usable units per tensile strip. The
calculation is repeated for the cross machine direction measurements.
25 All results are in units of grams/inch. Appropriate unit conversions may be made

to achieve units of grams/cm as reported herein. '

¢3) Decayed Wet Tensile (Soaked for 30 minutes)
Same as the Initial Wet Tensile Strength except the samples are allowed to soak in

30  the water for 30 minutes (% 30 seconds) prior to Wet Tensile Strength Testing.

(8)  Flexibility

Flexibility as used herein is defined as the slope of the secant of the graph-curve

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



10 The non-vented twin screw extruder configuration is
i'llustrated in Figure 3a. The tw n gcrew extruder conprises a barrel
202 that is separated into five zones. The barrel 202 encl oses the
extrusion screws and mxing el enments and serves as a contai nnent vessel
during the extretcls zao fqpes) ambtarough ho poifit d‘n&ﬁ@lgrﬁngr-&ur?é)vd%adréthé ifcﬁm&ﬁi‘denltigxe&ene %
and liquid feed,,, . orts_206, agnd 208 are disposed i one nd zone 2.
15 | °?’W@ﬂ§‘é?g%ﬁﬁ’ﬁdl:?ﬁcﬁ“ﬁge’ oraample gt s ﬁtt"%"tsiIB‘%’ qz"bfo'{ °MAfn screw
extruder is length) ivith DG fraf 6fifotdd pkrl c@tiéf@amdple width, the slope of thelsBcaAORRugh (0B abond
A starch and sorbitol are fed into the solid feed port 204 and urea i s
fed into the% PP s 2simedhefompyilas ni xture with a 60/ 20/ 20 wei ght

rati o. These materials are conbined inside the extruder wth water
added at the liquid feed port 206 to 20 form a pseudo-thernoplastic nelt.
The tenperature, pI‘ESSL'JSI,’le, ‘ang <}rrespondi ng function of each zone are
provided in Table II. ©9P¢=~%""~ 31
Table I1 Zone Tenpératlre (deg F) Pressure (gauge PSI)
Description of Screw 1 70 0

geedl ng 26(2) Total Flexi%I%g' as used hérein means the geon(l)etric mean of t}ﬁl%chige-directiong X

215 flexibility and cfbss-machine-direction flexibility. MEth&E&itaBy, BEEH SRSqiGe root
Conveyi ng 5 11_33 . 30 . e
Pressur e 18en Qf glf, Pﬁ)duct of the magchine-direction flexipility and cross-machine-direction fgxibility in

Shapi ng grams per cm.

ng

M) Absorbency
Absorbency herein is defined as the amount (grams) of distilled water at 73 + 2 °F
15  per gram of sample held by the sample after it has been submerged in a water bath for a
period of 30 + 3 seconds and then allowed to sit in a horizontal position for 120 + 5 seconds
followed by 60 + 5 seconds sitting at a 75° angle (as measured off of horizontal).

A preconditioned sample is cut to a size of 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



Exanpl e 5 : Foaned Starch Fibers Extruded Wth A Non-Vented Twin Screw 5

Ext rudet The purpose of thig exanple is to illustrate the
vari ous zones of a twin screw extruder without a vent and the
operating paraneters associated with each zone for pr oduci ng foaned

starch fiber f y8? i RirRontQ\WRE alldWed @si ih YhidHitdA Ydra Pefod UrGh et s hspisbent
capacity relative to non-foaned starch fibers. Foaned starch fibers are

made usi ng a Afiepiis sitting perggk isisgmplsisdsthe aek andrspmpls prggetuined towiherisantabw ext r uder
conf i gur at i ORodeR #nki 8fkeaBaifl HIHARSs &fd of sta d?r&q)ra:@' zone 1,
Dur abond A s?grch and s?c?rg?:;i t ol arse(ﬁ?eeé) fnr%o t he é&eirgkfagggfmﬂ)é??re§éﬁlyand
urea is fed ipleces anibe balanos ahdly weigo @ 06U rgnameys secordsd. (Fhés indadwnaes @@/ 20/ 20

wei ght ratio ;al s are conbined inside the extruder with
wat er addgd 3%114;?1%%&?%%&“6&?%%@4%0” 206 to form a pseudo-thernopl astic
melt. The tenper aflbe ahsopberey sneaprenamelisaeude esirecotded dorfthiee (3) @iachine direéfioreach
zone are provided in.Tab e, . . c e

Table 111 Sam‘(i%srf‘élg three ‘#ﬁ%ﬁ%wfﬂ?@df%@n samples. Byringthg qross quzghjae dirgegion

Descri ption afeasopentint, the crosd-machine directldd of the sample is placed at an angle 8f 75° from

Feedi ng 2. 1 180 0

M xi ng Yorizontal. - 560 0

Mxing 10 4 An illus&4#bn of the sample rack and cover is thown in Figure 5. Both include

Pressure Decreasi no% Conveyi ng

5 22 ¢rames 400 constructed of 16 GA Ajjgninum (Teflon Coated after Fabricatjonpwitlya eross-
Cenerating  sectiohsHfown in Figuré$°The outside dimensions 405, 410 frames 40

Shapi ng 20 g Pseudo-t erermﬁlegst?%regP%urtch Mel t

Fi ber Spi nni A&75 inches by about 1§78 ipehssldylpmwthread 42Q (9 nun disweten)istightly sting
invention frqmt ATelel ' . I tions qgccurs by
[ LeTLLOn 1kt RO DR IRR ATl g MO B

15 over those threads running perpendicular and/or parallel to the frames 400.

For each of the 6 tests, the following calculation is made (all units are grams):

Sample Wet Weight = Sample and Rack Wet Weight - Rack Dry Weight

_ < L )
20 Absorbency = (Sample Wet Weight —Sample Dry Welgh%ample Dry Weight

The calculation is repeated for each of the 6 measurements and all 6 absorbency numbers

are averaged together and reported as Ewae, A (grams of water / grams of sample dry
. Dry Structure

weight).
25 _
® SHEAR VISCOSITY
The shear viscosity of the composition is measured using a rotational viscometer
(Model DSR 500, manufactured by Rheometrics). A preheated sample composition is
loaded into the barrel section of the rheometer, and substantially fills the barrel section
30 (about 60 grams of sample is used). The barrel is held at a test temperature of 90 0C. After
the loading, air generally bubbles to the surface and does create problems for the run. For a
more viscous samples, compaction prior to running the test may be used to rid the molten

sample of entrapped air. The viscometer is programmed to ramp the applied stress from 10



32 non-woven thernopl astic fabric structures from extruded pol yners
are wel l* known in the art. Extruded ,pol yners under pressure, are
forced through a spinneret formng a vertically oriented curtain of
downwar d advancing fibers. The fibers are quenched with air in

conj uncti on w Uabd BftiefctPeTHY R W p&enddlth tHAkdnitGe Ak oSl by Hstidin PaL .
o b S0, Dagicf §156he v e T v R T SR A )

devi ce that rgatgceTheappardnt wigensity of the comppsitianneaa berderived ticrefrpmowlhen log der
to uniformy ' ' | (88 4n8 the plot ist fyReL s -
For the pres e%?gﬁr%n\?gﬁ a?g{r%\%slst%l)r%%ﬁ# %ggaglﬁsg%fp@%%ge%gf fom a roﬁc ?tﬁt}%g byt
conpri si ng power 3dvaf YK YWd| ®hereip Ko tai mmdteriat sonstangly ixt the sheaptateo (e rameted | ves.
As shown in Figure 4, the mxture 10, is converted 1qQ a )
pseudo- t het nnﬂ}eéfs‘tlﬁcemﬁ‘é{}tthei strchyPopyppsiticdiereing a8 8%931@60% RAshEA; afe of 700 s
spinneret 10 1 Qsifg Mk p¥WtavRladtion0 formng a vertically oriented curtain of
downwar d advanci ng fibers F. The spinneret 10 conprises
an assenbly which is known in the art. The spinneret 10 includes a
plurality of 2zl axhensfoNg Viddbdigie di ameters customary for fiber 15
producti on. Tﬁg sp?nmeret.asse' y 10 can be adapted to the fluidity of the
melt so that Thy exignsional | vschoitye isl Mehwisedt heing ameapidare deomdte(Model

The draw g uﬁhéog?agh Qﬁég,) Haﬁ&t?ctﬁrgd gg%o% ..th?er\'geaggremaﬂs %@%Bnciuaf@ﬁ lusi Qn 24,
and an alFosapply’manito Suppl¥ying conpressed air to internal
nozzl es (not stificendie iavingntdéahetan D of 0.5 ma addwiengthd. «fi02Satm Gire., LAD =0bi)pTassed

ir fl th h i | | ir i, ' t
Gpper end 22 BF 1 HECTE ARG P 567 Foichytyas PALR S ke PR A i v
fl owihngf i B 1 hereli@wavangledidngsobition is Tdagedainto HHel 881 pocal @€ Sheart@b@eter)Gnd Or ce
on the fibers

..cayusing themto be attenyated or siretched bhefore
exiting the o&&ﬁ@%%ﬁé H&%zﬂeléf‘?tpﬁe After the ?%5% %Hfggeﬁﬁi“‘_ﬁy ‘2‘6’.%[2"? f the e
For the presepid ddey greit Brobletnl SorfthdRh S Fethbre Bicdud RoslpaiMons coipictidP plétto have
a size 25 ranging fromabout 0.01 decitex to about 135 decitex.

Preferably, tREnmBIEe desormy ibgisechio rid the maltenwpampleupf entzppadadie 4 pistos is
rangi ng from gheut,RdQ@pilf GelsEtiplt FoRR R DinfbaEh 18 %rifidAL at a chosen rate. As

the sample goes from the barrel through the orifice die, the sample experiences a pressure

drop. An apparent viscosity can be obtained from the pressure drop and the flow rate of the
20  sample through the orifice die. Corrections are often applied to the apparent viscosity
following procedures generally known in the art. A shear correction factor and Cogswell |
equation are applied to the calculation of the extensional viscosity. The corrected
extensional viscosity at 700 s-1 is reported.
It is known that the extensional viscosity can be measured using an orifice die and
25  applying the correction factors, following the method described herein. More details of
extensional viscosity measurements are disclosed in S. H. Spielberg et al., The Role Of

End-Effects On Measurements Of Extensional Viscoisty In_Filament Stretching

Rheometers, Journal of Non-Newtonian Fluid 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 measured using a hyperbolic or semi-hyperbolic die. Detailed disclosure of

extensional viscosity measurements using a semi-hyperbolic die is disclosed in U.S. Patent



pref-erably, the fibers exiting the drawing unit 20 have a size ranging from.

about 0.02 decitex to about 5 decigex. Upon exiting the
drawing unit 20, the fibers are deposited on a noving conveyor 30 belt 30
to formflexible, |Iowdensity structure conprising fibers. The fibers are

t hen j oi ned No. 5,357,084 astedoDdisber 25111094 to Caliarctht disclasure eiwinicloisescorparated
preferred pracess fo; r oduci ng structures of the present invention

i s described WWPQPX§°°5§?? No. 5,688,468 issued to Lu, Novenber 18,
1997, which is incorporated herein by reference.

33 | n_addition to spunbond r -fi.bers,

mul ti-fibers, (&t apfQLECHEAR WEIGHT M@&F&ﬁbg&‘ﬁﬁtﬁﬁﬁ@%ﬁ@ﬁﬁ?@?s uch as
mul ti-lobal fiber s'ﬂﬁngeigﬂla%ra%@mﬁ@ﬁm whighe(Mw¥ aid Mdlecular weigh dRiRAltged by
usi ng the conpositions and net hods of the present invention. The process

for the prod hopftarethase deterntired by gl Pesmestion Srheomaateguaphiy( ERCbsing igwidetti ng
extruder 5 oTs [¥ley p%‘ts‘%fﬁ&%ﬁ%‘ﬂ'% Rl ¢ starch nelt and conveying it
wi t hout cool ibrfgct rough a Irrrlexflt Jf]gig)l ter to a spinneret. Staple starch
fibers may al so be Benwerted to fl exi bWatersMedetélEi t y structures by
carding, air laying n \Lg, lar proc kN the art.

(3) Material Proper"t;}'sgeggi%%hér Pr gﬁ%%%sﬁ%gﬁmgs di sposabl e towel s,
toilet tissue, faci Autokdngdere, napki ns Wagrsiddsdel 717 Plusvi pes mani f est vari ous

physi cal characterigtics which includ asj s. wei ght and appar ent
density, both of V\/nfie’ll‘fmﬂave been prev?%g§%i%§‘m ¥ ot “."ﬁ’e(%fpé‘é%ﬁﬂar

i nvention, thgeight structure conpri siafges B0 {8610(00DJ00d)! Ha®ing taclength
fi bers can have a basis wei ght rangi ng from gbout é&esgl/&g%err] to
about 450 g/ nP'0P]. More preferably, tH® 2afapnismal damster, asis 15
wei ght ranging fronpaRewt 12 g/ nf er ryateps MERUA10ID@fefbhii] RefrhotoMéreover

the structure of the present invention can have an apparent density
rangi ng ftom about GPEZofweR{err] to aWetsrs Millenium@® sofwaecnierr]; nore
preferably, an apparent density ranging fromabout 0.04 g/cnferr] to about

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., Mcntor, 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 pum Nylon membrane, Spartan-25, available from VWR)
using a syringe (5 mi, Norm-Ject, available from VWR).
" The starch sample is prepared by first making a mixture of 40wt% starch in tap

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 1050C 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



0.15 g/cnferr] and nost preferably, an apparent density rangi ng from about
0.04 g/cnferr] to about 0.12 g/cnfggr]. 20 The products

| i sted above al so exhibit certain nmechanical properties, particularly,
strength, flexibility, and absorbency. Measures of strength include
geonetri c nmeabiBddigsolved therdife MRl fRwShie et &t 1(0aHin ,amﬁfmdhgﬁmtcrdmﬁe e, thevet
tensile strength, ( ) wherejn i ngl ydes initial t.e
strength and %BTEWS\AQ\WA%P“F%WS‘*“P@@FF@%% Sﬁi“@%ﬁt?f FATR}® s gun thfGogh F}g@téed to

stiffness andmeamindb hid thélieSulfs @rea0érbgrdss. Absorbency relates to the

products' ability 25 to take up fluids as well as the capaci t¥1t0 retaln
t hem Thec%ffsﬁ moéecwgrawewhyofi @ﬁéﬁlahep%lmgn@tpﬁove%dxm e masficbusl y
defi ned, p;ovug measure of the dry tensile strength of the

structure. The rret hod used to determne this nmeasure i s described
bel ow. For the present invention, the structure conprising pseudo-

t her nopl asti c(l)st ar Qg f{k}g&eﬁ}g@{-@%e a GVDT ranging fromabout 10 g/cmto

about 1200 30 g/ cm |y, the structure can have a GVDT
rangi ng from about Ti3®@mgl/prepetties of the pral:mutarc&wngabsjﬁmsmdetmmgy TA he

structure can h ve rom u 0 475

ol em en R0 oA b8 BfBRe vl i i BneeE SR IRE0 |
defi ned, poovarheslting temperamma(aﬁset)ﬁbf 056. 60mammheateﬁsnentmgaifnssngalbnesfpef glem
structure. The initi an tensi

l.
34 st r%sndfﬂ?ﬂFg inp °w§ e“l‘%aﬁs Heratucg. eﬁ&‘f‘ﬂargf DSCs Pperpiing 8rog¢duss Bf has

been i mrer sedmbfufyppirers éls&auanmnual is use@CDIIG theMRatIBEVIAM ol §4E], WalerG@p&Y M Ne
this measure is described below, For the present invention, the

structure conBPhdbesprecompgsitiondusingpSG measyrsmen: 3 highvelume Aareauipred YET
rangi ng from ﬁp%&wéma  Fhrpt théQ&a%/ S olaMRS Srobf &E %&g&é )San tm@ sahglbict ure

can have a rangi ng from about g/cmto about
Geonetric lheawdc@dagrétffme (piedllyean empbtiepnh are GREdI 3t the sa@erm@sm p@or@rollteﬁe wet

tensile str e”&ﬁk}o&ﬁeﬁtheﬂwﬁénréh%dﬁ!a? o?};&e%ﬁo %Lsggch cSid inl eV gfe bRDsAI Tty

m nutes. For t present 1 nvention e St cture conpriSing
pseudo- t her nopkigndnt measares theflieltcfios toam flozvtbe mple 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 reporfing 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;



GlVDWI' rangi ng fromabout O g/cmto about 20 g/cm Mre preferably, the
structure ‘can 10 have a GVDW rangi ng frqgs about 0 g/cmto about 10 g/cm
Sof t ness has been described as a physiologically perceived attribute which

S general |y neasured by expert or non-expert panel eval uations.
Per cei ved softness cancéfat 100C/mikEPI0OT ad@vquilibritg shdo conponents; bul k
sof t ness and surface softness. Bul k softness has been correlated to

sheet stiffness and 3 &HYF thetyedAMPE- surface softness has been related to

15 surface texture aRboaipRR} MiQSses dill fpoftoitt MREHall041MI RBulf dsadifféidtial Keat The
met hod used for determning the total f|exibi Iltgﬂof a structure is

defined bel ow. flov (AHevestedwmrerdiy entimen Typically the fifferential deghiiovhisnogmalged
flexibility g angidie e %@P\%i ﬁ’t-b?siél(i&‘:mayﬁl AbGEre TR aln%mexhibits a phugS BrAH! Y
g cn 6 g r%o ably f

from about 2.0 to about 5 cn - ang re preferably from about 2.0
g/ cm t 0 abyansitioBSsugh ema gl transition, a differentialcnf dhesAl (ve imeltemperapise plot may
towels, toilet Eissq W pes require

e acial 1. . ' .
a certain |evel %?m%%gr%@ﬁ%ﬁ}l@?tgﬁl?ggg%%r relsﬁgd&qﬁe érn%turgbsorbent capacity
which is a neasure of the amount of distilled water absorbed and retained
by the structure. used for determ ning the absorbency of a
structure is de?’f‘%ed%ﬁg)ﬁo@ﬁ‘?ﬂ% present invention, the structure
has an absonpency ranganglef doaipostdaiis made & rmhixing ttie cofponerdbwitlh hdd and [sextring
; preferably fromabout 2 .to about 1

err err] . ., nore
preferably fr onP‘&B&&Pb%a"f%Wr l}omog%@o%gu([turiss gpqd] 4I'he melt comEJosmc]n is cas.t into a
(4) Analytical g aRelSy 3fteadidgdit over aSPTRh® shuddhd boUih 8t Asler?terfFeratire OThe
Prior to. testl\r,:g sanpl es are conditioned at a relative humdity of 4q)%to
50% and . wilmisthen drisgsempletshieli £ ang @atst inthg Elmy/samnogition)im ap pren A PYVG
i sture cont entryOfirdd AR R eqrilbiald 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



35 about 16% by wei ght as neasured by TGA (Therno G avinetric

Anal ysi s) 'i s achi eved. For Thernmo Gra#4netric Analysis, a Hi-res.
TGA2950 Ternogravi netric anal yzer from TA Instrunents i s used.

Appr oxi mat el y 20 ﬁ gf sanple is weighed into a TGA pan. Fol | owi ng t he
manuf acturer's lons, the sanple and pan are inserted into the unit

and 5 the tenper at'ﬁfc@ndt&als%éﬁﬂ%‘tx%pl@s z{régsefoﬁ(twslo[ err]Cmnute to
250[err]C. The % noi sture_ in _the HE e I's determ ned using the wei ght
IC

lost and the initial Wl&ﬂm@gs ¢ Hodifigg - sta having a weight-average molecular weight ﬁ art
Vei ght - Vi ghto€lo@2¥hdexd Bhodified starch
! ex 1?10 ifie tarc having a we r‘g}ﬂ‘? %x?ehllf ?noTeculaigexg{xtb3§t2 0% o

Wei ght where all welghts are”in
Wi ght 5 and InstantneOd@ds ke whdifiedybtarels ha&ngmdecxﬁhtmrﬁtmnpteealmdrbigh@ﬂiéd

ATl i e v orbo8auded b Bbe from Nelighal Shrch MRt loiln Hedeewir e
Conn., 06714) is use%ptxtﬁloe@c@-ﬂﬁd) iisla ¢afboxylatst tgoll@crylamide having a w&%&i atvé'i@ge
a

15 % m o mamBneet pey iAo Ry FEof IR s GviRie i ity e Sarioral d

on the pan of t¢Re top | oadi ng bal ance. The bal ance is protected from
air drafts and ot her_di st urbanc usin draft shield. Wights are
recorded when the retgl‘?]’il‘ﬁ’éfsp"g’ff Wllef’é'“‘lifél é%éé G BAMeb bajring fMeight-average yipleghlers

are measured i RwgFRNSE. 15,000,000, and 50006603 talv%(mb"ooé eR elaﬁvél ﬂﬁ% e
nunber of plies tested. The weig readi ngw gﬁ JlSV| de léoﬁgbght
nor mal I

readi ng by the S&Feéﬁﬁ‘b?dﬁﬁ@%%ﬁ%‘lséﬂw@wq, y 16 squar e i nches,
whi ch is approxi mat eloyyeRgHaLiniR &Fﬁtra%cﬁgé Hotecular Wel%t of 75 OO-Bh s

unit of neasure for baS|s wel 8ht as use?f erern’1s grans/square ne
is cal culayeitagle feqnn§ldrigle Chengigd) Cos YlibaskeseWer ar ea not ed above.

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, WL

EXAMPLE 6
A melt processable composition of the invention is prepared by mixing 45wt%
starch (Crystal Gum), 40.5wt% urea, 4.5 wi% sucrose, and 9.8wt% free water, and
25  manually stirring to form a slury. 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 Pass, 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



25 (c) Cal i per Precondi ti oned sanples are cut to a size
greater than the size of the foot used td@5 neasure the caliper. The
foot to be used is a circle with an area of 3.14 square inches.

The sanple is Iac‘gied on a_horizontal flat surface ind co(?;él ned between the

f1 at suP#*acR? ahEanTBabviresty Al HoPashsri0fsnead P Yadi ﬁ’gm@iwaede
where the | oadoh@Ritive @R 630demondtfated®s: MATioR dtld ShIBLmant bAk hg)?ﬁﬂ-b

about 3.14 square inches and applies a confining pressur out 15
g/ squar e cm (Secrepses glic)sheag visepsitg dlightheandsiaificantlypineredses thhextensiondl visnepitgap
between the flat surface and the | oad foot |oading surface. Such

measur enents can be obtained on a VIR El ectroni c Thi ckness Tester
Model 11 avai IEXAMPEE dm Thwi ng- Al bert,

36 Phi | adel, phi e ca asurement | s repeated and,

recorded at |east fi véel?P rocé"ssab?; compos‘%‘ﬁ F@S@dﬂ’m 180 s BrS?ﬁr%dg Y S ?ﬁ‘f?e/t ers.
The sum of thﬂamlee(dystgsﬁmepmw%ﬁhrd‘ar DSNwt% Suddeie] 40 81568% Sret Sratdi, Whd@ghuaNy t he
nunber of is reported in mllineters

di |
(m. 5 sirgng) 1o 1orgy 3 g i aé’fyﬁ]e it Fotpertlod A-F3KWew i 18000000 d# | e

strength is dékwved n@draféﬁ t@ﬂﬁmlﬁmaq&oﬁé Edl@tﬁ)nOfAﬁﬁrﬁuo? of'?de%ly?ner/water
Thwi ng- Al bert I nt el ect St andard_Tensil e Tester (Thw ng-Al bert | nstrunent

Co., 100680  solutiopjs f‘@ﬂ’deQBI e STy aWiatepn zhe sherry, istthamevpporisd amilethp geight

i ntended for p&@en%rﬁolyaér&}taﬁﬁheﬁﬁ%rﬁnéaqum&r@duﬁiv&% reel sanples, and
unconverted stocks. Two stacks of 8 plies are made from the

precondi ti oned sanPReLOmPpYien s a shepr viscosity of A d2Paesand ks exséns@ngl|visessity b ur
strips are CU&GG.Pé.Q(%!@766§1 Eggdbvvl th the long 7 inch dinension

runni ng parall to the machine direction. Note these sanples are machine
direction sanples. An additional four strips 1 inch by 7 inch with
the long 7si n@BNﬂ*A'E\"ﬁVE | 15 parallel to the cross direction. All

cuts are nad —m—ml%l%ﬁ%g%l-lo or JDC- 1-12 with safety shield
f rom Thwi ng- Al ber t Alcosiparatienstar€ocompb6ifid) isyéacsd deoading hEkanid plikeept 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-1 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



Pa., 19154). A total of eight sanples are produced: four 1 inch by 7 inch
strips, 8 plies thick, wwth the 746nch di nension running parallel to
t he machine direction and four 1 inch - by 7 inch strips, 8 plies
thick, with the 7 inch dinmension running parallel to the cross 20

di rection. effect of simultaneougiy blowirfg thtBlafonts 2wiygfem Bieyspinneret@nd oftenvaiing the
direction anﬁar%ﬁ}]%s machi ne di rection sanple tensile strips are
measured in ]he Wi ng- Al bert Intelect Il Standard Tensile Tester.

The four neasur enElrt@mpdsitidneof & préparegt(@odescribéd imsixhinple 6)iby motingASw%npl e

tensile strips S nd_di vi.d faur o, whichoi s, the nunmber of
machi ne di r eBReBICReH) E‘)tdeg“{%?‘aﬁﬁi%de ﬁﬂqﬁ;‘é}ga‘érvg{g “Eff‘v%?%%”g% B8 % ht |
whi ch t hes nugrdergvats wikab The miktirs ispedvity €edstid fredport [R1 ifdo@ torque rhe@adterul at i on

is repeated for the cross nﬁéhi ne glrecti orn, asurements. Al
results are L0F 1OFPE degnetgranfdriesemoly ARiebd PUY unit conversi ons may be
made to achi eve pgkdl TeRperftli@s/ cm as reported herein. 30 (e)
Initial Wet Tensile Strength For the initial wet tensile
strength deternmination, a pd?ildd of the t¥¥C sanple is i mersed in

water for five seconds priogyl.qohhe tensilgogtrength nmeasurenment. The wet
tensile strength is determ ned on one inch wde strips of sanple using a

Thwi ng- Alber t | nt el ecZorel126t andard TeW& | e Tester (Thwi ng- Al bert

| nstrunment Co., 10960 Dutto 0

37 Phi | adel phi a, Pa. ,2°'¥§%§4) and a Bl ich Wt Strength Devi ce,

Cat al og Nunber 731D  Torq@elrhwi ng- Al bert | n$¥0rmpment Co., 10960 Dutton Rd.,
Phi | adel phia, Pa., 19154 PrjopL 0 sanpl e preparation and
wet tensil.e testing, tﬁée)gegf?ﬁag‘?shoul d be“tégfr $in a forced draft

oven at 105 3 degree GilRipsrafuey a peri od12e798 mi nutes 10 seconds. The 5
sanpl es shoul d be suspinq]ad in the oven su%’n that the forced air can
ci rcul at & bet ween T R 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 wt% of
the starch). It is to be understood that the as-prepared compositions are used for uniaxial
and biaxial extensional proceéscs. 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.



Sanpl e preparation and all aspects of the wet tensile testing should take
pl ace - within the confines of the cgnstant tenperature and humdity
room Two stacks of 5 plies each are made fromthe cured sanpl es
after conditioning. Fromone of these stacks of 5 10 plies, four strips
are cut 1 i n@gxAMPBESNch with the long 4 inch dinension running parallel to

the machine directjon for pachine directio anpl es. An. addit.i onal .four
strips are cut 1 Ihe °°mf’??étf?nb(5rl }g‘amﬁkh$ﬁ ’E“ﬁ{gtb??é‘mi 18§°gﬁﬁ° P’Plecfﬁ °§itﬂ}?elﬁgingﬂn'
running par afibgk 1a0ist e k@S Bictst Miftog@phs of fine hRASfiltty &AL dons &iepl es.
Al'l cuts are nmade using a 1pape,r cutter (JDC: 1-,1% or JDC-1-12 .Wth
safety shi el @mmﬁﬁvmﬁﬁcxaap I8 7ieing thepeqcess feserives n Exampplg 6 SPOE gna FPgicron

Phi | adel pRi agcail5 Figufe?rb is he Sesbhing HiRien MiGo@aftbthe Qim@tatoh fiB@§EHo®M onfaOUr 1
inch by 4 inch strips which are 5 plies thick with the 4 inch

di mensi on r uzthinisgonssrlel Beth figyres hovhihataseh herserftBxamplg Adiayoy fairly consistenty ch
by 4 inch Stﬁﬂe?ﬁiaﬁ{%%?@fa%@ts Rlohes thick with the 4 inch dinension running
parallel to e cross direction. Each of the four five
ply stacks of machine direction and cross machine direction 20 sanple
tensile stri @;@[‘?Lﬂaﬁsur ed in the Thwi ng-Al bert Intelect Il Standard

Tensi | e Test ef= The four neasurenents of the 5 ply stacks of machi ne
di rectionesanpl e tHEficenl geamsd 6f facla(@rystal GumsMwdeD,2000) atidviftked goamsf efufrge whi ch
is the nunber of nachi ng di rect i ong trigs tested.. Thet. .)g%mli?s al so

di vi ded by fiV&eT #fi BRef Heeshsmat S00F WU gpangl, prting, ptil hes e heoprmesry o
cal cul ati on igabétamiemy Bendgehicolder glligBedTBL Miigle pdiyhRe (HAM-a[TRHS16 0060005 is 25

Al results are in units of g;ams/i nch. Appropriate %git conver sji ons, nay be

made .t ofiselpd ine frem mler & fQImaArEAMhPRSOYSCYolItioR #f frapwey foncentration.  Agy)
Decayed Vet Tgigdt & theopabeRenlatdr s3Rtitd %Uidﬁ&) to the starch/water mixff¢'8uchShdt g

Initial Wet Tensile Strength except the sanples are allowed to soak in 30
t he wat er 15 oroverllmhixtre eonfairs0.80ceramis Pf BAMot Then/tbe overall migturs: is diggied; to
Testing. | Pl i b RN lahd titeB RqtbdEsh
herein is def?vﬁléoé&tgéva%eﬂg@?Bcgp"gé%}*tto?ﬁg ﬁgaelcnélﬁ?mo?ta{cﬁ’e gr apﬁ- cur \712 1 ,
derived from gramseThis mixtne ds shjeetivht showh it haves @uitable meltetensibhito tag idravies

origin (zero ﬁ/gers

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 wit% 4999 4999  46.92
Poiyacrylamide Superfloc A-130  12-14,000,000 wt% 0.02
PAM-b 5-6,000,000 wt% 0.02
Polyethyleneimine 750,000 wt% 6.17
Water wt% 4999 4999 4691

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

extensibility for drawing fibers.

EXAMPLES 14-16




38 stretch, zero force) and through the point on the graph-curve
where the force per centineter of wiggh is 20 grans. For example, for
a sanple which stretches 10% (i.e., 0.1 cm cm of |l ength) with 20
grans of force per cmof sanple width, the slope of the secant through (0%
0) and (10% 20) i ThefdlowimigREmpdiRich®sir8Plepared M the same manner as Example 1. [err]
Total Flexibility as used herein nmeans the geanetric nmean of the

machi ne-di rection flexibility and Myoss- machi ne- drEP‘éétl 5ﬁ'15 Ex-16
flexibility. Mathe i F.I.u S te R YEe © T Rk 07157 G myap=
t he machi ne-direc |on flex'gbl Tty and cross-nmachi ne- *directiontfexibi I [ ty
in granms per cm Nadex (h) Abs@ﬁb@sncy wt% 20.Absor bency
herein is defined as thea gr ans) 'stiII water at 73 2 r1F
15 per gram of sanple ﬁ fhe sarrp? apt er ‘l"'ﬁ’ghas been submsr&é'zgi n a
wat er bath for mlyacrylamthBEIPIMﬂ-aOf 30 3 1s@o00as andi%hen abgowadsgto B8 in a

hori zontal position for 120 5 seconds foIIo d by 5 secon
sitting at a 75{'€r] angle (as neasured off of hoY’f 2ont aﬁ)%) 623 6dZs3 A
precondi tioned sugfd € is cut to a size of 11 inchegsby 1ld23nchem  Thes
Machi ne Direction of the sanple is marked and the sanpl e i s wei ghed
on a torsion bHERSAING: 0.01 20 granms and recoFed. THI% i L-¥howl ¥ the
Sanpl e Dry Wi gfbier After wei ghing the sanple, wtet he g4 ¥3 sapEse 143QK

(further descrlbed below) is placed on the balance and the weight is
recorded to 0.01 grans. ThIS is known as the Rack Dry Vi ght .

Th le i d d wit
doccribd TS SptsRets S ing Bt Rt bt (B e

gently and conpdrstiag 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), 02wt % 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



25 subnerged (to a depth of 2 to 3 inches) horizontally in a bath of
distilled water at a tenperature of A8 2 [err]F for 30 3 seconds.
After being subnerged for 30 3 seconds, the sanple is gently raised
(horizontally), the rack cover is gently renoved, and the sanple and rack
are allowed to sit - for a period of 120 5 seconds in order to drain.
Wil e the sanpl It 1 ' t al 10 sitting
on the rack is gtéénfeﬁlahléﬁt %%g,u%% hvﬁ\ng‘te%g LS?r {%’8 UCII%IES) of t]P'IeD %%é&tlon r]1’ave\l\%{jer diameters
Fol | owi ng t he drapging frof 0he 30 aﬁ&ror&sndﬂkh‘rbexsmrqﬂueﬂmdmmtooi pztplaﬂndkmgl fammih@ Fabric

Siting peri 00, o assoived MEHS Bl SRIHS, LRSI E SRl 18 359738,

that the Machin

39 of 75,672,018 511,16 2hab5,098)81 904l dwaporkted Rérkin b rdférefce sl Beirn@judged a
period of 60 [err]. 5 _seconds. After this sitting period is conpleted,
the rack and saftp ° fr &S BBSRed to a hori zontal position and once

again the rack is dried of standing water. The rack and sanple are gently
pl aced on the bal ance and the weight 0.01 granms is recorded. This is known
as the 5  SanEROMEAE Wack wet Weight. The absor bency
measurement i s made pd di@eAl %ﬁi o tﬁermteﬁyﬁ-lg‘)pr&@é\shéfnﬁxam 2% '19 sted for -oil .

sanpl es and three %3) cross nmachine direction sanple ring e Cross
machi ne di r &t i @sorbency. A geapaf p commerciatly evatlable motenof (S@@Dgredﬁt, b!)ﬂle@bcrbty@f

sampl e is place 0
an L1 ustrat on uBopfl BHcErs heslgthiihf b odBIn the e 408 bf ey wygipe
i ncl ude fpame@wmtbswtimly,lfmtc@dlparﬁsoﬂx@f G abdorheney rithe Teeb| show Coasingptovali t er

Fabrication) w ectio The outsid

di mensi ons 405, BEJ‘.%O&F&% et fuahels %iﬁﬁlmlg?r@lag bl Pt %olg’g"?%ﬁg ?g;l/) tE‘Bout
16. 75 i n(r:]hes Nyt Elbs?i‘bs Qﬂd‘asie?@ha(n&hémlderaiﬁﬁﬁa@ﬁ) tolwsl, ks Sli’b&vlnF YOySat ﬁﬂd;ﬂ:ﬁr re(s;dence I
across the num fra a er.n shown in Figure 5. i agona
t hreads go A}ls nll%@? lieifg& cet‘%?}&a PB&&%&W&&S&M?,&H ¥ %FH&ISB?t Sﬁér%flap‘%ﬂt to
the frames 400. 1.5 to 2 times larger in de@{ete® @R tHai oﬂtﬁ@coﬁuﬁ&tﬁil%apér swel.ol | owi ng
calculation is made (all units are grans):

EXAMPLE 19
This example illustrates that the starch composition of the present invention can be
20 made into building materials, e.g., pressed board. A melt processable composition is
prepared by mixing 60wt% starch (Crystal Gum), 0.1wt % polyacrylamide (SP2), 2wt%
urea, 2 wt% sucrose, 1.5 wt% Parez 631 NC and 34.4 wt% water (adjusted to pH 2 with
sulfuric gcid) to form a slurry. The slurry is fed in to a torque rheometer (Model Rheocord
90) as illustrated in Figure 1c and operated under the conditions as described in Example 17
25  above, except a single capillary die .(having a 1 mm diameter and a temperature of 900C) is
used instead of a melt spinning die. The extruded strand is dusted with saw dust or wood
shavings while still wet and sticky. The dusted strands are compressed together to form a
log. The log is dried at 400C in a forced air oven for two hours to get rid of the residual
water from the starch composition. The final product is a log of 47.8wt% saw dust and

30 52.2 wt% dried starch composition.

EXAMPLE 20



Sanpl e Wet Wei ght = Sanple and Rack Wet Weight - Rack Dry Wi ght 20
Absorbency = (Sanple Wt Weight - Sanple Dsy Veight)/

Sanmpl-e Dry Wi ght The calculation is repeated for each of the 6
measurenents and all 6 absorbency nunbers are averaged toget her and
reported as [err]  Thig axrenpdd il\lvatraas thagyrthenpresént sinvqukion chay be incorposatsid ginto) .

ggnpom ti (()in) S sﬁtlg%us%@f g%@%ﬁ j rgmrfo(g ¥ ents gvou\%sﬂélgnegrgﬁérusg %%gﬁ/b'é&lqc %‘gﬁi aEOO,

manuf act ur ed bycoRipesitioat witlos) hlgmp@mmattedbsaqul thatondep @Tompaositiansof the present

| oaded into the barrel 0 eonet er d substantially fills
the barrel sectPHRU%GS use?a%& d%"éwa{‘]lgﬁé §ra?f§ﬂ‘é‘v$§“t8§rgmnamfﬁe barrel is
held at a test tenpesabmp@atdfe RbhehtCiabrple 1s/¥fr£;ﬁfed as follow&s pARASMEmmdréially
general ly bubbles_to the surface and does create probl ems for the run. For

a mor e videiahle Quikistedichering pament 3FF Bedvith d-SReffile3 tAmwatprautil ﬁﬂyckbe
used to rid theyRplcb@fktency is obBARB! Wilin ﬁﬁﬁlﬁﬁpgﬁglxﬁigf the E&fenY WS RIBAREd inbo
progranmmed to ranp_the applied stress from1
40 dy ne/ccfmlértsalamjés aorder Enebtapma censtan) %m@@wrsar@a’&é@r ygluetica. Shipval i s
measure by a Sthakds” jong ang@%elrﬁ A ARARRAF GRL cHARGERI WaRibld REawsPIREHES bPD
can be derived therefrom

10  driving the pasty cement mlxture up from the bottom. This filling method eliminates air

inclusion in the finished sample. The samples are allowed to cure for 5 days prior to
evaluation. The mold is carefully scored on the outer surface so as not to damage the
sample inside, then the mold is peeled away to retrieve the comparative sample (Example
20b).

15 A melt processable composition is prepared by mixing 45wt% starch (Durabond®,
available from National Starch and Chemicals Corp., Bridgewater, NJ), 15 wt% urea, 15
wt% sorbitol, and 25 wt% water to form a slurry. The slurry is fed in to a torque rheometer
(Model Rheocord 90) as illustrated in Figure lc and operated under the condition as
described in Example 19 above. The fibers are about 0.02” in diameter and are cut to 1” in

20  length for use herein. The extruded, thin spaghetti-like strands are incorporated into
cement as follows: S parts of commercially available Quikrete Anchoring cement are mixed
with 1.5 part clean tap water and 0.5% (on a dry weight basis) starch fibers. The additional
amount of water added herein is required to achieve the comparable consistency as the
comparative sample above. The sample molds are filled and the samples (Example 20) are

25  cured and retrieved in the same manner as above.

The samples are subjectively evaluated by bending to failure by hand. Example 20
are subjectively judged to be slightly weaker than the comparative Example 20b. Example
20 has an apparent density of 1.46g/linear inch while comparative Example 20b has an
apparent density of 1.48g/linear inch. Therefore, it is demonstrated that Example 20 offers

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

EXAMPLE 21



(apparent shear viscosity) is plotted against |og (shear rate) and the plot
is fitted by the power law [err] = [err], wherein Kis a materi al

constant, [err] is the shear rate. The reported 5 shear viscosity of the
starch corrpositioq_hherein i S,an extrapolation .to a_shear rate of 700 s[err]

|
1 using the power TEwSFRRlG jiysirates that the (SPynPosttiqay PENEF BREEENt/[NEERtER TsAn

The ext ensi opadpheticallp 5t madé stdTR ASHEGHI Wateh Feleuse AatdrhPivier MBRIRL@Ipotthadel 10
Rheograph 2003, manufactured by CGeottfert). The neasurenents are conducted

using an  Sobr ih§ e@alled Yaier thlgasy inipssfu ferrhorbicyiturgl and pemeyrahpleaa gthithL of
0.25 nm (i . e.thrive/ i & rélatRkly 16RE humidity ChirdnfneRt Exﬁﬂ&eﬂﬁtz@eﬁth@at'e%r A£ngiof a
barrel, which is held at a test tenperature of 90[err]C A pr eheat ed
sanpl e cofpograceesadle somposidied is prepored by njaing SPwile steich (Dwkband®, avadahiefrem, and

Bubbl o5 to 1 he ol et S Blea Tl Mgtk LB hMherBlliaSROTRT Y

vi scous conpdsiwtiones, 1§ otfpactitelnl.pritbrPatea® and 18 4wtk wagertth dortnessdlurrgpyTHee used

bush the a5 BT e BB ahd-RRE (AL RucosiardoR s hfarage i Mgho BEEES, o
As t he spempicé woasthé roemoilﬁdaemaesbﬂﬁedtihrmgiplet % abdviel | The gimf)d, hﬁinsgrrpl e
experi ences a pressure rop. ,An a ent . viscosity can, be obtai ne
fromthe '%r es@g&hgﬁlaﬁtgﬁ% afﬁél?"fp“fe{;vw Fé’? BQ’B‘F pixngowith peting sl ¢ fhedle ¢he

orifice die. stahiRedd sasd RRuRks6 daRRds @thé RqhifndRIGFVBAdus s 8 blaMs.
foll owi ng procedur esHﬁener ally known in the art. A shear correction factor

and Cogswel | Generally, oYl 3¢toopf slarch-based; smnds in petting) sotl| shows Fatisfactay water
extensi onal \HoRfridkkledse reskit€ COrrect ed ext ensi onal viscosity at 700
s[err] is reported. It is known that the extensional viscosity
can be measured using an orifice die and 25 applying the correction
factors, {ollow n ~ I | o i for:

ext ensi onlgl Vi sco%x%éﬁﬁgﬁ;sgfgsﬁe%ﬁtﬁg&g%?oﬁ g({:ﬂﬁggitem I nﬂjggﬁh?wggflﬁgqugrhg et al.,
The Rol e O polymerscitis Bfliewest that@rhei/k asuposition bEthprefent mmerition &lusad ineadhsify | n

Filament Str I net er rnal of . Non- Newt oni an Fl ui d
Mechani cs, Vg{lé%p%g%pﬁ@%e, re%%%?é@%%’?ou‘?&%oW%ﬁlﬁeg’tcfagl THPRXFRICE {1 BIPPETticsyi 44 a|
Ext ensi onal \dgdovaicylifoypreaagr feditilityi on Cooki ng 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

ext ensi oreal \EXRAMBLE 92 can be measured using a hyperbolic or

sem - hyperbolic dig. Det ali |.ed di scl osure of extensi onal viscosity
measur ement s usi ngt % SEHP -eﬂﬁ‘a'éartﬁdmt&wgpv%wﬁ etthe iwention can by madsiintp ¢

thin films, using a Werner & Pfleiderer ZSK-30 co-rotating twin-screw extruder with a L/D

ratio of 40. The screw configuration consists of four kneading sections and five conveying

sections. The extruder barrel consisted of an unheated feed zone followed by seven heated
25  zonmes, which are designated consecutively as Zones A, B, 1, 2, 3,4 and 5. The barrel is

controlled to the temperature profile summarized below, and the screw speed is set to 150

Ipm.

Zone A B 1 2 3 4 5

Temperature 50 50 50 95 95 95 95
0c

30 A melt processable composition is prepared by metering the solid materials into the

extruder with a K2V-T20 volumetric feeder (available from K-Tron Inc., Pitman, NJ) and



41 ‘ No. b5, 357, 784, 'i ssued Cctober 25, 1994 to Collier, the disclosure

of which is incorporated herei n by s2ference. (k) MOLECULAR
VEEI:GHT AND MOLECULAR WEI GHT DI STRI BUTI ON 5 The wei ght - aver age
nol ecul ar wei ght (Mw) -and nol ecul ar wei ght distribution (MAD) of

starch are denatsring thedigyid I@éﬂialbéutm%talﬂl@tﬂﬂ@mm: wilh aping peEP@vailedlerftpra i xed
bed col um. Ra ' r [ X

Metors Model NEBRRSY, tlfnd, PR) “‘g%%%ﬁﬁé 8% d0dediRcn Duraborg® A aveifgble P
10 frofuNapaatftach and Chemicals Corp Bndi’attﬁr NI)MAhads ufdas 1 Pids sucrose,

V\Clce): ;hmt1 and 20 wi% water. The mlxlﬁregis convatzf grré)rgl] IF% ?erdlbte a%mggB ég(g)l @%l) ecul ar

havi ng a lsengp into a sﬂfmcﬁﬁﬂde flat film die (available from Kllhon Extruders O¥3a2G£bvaNT)
i nternal dianet gr of 7 Det e

Vaters Model 243 HOWFa¢ %43&?&*} Apingwherein ths gear ppmp & maintained at 960C dredilaylie isar e

Waters M || ephauihif@f 4t W8¥Cand the die opening is set 21§ nfiR! ‘Fﬁg‘reklﬁtaﬁﬁhfnt?i AliedM th
Dextran standards havi ng nol ecul ar wei ght s of 000; 350, 000;

480, 000; 805,908 12:aeh wids giyll melb(avarigkle 8°méililwaﬁxmer%mtchwwtammds
are avail abl %7bé.ome°i€mﬁmﬂw€a&dvma%gmﬁeraggglgggst Ve Qb esy s i &

calibration 20 standards are prepa V|n t he stan s in the
mobi | e pHése abeutiwiibinghickgiess; $1i21ht1y tacky totheatwb,tané extybitsl excellant fbmibuity Gr., #its

undi st ur bed It n filt d t hrough
a syringe fi I%%{Ig?wfgé%edpq%ﬁ%md ée 2 % par ?l“ﬁé]%ffmm%a ?eag‘l?eg)from WWR)
using a syringe (5 m, NormJect, aval I abI e fromWR). The

starch sanpl %ME%red by first making a m xture of 40wt % starch in tap

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 a'ssc.n;ibly 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



25 water, with heat applied until the m xture gelatinizes. Then 1.55
grams of the gel atinized mxture i83added to 22 grans of nobile phase
to make a 3 ng/m solution which is prepared by stirring for 5
m nutes, placing the mxture in an_oven at 105[err]C for one hour,

removi ng t he befweenthsmy IaTdlgsse rapershoulshbe ewpdies th # e ilpomthas ajessttitee.  The
sol ution i's  eqgesofte!fiRE £d 1&&%&&0&1&& Wil da IR ENA b EBulsk bdafel (8Sdel

descri bed above. 30 iltered standard or sanple solution is
taken up by tZ&ABHIRdnuspd @rseal@reday@hotﬁh@ overlaid filps.eVhergglenivsst atfferial s in a
100 [err]l i n t I he

col urm.  The crekney e ARyRa s BeBd gt GReRkod R an koA ot thO 10
i's measur ed a total scalirg tivsd oftonemirnityi. | Tae phvelet pgchgysoumiimpywelded iséalsamehet al

; g;ggcggrea{ nsg% %tfgﬁ s1ﬁlehcea|n§%§0éml be sab-g% L‘or{th mfi}ge\}\)/ seal}éd %)QuechsenSI tivity
42 Li Br di ssol ved thereln The flowrate is set at 1.0mM/mn and in
t he isocratiﬁggégiéééée., t he nobi | e phase is constant during the
run). Each st sanmple is run through the GPC three tines and
the results ar e avEfiagQnple illustrates the wateThx%oﬂlBErsiﬂ% B&hﬁd‘siﬂoﬁé oY\@legﬁ‘ésle t he
hi gh pol yner rovi ded by the nmaterial

THERMAL F#Qopermn - A composition is preparefaby ﬁl@ﬁérfqp é\?ﬁoﬁta%e(cﬁw& eﬁguemktaar ch
conposi tions %ﬁllﬂ@ﬁgeddmu’@@@hé@b@&d%érﬁmum of thd &5&4&&&% 1tp§gre%gé‘»0n whheh has

been calibrated with an indiumnetal standard, which has 10 an nelting

t enper at ur e (TaAblechcjovdfand 8 dalgpasraf M@ten Mdich hh%bﬁe_n ofljupted to pty 2 wping s@buricakidr | es
P SE o o W herB RS Rt 8% oflefoll By GREHT e 'a&g ;sg{o;{{ﬁgd fo, R RPAR WAD

oper ating procedu actuarer's I's US
to the vol atiTke enmnomttlpmranq desy. sammlat e pvmamd)according tbr'fnst Misthcsit for cWater

Cor’rpOSI ti fan gﬁ"olub %H%esasgedrﬁeerema ove. eeresults arghh \(;O it belgw pped with

an o-ring-se revent Wo atl ¥iom t he sanpl e
pan. The sanpl e

Solubility:

% Additive Parez 631 Glvoxal 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%
1.60% 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



15 and an inert reference (typically an enpty pan) are heated at theé sane
rate in a controlled envi ronnment . ¥en an actual or pseudo phase
change occurs in the sanple, the DSC i nstrunment measures the heat
flowto or from.the sanple versus that of the inert refergpce. . The
nstrunent | SOMEERIPSEERe R h A AATEE TPBT e BitYABe RGO e myention. I
paranmeters (g.igtendell Rfcover in theRPFRMHGIMILAOI £igh Elingds and RddifRAtiondtHaekt | NY,

cal cul ating and reporti t he data. 20 The sanple is weighed into a
pan and encl B’é‘B‘Bt@ﬁSP?Peeﬂ? JRYeAPPand a cap. A typical sanple size is
25-65 mlligrans. The enclosed pan is placed in the instrunent and the
conputer is programred for the thermal neasurenent as follows:

1. equilibrate at O[err]C 2. hold for 2 mnutes at O[err]C
25 3. heat at 10[err]Cmn to 120[err] G 4. hold for
2 mnutes at 120[err]C 5. cool at 10[err]C/mn to 30[err]C,
6. equilibrate at anbient tenperaure for 24 hours, the sanple pan may be
renoved fromthe DSC instrunent and placed in a controlled
environment at 30[err]Cin this 30 durati on; 7.
return sanple pan to the DSC instrunent and equilibrate at O[err]C

8. hold for 2 m nutes; 9. heat at 10[err]Cmn to 120[err]C,
10. hold for 2 mnutes at 120[err]C;

43 11. cool at 10[err]C/mn to 30[err]C and equilibrate; and
12. renove the used sanple. The conputer cal cul ates and
reports the thermal analysis result as differential heat flow ([err]H)

versus tenperature or tine. Typically the differential heat flowis
normal i zed 5 and reported on per weight basis (i.e, cal/ng). Were the
sanpl e exhibits a pseudo phase



transition, such as a glass transition, a differential of the [err]H v.
time/tenperature plot may "be enploy®¥d to nore easily deternine a gl ass

transition tenperature. (m WATER SOLUBILITY 10 ilmmmm"m
conposition is made by m xing the conponents with heat uﬁnmr
until a substantially hompgeneous nixture is formed. The *neft Eorposit xon
I S cast i ntoyatisclaimddig:n fil mby spreading it over a Teflon sheet and
cooling at anmbient tenmperature. The - filmis then dried completely
(i.e., no watlerAR pbsprvgntt {lexihle¥rpyes compriying preede-Beoaeplasticntroghelibersc, ~The
dried filmis then equilibrated to room ten‘gerature.. The equilibrated film
i s ground515 2.  Fhestryetute|of Glajm dtwherein the starch fibers havs agizesmgingaromhabogb Gl i ds i n
the sanple, 2 tdextogbeutd3pdter-ne ground sanple is placed in a
pre-wei ghed netal pan and the total weight of pan and sanple is recorded.
The weilg hElk spractumod Clrimib) wheran the lsitetire hasa gtOffter me@ dry émsileor 2
hours., and t hesirehgtheangmgtfrosratiout 10 g/cmeiabdue d200nyiemnliaa tirgtial gedthtrid/meal wes | s
cal cul at ad as fehdilwsengtanging from about 2 g/citSaontid00p/dntl ahddl gevmiegitmeh gr ound
sanpl e & pan - &eayghiweofengilastren)thiping from about 0 g/cm to about 20 g/cm. (first
wei ght of ground sanple & pan - wei ght of pan) To determ ne
the sol ubi ity Dhe sreusdflaén ¢ ONMiRAEH the Suctibehgsh bhfls Geiahrasfingfiéning 25
sanpl e in a 250gm2heaoat 4504082 dei oni zed water to nake a total Vel ght of 100
grans. Mix the sanple and water on a stir plate for 5 mnutes. After
stirring, poul @he du@asde of ClaiRfl, further coﬁ&r‘is'id’ 1S8R Relb P n BRBrdupl UJE tube.
Centrifuge 1 hogynsigting%f? sSH0i8H, RénoddebittifdsCdisabakeidld gl cerol, olyVHE Qﬂaﬁcﬂ%? of the
centrifuged Sa”'fch e I Whegeih i Riadticier doRfRes, i@%ﬂ oé’)t \Hé?élg'oﬁﬁgo t he
sanpl e I'S cal cu ,ﬂ'ﬁmagut@%%to%goutmwt%. % Solubl e”>ol ids =
(Refractiye Index #) X 1000 %
Solids 35 g The structure of Claim 1, further comprising cross-linking agents selected from the

group consisting of, polyamide-epichlorohydrin resins, urea-formaldehyde resins,

glyoxylated polyacrylamide resins, melamine formaldehyde resins, polyethylenimine

resins, Caldas 10 resin, CoBond 1000 resin, wherein said cross-linking agents are

25 present in amounts ranging from about 0.1 wt % to about 10 wt. %, based on the total
weight of the structure.

7. The structure of Claim 1, wherein the structure has an absorbency ranging from about 1

gw'y to about 15 Swae )
gDry Structure gDry Structure

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

30

9. A structure comprising pseudo-thermoplastic starch fibers wherein the fibers have a Tg
35 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.

10. An absorbent structure comprising one or more plies wherein at least one ply comprises
40 pseudo-thermoplastic starch fibers, and wherein the at least one ply has a basis weight
ranging from about 10 g/m2 to about 100 g/m2, a GMDT ranging from about 40 g/cm
to about 475 g/cm, an apparent density ranging from about 0.04 g/cm3 to about 0.12
g/cm3, and an initial GMWT ranging from about 2 g/cm to about 200 g/cm.



44 ~ EXAWPLES The materials used in the Exanples are as
fol |l ows: Crystal Gumis a nowified starch having a

wei ght - aver age nol ecul ar wei ght of 100, 000; Nadex is a nodified
starch having a wei ght average nol ecul ar wei ght of 2,000; 5 and
Instant-n QG| is a'nodi fied starch haviAbt@ctwei ght average nol ecul ar wei ght
of 800, 000; all are available from National Starch and Chem cal s
Corp., Bridgewat er A fixible absorbent structure Spprain¢ed somprisigOstareh fbesaMsoxsilyat ed

pol yacryl am d 00, 000
o 14, 000, 00 0%&% ﬂg@gg@n éx\’?r{ae%Pése%\égf P8& glastxége@lécf&%r%ﬁ%\w&gp}nel?%ijuai

Noni oni ¢ p#&l yasd gphmbmzlled;toFféM buaiads@ﬁéﬂsdnbhﬂ;ﬂen@la@ﬁuqhtﬂms&n&g&s evlitecul ar
wei ght of 15, 000 00Q, 000 to 6,000, 000 res ectivel

e | able 11 offfopestes @it Boie o OB PRSP Sich et bt s B

Pol yet hyl enei mEcie tissas, inBgkink, wed viipds; adekeage. nol ecul ar WEI ght of 750,000 is

available from A drich Chem cal Co., M| waukee, W. 15 _ Parez 631
NC is a | ow nol ecul ar wei ght gl yoxyl ated pol yacryl am de, and Par ez
802 is a | ow nol ecul ar wei ght gl yoxylated urea resin, both are avail able
from Cytec Co., Stanford, CT. .Pl.ur oni-¢c. \F87--i-s-noni oni ¢
pol oxoner, avail able form BASF corp., Parsi ppany NJ. Ur ea
sucrose and glyoxal (in 40% solution in water) aﬂ‘msavaﬂaa%qe@R W Al dr

20 Chem cal Co., M| waukee, W. EXAMPLE ﬁ A mslt
processabl e conposition of the invention is prepar 5vvt %
starch (Crystal Gum, 40.5wt% urea, 4.5 w % sucrose, wt/o free

wat er, and 25 manual |y stirring to forma slurry. PonacryIamde(PAMa,
Mv = 15, 000, 000) is di-ssolved in water to forma PAM aqueous sol ution.

An aliquot of the polyner/water



solution is added to the slurry. Water in the slurry is then evaporated

~until the weight percent of polyacrylamde in the final mxture is

0. 2wt % The conposition has a shear viscosity of 0.65 PaJerr]s
and an extensional viscosity of-ag/271863.2 Pa[err]s, at 700s[err] and
90[err] C COVPARATI VE EXANPLE 6b A conparative starch

conposition is prepared according to Exanple 6 except no

pol yacryl am de is added to :the conposition. The conposition has a shear
viscosity of 1.35 < 45
Pass and an exteggional viscosity af 43702 Pass, at 700s[err] and 90[err]C
Exanpl e 6 and N Conparative e 6b denonstrate that addition of a
smal | amount of hygh pol yner

decreases the shear viscosity slightly
and significantly \ ncreases th xt ensi onal viscosity. 5 EXAMPLE 7

A nmelt processabl STLI \ the invention is prepared by m xing 50m %
starch (Crystal M, 30wt¥Wurea 1.5 Wt % sucrose, and 18:5wmt % free water
and wanual |y g\to f&¢ma slurry. Polyacrylam de (Superfloc
A-130, Mw = 12-14, 000 000) i di ssolved in water to forma PAM
aqueous sol uti on.—éﬁ- ; wf the pol yner/vater 10 SHU{ilBn is added to
the slurry. Watet in thelslurry is then evaporated W;““"

percent of p a¢ inthe final mxture is O.OFAMfg!;//

The conposi ti hhas a she¢ar viscosity of 1.12 Pass anelaly g
vi scosity of 46.0 Paferr]s, at 700s[err] and 90[ ¢riS

]

160

Fig. 1B
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15 COVPARATI VE EXAMPLE 7b

i's prepared according to Exanple 7 except no

to the conposition
Pa[err]s and an extensi onal
90[err]C. Exanple 7 and
addition of a small anount of
viscosity slightly and signifi
EXAMPLE 8
to process the conposition of
illustrated in Figure The t
drive unit 110 (Model
barrel 120 partitioned int
feed port 121, and a

Vi

A torque rheoneter

ord 90 avail abl e from Haake GrbH),
four tenperature zones 122,

A conparative starch conposition
pol yacryl am de i s added

The conposition has a shear viscosity of 1.23

scosity of 0.69 Pass, at 7Q0s[err] and

Conpar ati ve Exanple 7b denonstrate that

hi gh pol yner 20 decreases the shear
cantly increases the extensional viscosity.
having a nelt blowing die is used

Exanpl e 6. The torque rheoneter is

orque rheoneter 25 assenbly 100 includes a
a
124, 126 and 128, a
t spinning die assenbly 131. Tw n screw

el enents 160 (nodel TWO
unit 110 and di sposed W
bl owi ng die assenbly 131 (ava

_fr

GA) is connected to the. of

N ake GrbH) are attached to the drive '
hE 120. A six inch wide nelt
il m JM Laboratori es, Dawsonville, 30

has a spi nneret pta
di aneter of 0.015" (0.0381lcn);

el via a punp 160. The di e assenbly
i ch has 52 holes per linear inch and a hole
surrounded by a 0.02" wide air

T

passageway 152, fromwhich & high Velocity air stream 151 i npi nges
the extruded fil anents kgst bel ow t he spinneret plate. The air stream has
t he Y 46 ef fect of
simul taneously blowing tRe {ilaments away fromthe spinneret and
attenuating the filahents. The conposition of is prepared
(as described in Exanpl e 6)ihy_mixihg 45wt % starch (Crystal Gunm,
0.2wm % pol yacryl am de (PAwda), 40. pWm % urea, 4.5 w % sucr ose,
g’ “ . 3
8 J
= - ~
N »
\ N QD
» pad
N \ =
% 3
N3
is Sheet Has Been Replaced
Sy -




5 and 9. 8wt % wat er .
torque rheoneter.

foll ows:
Zone 122
90[err]C 10
Zone 128
100 rpm

The m xture is gravity-fed via feed port 121 into a

The torque rheoneter and die assenbly are set as

70]

90[ err]

Air Tenper at ure

35 psi

m xture is convese

bl owi ng di e.
t he i nvgntion
Not e t t he

'includ2§§\\\\\

ext ensi onal

e<
q

the wei ght

on the averagg\abeug
that the as-prepare

OCESSES

8 w ¢

conpc
Fbv

Barrel Tenperature

pr
process, and
IittIe@r/no/}E
wat er (Wossi bl
Therefore, thg
appropriately
basi s.. For
conposition of
out the 9.8 w
bound water fr

the fiber
% free wat er
omthe stardgh

e according to

err]C Zone 124
3/7Zone 126 90[err] C

o Tor que

Di e Tenperature 126. 7[err] C
126.7[err] C 15 Air Pressure

Punmp | 40 rpm The
he extruder through the pL\‘t nto the nelt
mLLLngEttenuat ed fil amant%ar fine fibers) of
lianet er'y rangi ng frd 0 microns. 20
n& starch in the melt prodess [gosi tion

starch and the wei ght by ter (which is
o of . the starch). It js_] under st ood
sitions are used for uniaxa and bi axi a
lever, nost of the water ig $U during the nelt

starch fiber, filmor Iik;tgioduct cont ai ns
45 The resulting product |does cont ai gysonme bound
itng rmoi sture from anbea—enviToMRent ) .
the resulting product payibe nore
k{s solid conponents, cal ted on a dry solid

t & cal cul at e, onaagyy sol gethgsi s, the

~m
conp05|t
then nornalize the re

fromthe overal

100% Th
dry solid basi
0.23 W % pol ya

the conposition of the fiber

46.8 wt %drea and

of

one woul d t ake
the 30 8wt %
olid content to

47.8 W% starch sglid

e

M

Zone 4

Zone 5

g~

M

3i0

320

340

S~

2
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47 = EXAMPLE 9 The conposition of Exanple 7 is nelt bl own

into fine fibers of the invention. Figure 7a is the Scanning El ectron
M crographs of fine starch fibers de fromthe conposition of Exanple
7 using the process described in %@ e 8, shown on a 200 mcron.5 - scal e.

Figure 7b is the Scanning El ectron M crographs of the sane starch fibers

shown on a 20 mcron scale. Both figures show that starch fibers of
Exanple 9 have a fairly consistent . fi ber dianmeter of about 5 m crons.
EXAMPLE 10 10 Fiffeen grans of starch (Cryst um Ma=100, 000 )
and fifteen grans e water are m xed togetggat 80[err]Cwth
manual stirring ® M xXture Pecones subst aN y honpbgeneous or
gel atini zes. Afhi aii a& Mr=15, 000, 000) is[T—~ ©ssolved in
free wat to florx = I aqugpus sol ution of known co An

al i quot \%poly golution is added to theksia AREr m xture
such that the S\ﬁgrall n'l\kture contains 0.006 grafs Kt a. Then the
overal|l mxturg is ted tjo evapor at e wat er unt ei ght of the

This m xture

final m xture (starch PAMa and water) equals 30 5
: : for draw ng

i's subjectively e suitable nelt extensi bi

fibers. 20 X 13 M xt ures ot=stlarch (Crystal
aunm, hi? pol yjrey f are prepared in the samef: manner as in
Exanpl e 5. The fi tions of these mxBJre L SHown bel ow.
Mv N Ex-12 Ex-138 Strar bh Cryst al
Gum % 49. 99 &‘9. 9 ‘6.
Pol yacryl am de Superf | oc A- l% 12-14,000, 000 W — 02
Q ]
<ﬂ 1) [ CQ
™ ™ M e
S . 3 M .
N =Tt =13
« et ] g
[ ] E
R '
/ Q - [~
o 2 >~
> 3] [
& | N N &
S
' Y
/ - NQ
[~ A
S o SO
-\_
N S BE>%
="
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PAM b 5-6, 000, 000 W% ' 0.02

Pol yet hyl enei i ne - 750, 000 w %
6.17 Wat er : wt %
49.99 49.99 46.91 25 Theﬁ',éqrrposi tions of the invention are
subj ectively shown to have suitable nelt extensibility for draw ng
fibers. EXAMPLES 14- 16 _
48 The foll owi ng conpositions are prepared in the same nanner
as Exanple 1. : Mv
Ex-14 Ex- 15 Ex- 16 Starch Crystal Gum 100, 000
wt % 41.54  20.77 20. 77 Nadex
2, 000 wt % 20. 77 Instant-n Q|
800, 000 wt % 20,77 Pol yacryl am de PAM a
15, 000, 000 w % 0. 08 0. 08 .08 Ur ea
wt % ©6.23 6. 23 6. EXtruder Sucr gse
wt % - 6. 23 6. 23 6. 23 Parez |631 NC
wt % 1.04 1.04 1l 04 AAb -
wt % 44.88 44.88 44. 88 These conpositions of the invention are
expected to have suitable nelt extensibility for draw fibers. And
where the water has been adjusted/to about pH 2, the resultynhg fibers
M My
lh._ l | l; , “I
P
| =il
2 \ T
. i
G |
: . Alr
22\ Supply
W U LT 26
UM 1 /
&C*L . Q& ool o o N |
G T A _
— AN
20 N TN P 4}
' N
NTTT: TN A i)
N N
N
NI IR NTHGE

il )

A
:--‘:;;!
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5 'are expected to have a water solubility of |less than 30% based on the

test net hod discl osed

her ei n.

EXAMPLE 17

A melt

processabl e conposition is prepared by m xing 45w % starch (Crystal 10

G, 0.2wt
9. 8wt %

fibers using a torque
descri bed in Exanple 8,

% pol yacryl am de ( PAl

M&)/ A0. 5wt % urea, 4.5 w % sucrose, and

water to forma slurry. The conposition is nelt blown into fine

except the m xture

rheometer as shown in Figure 1c in the manner
is meter-fed into the

torque rheopgter. The torgue rheone%g and di e assenbly are set_@as
foll ows: 15 Barr el &%erature |
Zone 122_ 70[err]C Zone 124
90[ err] — er T ae— 400
Zone 12 90 C A
140 rp e 1 Qﬁﬂrrr1 6
D e Tenper afj ke 1 e C dir ?
Tenperafure 1 ' niggsure !
50 psi 25 u 40 P g ;
49 hiesr e I N € ' | af thEeL
I nventi on havie PRbel o te rgngpdg |f r 1 30 XG 5~ I
fibers are 4i | ' r I f {c

405 : > :

E:: 420

|

Fig. 5
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as described in U S. Patent No. 4,637,859, with the fabrics of U S. Patent
Nos. 5,857,498, 5 5, 672, 248, 5,211,815 and 5,098,519, all incorporated

herein by reference, al so being | suitable for this purpose.
EXAMPLE 18 The resul meb fromthe air-laying process of
"Exanple 17 is tested for oil 10 bsorbency. A drop of a commercially
avai l able notor oil (SAE 20 grade, by the Society of Aut onobi | e .

Engi neer s’ de5|gnat i eny* +s—ptaced—om theweb andé'on a cormerm ally
available tgp = per -'t:qweh 5 €SI I (g, ,f‘bl""'c ari "0 0i |

absor bency ‘ﬂé 4@ )* MPOGQY e?.- <P oFbe?])’ tcwer that of the
comer ci al ﬁaperu%oyve en--the ol sp}e‘c;s- > ,; web absor bs
oi | faster it mmrcu'l pa‘psh -ovveT,‘.as‘ifp 'By‘ aO’shorter resi dence
15 time off « 4IEvonds,” the web has a

Prefmshu, £ alge p’f\t YU il.
spot size f’\pboﬂit P rd Q:nl ‘Ilg Qdu’h |'rfd'|‘a.m9t éc_Wan that of the:
-commer ci al ‘I?;n g-exanpl e

R (

|IIustrate§ ol H«o AL Ole. &’es J’T §i on can be 20
made into upL'dlﬂgbﬁgife hl s %“ ‘fgs§eu‘bb;rf'd'v li fgt, rocessabl e
conposi tioris. mg tar‘ b- GQum, 0.1wt %
pol yacryl a \(’ 2 by W&,! % Parez ‘631 NC

Ve sy
and 34.4 widagater REEE, o‘g "" ﬂ 1.0 Rgid) to forma
slurry. Th ',s.hm Ty ||\s 1@ Ln { \t;or Q ier ,61\&0«3 eocord
90) as ill ed fnx Flggr ;and/ Q era:.ed‘ r; !'Qe §’| ons as

descri bed || Ex Que~-'e sy e Qf die (having a
1 mm di amatm ﬁ‘z fg&dr .\éﬁ‘ O, rr &!a H;{ ‘usedl tead of a
mel t spinni rvg‘?g/ '[tu@ -ex 5 an'd |‘9 dusb d u\n-th sa.w dus§ or wood
shavi ngs wh Y11 wet ‘and s |cky The dusted’stTands are conpr essed
together teo forma | og. Thelogls drled at 40[err]Cin a forced air
oven for two hours to get rid of { egreq water fromthe starch
conposition. The final product is a%og of 47 8wt % saw dust and 30 52.2
W % dried starch conposition.

TR
‘ :txﬂ h‘..
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. |Po s
EXANPLE 20, 50

"This exanple illustrates that the present invention can be incorporated
into - structural materials as reinforcenments. Though this exanpl e uses
fi bers made from a conposi tion without high.polyners. It is believed

t hat when a conposition of the present invention is used, the product
woul d show better or equival ent performances. 5 A conparative
cenment sanple is prepared as follows: 5 parts of conmmercially

avai |l abl e Qui krete Anchoring cenment are mxed with 1.5 part clean tap water

until a thick syrup consistency issgbtained. Wthin 5 m nutes of

m xi ng, the cenent was introduced |nto cyllndrlcal nDIds in order to
obtai n a constant di ABSOGRBENTSEIRXIE FREGRIREACQIV REHIFIBERS nol ds 5"
long and 0.23" in inner diameter (i.e.zpspgmercially avallable straws) are

filled by 10 driving the pasty cement m xture up fromthe bottom This

filling nethod elj ginat ir i.nc nin.the fi.nk.she The
sanples are all Oégéﬁlﬁlee‘fsﬁpgwptospugtuﬁﬁlgrog *‘g?m{‘%‘ls tar%eifaﬁtl %‘Hrﬁ)}%’ he nol d
i's careful | yweagtigslaroWinttheprosthed of waker, ﬁuei@erammnerwdxdﬁmmelt &ruded
sanpl e inside, then the nold is eele to retrieve the conparative

sanpl e ( Exarfpfl goun bondeddg,form oy de“s‘tys absorbep\t ible siructwres alfiestrueiugss exhibibn | s
prepared by g&g&nhfggrxéﬁ%g%%%%a&mf F'Frodv.scts SfSI‘F%ad /b&%\ﬁelg Qe h@% onal

Starch and Bri dgewa ea, 15
sorbitol, arf@biﬂﬁsm,%anhnsewetmpbtamd&ehkeurry The slurry i-s fed in to a

torque rheoneter (Model Rheocord 90) as illustrated in Figure 1c and
oper at ed under the condition as descri bed in Exanpl e 19 above. The
fibers are about 0.02" in dianmeter and are cut to 1" in 20 length for use
herei n. TheX&werdbded, thin spaghetti-like strands are incorporated into
cenent as follows: 5 parts of commercially available Quikrete Anchoring
cenent are mixed with 1.5 part clean tap water and 0.5% (on a dry

wei ght basis) starch fibers. The additional anmount of water added

herein is required to achieve the conparabl e consistency as the
conparative sanple above. The sanple nolds are filled and the sanpl es
(Exanpl e 20) are

REPLACEMENT SHEET
08 JUL 2000




25 ‘cured and retrieved in the sane manner as above. The
sanpl es” are subjectively evaluated.by bending to failure by hand. Exanple

20 - are subjectively judged to be slightly weaker than the conparative
Exanpl e 20b. Exanpl e 20 has an apparent density of 1.46g/linear inch
whi | e conparative Exanple 20b has an apparent density of 1.48g/li near
inch. Therefore, it is denonstrated that Exanple 20 offers 30 the benefits
of light weight and | ower cost (on a vollunme basis). EXAMPLE 21
51 This exanple illustrates that the conposition of the
present invention can prophetically be nmade into a controlled water

rel ease material when m xed with potting Q soil. The controll ed water

rel ease i s useful fo&horti cultural agnd agrstcultural plants which

thrive in a relativelly |l ow humdity ¢ onment and/or infrequent watering.
Anmelt 5 processabhe conposition g prepared by m xi ng 50m % st arch
(Durabond, avail able fYom Nat »fHnal Starch and Chem cal s Corp.,
Bridgewater, NJ), 0.1y % pol m de (SP2), 15 wt % urea, 15 wt%
sorbitol, 1.5 wt% Par¢z and 1 water to forma slurry. The

slurry is fed in to alqergue—d Neomek2r (Mbdel Rheocord 90) as illustrated
in Figure 1c and gppr at ed der the condition as described in Exanple -
19 above. The extrugled;—thin 10K spaghetti-like strands are allowed to dry
before mxing with potting poil .~ The ratio of startrand to
potting soil dep@nd$ on the|requirenments of various types|oO =,=i

A
v,
Ve

t
A

General ly, 10 w$6 of starchfbased strands in potting soi%es
satisfactory vvaté\‘ ho] di ng/ rel ease results. |

./g
L
|
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Fig. 1A
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15 - Exampl es 22-24 use filnms made from conpositions wthout the
benefit® of high polynmers. It is believed that when a conposition of
the present invention is used in each of t hese exanples, the

resul tant product woul d show beneficial inprovenents in properties,

e.g., lower caliper, greater flexibility. 20 EXAMPLE 22

This exanple illustrates that the conpositions of the invention can be nade
into ' thin filnms, using a Werner &2Pfl eiderer ZSK-30 co-rotating

tw n-screw extruder with a L/D ratio of 40. The screw configuration
consi sts of four kneading sections and five conveying sections. The
extruder barrel consisted of an ynheated feed zone foll owed by seven heated
25 zones, which are designated ecutively as Zones A B, 1, 2, 3, 4
and 5. The barrel is controll to the tenperature profile sumarized
bel ow, and the screw speed is set to 0 rpm Zone

A B 1 2 3 -~ 4 Tenperature

50 50 50 95 95 9 C 30 Anelt
processabl e conposition is prepared by YH}| the solid materials into

t he extruder with a K2V-T20 vol ungtjf der (available fromK-Tron
Inc., Pitman, NJ) and 8\
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met er | ng the liquid material into Zone | of the extruder with a mni punp

(avail able from

M | t on- Roy,

starch (Durabond[err] A, available

Cor p. ,
wat er .

Bri dgewat er,

NJ) ,

I vyl and, PA).

from Nati onal St

18wt % urea, 18 wt % sucr ose,
The m xture is conveyed fromthe extruder into a Zenith B-9000 gear

The conponents are:

44w %
arch and Chem cal s
and 20 wt %

5 punp into a six-inch wide flat filmdie (available fromKillion

Ext ruders, Cedar

G ove, NJ)

the gear punp is maintained at 96[err]C the filmdie is

at ailowrate of 33 cnferr]/nmin, wherein

mai nt ai ned

at 94[err]C and|the die opeping is set at 15 mils. Thezrgsultant filmis
ext ruded bnt 6 2 inth wide chill roll (availapkelfromKillion

Ext ruders) which { i pbed at X 37[err]C. The[fIqis then wound
onto a paper cof =0T 5 &m The resul tant i about 1
ml int knesg [ agky to the touch, and ex[ithijts excel | ent
flexibil iQ\V\Q\.a., i §n be repeatedly bent at ! oyiee angl e

wi t hout breakiny\%)rm ng dead fold). EXA| F M

This exanple iljustra&es thpt the filmfrom Exanpl e 2F made into a
seed 15 carripr for -agricultural applications. The garrier film nmade

according to th
be laid wn

hol ds wa€®T to
material "¥s bio
The fil m of

sprinkled with
garden supply st
pl aced on top oLf
(0.635cm alum
15. 24cm

Carver hot press that
assenbly is EQL*—H:—b'Fa{-ed—H-Hder

then pressure i
assenbly is hel
qui ckly depress
room t enp
bet ween fil m an
w t hout | oss of
illustrates that

202\\ 210

200\

provi des an i nexpensi
ced a | arge area
he germ nation of the seed
uch that no recovery and d
Zmis pl aced on a singl e-si
2 avai |l abl e from M dwes

ef f

t hat can
vely. The materi al

e equi r ed.

rel ease"ﬁ)aper and

Supply or other

ores. Anot hel§ sheet of single-q i rel ease paper is
the seeds.| fhe assenbly is pl fWween [err] inch
num pl ates dnd inserted into a i nch b A\nch (15.24cm by
is preheated to ery] C. The
| ow/ cont act pr b f one m nute,
to a maxi mum pressure 2 00Q pounds. The
maxi mum py essure for gne e \Qn
ggsenbl )&i)s taken & t bresd\\and €Bbl ed to
pesul timg film cofbdsite Shops gooliolssi on
Ssuch that the film oQnp can/b® handl ed
seeds 30 N EXAME 24 [his £xanpl e
the filns |of Example 22 arefusab'le?.@wt at the:™Ins
~— [
[~
§ 3 \o
- [~ M
N
g
-
) 1 ™
S |~
S 8 N o
M \\>w~
]
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can be made-into substantiall y transparent bags/pouches useful as seal able

f ood storage pouches, shoppi ng bags, garbage bags, grocery bags, and
the Irke. Two pieces of 4 inch by 4 inch (10.16cm by 10.16cm) fil s

are overlaid with a piece of rel ease paper interposed

53 bet ween them The rel ease paper should be smaller than the filns
so that at |east three edges of the filnms are in direct contact with

each other. A Ve ' e seal er (Madel 24LAB-SP) is used to sea

three sides of the que [ ilms. The sealer is set a

~50% vol t age,
60 psi pressure, d dwell tine (one second ohd 5 seconds off),

and for 5 at tinme ofdone minute. The regﬂsi: t bag shows
uni form | ded ee Qkides. The fourth Brd¢ cap optional be
seal ed to®orm a #l y |s@nl ed pouch. EXAVALE
Thi s exanﬁNe fJ ljustrates thgd @ater-insoluble starch COEBJ. ory Df the
present 10 invehﬁLgﬂ{bA‘conﬂB%ition is prepared by niiag 50 # st ar ch
(Crystal @nm, 4 rossllinki ng additive (the type @ o/anount of the
crosslinking additive are sown in the Tabl e bel oW ~hnd” a bal ance of
wat er whi ch has 2§$ﬂziﬁfusL7d to pH 2 using sulfuric acts Wher e
gl yoxal (&ﬂ/ﬁﬂ&& o i nfjwater) is used, there is f¢ed to adjust the
wat er pHQ T (tijon and test sanple are prepared according to
Test Met R for bol ubi ity descri bed herei e. The results
are shown in the oy o
Solubility: 'téve rez 3L} d yoxal Parez
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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. 00% 14% 6%

1. 50% 11% -5 4% The

di scl osures of all patents, patent applications (and any patents which

I ssue 20 thereon, as well as any correspondi ng published foreign patent
applications), and publ i cations nentioned throughout this description
are hereby incorporated by reference herein. It is expressly not

adm tted, however, that any_of the docunments incorporated by

reference herein teach or dfi sclose the presgnt invention.

VWi [ e particul ar enbodi nentls of ERfueleesent li nventi on have been illustrated
and 25 described, it wouljd be obvious to tjhose skilled in the art that
vari ous ot her changes and
54 modi fi cati ons can be made wi tHdut departing fromthe spirit and scope
of the invention. It is intended tqg|cover in the appended clains all such
changes and nodifications that are\ythin the scope of the ipgention.
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55 - What is clainmed is: 1. An absorbent, flexible structure
conpri sing pseudo-thernoplastic starch fibers. 5 2. The structure of
Claim 1, wherein the starch fibers have a size ranging fromabout 0.01
dtex to about 135 dtex. 3. The structure of Caim1, wherein the
structure has a geonetric nmean dry tensile strength ranging from
about 10 g/cmto about 1200 g/cm an initial geonetric nean wet 10

tensile strength ranging fromabout 2 gécmto about 400 g/cm and a

geonetric nean decayed wet tensile strength rangi ng from about O
g/cmto about 20 g/cm 4. The structure of Caim1l, wherein the
structure has a basis weight ranging from 10 g/mMerr] to about
450 g/ err]. 15 5. The structure of Caim1l1, further conprising a
pl asticizer sdlected fromthe group 40 ConSTSting—of—somi t ol ,
nmonosacchari dgs, disaccharides, glycerol, polyvinyl alcohol, an
pol yet hyl ehe JNZO rer i sart PraStrerzer—e ' , n qum
wei ght of the S tupgNir abg 0 w % 20
6. The stryctdr PR 1, rtjhek)< c st ng<cr ps ipkt g ent
sel ected fromft §8tin T, yamJde- eficihl or ohydrin
resins, urgea-f L de riesy ps, 0 te | yadr ¥ am de
resins, melam 0 d I SN PO t iy I resins,
Cal das 10 fresi ; ' ' Rt lagents are
25 prlesemt| i p<lanpulx(s |r apgi ng 0 u Wtlo lp_mLL %
based on tjhe f{ I wel e N7 g
405
| :%3—420

Fig. 5
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7. The structure of Claim1, wherein the structure has an absorbency

rangi ng from about 1 [err] to about [err] 30 8. The
structure of Claiml, wherein the structure has a total flexibility ranging
from about 1.0 g/cmto about 75 g/cm 9. A structure

conpri sing pseudo-thernoplastic starch fibers wherein the fibers have a Tg
35 of at l|east about -30 C and the structure has a geonetric nean
decayed wet tensile strengt h.Zangi ng from about Og/cmto about 20
g/ cm and wherein said fibers have a size rangi ng from about 0.01
dtex to about 135 dtex. 10. An absorbent structure conprising one or
nore plies wherein at |east one ply conprises 40 pseudo-t her nopl asti c
starch fibers, and wherein the at | east one ply has a basis weight

rangi ng from about 10 (()g/rr[er ut 100 g/nferr], a GVDT rangi ng from
about 40 g/ cm sphere 20.0imabout 475 g/ cm an apparent density ranging from
about 0.04 g/cnferr] anda,pinitial GVWAI
rangi ng from aboy
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