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system for hydroxyl polymers, especially polyhydroxyl polymers, and processes for crosslinking
such hydroxyl polymers.

In one aspect of the present invention, a polymer melt composition comprising:

a. ahydroxyl polymer; and

b. a crosslinking system comprising a crosslinking agent capable of crosslinking the

hydroxyl polymer, and optionally a crosslinking facilitator; and
c. optionally, an external plasticizer; and
d. optionally a thermoplastic, water-insoluble polymer, is provided.

In one embodiment, the crosslinking system is capable of crosslinking the hydroxyl



In one enbodi nent, the crosslinking systemis capable
of crosslinking the hydroxyl WD 2004/108832
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structure having an initial total wet tensile of at
least 1.18 g/cm (3 g/in) am/or at least 1.57 g/cm (4
g/in) and/or at least 1.97 g/cm (5 g/in). In another
aspect of the present invention, a polymeric structure
derived froma polymer nelt conposition of the present
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the polyAgddi ¢ structure, is provided. In still yet
anot her aspect of the present invention, a_ fibrous
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progidedr di ng to the present invention, wherein the
In still yet another aspect of the present invention, a fibrous structure comprising one or

more polymeric structures in fiber form according to the present invention, is provided.

In even yet another aspect of the present invention, a polymeric structure, such as a
single- or multi-ply sanitary tissue product, comprising a fibrous structure in accordance with the
present invention, is provided.

In even still another aspect of the present invention, a polymeric structure, such as a
single- or multi-ply sanitary tissue product, according to the present invention, wherein the
polymeric structure exhibits an initial total wet tensile of at least 1.18 g/cm (3 g/in) and/or at least
1.57 g/em (4 g/in) and/or at least 1.97 g/cm (S g/in), is provided.

In still yet another aspect of the present invention, a polymeric structure in fiber form



pol ynmeric structure exhibits an initial total wet

tensile of at least 1.18 g/cm (3 g/in) and/or at |east
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is provided. In still yet another aspect of the

present invention, a polynenic structure in fiber form
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net hods of the present invention, is provided. The
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di
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side view of a process for synthesizing a polynmeric .
Figs r uist airsehdnmatic asmdaomwnofea vpirctchsst foe gyntbesiaing npdyrmdrignstructure in

Fi g. 30i a ﬁﬂﬁmat c1 A side view of the process
of tA¥ ﬁi?né&‘ﬂ PRFESSE B! Ihovvl ng an attenuation
Fig.z PN€45s a schematic partial side view of the process of the present invention, showing an

attenuation Zone.

Fig. 4 is a schematic plan view taken along lines 4-4 of Fig. 3 and showing one possible
arrangement of a plurality of extrusion nozzles arranged to provide polymeric structures

of the present invention.



Fig. 4 is a schematic plan view taken along lines 4-4

of Fig. 3 and showi ng one possible arrangenent of a
w@bamabsssy of extrusion nozzles arranged to prpei/U82004/017976

pol ynmeric structures of the present invention. WO

2004/ 108832 PCT/ US2004/ 017946 4 Fig. 5 is a view

simlar to that of Fig. 4 and showi ng one possible

arrangenent of orifices for providing a boundary air

around the attenuation zone. Detail ed Description of

Fig. 15N b REGNis to Miad BEES. Pandl towitizEenkbssi/ Erdligéhbnt € orifices for
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welgfﬁ%y%x %i&uﬁ@@rgi ﬁlQL 12y 6&knaneltdReead, tWiat ort\i?‘i&i;buﬁk‘he aldeof an external

rought” into a flowabl e state, nd in this
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Fssed hydroxyl

Additionally, the normalized shear viscosity of the polymer melt composition of the present
invention must not increase more than 1.3 times the initial shear viscosity value after 70 minutes
and/or 2 times the initial shear viscosity value after 130 minutes when measured at a shear rate of
3,000 sec”! according to the Shear Viscosity Change Test Method described herein.

The polymer melt composition may have a temperature of from about 50°C to about



Additionally, the normalized shear viscosity of the

pol ynmer nelt conposition of the present invention
WOREH/108382 | ncrease nore than 1.3 tines the i niPCHEUS2004/017976

shear viscosity value after 70 minutes and/or 2 tines

the initial shear viscosity svalue after 130 m nutes

when neasured at a shear rate of 3,000 sec' according

to the Shear Viscosity Change Test Mt hod descri bed

herein. The polyner nelt conposition may have a
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When a crosslinking agent in accordance with the present invention is in its activated
state, the hydroxyl polymer present in the polymeric structure may and/or does undergo
acceptable crosslinking via the crosslinking agent as determined according to the Initial Total Wet

Tensile Test Method described herein.



crosslinking as determ ned according to the Shear

Vi scosity Change Test Method descri bed herein. Wen a
wa@e@gdahsseki ng agent in accordance with the preBenUS2004/017976

invention is inits activated state, the hydroxyl

pol ynmer present in the polymgeric structure may and/or

does undergo acceptable crosslinking via the

crosslinking agent as deternined according to the

Initial Total Wet Tensile Test Method descri bed
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crosslinking the hydroxy t he cr.ossli nki
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"'Mfirc%yﬁnkﬁl%lfé/dﬂ%toﬂ_rﬁ% 1ﬁ£1@c§:$eh{rﬂﬁ|vé‘sgoffﬂ%&hitbﬁaﬂlﬁf makPeKkist after the
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betvs;ere9§sdh& Bt Bt fh@fébf | TR eR%sinkAE pietRa1SS 'nﬁ% bB BYdr8@d AcidiKand/or salts
between 2 and 6 or salts thereof he crossl i nking

mmﬁ@%$¥h?%%@ﬁ@“ﬁﬁ§m§€wBP5nsted Aci ds and/or salts

t heﬁle&fdltloﬁ U Bra P $a 1@ MHRR Il MagAdstudn bAELRO salts] @a@@é’ lukddOflone or in
metal salts, such as magnesi um and zinc salts, can be

combpinatiomy GBromFted AcdpaeHSE s FSTFObat FoBHBHaS BElialortls

andﬁ&flmﬁﬂ SxaldpRs %@fsulta%ﬁ &55@§1§Jlﬁ§‘ﬁbiﬁ9&t&§%&lﬂd€ ak&cSacid, benzoic
Nonl |n1t|ng exanpl es of suitabl e crosslinki

acidg giggid dcidafosmis acideglyeptic addactic agd.dnalyiersd |Péthalét?c"r°di phosphoric acid,

suc&qu AR ARl ixtdrr tmar‘éota%ﬁfd%r iy &85 icRGS Gheirl AfhbiBuAGaEs, such as
mal eic acid, phthalic acid, phosphoric acid, succinic

ammperjivin ghygolptesanunaniin eispte pfd amporim sul@ie salts, such as

t heh fqi RSP RbA AR ESmphldCll @%tabla RN gfa&ﬁ&'tcfi‘i §hclude glyoxal
ammoni um citrate and anmoni um sul fate. Additiona

bisuhfitn| salis, t privopre xearns eadtsopuchuast bysrexyethyls &MmQRiup salts, hydroxypropyl
amh@fildh | 2R QcdndaRF laHﬂfé 91|1t¥ OXAonifith StdldeAd uibdthleS amPlohABY Yenzene

am ne salts, stch hydr oxyet hyl amoni um sal t s,
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Pol 4 rmotynigs neeltCrompositian @fh @ PERSETY riityentig] may Bﬁwﬁf@ﬁqeﬂ Ypingf screw
exttﬁh]e? ﬁdl?menfeﬁmﬂgérw effRVeP€ prepared using a screw

extru such as a vented twin screw extruder. A

bar Aebard H¥ oArmnARDVBERer @reterdseh.oBaslandi g fepwt fRtpder is
schﬁitﬁ%fﬁﬁﬁ%ar e 1nf8g 19C NeRPh el b ¥s dchh@ll fiRb @Ehi Porkd, Qdentified as

is separated into eight zones,
zongleRt The eadreht0 enzlopesghelexgusiorwsrepeand anixing clepients selematigally shown

in S%fi g\%z ORI LEVE AR BD1 BlLrEFRIY SitruSGHEIBE. CRIsbiY feed port 12

is disposed in zone 1 and a liquid feed port 14 is disposed in zone 1. A vent 16 is included in
zone 7 for cooling and decreasing the liquid, such as water, content of the mixture prior to exiting
the extruder. An optional vent stuffer, commercially available from APV Baker, can be employed
to prevent the polymer melt composition from exiting through the vent 16. The flow of the
polymer melt composition through the barrel 10 is from zone 1 exiting the barrel 10 at zone 8.

A screw and mixing element configuration for the twin screw extruder is schematically
illustrated in Fig 1B. The twin screw extruder comprises a plurality of twin lead screws (TLS)
(designated A and B) and single lead screws (SLS) (designated C and D) installed in series.



in Fig. 1B, and serves as a contai nnent vessel during

the extrusion process. A solid feed port 12 is
wale@passsa2 i n zone 1 and a liquid feed port 14 PGI/US2004/017976

di sposed in zone 1. Avent 16 is included in zone 7

for cooling and decreasing tthe liquid, such as water,

content of the mxture prior to exiting the extruder.

An optional vent stuffer, conmercially available from
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1 70 Low Feeding/Conveying Feeding and Mixing

2 70 Low Conveying Mixing and Conveying

3 70 Low Conveying Mixing and Conveying

4 130 Low Pressure/ Decreased - Conveying and Heating
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This slurry is then conveyed down the barrel of the

extruder and cooked. Table B describes the

tenperature, pressure, and corresponding function of

each zone of the extruder. Table |I Zone Tenp.(F)

Pressure Description of Screw Purpose 1 70 Low
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M Xi ng and Conveying 4 130 Low PresguFBPIBEE eased
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the present invention. is ready to be processed by a

to t}%’l“ifﬁi?? li‘i’r"cﬁ?é’é"é‘?rﬁ&’cﬁsﬁ’égg?‘?r%tf?n B. Pol ymer Processing

B. PoRéeRProcRdsmeesSsSi Ng" as used herein nmeans any

oper at / hv whi ch | .
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and/or compression molding. Fiber spinning may include spun bonding, melt blowmg, rotary

spinning, continuous filament producing and/or tow fiber producing.
A “processed hydroxyl polymer” as used herein means any hydroxyl polymer that has
undergone a melt processing operation and a subsequent polymer processing operation.

C. Polymeric Structure

The polymer melt composition can be subjected to one or more polymer processing
operations such that the polymer melt composition is processed into a polymeric structure
comprising the hydroxyl polymer and a crosslinking system according to the present invention.

“Polymeric structure” as used herein means any physical structure formed as a result of
processing a polymer melt composition in accordance with the present invention. Nonlimiting
examples of polymeric structures in accordance with the present invention include fibers, films

and/or foams.



and/ or conpression nol ding. Fiber spinning may include
spun bonding, nelt blow ng, rotary spinning,
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spunbond fibers, staple fibers, hollow fibers, shaped fibers, such as multi-lobal fibers and

ac

multicomponent fibers, especially bicomponent fibers. The multicomponent fibers, especially
bicomponent fibers, may be in a side-by-side, sheath-core, segmented pie, ribbon, islands-in-the-
sea configuration, or any combination thereof. The sheath may be continuous or non-continuous

around the core. The ratio of the weight of the sheath to the core can be from about 5:95 to about



30 mnutes. Alternative curing nmethods may incl ude
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A polymer melt composition is prepared according to the Synthesis of a Polymer Melt

Composition described above. As shown in Fig. 2, the polymer melt composition may be

processed into a polymeric structure. The polymer melt composition present in an extruder 102 is
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absolute pressure from about 130 kPa to about 310 kPa, measured in the pipe 115. The polymeric

structure fibers 110 being extruded have a moisture content of from about 20% and/or from about
25% to about 50% and/or to about 55% by weight. The polymer structure fibers 110 are dried by
a drying air stream 109 having a temperature from about 149° C (about 300° F) to about 315° C
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essur
hydroxyl polymer Welght With less water to plasticize the hydroxyl polymer, higher

temperatures are needed in extruder zones 5-8 (Fig. 1A), typically from about 150-250°C. Also
with less water available, it may be necessary to add the crosslinking system, especially the
crosslinking agent, with the water in zone 1. In order to avoid premature crosslinking in the
extruder, the polymer melt composition pH should be between 7 and 8, achievable by using a

crosslinking facilitator e.g., ammonium salt. A die is placed at the location where the extruded



Attenuation Gage Pressure in Delivery Pipe kPa 26
ttenuation Exit Tenperature C 71 Solution Punp Speed
wenwg/108862 35 Sol ution Flow G mn/hole 0.18 Drpgi/mgods/017976

Flow Rate g/mn 10200 Air Duct Type Slots Air Duct

D nensions nm 356 x 127 VdBocity via Pitot-Static

Tube Ms 34 Drying Air Tenperature at Heater C 260

Dry Duct Position fromDie nm80 Drying Duct Angle
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h anyl ose starches (for exanple
210@}, eaWener ttheastit w/&mnmtme igylomst botwedmaiD- 12966 o g/ vgih foam formation,
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Sl zes from abou
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crosﬂﬁ%fngﬁ"ﬁﬂ@wra‘@%h nymgﬁna ali’te advant ageous to add a

_ as mcrotalc or alkali netal or
HYPROXIVINPOEYMERS®t al salt such as sodi um sul fate or

Sog(‘.:l gi%n XS(El . deTfﬁgacFord%@% Q" %@ﬁuﬁvénﬁ%r@lﬁélu&ehﬁly hydroxyl-

oam may ape I nto varil ous
containg@®olyiret fhatk bapable ofibdingomeli] MQCWH yorase ingd polymer melt composition

ormation is prepared simlarly
maﬁﬁg%ﬁgW¢?%%p$%?ﬁﬂ ng% except that the added water

C O I’Ih e»né emh)dnbmtJ ths hydm)y/pptdamegpf 3helHosenl inyéndon jnghuidss greater than
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othdppblsakclariddsandrpdlidnylalcohols.
The hydroxyl polymer may exhibit a weight average molecular weight of from about
10,000 to about 40,000,000 g/mol and/or from about 10,000 to about 10,000,000 g/mol. Higher

and lower molecular weight hydroxyl polymers may be used in combination with hydroxyl

polymers having the a weight average molecular weight of from about 10,000 to about
40,000,000.

A. Starch and Starch Derivatives

Natural starch and/or modified starch-based polymer and/or oligomer materials, such as
modified amylose (represented by Structure I below) and/or modified amylopectin (represented

by Structure II below) both of which are described in Kirk-Othmer’s Encyclopedia of Chemical

Technology 4% Edition, Vol. 22, pp. 701-703, starch, generally, is described at pp. 699-719, which

are suitable for use as the hydroxyl polymers of the present invention can be characterized by the



t he crosslinking system especially the crosslinking

agent, nmay be added along with the water in zone 1
wae@4tibss3pol yner nmelt conposition pH nmay be bep@E®Es2004/017976

about 7-8 achievable by using a crosslinking

facilitator e.g., ammoniumpialt. HYDROXYL POLYMERS

Hydr oxyl polynmers in accordance with the present

i nvention include any hydroxyl - contai ni ng pol yner

that is capable of being nelt processed for use in a
folldRRhe @erﬂ%&noﬁﬁﬂp%&thﬁnwhicﬂ BAEO rpha e estivl polyer, alone or in

present invention. In one enbodi nent, the hydroxyl
compipptioter of the present invention includes greater than

10% and/ or greater than 20% and/ or greater than 25% by

wei ght hydr oxyl ieties. Nonlimting,exanpl es of
hydr oxyl polymers/(in Rdanc&€HsPRh tihe present
i nvention include polyeDs, su stiarch and starch

nd ester! derivatives,

derivatives, cell Ul oge etRer
i vi nyl al cohol s.

various other pot9
The hydroxyl polyrer maylexhi bi weijght aver age
nol ecul ar wei ght of fronP&bout 18%00 to about

40, 000, 000 g/ nmol and/ or Qfog%%QOUt 10, 000 to about
10, 000, 000 g/ nol. Hi gher B2 ower  nol ecul ar wei ght
hydr oxyl polynmers nay be usébri n conbi nation with
hydroxyl palynmers having the a wei ght average

nmol ecul ar i ght Qtn{ron1@ 10, 000 to abopt
40, 000, 000. | A. SFarch and[Starch Derivatives| Nat ura
starch and/ or di fAed starchybased pol ynmer and/ or
ol i goner naferifabg, Augch; di fied anyl ose
(represented by cture\ | ow) and/or nodified
anyl opectin|(represggpted byoStructure Il below both
of which are described in Kirk-OQthner's Encycl opedi a
of Chem cal | Technology 4th Edition, Vol. 22| pp.
701-703, starch, generally, ig described at
699- 719, which are suitable flor use as the
pol ynmers of |the pres&HtORnventGtan can QQEQWa
by the WO 2004/ 108832
general nononeric sf NI e '%h makes gp e starch
pol ymer, aklgne—orO+ I

O OO KI|OR 40 _

p.
ydr oxyl
acteri zed

Structure II
wherein each R is selected from the group consisting of Ry, Re, and

[ cH, CH—O0 1 Ry
L_ Ry _JX _

2

wherein:

- each Ry is independently selected from the group consisting of H and C1-C4 alkyl;
i

- eachRcis (CHy)y—C— OZ,

wherein each Z is independently selected from the group consisting of M, Ry, R¢, and Ry;
- each Ry is independently selected from the group consisting of Cs -Cpq alkyl, C5-C7
cycloalkyl, C7-Cy alkylaryl, C7-Cp( arylalkyl, substituted alkyl, hydroxyalkyl, C1-Coq



CHRORCHZOR O0 O OR-O OR CRROO CH20R CH2
CH2OR 0DOOOR-OOROOR OROROR Structure 11
wobk@naossseach Ris selected fromthe group conBCBHUBING4/017976
of R2, Rc, and CH2 CH O RH R2 x wherein: - each R2
I's independently sel ected firsom the group consisting of
Hand C1-C4 alkyl; 0 11 each Rcis - (CHR)y- G &

wherein each Z is independently selected fromthe
group consisting of M R2, Rc, and RH, - each RHis

| ”qﬁo%%fl%p&ﬂ%ﬁ@i &ot ﬁ] bk 1dig-201yGuupy NS IR Mol (KpoN-2-
- C20 al ky oal kyl, C7-C20 al kyI ary

C7 1520 yaikgl, R Ky N-alls/lll,k@n)gtl‘humdram@i}qyl Qgyfelndiy) %zhydroxyalkyl
C1- C20 WD 2004/ 1 8832RPCT/ US2004/ 017976 R15

al kox@- 2- hitdr oxy® kylRs c7- 20 Q

al kyl 8r yl o _Lhy;d.r_o.xa Ky | (o) 2eE) Ky CH-RAYENOM
hydr oxyal kyI (R4) 3 N-a%’kyl (R4) 3 rxfliallz hydroxyzall kyl , > &%

- &@h isAhd @ﬁ@ént M&fe@% Itﬁé| grougD cdSisthgRbf H, RS- Ialltyl Cs-C
%2 CH GOVMB and; each R4 is 0 i

I nd:@ﬂeﬂktdnt C7‘C§@| eyl renCome aidop cwragalipin ¢lipfantpoalkyl,
% &gflgylfuggaglf%ﬁ pl%é’}ﬂlq%ﬁ(p’ﬁal kX‘QP‘?}W"é‘ g og:lpléé{efl?ylymlhoalkyl and
di quh%lx oal kyl, p| peri d| noal kyI rmrphol [ noal kyI
cycl oal kyl ani noal k d drox
: pwaé’pﬁemeqiapmﬂegt& eberied Hom i R A
C7- C(}fﬁ%olk}/ | a7| %ﬂcé’[kglagls Ct‘%l @ 4 iﬁé{la&%7 shﬁi}gtru%gl;glkﬁf Iy|’hydroxya1ky1,
(R4)pN-alkyl, and (R4)3 N-alkyl;
wherein:
M is a suitable cation selected from the group consisting of Na', K, 1/2Ca™, 12Mg”™*
or "NH;Ry wherein j and k are independently from 0 to 4 and wherein j + k is 4 and R in this
formula is ;cmy moiety capable of forming a cation, such as methyl and/or ethyl groups or
derivative;
each x is from 0 to about 5;
each y is from about 1 to about 5; and
provided that:
- the Degree of Substitution for group Ry is between about 0.001 and about 0.1 and/or between
about 0.005 and about 0.05 and/or between about 0.01 and about 0.05;
- the Degree of Substitution for group Rc wherein Z is H or M is between about 0 and about 2.0
and/or between about 0.05 and about 1.0 and/or between about 0.1 and about 0.5;
- if any Ry bears a positive charge, it is balanced by a suitable anion; and

- two Ry’s on the same nitrogen can together form a ring structure selected from the group

consisting of piperidine and morpholine.

The “Degree of Substitution” for group Rm, which is sometimes abbreviated herein
“DSgi”, means the number of moles of group Ry components that are substituted per anhydrous
glucose unit, wherein an anhydrous glucose unit is a six membered ring as shown in the repeating
unit of the general structure above.

The “Degree of Substitution” for group Rc, which is sometimes abbreviated herein
“DSgre”, means the number of moles of group R¢ components, wherein Z is H or M, that are

substituted per anhydrous D-glucose unit, wherein an anhydrous D-glucose unit is a six



(R4)2N-al kyl, and (R4)3 N-alkyl; wherein: Mis a
sui tabl e cation selected fromthe group consisting of
WN20o4/168832 1/ 2Ca2+, 1/2My2, or i NH Rk wherein jPenus1004/017976
are independently fromO to 4 and wherein j + kis 4
and Rin this fornula is aty noiety capable of
formng a cation, such as nethyl and/or ethyl groups
or derivative; each x is fromO to about 5; each vy is
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front andﬁtl’cﬂitaﬁ lso@tes! TTWh&ﬁ oifer ghio upvadgesoap beieg taburidastt inaswpply, easily
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hydﬂoﬁlsfs hgndr 6a&aivk NGain Ud&isﬁlo@ fto trbdilcg ansédlar Steightt amdemalbmme weight
he "Degree of Su t|on

dlstréwl Mutable ey f “é’iu‘éﬁl Hlodﬁjﬁg%&.ol% §1nc e or%amc a01ds such
as cffic 48R, Q&tl@f&c@,rgq)}idzbllﬁélcﬁ exipedidcyd; i M*‘@hﬁ:lamdisuch ask-hydrocMonc acid,

that are  substituted r._anh
Sulf iRt i AN PREONRS Pt YRR AT Pt A S el acids, e,
KH;’?} A Qﬁ@ﬁ;? %roﬁﬁ:-fd &Sﬂﬂ) a0 Ii§7(9376des :lsﬁcmmmelmﬁdhydlrmcgieasnd potassium
shown in

R e X PR S rog R B gy pefget, Bmoniun
perstﬁﬁﬁb' Ipbﬁagslﬁ}g 5&&13 hatBGy SR ARE0 Sdlfs Sanﬂﬁﬂ&rlﬁm;mn}l niigtutes thereM.
e
gr o{}g(’(gﬁ?qqleﬁtaerfh?alﬁ aHag:?lat t hFesChc%g ﬁpogpnﬁee {C gFlglﬁa?l Zé{n%xz rha%cglly The
mo&H?éH Jidr66lisClagiistalwith Ohatief Rt wiget Isy, stach ihved Ras lanobwen impdified,

h_t e art. For exanple, the natural starch can be
chemicply prAthFREige: s Iy - et hyl at ed or hydr oxy- propyl at ed

Or CIMishl ZRsHifichiicd dhay@ biso Shchide hESlvﬁfz&tlchbE sthiich | Hyyreaction of its
useful herein, the present  inyvent on C

by BIEPBI TR BHAERS OB g hehsty Seécﬁrﬁh%lgr farjamate-, or

1SO(§51%ECC R&ideSdubdtsldes HyliedxySIRylL &etyl, OF eﬁba&ﬁaté fiaches Bb %xtures thereof
nd/ or greater than 9 @6a d/o greater_.th 98@6 p Qr
 candhgoused g9 BeL Ff? SaRTSy oAb AFESTH SaPPRUP Ry o the chemically

modifittd Qﬁ&h whir&h 0365f & 3lhand s sp@aicaltf el 0®S5abuhianBiological
moélgca%gns oty starcehaglay include bacterial digestion of the carbohydrate bonds, or enzymatic
hydrolysis using enzymes such as amylase, amylopectase, and the like.

Generally, all kinds of natural starches can be used in the present invention. 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 starch, soybean starch, arrow
root starch, amioca starch, bracken starch, lotus starch, waxy maize starch, and high amylose corn
starch. Naturally occurring starches, particularly corn starch and wheat starch, can be particularly
beneficial due to their low cost and availability.

In order to generate the required rheological properties for high-speed spinning processes,

the molecular weight of the natural, unmodified starch should be reduced. The optimum
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B. Cellulose and Cellulose Derivatives
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an d‘he) r“Degtay lof Gubssipgion? fordgony R \y\é@h is sometimes abbreviated herein

“DSgy”’, means the number of moles of group Ry components that are substituted per anhydrous
glucose unit, wherein an anhydrous glucose unit is a six membered ring as shown in the repeating
unit of the general structure above.

The “Degree of Substitution” for group R¢, which is sometimes abbreviated herein
“DSpc”, means the number of moles of group Re components, wherein Z is H or M, that are
substituted per anhydrous D-glucose unit, wherein an anhydrous D-glucose unit is a six
membered ring as shown in the repeating unit of the general structures above. It is understood that
in addition to the required number of R¢c components wherein Z is H or M, there can be additional
R¢ components wherein Z is a group other than H or M.

C. Various Other Polysaccharides

“Polysaccharides” herein means natural polysaccharides and polysaccharide derivatives
or modified polysaccharides. Suitable polysaccharides include, but are not limited to, gums,
arabinans, galactans and mixtures thereof.

The polysaccharides can be extracted from plants, produced by organisms, such as
bacteria, fungi, prokaryotes, eukaryotes, extracted from animals and/or humans. For example,
xanthan gum can be produced by Xanthomonas campestris, gellan by Sphingomonas
paucimobilis, xyloglucan can be extracted from tamarind seed.

The polysaccharides can be linear, or branched in a variety of ways, such as 1-2, 1-3, 1-4,
1-6, 2-3 and mixtures thereof.
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fragments of glycoprotein); polysaccharides containing silicone moieties. Suitable examples of
such modified polysaccharides are commercially available from Carbomer and include, but are
not limited to, amino alginates, such as hexanediamine alginate, amine functionalized cellulose-
like O-methyl-(N-1,12-dodecanediamine) cellulose, biotin heparin, carboxymethylated dextran,
guar polycarboxylic acid, carboxymethylated locust bean gum, caroxymethylated xanthan,
chitosan phosphate, chitosan phosphate sulfate, diethylaminoethyl dextran, dodecylamide
alginate, sialic acid, glucuronic acid, galacturonic acid, mannuronic acid, guluronic acid, N-

acetylglucosamine, N-acetylgalactosamine, and mixtures thereof.
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In one embodiment, the crosslinking agent has the following structure:
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d&wWWW@ﬁﬁ%%&%W?WF msﬁ%weﬁ%kmohm

indepRRIERBT seldclee fomoRl grokd cupsistyst @fm Hslinganoc bpnelish Citfhcdlyl, and
t he Shear Viscosity Change Test Method and/ or

‘nmﬁWﬁ@P&@g accept abl e crosslinking of a hydroxyl polyner

UNdg bnd &Ebodivhdnt, &;, RyahaR, a\l\éhot'ﬁﬁ 10540, elk¥Es ta sinfketundd .

Nonlimting exanpl es f Sui 0 inkj e :
) e s e R O g
unsi bgdthdr eiBedieyt] the crashtinidhsageft hy the felowmg sructesas
(Structure V, X =0), thioureas (Structure V, X =Y95),
guani di nes (Structure WX = NHf)N-aIkyI), nmet hyl ene
diamdes ‘(Structure VIJJ, a nelhyl ene di car bamat es
(Structure VII) and i VHTi v@§™ t h&geof ; and m xtures
thereof. In one enbodi nent\ the crosslinking agent has

the follow ng structure: 2004/ 108832
PCT/ US2004/ 017976 R,O OR,
Structure VI

wherein R, is independently



_22 XRm,JNRL NH R20 OR2 Structure V wherein X
is 0 or Sor NHor Nalkyl, and Rl and R2 are

Wo pebepessdent |y R3 - (CH2) g RH i R3Y R4 wherBCTYURB04/017976
and R8 are independently selected fromthe group
consisting of. H, I|inear or3branched Cl1-C4 alkyl,
CH2CH and m xtures thereof, R4 is independently
selected fromthe group consisting of, H |inear or
branched Cl1-C4 al kyl, and m xtures thereof; x is

Whexglnjlggnd Rhge ﬁldbﬁen@enilg) selRi'd:dl ﬁSom the @ﬁmp oolsistihy oﬁ éﬂ dmea@r branched
fromthe group, cons li.ne 0 nched
mmcgpq@ Iand QRgpre (tfn g@s th,ﬁlg?eélgefntly IS% c{ fr le Brouip of cons1st1ng

of: Siﬁ ’htnﬁg Io@ 'Bﬁim%%d allf(ﬁrumyl ?%lhdrﬁiﬂl@é mér&qf X nsnoaoe;. anglqals 0-10, Ry is
| n yet anot her enbodi nent

indepgndently qe]§ct ép ngﬂuPl gonsistog ﬁ)& | é—? Elmy epr oreﬁ)rﬁncglﬁ otcﬁe z alkyl, and

mlxtg{épggftegpnt Ot Be (I:?r Iczilsl i nki ng agent has the follow ng

structure: St
i SRR’ R eRites ! ACoCr D) ARE R Ry o
20Q4ck QBARA erbdditlent Wy &bk 6IRQ Rs 2l Ryis Ci-Cy alkyl in a single unit.

In still another embodiment, the crosslinking agent has the following structure:

O O

A A~

RyO~ N7 N7 “ORg

R,O OR,

Structure VII

wherein R; is independently
R3

0
—(CHT | | Ry
Ry

wherein R; and Rg are independently selected from the group consisting of: H, linear or branched
C,-C, alkyl, CH,OH and mixtures thereof, Ry is independently selected from the group consisting
of: H, linear or branched C;-C; alkyl, and mixtures thereof: x is 0-100; and q is 0-10, Ry is
independently selected from the group consisting of: H, linear or branched C;-C, alkyl, and
mixtures thereof.

In one embodiment, Rs, Rg and Ry are not all C;-C, alkylin a single unit.

In yet another embodiment, only one'of Rs, Rg and Ry is C;-C; alkyl in a single unit.

In yet other embodiments, the crosslinking agent has one of the following structures
(Structure VIIL, IX and X):



wherein R3 and R8 are independently selected fromthe

group consisting of: H Iinear or branched Cl-C4
wW@bkdogl1988€H20OH and m xtures thereof, R4 is independsond/gi7976
selected fromthe group consisting of: H |[|inear or

branched Cl1-C4 al kyl, and m4xtures thereof; x is
0-100; and q is 0-10, RHis independently selected
fromthe group consisting of. H |inear or branched
Cl-4 alkyl, and mxtures thereof. In one enbodi nment,
R3, R8 and R4are n t al | Cl-F al k in a S|ngle

unit. In yet nothe enbodlne on one of R3, R8
and R4 is G4 aIKJL”ﬂ a B&nge u t still

anot her enbod ~€t oss[ Tk has t he
foll owing stryctur 0 RHO~ NI IN N ORH u RO OR2
Structure VII| whe e| R2 is inde ntIy 93 -(CH2)
g 0 RH i% R¢ Re® wherGRn R3 ahﬂ)RS abRyi ndependent | y
sel ected fromthe group consig$ting of. H I|inear or

branched C1-C4 al kyl, CH2OH ahd ni xtures thereof, R4
i s independently selectggu&&gﬁhﬁhe group conS|st|ng
of. H Iinear or branched O -C4 al kyl, and m xtures
whetelreX ésgd or K o NH o Nepkyl, aijqaqd&@remdepmeﬁl@
|ndependently sel ected fromthe group consisting of.
H, |inear or branched d - Iggky and m xtures
t hereof. I n one enbodi nent, R8| and R4 are not al
-4 alkyl in a S|n%t§ anot her
enbodi ment, only one ﬂas, 8] and is Cl-C4 al kyl
in a single unit. In yet otjherrgnbpdi nents, the
crosslinki ng agent has one of the—®llow ng structures
(Structure VIII, I X and X): WD 2004/ 108832
PCT/ US2004/ 017976 24 X X R / RSAR NNNNO

wherein Rs and Ry are independently selected from the group consisting of: H, linear or branched

C1-C; alkyl, CH,OH and mixtures thereof, Ry is independently selected from the group consisting
of: H, linear or branched C;-C, alkyl, and mixtures thereof; x is 0-100; and q is 0-10, Ry is
independently selected from the group consisting of: H, linear or branched C;-C, alkyl, and
mixtures thereof: x is 0-100; y is 1-50; Rs is independently selected from the group consisting of:
-(CH,),- wherein n is 1-12, -(CH,CH(OH)CHy)-,

R¢ R¢
O
Ry 2 Ry

wherein Rg and R; are independently selected from the group consisting of: H, linear or branched
C;-C4 alkyl and mixtures thereof, wherein R and Ry cannot both be C,-C, alkyl within a single
unit; and z is 1-100,

In one embodiment, Rs, Rg and Ry are not all C;-C; alkyl in a single unit.

In yet another embodiment, only one of R;, Rg and Rsis C-Cy alkyl in a single unit.

The crosslinking agent may have the following structure:



R2O OR2 RROOR2 y Structure VII1I wherein Xis 0 or S

or NH or Nalkyl, and Rl and R2 are independently R3
w@2mRH10§86H2) g R8 R4 wherein R3 and R8 are PCT/US2004/017976

i ndependently selected fromthe group consisting of:

H, linear or branched Cl1-Q alkyl, CH2OH and m xtures

thereof, R4 is independently selected fromthe group

consisting of. H linear or branched Cl1-C4 al kyl, and

m xtures thereof; x is 0-100; and q is 0-10, RHis

i ndependent | y sel ected from the group consisting of.

H, linear or|Bbbanched CD-C4 alkylQ and m xtures

thereof; x i -100; vy 1|s 1-50; i s indepgndentl|y

|

sel ected fr %/\ :
wherein Nlis|1-1 - CH( CH2) -, O'R7 z R7
wherein R6 aphd R7 i ndependently s ted fromthe

group consi sti of : i near or nch Cl-c4
al kyl and m tgres therReof, ereﬁ%b% and R7 cannot
both be C1-C& alkyl within a’sfngle unit; and z is
1-100. In one embodi mentg. 33 and R4 are not all
Cl-C4 alkyl in a single Sunl t Teliiﬁ yet anot her
wheeibRidindRa e islapepdently of R3, R8 and R4 is Cl-C4 al kyl
in a single unit. The crosslinki agent may have the
follow ng structure: WO 2004,10883p PCT/ US2004/ 017976

2500010 NN Rs J RL NR |HRO OR RRO OR2
Y Structure | X wherein R i ndependently R3
! S 13

L Re |,

wherein R; and Ry are independently selected from the group consisting of: H, linear or branched
C,-C; alkyl, CH,OH and mixtures thereof, Ry is independently selected from the group consisting
of: H, linear or branched C;-C, alkyl, and mixtures thereof; x is 0-100; and q is 0-10, Ry is
independently selected from the group consisting of: H, linear or branched C;-C, alkyl, and
mixtures thereof; x is 1-100; y is 1-50; Rs is independently -(CHy),- wherein n is 1-12.

In one embodiment, Rs, Rg and R4 are not all C;-C, alkyl in a single unit.

In yet another embodiment, only one of R3, Rg and Ryis Ci-C4 alkyl in a single unit.

In even another embodiment, the crosslinking agent has the following structure:

- o 0 } 0 0
R.
e J S AT
o SN N0 o7 S NN NoR,
R0 OR, R,O ORy
- -y
Structure X

wherein R; and R; are independently
Ry

O
R4



-(CH2) O RH g iRY8 R4 wherein R3 and R8 are

i ndependently selected fromthe group consisting of:
waol2o04itos832 or branched d-C4 al kyl, CH2OH andP@i/xs200€617976

thereof, R4 is independently selected fromthe group

consisting of. H Ilinear oR6branched C -C4 al kyl, and

m xtures thereof; x is 0-100; and g is 0-10, RHis

i ndependently selected fromthe group consisting of:

H |inear or branched ad-CG4 alkyl, and m xtures

t hereof, x is 1-100; s 1- 50 R5 is independently

Whe—é?(ilacﬂngfq (,B,g élreﬁgciepel}r}irzn% Eﬁt%d Frgm W@"&%&lh@%‘f HR§neaR§r branched

cl-@mmrﬁm@ﬂ and niiotdiesErRteot, B I1sym¢apendeﬁt1m160ﬁ6 ﬁanr,th@grou}g consisting

of: %,B]w?rn%r ranc%‘%d ébﬁb gl%rlie ﬁ&(? Hméx res el%ﬁﬁ % ? fdfbg Fnildowisn 8—10, Ry is

indéplrideatytl Eedeoted DNOMO griip @)dﬁsﬁhm H! liRSr ©r bERchell (-Q; alkyl, and

. R20 R20O LY.
mIXFLH%f é eé?‘loé;e)hisll- 18 lw Esl{a%pﬁqm&s%iegte&r{}%qge &%u;%o%smtmg of:

{CHQQ&&&@&&&R19@$ﬂ@$ﬂﬂﬂ@ﬂ@1&826 26 wherein R3 and R8
are independently selected fromthe group consisting
of: H [I|inear or brar ed -4 kyl, CH2CH and

m xtures thereof, R4 i ndependently sel ected from
t he group conS|st|ng or branched Cl-C4
al kyl, and m xtures Aherx of ; s 0-100; and q is

0-10, RHis independentRy selegted fromthe group
consisting of. H Iinear or-bzanthed Cl-C4 alkyl, and
m xtures thereof; x is 1-100; is 1-50; RS is

whereitl Rpenddorerd tpd@emc@e@sewlqweé R, ﬁ e GPBRIFPIEBHNG oft Fn fnegF or branched

Cl-Cz( %)and Whahe! thefRof, WhiredlR, anld @GO EH)C-C, RicyR&/ithi® a single

unit; and z is 1-100,

In one embodiment, Rs, Rg and Ry are not all C;-C; alkyl in a single unit.

In yet another embodiment, only one of Rs, Rg and R4is C;-C, alkyl in a single unit.

In one embodiment, the crosslinking agent comprises an imidazolidinone (Structure V,
X=0) where R, = H, Me, Et, Pr, Bu, (CH,CH,0),H, (CH,CH(CH3)O),H, (CH(CH;)CH,0),H
where p is 0-100 and R, = methyl. A commercially available crosslinking agent discussed above;
namely, Fixapret NF from BASF, has R; = methyl, R, = H.

In another embodiment, the crosslinking agent comprises an imidazolidinone (Structure

X=0) where Ry= H, Me, Et, Pr, Bu and R= H. Dihydroxyethyleneurea (DHEU) comprises an

imidazolidinone (Structure V, X=0) where both R, and R, are H. DHEU can be synthesized
according to the procedure in EP Patent 0 294 007 Al.

Not being bound by theory, the crosslinking system functions by linking hydroxyl
polymer chains together via amidal linkages as depicted in the following structure. After

crosslinking the crosslinker is part of the polymeric structure.

o)

N

N N

polymer olymer

—0 o—?



R7 Z R7 wherein R6 and R7 are independently sel ected

fromthe group consisting of. H, linear or branched
w@ie0@4omBkyl and m xtures thereof, wherein R6 BOMURN04/017976

cannot both be Cl-C4 alkyl within a single wunit; and

z is 1-100. In one enbodi merd’, R3, R8 and R4 are not

all Cl-C4 alkyl in a single unit. In yet another

enbodi ment, only one of R3, R8 and R4 is Cl-C4 al kyl

in a S|ngle unit. In one enbodi nent, the crosslinking
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roxyl processed
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composition, the external plasticizer is capable of forming a substantially homogeneous mixture

with the hydroxyl polymer.

The external plasticizer will typically have a weight average molecular weight of less than
about 100,000 g/mol.

Nonlimiting examples of useful external plasticizers include water; sugars such as
glucose, sucrose, fructose, raffinose, maltodextrose, galactose, xylose, maltose, lactose, mannose
erythrose, glycerol, oligoglycerol, and pentaerythritol; sugar alcohols such as erythritol, xylitol,
malitol, mannitol and sorbitol; polyols such as ethylene glycol, propylene glycol, dipropylene
glycol, butylene glycol, hexane triol, triethanolamine, dimethylaminoethanol, glycol glucosides,
and the like, and polymers thereof; and mixtures thereof.

Also useful herein as external plasticizers are poloxomers (polyoxyethylene

/polyoxypropylene block copolymers) and poloxamines (polyoxyethylene/polyoxypropylene
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about 200,000 g/mol.
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calculated with the rheometer’s software from the pressure drop the sample experiences as it goes

from the barrel through the capillary die and the flow rate of the sample through the capillary die.
The log (apparent shear viscosity) can be plotted against log (shear rate) and the plot can be fitted

by the power law, according to the formula

n= Ky?-1 wherein K is the material’s viscosity constant, n is the matetial’s thinning index and y
is the shear rate. The reported apparent shear viscosity of the composition herein is calculated
from an interpolation to a shear rate of 3,000 sec” using the power law relation.

Method D. Water Content of a Polymer Melt Composition

A weighed sample of a polymer melt composition (4-10g) is placed in a 120°C
convection oven for 8 hours. The sample is reweighed after removing from the oven. The %

weight loss is recorded as the water content of the mel.
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ream from rusion ‘noz ase
ca]sijrzami&rs;bam ridsqmlaesr mfcthpsm@gwrré&hmapproimmate msolamna)fctbb lmages is 1
ungn%ln i 6111&1%1%@? g&f“ @afql'c&}% %ﬁov@ X %ﬁHLc‘%‘ &mc!\@i i %tﬁlolﬁtlo%tﬁ theI 1ntens1g histogram
comespomlirtgyto itte Ghetseandi thmbb.ckﬁeiualt |C\‘.ee1emammmgnts:(arrﬂ1f5€errté>asjs weights

o b A BP0, SRt by i e it
andVitt o labalysis reslts @xerdeyd.

The images are analyzed in a similar manner to that described by B. Pourdeyhimi, R. and
R. Dent in “Measuring fiber diameter distribution in nonwovens” (Textile Res. J. 69(4) 233-236,
1999). Digital images are analyzed by computer using the MATLAB (Version. 6.1) and the
MATLAB Image Processing Tool Box (Version 3.)The image is first converted into a grayscale.

The image is then binarized into black and white pixels using a threshold value that minimizes the



A standard Pitot tube is used to neasure the air
velocity. The Pitot tube is ained into the air
W@ 00eanss3pr oduci ng a dynam c pressure readi ng PCDISEN4/017976
associ ated pressure gauge. The dynam c pressure
readi ng, plus a dry bulb tesperature reading is used
wWth the standard fornulas to generate an air
velocity. A 1.24 nm (0.049 inches) Pitot tube,
manuf actured by United Sensor Conpany of Amherst, NH

intrbSA¥s vﬁr&nm%ﬂlﬁéﬁh&&daolﬁﬂ aﬁ}d mlt@biﬁulg iOnaé theiidhhgrtan béealbinarized,
pressure gau rmnorret er

the velocit .
the jirpage it SKRENTHZS tq\}é)e-ﬂg)gle jcentgs.o& F%:g\y@Frdﬁ theymage, r%ﬁé]fﬁanﬁgansform of
the h?l%a'réed\/\ﬁﬂﬁg tis @fso @8&PutRR| YHE kdatar S;irddueﬁ off @eisReltoi®ed @hige and the

a fibrous structure is _ neasur.e rior t
disigge ABrEPYIges aadPpgRyhoph PRl igiopy iy P 289 of f fhe oSt the ier a

thaf Ibb4tioRd Pilkes Wil HRE kddlius Solf rtlibcﬁlhkftﬁn bSiween Bw® Beeriapgilly fibers are not
strlggputter JDC Preci sion

countediihige AlSKars they, LEaPraset it sma@arntsgﬁt)];e r%@eﬁ#ﬁe\] Be,dfnl 6[‘)he remaining

pixb10 6fcaRdh REE 1 @i el Geigbled hBRERIE et Piatitted dofitained in the
width. The Ilength of the cut strip depends on the

im3ggst . and is nmeasured accurate to +/- 0.05 cm The
Exmél% 10f NoRfE#HinS (HxafplcSofl RSy HBIRS Sfr@€tutiSddiiyed fris s Polymer Melt
alance wth precision to 0.0001 gram The basis
Copmppsitien of;the present lnyeptidnt ed as fol | ows: Basis Wi ght
(gra (ﬂ&& fieR Lompd¥hivg chbprising(FleRilet 162 (s&fth ffom?PéirﬁorG mdducts
1000 n2/ cn) mR/bthod J. Fiber D aneter§, E égp & stati
Cedar Raifly F@vadaﬁvﬁparéd #6OTing & he BBy HiiPR-aVatep S@figed to the static

miVeB todHafus{ tBO RECK bHRbRaMorPoftiR poBned RABABE4RI0R téEHoRl I5%. SDHEU
cut into a rectangul ar shape, appy.oxi mat el 0 nu?§2¥yand

andaumepiunT pigate SeerAIAR tp dhershlin MU {oSghigYs thgcope 1%*15@
0. 39%%&16&3&% laRCoalcied W54Y, dﬂtﬁe@ta&ﬂh'v@élgﬁ) aspdcivdipke the

bers rel atively opa ue. i cal .coating h|ckr1b s is
bet Fibers agformed foogptha pp YI‘PPFén gsifign in @Ffé? © present

invBSIoWe eRe £iNUps St 81lakd ind RARSGCAREIS! theiftfersX0fn & ﬂﬁ%ﬁﬁﬁaﬁ Orhe
together using small binder clips. The sa

fibforreuyyelefs then mlfoed iD@rowispEROV RAnd Futa 2l 5) Hp {7 3 n@m&“ﬂes The cured
wem %ﬁg gﬁgag&ﬁgér’(\f t%rl'basﬁ Qﬁlgﬂ@ ﬁEtQ%ﬂ’é)ﬁldlﬂbgmlarﬁa&J dc&ﬁ@lhé‘g) th&Nsst

jective lens as possible
Melthmlg desorited ereiap Pripetd tesiim gpreplas apeconditionsd g eralshica Asqlagive

hulinﬁlgy a 580 éﬁ%o@séi}%%thm f{eﬁga'ﬁtﬁlre rlﬁx%e H??ﬁcttQ 242! T At web

di stances o appr oxi mat e
exlnbmadlalbhm)mlglﬂt of Bé 8 ighefgesoringlized ngml pxtal @Iet tensnlagéé"r § &/pm (37.7

stinct binodal distribution in the
gh?%g 3}"?‘)@“&?"'3?88 6:1%“ Meorresponding to the fibers and

t he background. Canera adjustnents or different basis
wei ghts are used to achieve an acceptabl e bi nodal
distribution. Typically 10 i nages per sanple are taken
and the inmage analysis results averaged. The i mages
are analyzed in a simlar manner to that described by
B. Pourdeyhim, R and R Dent in "Measuring fiber

di aneter distribution in nonwovens" (Textile Res. J.
69(4) 233-236, 1999). Digital imges are anal yzed by
conput er using the MATLAB (Version. 6.1) and the
MATLAB | mage Processing Tool Box (Version 3.)The inmage
is first converted into a grayscale. The inage is
then binarized into black and white pixels using a

t hreshol d val ue that mnim zes the
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vari ance of the threshol ded bl ack and white pixels.
w@r@e/104382 | nage has been binarized, the i nmagePCBHUS2004/017976

skeltoni zed to | ocate the center of each fiber in the

I mage. The distance transfoBé of the binarized i mage

is al so conputed. The scal ar product of the

skel toni zed i mage and the distance nap provi des an

I mge whose pixel intensity is either zero or the
Whhidglbikighe@fs: the fiber at that l|ocation. Pixels within

one radius of the junction between two overl appi ng

fibers are not counted if the distance they represent
1. 1S g@abh@fm@manmkbﬁoﬁaﬂmyﬁm@f the junction. The

remai ni i xel's ar then used to conpute a

Ien@tﬁtwgiﬁﬁﬁ@ﬁmﬁﬁ§P ram of fiber diameters contained

i N $.he crdsEBUBg s?@ﬁ@ﬁ%t@rﬂsmg abRdlinRing @t Eapalstp becradslinking

Pol ymeric Structure derived froma Polynmer Melt

Conmpodht IR gkPAETpr esent i nvention. A pol ymer melt

conposi tion conprising Penfilm162 starch from Penford

Products, Cedar Rapjds, lo ared acc
2. ¢ ol el el esmepion pesogtg to Reh NrEe BE Sy aeRE dofmer is
selé??te& &font hedstbuis borsBEngSbRT HdlyGR Céﬁ:ﬁhcﬂattamn, @drchi derivatives, chitosan,
t _conposjition to ab DHEU

Chlgﬁﬁli\ﬁ]ﬁilmﬁhv%% feﬂ]g{Oée derivatiygs) SHm$» 8ra$wénss gzﬁ:ﬁta&ls ﬁ?c;(xgixrt]l{r%s thereof.

achi eve the concentrations of 6.28% and 0.39%

(concentratlons are calcul at.ed as a %of the starch .
3. wei ght POIYEiSHEIE cPRYS{fion FOFALYiRe Iy any B WEPTPERE s wherein the
hyd%iyymymmlaé a %&Eﬂ%b&%&ﬁolédﬁlaﬁ%@hﬂﬂm 16,000 t6 #6000,000 g/mol.
présent invention e fibers are collected in a
manner such that the fibers forma fibrous web. The

4. T bTRUSIVEEr et teb@PosiioncRebrdifg & Gﬁzﬂdﬁﬁfelrﬁébem‘ﬁg relahd wherein the
cured at 150C for 30 m nutes., The ¢

cropHeli 8 P s 6o TG ST CRIEISUGR PEBHEP PRI Y Ppdpolidinones
andthaiBdgker@gcording to the Test Methods descri bed

herein. Prior to testing, sanples are conditioned

overnight at a relative hunmidity of 48%to 50% and

5. W thT“hé" pﬁly%@lnﬁféft bp&sitiod N@Eor@ihg 2@@11}1 of %Ciarec'Ebﬂig clied wherein the

exhi bited a basis weight of 34. n%
cropdipking pgeaithas Astryciyre secterd f‘iﬂé‘tth? ERER ?Oé‘SlBt?ngf 84 g/cm
)(37 7 g/in) and a fiber diameter of 10.8 m WO
2004/ 108832 PCT/ US2004/ 017976 36 Wiat is clained is:
1. A polymer nelt conpositio® conprising: a. a
hydr oxyl polymer; and a c osiégnking system
conprising a crosslinki pabl e of
crosslinking the hydroxyl pol ner 2. The pol yner
mel t conposition according laim1 wherein the
hydr oxyl polyner is se@s ed (3ngthe group
consi sting of. polyvinyl "al cohol,” starch, starch
derivatives, chitosan, Structure V

wherein X is O or S or NH or N-alkyl, and R; and R, are independently
Ry

—(CH)y Ry Ry



chitosan derivatives, cellulose derivatives, guns,
ar abi nans, gal actans and m xtures thereof. 3. The
w@oedogiress3nmel t conposition according to any of PEEUS2004/017976
precedi ng clainms wherein the hydroxyl polymer has a
wei ght average nol ecul ar wei3ght of from 10,000 to
40, 000, 000 g/ nmol. 4. The polyner nelt conposition
according to any of the preceding clains wherein the
crosslinking agent is selected fromthe group
wheehst;ahd Rgare indpmdnyiadly belxcyddi feonathie @soup iconsthaia® bfi: A, Nimee Sr branched

LTRSS oot L PSP Tk o BTRIR @ bonsiioe

of: C HQ $ifidair 0K ibragicieed 6T tC,naiS/1,2and infikinted rtker&d] £dd @d0d;ranthgt 8e-10, Ry is

. gro consi sti.n f: a ARL N R20 tructur
PG ES] 50 Gp st <oniiaE o, dhFr dremrediaCralion nd
midies fhedependently R3 O -(CH2) - RH iR8Y R4 WO
b 2004/ 108832 PCT/ US2004/ 017976 37 wherein R3 and R8
)are I ndependent|ly selected fromthe group consisting
of. H, linear or branchgd Cl-CA@lkyl, CH20OH and
m xtures thereof, R4 is]lindependdhtly sel ected from
t he group consisting% ./?iﬂ. r branched d -C4
al kyl, and mi xtures thereot; x;iis 0-H00; and g is
0-10, RHis independently ected fromthe group
consi sting of: H, Iinea%r2 br hed C1-C4 al kyl, and
m xtures thereof; b) O R)LNNR HH R0 OR2
Structure VI wherein R2d.s.dndgpendently R3 0 1, R4

wherein R, is independently

Ry

0]

R4

X

wherein R3 and Ry are independently selected from the group consisting of: H, linear or branched
C,-C4 alkyl, CH,OH and mixtures thereof, R4 is independently selected from the group consisting
of: H, linear or branched C,-C, alkyl, and mixtures thereof; x is 0-100; and q is 0-10, Ry are
independently selected from the group consisting of: H, linear or branched C,-C, alkyl, and
mixtures thereof;
c)

0] O

BN N

RzO~ N7 N7 “ORy

R,O OR,

Structure VII

wherein R is independently



wherein R3 and R$ are independently selected fromthe

group consisting of: H Iinear or branched Cl-C4
wW@bkdogl1988€H20OH and m xtures thereof, R4 is independsond/gi7976
selected fromthe group consisting of. H |[|inear or

branched C1-C4 al kyl, and mi38tures thereof; x is

0-100; and q is 0-10, RH are independently sel ected

fromthe group consisting of. H |inear or branched

Cl-4 alkyl, and mxtures thereof; ¢c) 0 0 RHO NN'K

ORH R20 OR2 Structure VII ereifs R2 is

i ndependent |y WO 2004/ 108832 RpPCT/ US2004/ 017976 38 R3

-(CH2) g Rg ORH R4 X wheregiln R3jand R$ are

I ndependent |y sel ectegf rouRconsi sting of:

H, linear or branched Ral kyl ,| CH2OH and m xt ures

thereof, R4 is independentl séhect ed fromthe group

consisting of H [|inear or branched C -4 al kyl, and

m xtures thereof; x is 0-100; and q is 0-10, RH are

i ndependent |y sel ected from the group consisting of.
whetein|Rs aadiRs are inslepanddndy sdctadsran thy |sroun ensisiing o rkbdinear or branched

Ci- geglfcﬁo&Hét afkd fhixtdRls herEdY, 1& & 1IBEpen%n[H6 %l&t@o% gﬁ%@ consisting

fucture VITI wherein
of: hﬁallkqar or bragchRyl Canéd alkpl, anfbmlmein&meﬁt}q 19 0- IFQQ alel q o 10, Ry are

mdtﬁgegéeélp’g ﬁs%)l%%tg% éﬁfsglf@g gfng %ﬁlgt@g pendanhy yoﬁﬁh&%@ ¢ 10, a1, and

) near oOr ranc
mixtures thereof;

d)

M
\N

Structure VIII
wherein X is O or S or NH or N-alkyl, and R, and R, are independently

R;

O
—(CHy)g Ry Ry
Ry

wherein R; and Ry are independently selected from the group consisting of: H, linear or branched
C;-C; alkyl, CH;OH and mixtures thereof, Ry is independently selected from the group consisting
of: H, linear or branched C,-C, alkyl, and mixtures thereof; x is 0-100; and q is 0-10, Ry is
independently selected from the group consisting of: H, linear or branched C;-C, alkyl, and
mixtures thereof; x is 0-100; y is 1-50; Rs is independently selected from the group consisting of:
-(CHy),- wherein n is 1-12, -(CH,CH(OH)CH,)-,



Cl-C4 alkyl, CH2ZOH and m xtures thereof, R4 is
i ndependently selected fromthe group consisting of:
waol2o04itos832 or branched Cl-C4 al kyl, and m xt ur BGT/US2004/017976
thereof; x is 0-100; and g is 0-10, RHis
i ndependently sel ected from3%he group consisting of:
H, |inear or branched Cl-C4 al kyl, and m xtures
thereof; x is 0-100; y is 1-50; R5 is independently
sel ected fromthe group consisting of -(CH2)" wherein
nis 1-12, - (CH2CH( WO 2004/ 108832
R7 RgR7 wherein R6 and

of. H Iinear or bra and m xtures
t hereof, wherein R6 and cannot both be Cl-C4 al kyl
within a single unit] anf z js R+100; e) OO O 10
N'N~ N N RL R5- HHRO ORF R0 OR2 Y Structure
WHe?élﬂ\R(,ein@H? aB]m&g%hdaal El%ctbd‘ﬂ@rﬁ%bdﬁgﬁﬂ MnéfRing of: Wﬁrﬁaa& branched

R4 wherein are i ndependent|y sel ected

lfCF4@H$yﬂ A gpdups hepeh ’é’??fﬁg RgfandiR7 cangaihotlype -G eliglgwithin a single
unft m@4 i8] Ky0;, CH2OH and mixtures thereof, R4 is

[ ndependent I y selected fromthe group consisting of.
©H, linear or branched Cl-C4 al kyl, and m xtures

t hereof; x iSTO 100; and q is -10 RH is

i ndependent | y|sgl ect ed fU)m the grgup consisting of H,

linear or branc ed Cl CA |l kyl | m xt ure@ t hereof;

x is 1-100; [ depI\Ly -{ICH2) "
wherei n nRis |- 12 oo}{5 RL OVN-~ S~ ]~
1 ONN OR
R20 OR, RO OR2
- y
Structure IX
wherein R, and R, are independently
Ry
O
_— R
(CHz)q Ry H
R4
X

wherein R3 and Rg are independently selected from the group consisting of: H, linear or branched
Ci-C, alkyl, CH,OH and mixtures thereof, Ry is independently selected from the group consisting
of: H, linear or branched C;-C; alkyl, and mixtures thereof; x is 0-100; and q is 0-10, Ry is
independently selected from the group consisting of: H, linear or branched C,-Cy alkyl, and
mixtures thereof; x is 1-100; y is 1-50; R is independently -(CH,),- wherein n is 1-12;

1Y)
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Structure X wherein Rl and R2 are independently R3 O
WO ¢@HA)sse2 RH R4 wherein R3 and R8 are i ndepenBenub3004/017976

selected fromthe group consisting of: H, linear or

branched d-C4 al kyl, CH2OH@&Nd mi xtures thereof, R4

is independently selected fromthe group consisting

of: H, linear or branched G -C4 al kyl, and m xtures

thereof; x is 0-100; and g is 0-10, RHis

independently selected f r om3thegyup consi sting of:

H .line r or hed Cl-C4 alkyl, and m xtures
Wllef?glr% %%afeén be gilyy s 1- 50; R5 is i ndependent !y

sel ected fromthe group cong+sting—pf: -(CH2)"-

wherein nis 1-12, -(CH2CH OB,CH2)-}| R6 R6 O R7 z R7

wherein R6 and R7 are indep ndentk%wselected fromthe

group consisting of_._fEyh hed Cl1-C4

al kyl and m xtures thereofl, |wqefein and R7 cannot

both be C -C4 alkyl within SiRgle] unit; and z is

1-100; g) and mixtures thereof. 6. The polyner nelt

conmposition according to any of the preceding clains

wherein the crosslinking systemfurther conprises a
wheretrsRY ant IRi; ag ifidepénideritkytselectedfreh &heaganp onhestiag of:t Helinear or branched
Clch{ gﬁ(si (g—{é{)%g‘lélf ac'tllérlﬁ% t %cr)f Régqﬁ ePertSdﬁr%p ctecllr%ra\e”tﬂ]quroup consisting
of’ eraflmea'biryoralkbm‘deﬁllFCi Mleylparmlsmixtunw uhgedifam ib 0180 pandi 3 is 0-10, Ry is
1n<%8?{1§isﬁlt§rdselec%81 t he},hg @I gd)%gll?tl S:ﬁ;fg g%,g{m af %ﬁgran hgcil‘ fd %4 alkyl, and
miginted thesao€;cd iR Il{iOQg(yl idl 1-50] Rcislindepadémdly stlect¢d fom #eigloup consisting of:

el ¢ aci nd salts thereof, and
'«%g%fwﬁg?mnﬁ Rﬁ#bﬁ?zékﬂ%?yner nel t conposition
according to G aim®6 i —the acid conprises a
Bronsted Acid and/or {Re salt| conpRises an ammoni um
salt. WD 2004/108832 /' USR004/ 017976 41 8. A nethod
for preparing a poly
any of Clains 1 to 7,

wherein Rgand R; are independently selected from the group consisting of: H, linear or branched
C;-C4 alkyl and mixtures thereof, wherein Rg and R; cannot both be C,;-C,4 alkyl within a single
unit; and z is 1-100;

g) and mixtures thereof.

6. The polymer melt composition according to any of the preceding claims wherein the
crosslinking system further comprises a crosslinking ‘facilitator, preferably wherein the
crosslinking facilitator comprises an acid having a pKa of between 2 and 6 or a salt thereof, more
preferably wherein the crosslinking facilitator is selected from the group consisting of: acetic
acid, benzoic acid, citric acid, formic acid, phosphoric acid, succinic acid, glycolic acid, lactic

acid, maleic acid, phthalic acid and salts thereof, and mixtures thereof.

7. The polymer melt composition according to Claim 6 wherein the acid comprises a

Bronsted Acid and/or the salt comprises an ammonium salt.



the nethod conprising the steps of a. providing a nelt
processed hydroxyl polyner; and b. adding a
w@e@g4ahsseki ng system conpri sing a crosslinki ngPEmEs1004/017976
capabl e of crosslinking the nelt processed hydroxyl
pol ymer to formthe polynmer 4klt conposition. 9. Use
of the polyner nelt conposition according to any of
Claims 1 to 7 as a polyneric structure. 10. Use of
the polyneric structure according to daim9 in a
8. si ng\ method fonprleparinglaypolyamer melt yompiositisn sccprdogue tnyt df&ilaims 1 to 7,
theer;%gﬁ?d tg,l algn' éﬂiegtie;?slof-t otal wet tensile of at least 1.18
g cn1(§ 8?. '

a. providing a melt processed hydroxyl polymer; and
b. adding a crosslinking system comprising a crosslinking agent capable of crosslinking

the melt processed hydroxyl polymer to form the polymer melt composition.

9. Use of the polymer melt composition according to any of Claims 1 to 7 as a polymeric
structure.
10. Use of the polymeric structure according to Claim 9 in a single- or multi-ply sanitary

tissue product that exhibits an initial total wet tensile of at least 1.18 g/cm (3 g/in).



