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Disclosed are individualized, crosslinked fibers, and processes for making such fibers, and absorbent structures containing the fibers.
The individualized, crosslinked fibers have a polymeric polyacrylic acid crosslinking agent reacted with the fibers in the form of intrafiber
crosslink bonds. Preferably, the crosslinking agent is a copolymer of acrylic acid and maleic acid and preferably, between about 1.0 weight
% and -about 10.0 weight % of the crosslmkmg agent reacts with the individualized fibers to form the intrafiber crosslink bonds. The
individualized, crosslinked fibers are useful in a variety of absorbent structure applications. The absorbent structures may also contain
hydrogel-forming material.
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2 applied while the fibers are in a noistened condition. For the
pur poses of this invention and consistency of disclosure, wet
resilience shall be observed and reported for an absorbent structure
noi stened to sat urati on. 5 - In general, three categories of
processes have been reported for -  making |nd|V|duaI|zed crossl i nked
fi bers. These processes, described bel ow, are herein referred to as
dry crosslinking processes, aqueous sol ution crosslinking processes,
~and substantially non-aqueous solution crosslinking processes. 10

Processes for making individualized, crosslinked fibers with dry
crosslinking technology are described in U S. Patent No. 3,224,926, L.

J. Bernardin, issued Decenber 21, 1965. Individualized, crosslinked

fibers are produced by inpregnating swollen fibers in an agueous

solution with crosslinking agent, dewatering and defiberizing the fibers
15 by nechanical action, and drying the fibers at el evated tenperature to
ef fect crosslinking while the fibers are in a substantially individual

state. . The fibers are inherently crosslinked in an unswol |l en,

col | apsed state as . a result of being dehydrated prior to crossllnklng
Processes as exenplified in U S. Patent No. 3,224,926, wherein
crosslinking is 20 caused to occur while the fibers are in an unswollen,
col | apsed st at e, are referred to as processes for maeking "dry .
crosslinked" fibers. Dry crosslinked fibers are generally highly
stiffened by crosslink bonds, and absorbent structures made therefrom
exhibit relatively high wet and dry resilience. Dry crosslinked fiberst

are further characterized by low fluid 25 retention values (FRV)
Processes for produci ng aqueous solution crosslinked fibers are

di scl osed, for exanple, in U S Patent No. 3,241,553, F. H Steiger,

i ssued Nhrch 22, 1966. Individualized, crosslinked fibers are produced

by crosslinking the fibers in an aqueous sol ution containing a 30
crosslinking agent and a catal yst. Fibers produced in this manner are
hereinafter referred to as "aqueous solution crosslinked" fibers. Due to
the swelling effect of water on.cellulosic fibers, aqueous solution
crosslinked fibers are crosslinked while in an uncol | apsed, swollen state.
Rel ative to dry crosslinked fibers, aqueous solution crosslinked fibers as
35 dlsclosed in U S Patent No. 3,241,553 have greater flexibility and

| ess

FOR THE PURPOSES OF INFORMATION ONLY
Codes used to identify States party to the PCl‘ on the front pages of pamphlets publishing international
applications under the PCT.
AT  Austria GB.  United Kingdom MR  Mauritania
AU Australia GE ' Georgia - MW  Malawi
BB Barbados GN Guinea NE Niger
BE Belgium GR Greece " NL Netherlands
BF Burkina Faso HU Hungary NO Norway
BG Bulgaria IE Ireland NZ New Zealand
BJ Benin IT Italy PL Poland
" BR Brazil . ) 4 Japan PT Portugal
BY Belarus KE Kenya RO Romania
CA Canada KG Kyrgystan RU Russian Federation
CF Centras' African Republic KP Demeoxratic People’s Republic sp Sudan '
CcG Congo of Korea | SE Sweden
CH = Switzerland KR Republic of Korea . SI Slovenia
c1 Cdte d'Ivoire KZ Kazakhstan SK Slovakia
CM  Cameroon L1 Liechtenstein SN Senegal
CN China LK Sri Lanka ™ Chad
cs Czechoslovakia LU Luxembourg ' TG  Togo
CZ Czech Republic LY Latvia TJ Tajikistan
DE Germany MC Monaco ™ Trinidad and Tobago
DK Denmark MD  Republic of Moldova UA Ukraine
ES Spain MG  Madagascar : us United States of America
FI Finland ML Mali uz Uzbekistan
FR France . MN Mongolia VN Viet Nam
GA Gabon .

T9GTZT55-3 "

¥



stiffness, and’are characterlzed by higher fluid retention vaI ue (FRV).
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3 - Absor bent structures nade from aqueous solution crosslinked fibers
exhibit lower wet and dry resilience than structures nmade fromdry '

crosslinked fibers. In U S. Patemt No, 4,035,147, Sangenis et
al., issued July 12, 5 1977, a nethod is disclosed for producing
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nonswol | en fi bers wi th crosslinking agent and catalyst in a
substantial | y nonaqueous sol uwiH ROLYACRYLIC a@IbaOBYMERSISUf fi ci ent
anount of water to cause the fibers to swell. - Crosslinking occurs
while the fibers are in this substantially nonaqueous |0 solution. This
type of process shall hereinafter be referred to as a nonaqueous

sol uti-on crosslinked process; and t hEIELDOFSINVENTION produced shal |
be referred to as nonagueous sol ution crosslinked fibers. The

nonaqueous sdi ution dhissinvendigns nglates diteclcedulesiay fibers Paaving Magh fluid

4,035, 147 do not a§ 'tloﬁVEFpr?ﬂEs,e?ébgaFBﬂ\tC%&éﬁireWrﬁEdéqub'rH 80¢h ceMulddieWn
to t hose skill ed rt as swel %Pi(ea ents

crosslinked fi befl erst'h%n RTOCRSERR \fOE  Npking: Sush E‘Pﬁésslqnﬁk swmreSand“ore
absorbent struct gpecificaltlg thie imfentionerdiateist tor nﬁawmu&ltzsedh lc@bssi@lkeamblldldstc
resilience. fib qﬁ%%sll ked fi.bers ﬁg ‘g ag %aregelle

to be useful for'™P%% BEEHS3ER FgaBﬁF ?'Ensag cAPSIOgNL, HBtructunes
cataneni al s. 10 contdiniegecelidosic flbm svitieh eaneoin ;anomd:ieduahiéd,ccmﬂslmked

absor bency benef in view of their detrinents and costs, over
conventional fibers to result in significant commrercial success.
Commer ci al appeal of crosslinked fibers has also suffered due to

safety concerns. The crosslinking 25 agents nost widely referred to in
the literature are fornal dehydgAaQ gggguNngangmygNE\;\%w tion products
known as N-nethylol agents or N © et hyl ol am des, I ch,
unfortunately, causeFiberstabsslinked inisabstdntially individoaliZealv forbeand various
associ at ed t e I o

f or mal dehyd\g‘i o] sue?ﬁ;g E?ﬂ.& ¥eve|r}gbed|’r%ﬁ?$\}e% g%@s esc‘glbgd royggeart The
such that irritatéron “trtdngidunhm otasghnmdrefnbam.ergfetmmaeﬂsﬂwe fibess dbat
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See, for exanpl ethdn HetRenNcelllloss. Adledliés dicsBpardite. fibers. Individualized,

20 crosslinked fibers are geherally regarded as being useful in absorbent
product applications. The ﬁbers_ themselves and absorbent structures
containing individualized, crosslinked fibers generaliy exhibit an

. improvement in at least one significant absofbency property relative to
conventional, uncrosslinked fibers. Often, the improvement in

.25 absorbency is reported in terms of absorbent capacity. Additionally,
absorbent structures made from individualized crosslinked fibers
generally exhibit increased wet resilience and increased dry resilience
relative to absorbent structures made from uncrosslinked fibers. The
term "resilience” shall hereinafter refer to the ability of pads made from

30 cellulosic fibers to return toward an expanded original state upon
release of a compressional force. Dry resilience specifically refers to
the ability of an absorbent structure to expand upon release of
compressional force applied while the fibers are in a substantially dry
condition. Wet resilience specifically refers to the ability of an

35 absorbent structure to expand upon release of compressional force
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4 "issued on January 13, 1976; U. S. Patent No. 4,035,147, Sangenis et
al, issued on July 12, 1977; and U.S. Patfnt No. 3, 756, 913, V‘bdka
I ssued on Septenber 4, 1973. Unfortunately, the irritating effect of
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er cros onds fo
are referred to as processes for makmg "dry crosslmked" fibers. Dry

crosslinked flbers._are generally hlghly_stlffened by crosslink bonds, and
absorbent structr.ires made therefrom exhibit relatively high wet and dry
resilience. Dry crosslmked flbers are further characterrzed by low fluid
retention values (FRV).

Processes for producing aqueous solution crosslinked fibers are
disclosed, for example, in U.S. Patent No. 3,241,553, F. H. Steiger,
issued March 22, 1966. Individualized, crosslinked fibers are produced
by crosslinking the fibers in an aqueous solution containing a
crosslinking agent and a catalyst. Fibers produced in this manner are
hereinafter referred to as "aqueous solution crosslinked" fibers. Due to
the swelling effect of water on cellulosic fibers, agueous solution
crosslinked fibers are crosslinked while in an uricollapsed, swollen state.
Relative to dry crosslinked fibers, aqueous solution crosslinked fibers as
disclosed in U.S. Patent No. 3,241,553 have greater flexibility and less
stiffness, and are characterized by higher fluid retention value (FRV).
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pol ycarboxylic acid crosslinking agents are different fromthe crosslink
35 bonds MRPSF4EEUIt from the nono- and di -al dehyde crossl |mwsamts
whi ch form acetal crosslinked bonds. WO 95/ 34710

PCT/ US95/ 06860 5

I mportantly, the C2 - (ferr] polycarboxylic &acids disclosed for use in
the U S. Patent No. 5,137,537, are non toxic, unlike fornal dehyde and
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uncrosslinked T idiyotp bent structures made 'tﬁet%‘ﬁrdmlé?&ﬁbl?frelbﬂbély' mbﬁ%%naocsry
provi de i ndivi dual | zed ers crosslinked wth a polyacCrylic acid

crosslinking agdfsil 'Sﬁaeabsor bent structures nmade from such fibers
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nave higher Level s oFraasibkedfiBers ss degfiied, Aae,afe, befaved, & Beatgetil for
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resilience and n—ltgwg(leprﬁluéfﬁibbb? ﬂggetﬂf’tnprovided ShffGéAY %sémgﬁ& "HYRefits,

uncrosslinked fibe . ] ]
in view of their detriments and costs, over conventuonal fibers to resuit

in significant commercial success. Commercial appeal of crosslinked

fibers has also suffered due to safety concerns. The crosslinking
25 agents most widely referred to in the literature are formaldehyde and

formaldehyde addition products known as N-methylol agents or N-

methylolamides, which, unfortunately, cause irritation to human skin

and have been associated with other human safety concerns. Removal

of free formaldehyde to sufficiently low levels in the crosslinked product
30 su'ch':that irritation to skin and other human safety concerns are avoided
" has been hindered by both technical and economic barriers. -

As mentioned above, the use of formaldehyde and various
formaldehyde addition products to crosslink cellulosic fibers is known in
the art. See, for example, U.S. Patent No. 3,224,926, Bernardin,

35 issued on December 21, 1965; U.S. Patent No. 3,241,553, Steiger,
issued on March 22, 1966; U.S. Patent No. 3,932,209, Chatterjee,



It is also an object of this invention to provide individualized fibers

crossli nWi)d9 .Ha a polyacrylic acid crosslinking agent an%%gﬁ&% 35

structures maée fromsuch fibers, as described above, whic

superior bal ance of absorbency propertles WO 95/ 34710

PCT/ US95/ 06860 6 It
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al ., issued cmsslhaklr@agemgeuqhgs glutaraldehyde may be too hlgh to result in
significant commercial success. Therefore, there is a need to find
cellulosic fiber crosslinking agents which are both safe for use on the
20 human skin and also commercially feasible. -

" The use of polycarboXyIic' acids to impart wrinkle resistance to

cotton fabrics is known in the art. See, for example, U.S. Patent No.

3, 526 048, Roland et al, issued September 1, 1970; U. S. Patent No.

- 2,971, 815 Bullock et al, issued February 14, 1961 and U.S. Patent No.

25 4,820,307, Weleh_ et al, issued Apnl 11, 1989. These references all

pertain to treating cotton textile fabrics with polycarboxylic acids and

spec:ﬂc curing catalysts to lmprove the wnnkle resistance and durablhty
propertres of the treated fabrics.

The use of specific monomeric polycarboxyllc amds to crosslink

30 cellulosic fibers is known in the art. For example, U.S. Patent No.

5,137,637, Herron et al., issued August 11, 1992, discloses absorbent

structures contammg individualized cellulosic fibers crosslinked with a

C2 - Cg polycarboxylic acid. The ester crosslink bonds formed by the

polycarboxylic acid crossllnkmg agents are different from the crosslink

35 bonds that result from the mono- and di-aldehyde crosslinking agents,
which form acetal crosslinked bonds. : '



i ncorporated herein by reference. The polyacrylic acid polyners and 30
copol yner s W@8¥347& ei n can al so be bl ended with nonomeric caPEDK§IS06860

aci ds, such as citric acid. The crosslinking agent is.reacted with the
fibers in an intrafiber crosslinking bond form Such fibers, which are
characterized by having water retention val s (WRV's) of from about

25 to about 60, have been found to fulfill the identified objects relating

35 to individualiz 4q d;
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i mproved 'ski n. dragitéén aﬁﬁp@agaﬁpsabrs can aléaasé%swc.gftﬂ:ywﬂmtrfé Ry dphi-ne

wear er may be Oh#ne W E | Zat 1 on O roge orm ng
el al i b D yirp Y AArb BV Asids: sualLaS GITIC apidyci Addaarh; FelatAlY Jow

i rrgr ovgd }M ck:]I ng:m&ohmhwmk h fﬂttocﬁﬂﬁﬁota’th?a" most(éfﬂe:bhwcwshlhkmgl frhétsegowl

i ndi vi dual i ze S.S e ers mareril a
relative to ut ﬂq'ir%i ﬁ?ne'é%%sgn%?p'%%r#gs@? fr}ﬁfgﬁs'"g the ‘é%?tl %ﬁ 9UIAMERY o
wi th hydrogelo- f owhiahgcaat withatand acigrdosiosipry atslowh pH's.  Alspy citeid aeisluist s
may be obtained WﬁHEHHt o0 @?al?’lh 4t fe%b&gﬁ\?njeg tﬂ%rpr?mote Ié&‘fﬁbét 8fticient

hydrogel -form ng material,” cal ted

i ndi vi dual i zed, Cf@ﬁﬂﬂ'ﬂﬂ'“ﬁl—kedt isi b@l*e\t%ttﬂaﬁl the asidisderivativese®f ciric acid

conventi onal Ce'déﬂ |f|bherdooaf‘l§t form intrafiber crosslinks DasAletfitlently as
DESCRI PTI ON OF TH /ENTI ON The cellulosic fibers utlllzed for

the present i nvé?ﬂY'S'ﬁ"\?A PolyACHViig  grosslinking 288B%S-ved from wood pul p
sour ces. d pul ps,usegf ul _incl ude s, such. as
ST ite and Su Patb 68?@ ants (ye qgg"d that Cfﬁecmojwiac Bﬂ'LYPBEV i ﬁﬁ‘ﬁfgﬂk@g
for exanple, cgeamts desovibed hereinafitére anm pacticuladyl syitdble fandociming eskéry
nodi fied therno f
sof twood or har (rF, Bgﬁmfﬁbngg wnth Faféggg{?g%%rﬁ I%Qﬁ%\ﬂg? EHJ)F%%’OJS@%'" erd ous
pul p fibers, sudibars tangeita be bnghtearﬁhegpmqs9 gresslinkpd gwithe alpha-fyydaaxyy
cotton Ilnters atidls OSWEH as citri¢ | 618 COFRrNaAMBPS, thes pelyrhié HENREARICTRY
al so be ut|||zed as
20 crosslm%ng agents are stable at higher temperatures, thus promoting
more effic_ient crosslinking. In addition, absorbent structures made from
these individualized, cellulosic fibers crosslinked with a polymeric
polyacrylic acid exhibit increased wet resilience and dry resilience and
improved responsiveness to wetting relative to structures containing

25 uncrosslinked fibers.

It is an object of this invention to provide individualized fibers
crosslinked with a pdlyaéiylic acid crosslinking agent and absorbent
structures made from such fibers wherein the absorbent structures
made from the crosslinked fibers have higher levels of absorbent

30 capacity relative to absorbent ‘structures made from uncrosslinked
' fibers, and exhibit higher wet resilience and higher dry resilience than
structures made from uncrosslinked fibers.

It is also an object of this invention to provide individualized fibers

crossiinked with a polyacrylic acid crosslinking agent and absorbent

35 structures made from such fibers, as described above, which have a
superior balance of absorbency propertjes.



material in the invention. .The fibers may be supplied in slurry,
unsheeted formor sheeted form Fibers supplied as wet lap, dry. lap or 30
ot her she¥&WHH0m are preferably rendered into unsettl ed fROTISIS/¥6860
mechani cal |y disintegrating the sheet, typically after contacting the
fibers wth the-crosslinking agent. Mst preferably, the fibers are
supplied as dry lap. In the case of dry lap, it is advantageous to apply

t he appropriate anount of crosslinking agent prior to nechanical 35

di sintegration in mrefuithefian Bbjectdamasms itvdrifor tBepiovid #710
PCT/ US95/ 06860 brovide °°me?‘§éﬁv

optinum fi berwgglt?r cred'ﬁ'tdluﬁf'ﬁ%% Ff?s@Bﬂfﬂ%Jfl?%ﬁ ang FPSPFP%“ StUructURG® fRadR
wi || depend upam sechyfibers,uasidescribad above; anhitinced.be safelyCatifzed by thevood

pul p fibers ma\%, gpﬁmc.lfaq.] %IE]HI pi ng processes (e.g., Kraft, sulfite,
e T

or sulfate) are preferr e fi bers may be conpletely 5 bl eached

partially eached;t Ok UaddifishB e ges d
o pached puly fohubialid srosuink Bl o BBlecke SEOUET ihVatidh! %8 provide

Chl ori ne- based é@e"\ﬁeﬂhatﬁ(h&ﬂ arhigber FQ;@I ©f hyightness

oxygen- based) delamdltmgrlpr&nem&rd&ﬁnhédlfﬁﬁils. For products such as
paper towel s and absorbent cores for diapers, sanitary napkins, 10.

cataneni al s, and olthés shothexr object bet thispirvemtiofu clos , prolvides gﬁgmgba{ |y

referred to d t due i o
Br erm um absor ;geﬂr'\cé F‘?1ar aﬁi\q’ i ﬁ %)&l dioPoéi wﬁggﬁgeadp%g\"gkw c'?'ef"hs
"pol yacr yl % aﬁﬁtﬁabﬁﬁlnﬁ!fmﬂd%hwh |9V9|8' pbMwearet skipodnymess! i ¢ aci d” refer to

pol ymeri zed acrylic acid (i.e., 15 polyacrylic acid) as well as copol yners
of acrylic acid, including, but . not limted to, copolyners of
pol yacrylic acid and mal ei ¢ acig cul ar wei ght

nmonoal kyl  substituted phosphrate= antr————pPHESPHIN ht e copol yners

that crossl i nki no dn Bed ??U%Qﬁf‘é%e okiecty wg%@%ﬁe%ﬁ@éﬁr? * misd e

pol yacryl i c adndividualizeds creaﬁimkﬁﬂeflbetﬁ and incacpgriationaof cthesmmba'sxt:utces
thereof . Hart 'éBQo%éﬂt erﬁéﬁfréﬁdaﬂ%ycﬂﬁééfd Qﬁré?fl' 4, genersl OdagLé rgy]%l%ea#\%qt S

i ncl ude copol yr rs of ?o yacrylic acld

nol ecul ar wei fhenehits are adained: by 'BHB@%'H’@% crosslinked fiheeyp having:
copol yners desar ebredtwe édnSunf’@if@boN@crﬁlr@%@ﬁéﬁossﬁﬁkm@ W%Perﬁblya

i ssued Cct ober 9 nco or at,ed, here ef er ence. These
" pol yners are pbreg?"'eere (T%Pb'? ? r%?"!‘ i APdy apgut, t@éf Wk %. mPFﬁilWPEﬁIQPleed
cel lul ose fi bdretweendabout O wt.t % anidnabout ohOanet. t Heicrosslinkintprageagat i ve

effect on el ldgQisedy 'on"hNERS flfar 'WeRfHE bdsis Pedkted' Rith te fibers in the
form of intrafiber crosslink bonds. The polyacrylic acid crosslinking
agent is preferably selected from the group consisting of polyacrylic
acid polymers, copolymers of acrylic acid and mixtures thereof.
Particularly preferred crosslinking agents include copolymers of acrylic

25 acid and maleic acid. Other preferred polyacrylic acid crosslinking
- agents include the low molecular welght monoalkyl substituted
phosphinate and phosphonate copolymers described in U.S. Patent No.
5,256,746, Blankenship et al., issued October 26, 1993, and
incorporated herein by reference. The pqua_cryl,ic acid :polymers' and

30 copolymers used herein can also be _bleﬁded with monomeric carboxylic
acids, such as citric acid. The crosslinking agent is reacted with the
fibers in an intrafiber croeslinking bond form. Such fibers, which are
characterized by having water retention values (WRV's) of from about

25 to about 60, have been found to fulfill the identified objects relating

35 to individualized, crosslinked fibers and provide ‘unexpectedly 'good



déscribed_crosslinking process. 30 In particular, polyacrylic acid

pol ymers sWW@ ¥4 or use in the present invention havePGHDISM6360

wei ghts in the range of from about 500 to 40, 000, preferably,

nmol ecul ar wei ghts of from about 1,000 to 20, 000..- Polyacrylic acid
polynmers are nade by polynerizing acrylic 7 acid. [err] WO

95/ 34710 , PCT/ US95/ 06860

[err] 5 to f orabddrbentperformgncadm absorbent striaturd applicatidiy.ein Mis an
al kali metal amonium or hydrogen ion. Polyners of ~this type useful in

t he present inventi ohhar individublitgd; tcrasslinkedRfibers are, awithidaia s lifitimgnthe
Ot-her polyners tib'ﬁp pld t LBy | r ( i of
pol yacrylic acid an(;;a Egltgigcmaci : ﬁprﬂe}lg E%E!Vy?aﬁﬂéed ﬁﬁf‘gcﬁ"g’?'%\%%ﬁ%”&ém of
these copol yrer sSTFiYEeS thah exnend yponowettiig-e preferably from . about

1,000 to about_Z0,00,(") Th ight ratio of acrylic acid to . leic acid
can range frdm about '98:; fgﬁ\é%uts"ﬁ“."ﬂ"%r@aéﬁ/ addiipnally containnhygergels: 1
to 1.5:1. A par tiorwiimg | materidl er Sighifiopotly nitnproosd askia dRthessband Arorbant
wei ght acrylic at?ép%cmd al?ﬁtl:!(y%i% W\'H%Ets @?l the° v@gércei'r.may be obtained with the
' utilization of hydrogel-forming material with individualized, crosslinked
fibers. Significantly improved wicking and absorbent capacity are
10 obtained by utilizing individualized, crosslinked fibers with hydrogel-

- forming material relative to utilizing conventional, uncrosslinked
celiulose fibers with hydrogel-forming material. Surprisingly, such
improved results may be obtained pursuant to the utilization of lower
levels of hydrogel-forming 'material, calculated -weight basis, for

15 individualized, crossiinked fiber-containing pads compared to

conventional cellulosic fiber pads.

DETAILED DESQBIPTlON OF THE INVENTION

The cellulosic fibers utilized for the present invention will normally
20 be derived from wood pulp sources. Wood pulps useful . include
chemical pulps such as Kraft, sulfite and sulfate pulps as well as
mechanical puips ihcluding, for example, . ground wood,
thermomechanical pulps and chemically modified thermomechanical
pulp (CTMP). Digested fibers from softwood or hardwood are
25 preferably utili_zéd. Other cellulosic fibrous pulp fibers, such as fibers
from Esparto grass, bagasse, kemp, flax, cotton linters, and other
lignaceous and cellulosic fiber sources may also be utilized as raw
material in the invention. The fibers may be supplied in slurry,
unsheeted form or sheeted form. Fibers supplied as wet lap, dry lap or
30 other sheeted form are preferably rendered into unsettled form by
mechanically disintegrating the sheet, typically - after contacting the
fibers with the crosslinking agent. Most preferably, the fibers are
supplied as dry lap. In the case of dry lap, it is advantageous to apply
the appropriate amount of crosslinking agent prior to mechanical

35 disintegration in order to minimize damage to the fibers.



Anot her group of acrylic acid copolyners that are applicable to this
I nventio | ow nol ecul ar wei ght nonoal kyl substituted

phosphi ng?szjﬁzﬁghosphonate copol ymers described in U S. Ifé{ré‘fﬁgs’ﬂff“
5,256, 746, Bl ankenship et al., issued Cctober 26, 1993, and 25

i ncorporated by reference herein. The copol yners described in U S.

Patent No. 5,256,746 are especially pref efred, since they provide fibers
with high levels of absorbency, resiliency and bri ght ness, and are safe
and non-irritatingheo opsimums kliper Tsmreecopilizederis abep.prcemr edithi tihis

hypophosphor a [ t idofP nl | 0s
and! or pﬁosp“ﬁl’ﬁ‘é’"g“ 3ol depeRy tﬂgﬁ‘s?@@? porffital b0 R Pomblagd.
t hese types e‘é?fﬁﬂVer‘é‘P%d Huip fibers made epbernml godpingnpracesses (e.g.,

preferably, hetaty Sulfies, oﬁlydrlﬂmé)t afd préferiddl e PBBrsba) bh E8MOERIy
I%C(l)'?(L)JSQS / 568!@;3&43&‘ &grtsally bleached, or unbleached. it may bedesired to utilize T

pol yacryl i c dueaciped ypeis ford itopsupesiors bikgltmielss d amldovcbnsumercaﬁmbéalused '
Aepac O " combriBas b SRaOliRG! MBLASRIE Y LB 285 Bhioring FHEL BT 1
pol yners wi | |oxygen-aasah; Q'Ga?hlﬂg RIeSesSes mAYy be disgdi dFthbpl;Q(hmts such as

crossl i nkl Ng Feprt &owels dﬁacrabheﬁbehows%r%yf&e cﬂ’i"a?éer O?H'tﬂj‘y aﬁé&l&ll‘l?

forns, h as .the fre salts
free acid %f orqﬁth'eb‘l'ae!§'eF’chPther s'"“f!l"l"'l gé%&'ﬁe%meeépéoql%t it is ﬁ‘épqqlﬁilmded
within the scm’pﬁeroédtfme utilize fibersnifiam. south@rn softwbba pofp \duduabi afgh

crosslinked f rBﬁlénbeé&‘B RES%*F&%&%&Q#O“ have an effective anount

of the pol ymeric polyacry PEY 1% hking agent . reacted with the !

fibers in the forgyofgegt Slﬁ er tﬁéoféflrﬁe‘k"ﬁapgérylés acid pgmﬁeﬁ?re

"effective anpunt of cros ent
“crosslinki ng RMYMergf PPUa@I'iY"Q oafiiﬂolefef al® inglvoesizedt acryliet ackdh (ileeast

one si gnifki CyBlyASHE baEIay da WY by é&pdllaﬁaels bﬁf ECMEWHi’Wugmg, gad/ or

SR LT R P M L
si gnificant dbwor lreolegularopereight s miongalkyplbasubsgtitutbd chphesphinatei rad
Tlurd abor bameseREats eaBblyMen dgichicad balofl, WRPIRIoE RGRPLY o7
determ ning drip sppRcarits hﬁ@rfaﬁhﬂeﬁfalieér%bgﬁﬁﬁlﬁé agents applicable to the

20 present invention include polyacrylic acid polymers, copolymers of
acrylic acid, and mlxtures thereof. Partrcularly preferred polyacrylic acid
crosslinking agents include copolymers of_polyacryllc acid and maleic
acid and the low mdl_ecula_r waeight monoalkyl substituted phosphinate
and phosphonate. copolymers described 'ln U.S. Patent No. 5,256,746,

25 Blankenship et al., lssued October 26, 1993, and mcorporated herein by
reference., These polymers are preferred for their ablllty to crosslink
mdrvrduallzed cellulose flbers as descrlbed in this invention and their
non-negative. effect on cellulose brlghtness when used in the hereinafter
described crosslinking process.

30 In particular, polyacrylr_c acid polymers suitable for use in the
present invention have molecular weights in the range of from about
500 to 40,000, preferably, molecular. weights of from about 1,000 to
20,000. Polyacrylic acid polymers are made by polymerizing acrylic
acid.

35 CHa = CH



In partlculv@é ,?_ﬂ,gffpect edly good results are obtained for absorbent
pads made fr 1?15 [vidual i zed, crosslinked fibers having bet
1.0 wt. % and about 10.0 wt. % nore preferably between about 3.0 25 w. %

and about 7.0 wt. % nost preferably between_4.0 wt. % and 6.0 WM. %
crosslinking agent, calculated on a dry fi bef basi s, reacted wth the
fibers. Preferably, the crosslinking agent is contacted with
the fibers ina - l'i qui d medium undell such conditions that the
crosslinking agent 30 penetrates into thg% I nterior of the individual fiber
structures. However, ot'her net hods crosslinki ng agent treatnent,

I ncl udi ng sprayi ng or spray and preis dip and press, etc., of the
fibers while in i ndi vidual i zed, fluffed form or sheeted formare
also within the scope of - the inventigy. 35 Appl i cants have

di scovered that the crosslinking reaction can be WO 95/ 34710

PCT/ US95/ 06868 1o form the repeating chain 11

acconpl i shed at practical rates wthout a catalyst provided the pHis

kept within a particul ar -rGidge. (CBl be OHgcusGHd in nore detail bel ow).

This is contrary to the prior art which teaches that specific catalysts are
needed to provide sufficiently rhpid esterif}cation and crosslinking of 5
fibrous cellul ose by polycarboxylic acid crosslinking agents to be
commercially feasible. See, for €xan®le, U £ Plent No. 4,820, 307,

Welch et al., issued April 11, 1989. However , i f desi red t he
fibers can al so be contacted vm't an abproprl ate cat alyst prior to
crosslinking. Applicants have foggf t hat Mhe type, anount, and net hod
of contact of®catalyst to the fi s wll be dependent upon t he

I | i, nki d h | b
B ocoed o or WHERRCMPERBGAKB F5blf Mhorpbiit s tyorodi B, Boliet Bt

t hat residual cathisytyps ussfubdn thespraseintdnventigneanezavaitable from theo Gehees
such as those di (ﬁ{% ' Pat ent No. 5, 256, 746. 15 Once the
fibers are treat éﬁb tc:?g{?ﬁﬁ nki ng agent (and catalyst if one is

used), the crossli nkmﬁeﬂgfﬂhné:% ﬂﬁ!‘i%?é' a‘p@ln&&ﬁﬁttov‘tr&ﬁ |Nlé?1tfdnb§1re3% pblymers

t he substanti al sence O] Int I nterfiber contact
i s maintai nedf at °g PodvAcTY ‘g@@cﬂlﬁ'?'ﬁnﬁ‘@dr eP EﬁfPWP’YotrL‘ﬁ\FFQ'PFE fr pypights
fibers, or the fbbahesercopolypmersyednge fromo 500 010,000, dnofe rp?bférablyl frionh €

20 the formati oggly i1bBH h8ehnhA 30007 td WhibntYARRIZR BERT:"Geia h S
' maleic acid can range from about 10:1 to about 1:1, more preferably
from about 5:1 to 1.5:1. A particularly preferred copolymer contains
20 about 65% by weight acrylic acid and 35% by weight maleic acid.

Another group of acrylic acid copolymers that are applicable to
this invention are the low molecular weight monoalkyl substituted
phosphmate and phosphonate copoiymers described in U. S Patent No.
5,256,746, Blankenship et al., issued October 26, 1993, and

25 incorporated by reference herein. The copolymers described in U.S.
Patent No. 5,256,746 are especially preferred, since they provide fibers
with high levels of absorbency, resiliency and brightness, and are safe
and non-irritating to human skin. These copolymers are prepared- with
hypophosphorus acid and its salts (commonly sodium hypophosphite)

30 and/or phosphorus acid as chain transfer agents. Molecular weights of
these types of copolymers are preferably below 20,000, and more
preferably, below 3,000, and most preferably between about 1,000 and
2,000.



results in the forrmati on of crosslink bonds which are intrafiber in nature. °

Under t hgg j tions, the crosslinking agent reacts to f I nk
bonds be?ﬁigeér;lﬂzgidroxyl groups of a single cellulose chain %Er'ﬂ%efsmeeb

hydr oxyl groups of proxirmately |ocated cellulose chains of a single 25
cellulosic fiber. Al t hough ‘presented or intended to limt
the scope of the I nvention, it is be i eved that the car boxyl gr oups
on the polyneric ol cryll aci d crossl i nki ent r th the
hydroxyl groups off hPh8°PV °¥‘?]'°cé'1q' %%'@;‘"Tedsf%m!'n %‘éﬂ‘ﬂgmﬁ °T'§ \gbﬂﬁ?i on
of ester bondeanlsd imeddalos2 ot dnbeotbinatis wmblheoﬂbmnobélyaauquucdaﬂgs

st abl e crossl favored under acidic reaction conditions.
Ther ef or e, %‘dﬁgg%’gﬂsﬁ %ﬁlgl ng conditions, i.e., pHranges of from

about 1.5 to abo“&h@seq{@]\pfeﬁb‘géﬁﬁdm the ar é"bf{ﬁlﬁyé’él@ﬁ&% l\}ujﬁb will

I nventi on. are pre ani cal y de | brated
into a | oW BFOQNzssi that jthe \RQM%FF"VEEd acid bpelymreﬁ ne1assiinkiag agqnts '

E/{e I ﬁr to lregcfaé%ht%d above ma{aq:ecbmsanrmhlangaﬂembf Wbiris,! S6ch iaseth free
pC-Cl-/ 325;?068265'% ?orm, arqr&1 aPts thereof. VRI g%l %he free acid form is prefﬁérra,dor med

by a variety afl-swthoidsmshiacé areanpr tos g | includadn withinhehar scope oforthahi ch
may hereaft er.rR%&ggg known. Mechanical defibration is preferably
performed by a d wherein knot formation and fi ber damage are

m ni mi zed,, One tY%e%dﬂﬁ&bélgedh'&Bsélﬁ?eﬁeﬁ@er%%'ﬁ%é ?L&"ent??nvé}?ﬁéﬂ Ralar !y

usef ul for defibrating the c |l osic fibers ist ree st
fluffing devi @8 eftagtive,amaunt @fsherpelymerigpolyageviicoaeid ¢rosglinking agent

Moore and 0. faacibiichith @ Qchban ff (3 Cor wraieH Grissink tonds. f)lqe;feby !
expr ess i ncor e e rence into Qsure. uffin
ool o ubser HeRS! Ao, efeeiivaNaosiss ArokTRliRindr Sehpr L erary to |
cellulosic puhmdurlteufscrtasshnlungtngmtl suffiolentaorpnoividd anripyproyemeohamiatal
agi tation, a| | CS'NEH Y. st

substantla fa%otb ree@"lﬂnk%'ﬁ ‘FE &3" BP d@’r Bﬁe%sﬁ ve%%@ggﬁé
thereto an enﬁad&!‘dabé@?@@“oﬂ"ﬂﬁﬂ"eﬁnﬁpﬁwwﬂgr'@leat"M)H'ql@"?% £fesslink

~curl and tw Sfﬂbe?é We?éth\ze &5%aa%ntuanélv%ci-bbmnkedlﬁber& beheeaoeainpieabf hhl s
15 additional ’| tw, st enhances the resilient ct}“racter of absqr bent

structures ma&@"\" ?ﬁﬁtt ﬁQs?rbﬁi"@Meﬁm 515 {drip- GapagjLy.s which is ‘a combipgd,
appl i cabl e menfsxburémendasfi &m aibsogbertestratturkts floid iabsoebent capacit/ add, but

are not lizgh t?l lé abs orrﬁg\%@ “Fadﬁ" th adX{%hbangL&%’:% atpfdthe procedure for

determining drip capacity is provided heremafter

In particular, unexpectedly good results are obtained for absorbent

pads made from individualized, crosslinked fibers having between about

1.0 wt. % and about 10.0 wt. %, more preferably between about 3.0

25  wt. % and about 7.0 wt. %, most preferably between 4.0 wt. % and

6.0 wt. % crosslinking agent, calculated on a dry fibér basis, reacted
with the fibers.

Preferably, the crosslinking agent is contacted with the fibers in a
liguid medium, under such conditions that the crosslinking agent
30 penetrates into the interior of the individual fiber structures. However,
other methods of crosslinking agent treatment, including spraying or
spray and press, dip and press, etc., of the fibers while in
individualized, fluffed form, or sheeted form are also within the scope of
~the invention.

35 Applicants' have discovered that the crosslinking reaction can be



tangenti al I& contacting the fibers with a rotating disk refiner, hamer 20
mll or w r¥OpAEHO preferably, an air streamis directed t oRETYSPI6860
fibers during such defibration to aid in separating the fibers into
substantial ly individual form Regardl ess-of the particul ar
mechani cal device used to formthe fluff, the fibers are preferably
mechanically treated while initially 25 <containing at |east about 20%
nmoi sture, nore pacdamplisiyed attpractiogl rates withbueen catabyst, 20ovided o pH 6%
noi st ure. ' : and fiRLBORT i i onsi.gt or
of partially ke?tqw{e{ﬁﬁ?? Bieaﬁ'ghrjrteg Hgﬁgg ggtﬁ%ﬁ%%scf% Po' p%&?d@éﬂgﬁrtﬁag%)'
twi st to the fibERS isgontrary tojthe puer a6 which tgachgsshat speeifisccatelysts arail t
of mechani cal dehédded it@Nprovide sufficientlie rapiaceSteFFtALIBRCARE! EbsinkiAg of
present inventiop have UeEI ue .contv%qnat,l ons,of stiffness and
resiliency, whi cHPEYSHE 'H@lﬁeoeth\f polycarbexylic; Lﬂ‘é Frasslinkipg, @9eNts Kk P o
mai nt ai n hi gh | egetmnertialystfeasiblei t See, for exampiesxii PatengiNd.ev4)820MB07, -
resiliency and a 5?!9%?%!9'?%%& ?ﬁpﬁ)gal RIES S to wetting of a dry,

a

conpressed absorbent strud¢ture. ftion'to 35 having the |evels of
crosslinking wthinpfie t:edyad; Efha b SiSd | ' .
characterized by having %‘g%@r'?r%?%ﬁoﬁ’%a u.erg.can Qé% %%/%%8{6&%&'1%’?
PCT/ US95/ 06860 appropriate catalyst prior to crosslinking. Applicants have foundyghat)
of less thanj@botte Q@pe,nsmum,esﬁaahbmwtdﬂe@ﬁmaéew citaly@t to the ABE walf

and nost preferaply, between about 30 and, about 45,. for ~__caonventional ,
chenical ly pul pet® d&&‘ﬁé’fﬁﬂk iuRQ"fﬁthSe’P@'GHﬂ! W'&fﬁi'ﬁg p'°ces§JHqutlﬁ§|darﬁ-g?§%r
is indicative ofvatiblesweill bé disassslednini mpré afetail (eidwcuOne skilled in the art
crosslinking chepg " L ghl f | | he :

as those produceg)c‘\,t%)'{'/tE )r{r%%g}% oﬁﬁgg'&” ,\‘{EFXBA?Y&%%“\?& b%fétég? F\ﬁ%d‘nrhtbed'l%eﬁk’ﬂ?on
processes previ opKIcesses sushbaas thasecdiseloseddnld S PateneNoRE, 561746ss

t han about 25, and generally | ess than about 20. The, particul ar

crossl i nki ngt%r ocess Qnce thecfibars are treated, with cresslipking,agentland eatalystdf

crosslinked fibgfe is usedRVitle crodslinkihg cafent\iBicdusedi tol rea@$ With ite fibers in
crosslinking |ev fmts 'ﬁilbe“?ﬁ/ed to
; |

| s -and WRV, s. wi thin_.the ated | be

and 1's i ntended ftP SAbStANti AbSRRCK 35 atesfios Panas. Loy file ippriiter santact

met hods of crossis niaimtained latde lowy degrees bf ddcogremcecrtatbe aodunfluffed pulp
nonaqueous sol ut cr | gkj ' e Verdl S e re

t he Background O{'B%]sé ﬁ;ﬁ{'@nﬂﬁgﬁga%gﬁgﬁﬁﬁ _er&élﬁ %%r ggﬁ’grhh tg(r%(l%?sﬁél%nﬁl&_nlé&mé?e

and nonaqueods sthaifornation sy interfipgr geespegially dydrogrn beading. This

i ndi vidualized, pgiis inMhR‘rdrivitition 6f cidiliRk Buds WRIEH Afettratibel i Pature.

Under these conditions, the crosslinking agent reacts to form crosslink

bonds between hydroxyl groups of a single cellulose chain or between

hydroxyl groups of proximately located cellulose chains of a single

25 cellulosic fiber.

Althodgh not presented or i_ntended to limit the scope of the
invention, it is believed that the carboxyl groups on the polymeric
polyacrylic acid crosslinking agent react with the hydroxyl groups of the
cellulose to form ester bonds. The formation of ester bonds, believed

30 to be the desirable bond type providing stable crosslink bonds, is
favored under acidic reaction conditions. Therefore, acidic crosslinking
conditions, i.e., pH ranges of from about 1.5 to about 5, are preferred
for the purposes of this invention.

The fibers are preferably mechanically defibrated into a flow
35 density, individualized, fibrous form known as "“fluff" prior to reaction of
the crosslinking agent with the fibers. Mechanical defibration may be



di scussed in nore detail bel ow. Aqueous sol ution crosslinking
processes wherein the solution causes the fibers to becone highly 20
swol | en WQ353489ult in fibers having WRV' s which are in eRCIHSIHP68aHoOUL )
60. These fibers will provide insufficient stiffness and resiliency for the
pur poses of the present invention. - Specifically referring to
dry crosslinking processes, individualizdad, crosslinked fibers nmay be
produced from such a process by .providing a 25 quantity of cellulosic
fibers, cont e;ﬁr'fdsmédlbyfé barietybf methbydpeavhict are presantiyikno®in @i @86 larnki ng

d defib ,
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enbodi ment® ofcellulosm \nglpggybgqgm a comblnatlon of mechanical impact, mechanlcal
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certain | engt S..u 5 n f
measuring th élgg&ngep\&[s‘tvﬁ%ﬁélyﬁ P%ﬁeerdtl D %%‘%Hatzf @%rsb % |§5|?é"he%ﬁ that this
| ongi t udi al additionaheutlcand "twists enhaaees ithe gesiliept: &hgmamﬂ alpsaorbant al
rotation of %@e’burrésﬁbéa&frbhetﬁ@mém @bsslifikedofibdrae fiber, wherein a

. e.,

portion of th node appears dark relative to the rest

% " Ei het fi beo;n?uerh ppiRabik Lmdﬁﬁod?s Nfoer Qﬁﬂbp@tmg t ’fhé reflméubeduuerght
e i stance, bef ween COrf rota
180[err]. “ﬂ?os'% S 2re I'b‘g f'ﬁ"tleﬁeg re\ﬁ?mlegF 86 ﬂ’ﬁ'i'&t He%'éjegc%uq rence

of a tw st tangenudbyamntaetmgbtm abense withs aprotatingl gilsk refinex) hammer t han
a physic ‘Ho h rtain
?&0 mill foqbg)r?@r?% P’Eé’f@Fablgt %nn%\ﬂb§{reﬁﬁ1 tlg"'o‘if 9&' Ward? thé

| ength o count |rec | cative of
the degree offibenserduring sughstdefisatian £ aaigha; éﬁPa"}?é'l"Snéf‘Sr Tigers e i ber .

The appear ancgytdntially mdlvndual form.

Regardless of the particular mechamcal dev:ce used to form the

fluff, the fibers are preferably mechamcally treated while mmally

25 ° containing at least about 20% moisture, more preferably containing
between about 20% and about 60% moisture.

Mechamcal refining of fibers. at_ h,lg_h conSistehey or of partially |
dried fibers may also be utilized to prov_ide curl or _twi.st _te the fibers in
addition to curl or twist imparted as a result of mechanical defibration.

30 The fibers made according to the present invention have unique
" combinations of stiffness and resiliency, which  allow absorbent

" structures made from the fibers to maintain. high levels of absorptivity,
and exhibit high levels of resiliency and an expansionary responsiveness

. to wetting of a dry, compressed absorbent structure. In addition to
35 having the levels of crosslinking within the stated ranges, the
crosslinked fibers are characterized by having water retention values



gquantity o ] nodes will vary dependi ng upon whether the fiber is a
sumrermodtv‘fégéa%w a springwood fiber. The tw st nodes and R(HE§95/06860
twi st count are determ ned by a Twi st Count |nmage Anal ysis Mt hod

which is described in the Experinmental Mthod section of the 20

di scl osure. The average tw st count referref®to in descri bi ng the fibers
of the present invention is properly determ ned by the aforenentioned
twi st count net NORVishaf lessrthangaboit 60 0mete preferablysbetweemabout 25 to

e oot TN S J . o
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di stingui shed from portions of fiber appearing darl d due to
tw sting. conventigfal, ;ehemicafly; rylpedy Marsrmaking; fibers.s akbe MRV fafhar s
¥V! LI vary Tr?émmd'{ rftbeunterin]ymatmt op ttl_Qé 16vdli SO GPSxSiihkipRy forl @ Farficalawood
i bers. e count .of any particular r,i.ngwood. Qr NEr WoQ
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conbi nati on of proqesése%f';?c‘r’?v&%%%\p ?’ ?%@%éegﬁﬁggﬁkggﬁmfggﬁa? Pg{ear‘}se!~I h'atst J|).f5:!\gs§ny
mass of fibers than abeyt gp.t @k gepgrllvedesshianecabpyt 1 20. st Ehedpargicutar

count |im tatiogposslinking/grotB88 tutilizele vANC UTPB8EAR, VaffBED thE SWIRQPET Qhet he
present 35 invention, S he other clained lim.tations are net.

0.l ong as, t .
In the neasdf emSReSnked Sfibefount E‘P&Ye"érsaﬁﬂye RIPCeSS e MNich Will  resultyin
95/ 34710 crosslinking levels and WRV's within the stated limits RCbeliebéd 36 H)

15 i mpor tant . fi.ci fidbers . i ned . d
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s of fibars GEneageBlis Ralfioh HRisifl plicegses L BRI, BILESRE R
twist count !5 the Backgroynd Q&The dayventipr: Ceriain inretrreed ids¥qcrasglinking

neasur ed anal ogamdl Ynonaqueou@ Isofutitny &rfdaelinkingsprésesties Foi dprepaiing the
varying only in.that the fiber

i T wetted with water.prior to hei
treated and t he [aqivdualigads %fPésﬁrP‘,f-ﬁF fibers éffuﬁ'?%dpmer‘i \'R&eq%r?"aca‘ﬂﬁdgﬁce
with the Twi st disoussedadna Anate/sdetail |iieloikt hoAqueous solution ¢rosslinkingon
to being tw ste i the Nt. .| I,0 - I
Fi ber curl may %éo é(;{sg‘;si.&@{ 32{_ _aﬁ‘ 1 rgg{u?%g’a?:agﬁ%gggre\i‘ ﬁé’aéﬁe .ttohgecofnlér ﬁ%gr
due to kink$o twwellien willresultémdibers having WRY's idvich age ingxeess of about

- - 60. These fibers will provide insufficient stiffness and resiliency for the

purposes of the present invention.

Specifically referring to dry crosslinking processes, individualized,
crosslinked fibers may be produced from such a process by providing a

25 quantity of cellulosic fibers, contacting the fibers with a type and
amount of crosslinking agent as described above, mechanically
separating, e.g., defibrating, the fibers into substantially individual form,

~ and drying the fibers and causing the crosslinking agent to react with
the fibers in the presence of a catalyst, if desired, to form crosslink

30 bonds while the fibers are maintained in substantially individual form.
The defibration step, apart from the drying step, is believed to impart
additional ‘curl. Subsequent drying is accompanied by twisting of the
fibers, with the degree of twist being enhanced by the curled geometry

of the fiber. As used herein, fiber "curl” refers to a geometric curvature

35 of the fiber about the longitudinal axis of the fiber. "Twist" refers to a
 rotation ' of the fiber about the perpendicular cross-section of the
longitudinal axis of the fiber. The fibers of the preferred embodiment of



of this disclosure, fiber curl shall be measured in ternms of a two 15

di nensi of field. The |level of fiber curl shall be referr ) _] erns of
B asaeto T shébeb

a fiber tor. The fiber curl factor, a two dinmensio

nmeasurenent of curl, is determned by viewing the fiber in a two

di mensi onal plane, neasuring the project eg4l ength of the fiber as the

| ongest di nension of a rectangle enconpassing the fiber, LR and the 20

actual length of the fiher LA, and then calculating the fiber curl factor

fromthe fol | &0f rﬂeéﬁﬂﬁt"i‘\‘ﬁﬂt'on_ are lndlwduallzed, crosslinked in intrafibey, biondact or

= (LA/LR) - 1form, and are highlyFiwistedCany duriéels | mage Anal ysis Method is -

utilized to neasure LR - and LA. This nmethod is described in the

Experinental Mt hods usedt herein, 2be tefmt Atwisdi countS urefers T ethBagigiber net

i nformation fQg:&hi [+S: . jhedei he 9_lnt.ernational
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Springs, BfitiastA maansehmeasuringdhgrdsaree torwhish a diber is motated aboutiits ed

"Application @nditRfiAal axis. Ahal werh "TWistihddd™ Fﬁfﬁr%ré"%hﬁgfa?&famlrﬁxiaaét
- ulp an

1," by B. D. Jordan and 0  H Page, . .104- 114, Canadi an
Paper ~ Associ afPH#¥ t?gglo, ago_ut thedﬁ'lﬁé@&@ﬂhﬂ&'&) of Stheq fiber.c whafeinai ng
:\/EPOI por at edt mrfgm afcthecfibert @.e., the "?bﬂég) prﬁr,@fdﬁrk-relagrve_ to tr:je rest of

i nt ai ni ng r Y. i al..fqrmdurjng,.dryi
and crossli nkiqﬁ% fg%?o‘&gbﬁ h‘éuwpéh@o & W@?s%g#ﬁ’&'t%&ﬁqﬂmﬁﬁfp ['ﬂ%'ieﬁ?‘ebe
35 crosslipnkgistance ubetweent redes \gareespargise to anyaxigl frotatien uofiek8Guch
WO 95/ 34710 Th killed in th it ; . . 16860
16 condi t iogﬁsstlhgt IP he ef iaBter“é', n?f otg\’\‘njzset tg?ltd tla%.rtfcclusrrernecp grg ‘r‘ é‘{g%%&as

drying the  nodgj ggrdesgiiped ahpveq s iRfimyrilynacyisual rater othant RopRysical t he !
Whi oh ar e ot e o e g o | Biat Tdderin & catatlerighfdt
sulbgt anti al | yfﬁﬁ&‘f \ﬁ'ﬁu;ﬁ"ﬂ%zt%ié{)cowﬁfﬁ -cﬁlrtecﬁg iﬂéf-‘?ﬁ'\)’éd°€ﬁ'§% ‘{eﬁf%? ﬂQbfét?e'
hydrogen bB$nditwist, webichaisna 'phyisical: parameitert of ¢he dfiher: eifhe agpearante apdand
i ber s may be ushB) of pwist nodes will Vi #fending Utbr Tikifier He WP s 5"C
a catal yst isSysungrweeddiker or a spripawaachfiber.he The pwist nadesoandos@l wi t h
a sol ution whitgiist Bouhtlary determiwd ByNa PRist €HENE1MIGE! Ahh%iéﬂﬁéﬁio&”d
o aoaeaus” soMiRha g1 described i the ' Exberimental | Method' Sedtion” of the
20 disclosure. The average twist count referred to in describing the fibers
of the present invention is properly determined bv_thé_ aforementioned
twist count method. When counting twist nodes, portions of fiber
darkened due to fiber damage or fiber compression should be
distinguished from portions of fiber appéaring darkened due to fiber
25  twisting. - | - " -
The actual twist count of any given sample of fibers will vary
depending 'upon the ratio of springwood fibers to summerwood fibers.
The twist count of any particular springwood or summerwood fibers will
also vary from fiber to fibe.r..' Notwithstanding the above, the average
30 twist count limitations are useful in defining the present invention, and
~ these limitations apply regardless of the particular combination of
springwood fibers and summerwood fibers. That is, any mass' of fibers
having twist count encompassed by the stated twist count limitations
are meant to be encompassed within the scope of the present
35 invention, so long as the other claimed limitations are met.

In the measurement of twist count for a sample of fibers, it is



crosslinkin ags:nt and allowed to soak prior to addition of _the cata‘}/st
The cataly Wbsequently added. In a third enbodi nent, PFW(—!'JS”"%“
cr.ossli nkl ng agent and catal yst are added to an aqueous slurry of the 15
cellulosic fibers. Oher nethods in additiof to those described herein

wi Il be apparent to those skilled in the ar and are intended to be

I ncl uded within_the scope of thlﬁsb‘ﬁl nventi on. Regardl ess of the particul ar
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wi th either 18 he Methiodi on of an aC|d e.g., hydrochl oric acid or a
base, e.g., sodium hydroxide as i s appropriate. Not wi t hst andi ng
the above, in.gener ah adgition i heing twigtedn the fibers of the psesent inyention are
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preferably util ifeord the,foﬂbwhugueqaatldapendent
(1) Curl Factor = (LA/LR) - 1

A Fiber Curl Index Image Analysis Method is utilized to measure LR

and Lp. This method is described in the Experimental Methods section

25 of this disclosure. The background information for this method is

described in the 1979 International Paper Physics Conference
Symposium, The Harrison Hbtel, Harrison Hot Springs, British Columbia,

September 17-19, 1979, in a paper titled "Application Of Image

Analysis To Pulp Fibre Characterization: Part 1," by B. D. Jordan and D.

30 H. Page, pp. 104-114, Canadian Pulp and Paper Association (Montreal,

. Quebec, Canada), said reference being incorporated by reference into

this disclosure. |

Maintaining the fibers in substantially individual form during drying
and crosslinking allows the fibers to twi.st during drying and thereby be
35 - crosslinked in such twisted, curled state. Drying fibers under such



upon the particular type and ambunt of crosslinking agent and the

reaction conditions, especially tenperature and pH In general , based -

upon t ecf¥@ &M474hd economi ¢ consi derations, catalyst |evel RCHPS9506868cn
about 5 wt. % and about 80 wt. % based on the weight of 15 «crosslinking
agent added to-the cellulosic fibers, are preferred. It is '

. additionally desirable to adjust the aquetus portion of the cellulosic

fiber slurry or crosslinking agent solution to a target pH of between
agou'; pH coAdifionscthalbabie fiers maptwistr afcicabll ig re¢érned o adsodtyingitBe 0 and
abou i_n r in
agent and 20“’??15 nggF rsg%s{é}ﬁla[?l? hﬂ%sﬁﬁ]ﬁéﬁ"@ﬁﬁf L1%e ?ﬂﬂ)gﬁg (2%18?54@';{&1( °
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dewat er ed andfApRi n{ﬂ IS/ 'F!ﬂd Watzﬁ‘te'g'b@Bﬁ%Yi@SﬁB-bef‘ ding; weastrainguthgoos

and about 80%elbtive oecatrenaklof twisting dritecriipgr 6f tiecfidemat ered and dried to
a consistency level of between about 40% and about 80% Drying the i

fibers to within {Tihese gre afariousdmethods ibyngdichyaherfiddrs may|bd asontactade
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hod
oul p. Addi 1§ oRETDASIAeRY, Ghe: RBSFY LAfee cRNIAHIAAL kit acishuBorelgiom & 35
range previ ougtosstinkirig agent andaliosved tblﬂoakSpnh:nretceadHitgorpef ftive wadalpyt.a !
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18 uti | crasslioking aueg’n anghpatalystr are eddad maemw slyryopfithge i s
- not r?qubéﬁﬁilonE?‘lBE ﬂ‘Yerhlgﬁgh WVM& adiHdsee dberibid neréie may
result indryrn ers

onsi C er eby bl
* produci ng excdlljhe 49%?"&49&5‘39 ﬁ?‘ﬂbdtl'ﬂe Hsﬁlﬁ:ga‘?équﬁriﬂgﬁﬁieéttgége 5
/31; te er Ode}Nat gr iﬁ&u%é%@v‘&h:heﬂﬁ gmqur benréisﬁﬁbemlcm | Begitrtilelss asfetheaparticular
vi ously descr he er to
bet ween about od,By which the,fib &5?15’ q}g?&ﬁg?l &"ﬁbtcﬁ%%hﬁk%&igpgﬁ %gdart
as flash dryi cgtalyst ¢if a catalystie useﬂb,rthe saulpsien fiberssi enosslinkingragant t he
fibers asyat gyl Saf#iPEGfb preferably mixed and/or allowed to soak sufficiently
with the fibers to assure thorough contact with and mp_regnatuon of the
individual fibers. -

Applicants have discovered that the crosslinking reaction can be

accomplished without the use of a catalyst if the pH of the solution

25 c_ontainiﬂ'g__the crosslinking agent is kept within the ranges specified

| hereinafter. In particular, the aqueous portion of the cellulosic fiber

slurry or crosslinking agent solution should be adjusted to a target pH of

between about pH 1.5 and about pH 5, more preferably between about

pH 2.0 and abbuf pH 4.5, during the period of contact between the

30 crosslinking agent and the fibers. The pH of the crosslinking agent

solution can be adjusted with either the addition of an-acid, e.g.,
hydrochioric acid or a base, e.g., sodium hydroxide as is appropriate.

Notwithstanding the above, in general, any substance which can
' catalyz_e' the crosslinking mechanism may be utilized.  Applicable
35 catalysts include alkali metal hypophosphite’s, alkali metal phosphites,
alkali metal polyphosphates, alkali metal phosphates, and alkali metal



10 fromth V\Zfle t he amount of water renoved by this additional
drying step%ﬁ% %ari ed, it is believed that flash drying tF&TH¥]Fe4860
consi stency provides a greater level of fiber twist and curl than does
flash drying to a-consistency in the |ower palrt of the 60% 100% r ange.

In the preferred enbodi nents, the fibers are‘dried to about 90% 95% 15
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curing. Thus, 1 5 @hyl {Bbﬁteﬂﬂe!‘: amaresprtefé}abyosu{w&m[a%éi gpv‘n 2. @béw about
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upon the type of fluffing equipment utilized. in the preferred
embodiments, the cellulosic fibers are dewatered and optimally dried to

25 a consiStency of between about 20% and about 80%. More preferably,
the fibers are dewatered and dried to a consistency level of between
about 40% and about 80%. Dr'ying the fibers to within these preferred
rangeé generally will facilitate defibration of the fibers into individualized
form without excessive formation of knots associated with higher

30 moistui'e levels and without high levels of fiber damage associated with
lower moisture levels. ' '

For exemplary purposes, dewatering may be acbomplished by
such methods as mechanically presSing, centrifuging, or air drying the
pulp. Additional drying of the fibers within the 40% - 80% consistency

35 range previously described is optional but is preferably performed by a
method, known in the art as air drying, under conditions such that the



10 Foll owi ng the crosslinking step, the fibers are washed, if desired.
After vvagm wthe fibers are defluidized and dried. The fibers while still
in a noi %%ﬁlﬁtion may be subjected to a second nechani FL{T/USISI06860

defi bration step which causes the crosslinked fibers to twi st and curl

bet ween t he defl uidizing and drying steps, The sane apparatuses and 15

nmet hods previously described for defi brat1|8ng the fibers are applicable to
this second mechanj cal defibration step. As used in this paragraph t he
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t he anount of, fluid calc be th e S
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PET | US95/ [16?660ns:stency It is believed that this level of flash dryifig providesoahed and
then centrifu f

oo cem tﬁ&&lﬁérog éée\gélDéIPgbBng{EP%hd L gﬁ@ﬁgﬂf’ rg@fnhpbthae highr! h?&h

The anpunt of deying d temperatiees rand | remaeuom Gises ggquitedote ireach 100%
dependent upogohdiStenci?i |Flash Idtyimietie ibeds &at#réﬁdsilfteﬁéy, islicAt &€r90%t ds,
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level of potrafidupt of dryirigikivhighi neustabesatcomplighed:rinf thercuring stagess,
t he FRV of thﬁ-’ég’vpf‘ w ﬂﬁﬁ ease. Thus, the FRV value of a fiber is
structurally St 8 e physical condition of the fiber at
The flash dried fibers are then heated to a suitable temperature for
~an effective period of time to cause the crosslmkl_ng_agent to cure, i.e.,
to react with the ceilulosic fibers. The rate_ and degree of crosslinking
25 depends upon dryness of the fiber, 'tempe'rature, pH, time, amount and
type of catalyst and crosslinking agent and the method utilized for
heating and/or drying the fibers whlle crosslmklng is performed.
Crosslinking at a particular temperature will occur more quickly for
fibers of a certain initial moisture content when accompanied by a
30 continuous, alr-through drymg than when subjected to drying/heating in
a static oven. Those skilled in the art will recognize that a number of
- temperature-time relatibnships ‘exist for the drying and curing of the
crosshnkmg agent Drymg temperatures from about 145°C to about
165°C for penods of between about 30 minutes and 60 minutes, under
35 static, atmospheric conditions will generally provide acceptable curing
efficiencies for fibers having moisture contents less than about 10%.



sat urag,},gg g&ess ot herwi se expressly indicated, FRV d descri bed
here| n shal ported in terns of the water retention val ’Fws‘sf
thre fibers. Qther fluids, such as salt water and synthetic urine, may

al so be advantageously utilized as a fluid nmedium for analysis.
Cenerally, the FRV of a particular fiber crslinked by procedures 15
wherein curing is largely dependent upon drying, such as the present
process, will bEhpse skiliedyinddvecantenill alporappreciate $isat ighay terppatateares ane
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an effective ampunt  of i nkin f bet b
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curl and twist to the fibers upon drying.

25 This second defibration treatment, after the fibers have been
crosslinked, is believed to increase the twisted, curled character of the
pulp. This increase in the twisted, curled configuration of the fibers
leads to enhanced absorbent structure resiliency and responsiveness to
wetting. ' ' : '

30 The maximum level of crosslinking will be achieved when the
fibers are essentially dry (having less than about 5% moisture). Due to
this absence of water, the fibers are crosslinked while in a substantially
unswollen, collapsed state. Consequently, they characteristically have
low fluid retention values (FRV) relative to the range applicable to this

35 invention. The FRV refers to the amount of fluid calculated on a dry .
fiber basis, that remains absorbed by a sample of fibers that have been



10 wt. %crosslinking agent, calculated on a dry fi beL vv?i ght basi shand
measured g t to defibration, are reacted with the fibers in the
form of Wra* i gper crosslink bonds. Another effect of dr yfGTJUA6860 _
crosslinking the fibers while in sheet formis that fiber to fiber bonding
restrains the fibers fromtw sting and curling with increased drying. 15
Conpared to individualized, . crosslinked fi2Ber s made according to a

process wherein the fibers are dried.under substantially unrestrained
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process. The &eseil shalkbefrepertedon tenumspo{eslwwvamveatémmmw_@e(wn:ul)i@ed
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35 be wet | a@Fq nP8 2Avantageessheutiized jassat Yluid e medinre rforwamalysis.
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be wet | @racess, owilijes paharily ;niep:eadeat uponsthleccrossiiriiang lagb?; hﬂdfth%t ant

I ti . tive t el s ; .conyentiona
unorosel; nkeq'®¥S! Of GraRSikNG. | THY\IRV'ECor IS CraRnRRY B | I ary
crosslinked fchRFslinking Harocess at cerosslinkingnapent alevelsorapplicablec ubt this
conpress to civitioroite §ohérally les8Nfdn bUL! 605 grbABF ALK abdul b, Pe

desi rabl e2{)0 %%?%'r%yclregg St“:—:lr']\kaelgout 50, and more preferably between about 30

and about 45. Bleached SSK fibers having between about 4.0 wt. %

and about 6.0 wt. % p'olyacrylic-acid reacted thereon, calculated on a

dry fiber weight basis, have been observed to have WRV's respectively

ranging from about 25 to about 50. Post-crosslihking treatment of the

25 fibers such as the degree of bleaching and the practice of post-

- crosslinking bleaching steps have been found to affect WRV. Southern

softwood Kraft (SSK) fibers prepared by many of the pfior art known

crésslinking processes have levels of crosslinking higher than described

herein, and have WRV's less than about 25. Such fibers, as previously

30 discussed, have been observed to be exce_éc_lingly stiff and to exhibit
lower absorbent ca’pabilities than" the fi_bers of the present invention.

In another process for making individualized, crosslinked fibers by

a dry crosslinking process, cellulosic fibers are contacted with a
solution containing a cfosslinking agent as described above. Either

35 before or after being contacted with. the crosslinking agent, the fibers
are provided in a sheet form. The fibers, while in sheeted form, are
dried and caused to crosslink preferably by heating the fibers to a

v



fi bers wi th_uncrosslinked fibers, such as those conventionally used in

t he manuf act@P¥3M0 absorbent cores. Pul p sheets contai ni ng sPETERE860 O
crosslinked fibers preferably contain between about 5% and about 90%
uncrosslinked, cellulosic fibers, based upon the tot@al dry weight of the
sheet, mixed with the individualized, crossBlnked fibers. It is especially
preferred to include between about 5% and about 30% of highly refined,
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Furthermore, such higher Qﬁsbﬁnﬂ% EEe@% AdtHantcally’ Y6patats theSfibers into -

exhi bi t surprl Slcﬁﬂg y hl% absouptlwt and responsiveness to wettin

Ot her applicati Aividiyp ingiy e betwasa '(')"P grdng and the; ﬁ(&ﬁ%ﬂﬂbwg
step. That is, the fibers are contacted with the crosslinking agent and

25 subsequently dried while in sheet form. Prior to crosslinking, the fibers

are individualized to facilitate intrafiber crosslinking. This alternative
crosslinking meth'qd,' as well as other variations which will be apparent
to those skilled in the art, are intended to be within the scope of this
invention. |

30 The crosslinked fibers of the present invention are preferably
_prépared in accordance with the previously described dry crossiinking
process. The crosslinked fibers of the present invention may be utilized
directly in the manufacture of air laid absorbent cores. Additionally,
due to their stiffened and resilient character, the crosslinked fibers may

35 be wet laid into an uncompacted, low density sheet which, when
subsequently dr'ie_d; is directly useful without further mechanical



10 include low density tissue sheets having densities which nmay be |ess

t han aboy] %.Oi'g/cc. If desired, the crosslinked fibers can be
further wroo9 B4 1o remove excess, unreacted cross|RGIYSyoEsgent . One
series of treatnents found to successfully renove excess crosslinking
agent conprise, in 15 sequence, washing the crosslinked fibers, allow ng
the fibers to soak in. an aqueous s@Rution for an appreciable tine,
screening the fibers,. .dewatering the fibers, e.g., by centrifuging,
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pads. The incorporation of the uncrosslinked fibers eases compression

of the pulp sheet into a densified form, while imparting a surprisingly

small loss in absorbency to the subsequently formed absorbent pads.

The uncrosslinked fibers additionally increase the tensnle strength of the

25 pulp sheet and to absorbent pads r_nade elth_er from the pulp sheet or

directly from the mixture of crosslinked and uncrosslinked fibers.

Regardless of whether the blend of crosslmked and uncrosslinked fibers

are first made into a pulp sheet and then ‘formed into an absorbent pad

) or formed dlrectly into an absorbent pad the absorbent pad may be air-

30 laid or. wet-lald '

Sheets or webs made from the individualized, crosslinked fibers, or
from mixtures also containing uncrossliriked fibers, will preferably have
basis weights of less than about 800 g/m2 and .de'nsities' of less than
about 0.60 g/cm3. Althou_gh it is not in_te‘nded_to limit the scope of the

35 invention, wet-laid sheets having basis we_i_ghts between 300 g/m2 and
about 600 g/mZ and densities between 0.07 g/cm3 and about 0.30
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pr.esent i nvention can be used to rmake absorbent cores having
substantial l'y hi gher fluid absorbing properties including, but not
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~be conpressed t q gogfikd' k6 HLPREIbIS UMler iKY LoRERS Hid WaPkédping the
: wash treatment pH in the acidic range inhibits reversion of the ester
25  crosslinks which have formed. Acidity may be introduced by mineral
acids such as sulfuric acid, or alternatwely in the form of acidic bleach
chemicals such as chlorine dioxide.

The crosshnked fibers described herein are useful for a variety of
absorbent articles inciuding, but not limited to, tissue sheets, disposable

30 diapers, catamenials, sanitary napkins, tampons, and bandages wherein
each . of said articles has an absorbent structure containing the
individualized, crosslinked fibers described herein. For example, a
disposable diaper or similar article having a liquid permeable topsheet, a
iiquid impermeable backsheet connected to the topsheet, and an

35 absorbent structure, disposed between the topsheet and backsheet,
containing individualized, crosslinked fibers is particularly contemplated.



forma thin pad which, upon wetting, will expand, thereby increasing 10
absorbent capacity, to a degree significantly greater than - -obtained for

uncr oss| i WRSE/34T1Ber s. _ In another preferred embodicmrusysoessmh
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about 6.0 wt. % 15 base calculated on a4dry fiber weight basis.
Preferably, such fibers are -~ fornmed into absorbent. cores having dry
densities gre t h u ably,
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PCT/ US95/ 0686(5"333 rom conventlonal uncrosslmked fibers. Pyrthermore, these
Absor bent ist r iniproeed nablsorblenoyl neSultsiunay zbd, obtaingdi itk esbrijuRetion with may
Peol ubter |y 37Gro8sBa dbatiBrwBR bhiibneyred NP Lares DG, donsities
cheni cal corrpmfnggtwapababoot mmcﬂganduaUGUBrm1ﬁeMG@|wgllalhemauﬁalmnder
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utlhze crosslinked fibers having crossllnkmg levels of between about 4.0
20 wt. % and about 6.0 wt. % crosslinking agent, based upon a dry
cellulose fiber welght basis. Absorbent cores made from such fibers
have a desnrab_le combmatlon of structural integrity, i.e., resistance to
compression, and wet resilience. The term wet resilience, in the
presont context, refers to the ability of a moistened pad to spring back
25 towards its original shape and volume upon exposure to and release
from compressional forces. Compared to cores made from untreated
fibers, the absorbent cores made from the fibers of the present
invention will regain a substantially higher proportion of their original

volumes upon release of wet compressional forces.

30 " In another preferred embodiment, the individualized, crosslinked
fibers are formed into either an air laid or wet laid (and subsequently
dried) absorbent core which is compressed to a dry density less than
the equlhbrlum wet densuty of the pad. The equilibrium wet density is.
the dens:ty of the pad calculated on a dry fiber basis when the pad is

35 fully saturated with fluid. When fibers are formed into an absorbent
core having a dry density less than the equilibrium wet density, upon
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3,664, 343, 3, 78°YPRressed 1 dpnsities,pL Retwaensabout 0513 9 and aboy: 0.60
which are all i ngmc;)wmrem the corresponding equilibrium wet densitytadess than the
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ted

structure contalnln i vidualized, crosslinke

to distribution ?W@éu@%&?"@'ﬁﬁ??q d01 ardensibr of; b%%??’b@hﬂ“tt ﬂéz g/cc and
absorbent structaéut 0l40 ajret)avheshv theeddrresponding ' exlafibiwnnived densities

are between about 0.08 g/cc and about 0.12 g/cc, and are less than
_ the densities of the dry, compressed cores. It should be recognized,
"25 however, that absorbent structures within the higher density range can
be made from crosslinked fibers having higher crosslinking levels, as
can lower density absorbent structures be made from crosslinked fibers

having lower levels of crasslinking.

_ While the foregoing discussion involves preferred embodiments for
30 high and low density absorbent structures, it should be recognized that
a variety of combinations of absorbent structure densities and
crosslinking agent levels between the ranges disclosed herein will
provide superior absorbency characteristics and absorbent structure
integrity relative to conventional cellulosic fibers and prior known
35 crosslinked fibers. Such embodiments are meant to be included within
the scope of this invention.

20
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t he hydrogel orm ng, material expands i1 n vol une
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allows 5 lar proportions ot enti al
structure to © Wh!ﬁ!‘ t!%l'F‘FQERP’éFﬁF‘ a’TQ"S% QY gefarencrc| E%Eﬂ'c‘ﬂ?ﬂYoB'@ e'f"SF'm ng
material (if hydrogel-forming polymers for use in the absorbent core are hydrolyzed
' acrylonitrile grafted starch, acrylic acid grafted starch, polyacrylates,
and isobutylene maleic anhydride eop_elyme_rs, or mixtures thereof.
25 Examples of hydrogei-forming materiels wh'ich may be used are Aqualic
L-73, a partially neutralized polyacrylic acid made by Nippon Shokubai
Co., Japan, and Sanwet IM 1000, a parti__al_ly neutralized acrylic acid
grafted starch made by Sanyo Co., Ltd., Japan. Hydrogel forming
materials havihg' relatively high gel' st'ren'gths," as described in U.S:
30 Patent 'Application Serial No. 746, 152, filed June 18, 1985, hereby
incorporated herein by reference, are preferred for utlllzatlon with
individualized, crossllnked fi bers ' '

Process for preparing hydrogel-formzng materials are disclosed in

Masuda et al., U.S. Patent No. 4,076,663, issued February 28, 1978;

'35 in Tsubakimoto et al., U.S. Patent No. 4,286,082, issued August 25,
1981: and further in U.S. Patents 3,734,876, 3,661,815, 3,670,731,
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. 20 crosslinked fibers relative to conventional fibers and the increased
absorptive capacity of the structure. Unique wicking ability of

structures made from 'ihdividualized, cr_oSslink_ed fibers results from the

stiff nature of the fibers and the relatively large void spaces .resuiting

therefrom. However, excessively high levels of crossilinking agent, as

25 may be present in certain prior known individualized, crosslinked fibers,

may reduce wicking '_due to the hydrophobic characteristics of the

crosslinking agent.

Another important advantage has been observed with respect to

absorbent structures made from individualized, crosslinked fibers having

30 dry densities which are higher than their corresponding equilibrium wet
densities (calculated on a dry fiber basis). Specifically, this type of |

absorbent structure expands in volume upon wetting. As a result of

this expansion, the interfiber capillary network of fibers also enlarges.

in conventional absorbent structures having hydrogel-forming material

35 blended therein', thé hydrogel-forming material expands in volume due

to fluid absorption, and may block or reduce in size the capillary routes
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m/s. The fl ol e Wrine 1 s shal 1 ef finst _drop o
synthetic uri \rllﬁeafee'sgéyﬁggﬁélpg?nq{fk@y&% tn 2% é)‘?tdgi\,{g’gglé)é]g?%g bout d_’"’%@%/ W10
PCT/ US95/ 0686@Preferably contain from about 20% to about 5%, by weight of
hydrogel-forming material, caiculated on a dry fiber weight basis. Most
preferably',_ the individualized, crosslinked fibers have between about
15 3.0 weight % and about 7.0 weight % crosslinking agent, calculated on
a dry fiber weight basis, reacted therewith in the form of intrafiber
crosslink bonds wherein the fibers are formed into a relatively thin
absorbent étrUcture in a sufficiently compressed dry state such that the

‘structure may expand upon wetting.

20 The hydr()_gél-forming material may be homogeneously dispersed
throughout all or part of the absorbent structure. For a diaper structure
as disclosed in U.S. Patent No. 3,860,003, having an absorbent core
which contains the preferred indibidua’lizéd, crosslinked fi'béfs, has a dry -
density of about 0.20 gice, and also contains hydrogel-forming material

25 dispersed throughout the core. ‘It is presently believed that an optimal
balance of diaper wickin'g, total absorbent capacity, skin wetness, and
economic viability is obtained for contents of between about 20 to
‘about 50 wt. %, based on the total Weight of the dry absorbent core,
of a hydrogen forming material such as Aqualic L-73. The hydrogei-

30 forming material is preferably homogeneously blended with the
‘individualized, crosslinked fibers-containing absorbent cores in products
as disclosed in U.S. Patent No. 3,860,003.

The  _a_bsdi'bent structures described above may also include
conve,ntiona_l_; fluffed fibers, or highly refined fibers, wherein the amount

35 of hydrogel-forming material is based upon the total weight of the fibers
as previously discussed. The embodiments disclosed herein are



pad. The dry ity is calculated by the difference in ma f th
pad prior t"gazgg Péﬁbsequent to introduction of the syntheti cﬁg-rli%ﬁ%s’“gm

divided by the mass of the fibers, bone dry basis. 5 PROCEDURE
FOR DETERM NI NG WET COVPRESSI BI LI TY The fal | ow ng procedure can
be utilized to determ ne wet conpressiB¥lity of absorbent structures.
Wet conpressibility is utilized -as a neasure of resistance to wet

conpr essi on, weexemnlatyuirahatureeand aye not meant tetimitthd iseape offagglieation

absorbent cores qf hyjog?ggl-f ,iﬁg[nsméliéﬁigl e HivibDshz ,;cggeﬂmdg@s&@i ng

about 7.5 g is are I ckness neasure ensi _
cal cul ated. The pad is | oaded with synthetic urine to ten tines its
dry weight or to its saturation point, whichever is less. A 0.1 PSI

conpressi onal |oad | PROCEDWREH FER DETERMINGNG FAIUIEY REPENTION PALORdS,
during which tinme the pad 15 equilibrates, the thickness of the pad is
nmeasur ed. The conpr el -dolldwing prboedures cahebei utilizeas el detedimihePtthe Wwheerpad

is allowed to eggtér{t%rn[aiﬁuea&gceéle\%o?%r}ﬁ)ew.i ckness is neasured. The

conpr essi onal | en redu 0.1 PSI, the pad allowed to

Pl Chr at d th . . . 1 O
calcul at od for the. (ad e of shoBfT.3 g 1p aREEHEY of Fbdls SARLIT s
and the second Goverssl gaydainer cywilfy aboup HO ml distilled-or rdeipnjzed: wyatae )at

| oad. The void vgbiRefpiRPature fot Bétvieen SaBdiRN15 and USHEULTIZTE tholPs. CTh
respective pressur

lLload. The void voJune ig. the reci procal t he wet
o dons £y e s sgafad Hoers, Atk cglected 5 a gt Snd wrandfarigd; T dn Hoympsh
PSI voi d vol unewize ebasket (suppodteshaboat df 1/2sinehesi@bove5a 8@ mesh screened
compressi on and pittor! $4'6! dirtinddd §e. YTnd g is VArdd Wit S, plastic’ Svét
comon initial pad densities Indicate greater resistance to we
conpr essi on and apdethe: sample 48 roentrifuged at agrelative centrifugerfores@f 1500 to

bet ween 0.1 PSI 137&% d 04 imeUS ¥ j t
resilience of absor rﬁt&v'gagi&AignfgﬁFgde%gi eg-i’g %éeﬁmggﬁgr{jégglﬁgoﬁhgn 30

volume and 051 PeMeMeg BoLrhabaskeipnd waighednethewieighad fibgrt are dried to
Al so, the differ86Rstaht GRakight at HOSEE maridfeweighpdd Thél warer retentigrataiuet ed

pad prior to conpression s nd to be a useful indicator of t he
r esponsi veness F%C\?/E:H?W& %ﬁ}@ﬁé”ﬁ'ads. 35 PROCEDURE FOR
DETERM NI NG DRY COVP&I,—TSW\B(I;'Y(W_DI X\R)85/ 34710
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20 where,
W = wet weight of the centrifuged fiberS:
D = dry weight of the fibers; and
W-D = weight of absorbed water.
25 PR DURE FOR DETERMINING DRIP CAPACITY

The following procedure can be utilized to determine drip capacity
~ of absorbent cores. Drip capacity is utilized as a combined measure of
absorbent capacity and absorbency rate of the cores.

A four inch by four inch absorbent pad weighing about 7.5 g is
30 placed on a screen mesh. 'Synt'hetic urine is applied to the center of the
pad at a rate of 8 mi/s. The flow of synthetic urine is halted when the

first drop of synthetic urine escapes from the bottom or sides of the



The follow ng procedure can be utilized to determ ne dry

conpressihild of absorbent cores. Dry conpressibility is ilized as a
§0 4t R

nmeasur e esilience of the cores. - A fou

inch square air laid pad having a mass of about 5 7.5 g is prepared and
conpressed, in a dry state, by a hydraulgﬁ press to a pressure of .
5500 I bs/ 16 in2. The pad is inverted and %t'he pressing I S repeated.
The thickness of the pad is neasured before and after . pressing with a

no-1oad cali pRad. DEhsidrip GaPBFity df Falgulated, bysthegifference in masa efathail at ed
asdmafss/ (ar eapad tgrierk A6 S &hd fsawﬁumf t@r@pmc%hwnthé%yn@mptdriﬁ@DL gE e
and after pressi indjicate lower dry resilience. . ROCE

FOR DETERM NI ‘i‘l&‘c@%\)ﬁ%ﬁ ’%i%%&?‘&"s'eb"“e ary basis. ACI D REACTED W TH
CELLULCSI C FI BERS _ There exist a variety of analytical nethods
suitable for determining 15 the level of polyacrylic acid crosslinked

with cellulosic fieigcEplHE FOR DETERMINIRGWEP ¢ OMPRRS S8R fTY For the -

purposes of determming the Tevel . of prererred porymerrc polyacrylic
aﬁ' d ESUCP a pol yyRéi Fol®WRY k)zSh:ceduret [3Ms Phé ”%kkiﬁie@”QoPQiﬁ\(éWﬁi"n@ ”?BQ?' ky!l
phosphonates; i.e. ql.ymecrs . cont aj ning nown wei ght. perce, a
certain inor g%ﬂﬂ‘eréeﬁsg?’rh%t of Apsoghen SUHFIHIESy n@"?‘o@.’ﬁ‘@’?ﬁﬁ%h@f}s \Hﬁ'P'ET'F?
reacts to foras aimeasdriebef resistancertns sietrdorhpression, tWwet iseruceliral imegeity

conponent of n{&}fx‘i’/&dﬂ'egh%ﬁg%ihoéf%e absqrgfaﬁ%%ﬂsj.-nked fibers in the exanples

of the prese entl o Wng procedure is used. First, a
sanpl e of,crossli gkeg,f i ' o i1 i ] : to
renove anlf unreacjtaegs%']; (')ss .S'%‘qufr?é" |£s§h""§ﬂ£l§#cya? g\?éiééitng %g%:g@fﬁ‘g%%t he
fibers are drpwegared.cifsi thigkness measureg)iand,densityitcaieulatethe baerad ys {
wteihght OTttB-lqoaaaa!wfrst-émﬂeﬁc u.rin'deftéatérﬂeﬁh%t hsagmiwgigr& ol ﬁf‘hcigﬁ or
ot her suitabl e equipnent. D, . € sany urned.. or S , in
a furnace at $AtH 9% ‘é’gﬁwe&'s ltes_s. t%%ﬁpbé'_&f’{“ﬁﬂ’ﬁ%{ﬂﬂ ' ?Rﬁir'? al in
the sanpl e. Tappliethtw thegadnoAfteniabout060 isetends/ daring which timepthe pad

di ssolved,J n %%Lﬁﬁﬁr%q s 24 thiﬁgﬁpsé‘%f the, pad$ (?néé’édrﬁd.ac?'ﬂ' c-mhﬁr Sidhal
~solution I's then analyzed to determ ne t B . nBess’ o ?heol. organi c
el ement whi chloaddsghendneraasedhte iinl AL the padeis allowed tpequilibrets ands

115 o il B e pecanisssatl s o il

spect r oscopy ¢4lcFPHESe 9%@"@%%433%39@@% ged, 3R "Sk'%ﬁ?él {%iaggin
WO 95/ 34710 measured. The densities are calculated for the pad at th@@riditab006860

20 PSl load, the 1.1 PSl load and the second 0.1 PSI load, referred to as

0.1 PSIR (PSI rebound) load. The void volume reported in cc/g, is then

determined for each respective preésur_e'load. The void volume is the

reciprocal of the wet pad density minus the fiber volume (0.95 cc/g).

The 0.1 PSl and 1.1 PSI void volumes are useful indicators of resistance

25 to wet compression and wet structural integrity. Higher void volumes

for a common initial pad densities indicate greater resistance to wet

compression and gre_atei' “wet structtjral integrity. The difference

between 0.1 PSI and 0.1 PSIR void volumes is useful for comparing wet

resilience of absorbent pads. A s_thél_ler difference between 0.1 PSI void

30 volume and 0.1 PSIR void volume, indicates higher wet resilience.

Also, the difference in caliper between the dry pad and the
saturated pad prior to _'com_'pressio_n' is found to be a useful indicator of .
~ the responsiyeness to wett'i'n_g of the pads. |

35 PROCEDURE FOR DETERMINING DRY CQMPRESSIBILITY '



32 t Riv® 0§844h1 On.- The anount of polynmer which is cross o the
cellulosic fibers my then be cal cul ated by the foll ow ng foi,é ljpggm%é"

Crosslinking |level (weight % = [err] Wher e Werr] S =
mass of the sanple's inorganic el ement boung to t he pol ynmer, which is
crosslinked to the cellulose fibers, neasur b as 10" ‘described above (in
gr ams) R = rat|o defl ned by: mass of the total poly

di vi ded by the Th&s folowing i RERGesre” caBnetR  wolized &0t H’@tﬁ'@l"?ﬁerdfy
W =  baunmpressitisty of abBerbedit| cdresi cDfy kemprassibitithdas ngtilized as a

| d (i f d
anaty2ed (1, o Yl ooyl QLR o CoLer TG 1hE
with a nol ecul ar weig Pfinéﬂjpvtfour mchlgasgareoéfr ﬁg?{@idyﬁé\ﬁéﬁﬁé ﬁ{q scgpgg,y

contai ning 65%b WEIg t ei ¢ acl
havi ng a nol &culaP sesg?fppawedasedtcomprey@e@) iwa; dny Stﬂie.t bvw hiygranlic press

e o RIS 0 oo 8 o g o R e

i nvention, the f®IT8BRPIRF:pr bR AWGkness Q ﬂ%dﬁ??%'ﬂed erqres g

\(AﬂEf ihned as t he pressiagt with pohy+lead agglipeed Densitg veforellaved after prefss:hgr& f
Ich reacts wt r 25

a simlar pol ynégeh(r)}%kgl mé’ﬂgggﬁn%%sé agéﬁ]’i%f’gﬁ%%% gé%éf Qﬁ?ﬁ%‘é‘& gypetween, ﬁe

1 CP AES net hed diansitybkefon® and. aften prassing nrmttcaxeﬂomeerdcy resiliehesy

assumed to be applicable to the polyner I n question. The applied
anount of the polyner in questlon I's then nultlplled by the reaction

efficiency to determ !! ﬁ& é{gg‘)g&li 5 EE %ICI’] is 30
ds.

rea_cted with the ce!l iy
TR o berehar s e rAB AR G onie maems

_ ~ There exist a variety of analytical methods suitable for determining
15 the level of polyacrylic acid crosslinked with cellulosic fibers. Any
suitable method can be used. For the purposes of determining the level

of preferred polymeric polyacrylic acid (such a polymeric monoalkyl
phosphinates and polymeric monoalkyl phosphonates; i.e., polymers
¢ontaining a known weight percent of a certain inorganic element

20 chemically bound to the polymer) which reacts to form intrafiber
crosslink bonds with the cellulosic component of the individualized,
crosslinked fibers in the examples of the present invention, the
following procedure is used. First, a sample of crosslinked fibers is
washed with sufficient hot water to remove any unreacted crosslinking

25 chemicals or catalysts. Next, the fibers are dried to equilibrium
moisture content. The bone dry weight of the sample is then
determined with a moisture balance or other suitable equipment. Then,

the sample is burned, or "ashed", in a furnace at a tefnperature suitable

to remove all organic material in the sample. The remaining inorganic

30 material from the sample is dissolved in a strong acid, such as
perchloric acid. This acid solution is then analyzed to determine the
mass of the inorganic element which was present in the initial polymer

{in a known mass ratio of (total polymer)/(inorganic element)) applied to

the cellulosic fibers. Inductively coupled plasma atomic emission

35 spectroscopy (ICP AES) is one method which may be used for analyzing
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33 The foll ow ng nethod can be used to determne the tw st
count WO 9554710 ber s anal yzed in this disclosure. PCT/US9506860f | ber s
are placed on a slide coated with a thin film of I mersion oil, and
then covered with a cover slip. The effect of the 5 inmmersion oil was to
render the fiber transparent w thout induyeing . swelling and thereby
aid inidentification of the tw st nodes (described “bel ow) . Wet

fibers are plﬁ?@%aﬂ&:@n sl TFIS bﬁﬁo&ﬂwrdﬂﬂoﬁymmeﬁ' st EFHé\éllnk?d on%“iﬁé’

the fibers on th slid en covered w t

wat er render RPIKIRSIE| B’(—?r’§ “P‘T“éﬁ%%&’@rﬁa'g'é'af?f’dpvttﬂﬁsfpuﬁm qugnula

identification is facilitated. An i mage anal yzer conprising a
conput er-controll ed m croscope, a video canera, a video screen, and a
conput er l'oaded with QU PS sof tware, WipRi | abl e from Canbri dge
Instrunents Limted (Canbridge, . Errgtare—But 9o, 10&¢w York), is used
to deternisne €rasslinkiognievel (weight %) =The toWg length of fibers within a
particul ar area of the ~ mcroscope slide at 200X magnification is
measured by the inmage anal yzer. The tw st nodes are identified and
mar ked by an \gpprat or. This procedure is continued, neasuring fiber

| engt h and marking tw st nodes until 1270 nminches of total fiber

length are anmatyzed. Ihema&@ ‘ofiuiBeBaripld's orgadies elfhemt Iouikt €6 tise

calculatedfro this dat ing the,total i ber length,into the
total nunber %‘P YA st ﬁffgbs'g crosshprggtﬁ go the Celluloss flLers, "ﬁ?éﬁ‘ﬁ)l:&s FOR
DETERM NI G (U#dcribddTalbove, (in grams) The foI | owi ng net hod can be utilized

to neasure fiber curl index. - 25 Dry fibers are placed onto a {
m croscope slRde. A csver ratipdefined by: masseaf thetotahalymer divideddivied in

place at the #iofss BrandGhbdanic elembff BblintiAoafd ddigmgpxi mum pr of ect ed

| ength LR (equivalent to the  engt h of the Iongest side of a

rectangl e enceigassi ng thQJd‘rieber)/ aigss of thdeeellllesic Ufiber Zédifiplan bieifege
anal yzer corrprlaj gg%gi soft re controlled 30 mcroscope, video canera,

vi deo nonit or? Hp%ag? The software - utilized is the sane as
t hat- descH bed in the Twi st Count |nmage Anal ysis Met hod section
above. Once LA and LR are obtained, the curl factor is

cal cul at ed For the purposes of determining the level of preferred polymeric

polyacrylic acid (e.g., polyacrylic acid with a molecular weight of about

1000, or an acrylic/maleic copolymer containing 65% by weight acrylic

acid and 35% by weight maleic acid having a molecular weight of about

20 9000) which reacts to form intrafiber crosslink bonds with the cellulosic

~component of the individualized, crosslinked fibers in the examples of

the present invention, the following procedure is used. The reaction

efficiency (defined as the pércent of polymer applied to the cellulosic

fibers which reacts with the cellulose to form intrafiber crosslink bonds)

25  of a similar polymer containing an inorganic element is determined by

the ICP AES method described above. This reaction efficiency is then

assumed to be applicable to the polymer in question. The applied

amiount of the polymer in question is then muitiplied by the reaction

efflclency to determine the amount of the polymer in question which is

30 reacted with the cellulosic fibers to form intrafiber crosslink bonds.
Typically the reaction efficiency is about 0.75.

PR(j EDURE FOR DETERMINING TWIST COUNT



a::cordi ng uation (1) shown above. The curl factor for each 35
sanpl e of h%o%&‘?’é’ calculated for at |east 250 individual fPSIESIEPRESR hen

- WD 95/ 34710 PCT/ US95/ 06860
- 34 averaged to determ ne the nmean curl factor for the sanple. Fibers
- having LA I ess than 0.25 nmare excluded fr¥mthe cal cul ati on.
- The following exanples illustrate the practice of the present
i nvention but are nofheérfolouing troethod cantbengsedcroedétermie the twist count
EXAVPLE | " of fibers EH%I' %ggﬁlth%e(ﬂsc@gg |1 i nked fibers of the present
I nvention are made y a dry crosslinking process utilizing an

acrylic/nmal ei c copol pppr fibers aré0pladedi 0B @S%iAY WEAH kYA thiACHimaod
35% by wei ght ngml ei c aci

d, aving a | ecul ar wei ght of about 9000) as
She. of osel ki nEMEESiEN Sihoand 1SR ATERCWIReR $ovas: i cThm@fiect of te
acrylic/mal es c imersionr oiicinvas to retvdessthenlfitserf itdapsparentasvitidutowmducing
(ssK) pulpio peBeNfiaand ndrehy 3F fn ieMinedta BE'Ba bt Wnel Gissoriopd
(equi val ent to bekiwlon¥Vet hers are placed on/=slid® by pouring a low consistency

PCT/ US95/ 06860 gjurry of fib he slide which is th . .
slurry is for mefi ulg)y gdgi‘eng' teﬂseopi%erg teowaﬁc%é%éo%% cggfﬁﬁ(\;vr{th a cdver slnﬁ.

cont ai ni ng abouth®, oxates dpndatedicthe | HPRES cIMANERIENY NSO oWt twisy gede
50% sodi um kydr perdificatibrlis Facilitated. 323 g of H20. The fibers are
soaked in the slurry for about 60 mnutes. This step is also referred to.

as "steeping". The sAeacipnadé anabfzetiicondrising a cothputerfbentrolied snigrasdopen :

dewat ered by ceptr.i.fugj [ y ' f t % to

devater oo bY CeRUGiLOLARGl? 8 (35! SLRRAY and @ BBRMUIE: 164%a WK alide
software, available from Cambridge Instruments Limited (Cambridge,

England; Buffalo, New York), is used to determine twist count.

15 The total length of fibers within a particular area of the
microscope slide at 200X magnification is measured by the image
analyzer. The twist nodes are identified and marked by an operator.
This procedure is continued, measuring fiber length and marking twist
nodes until 1270 mm inches of total fiber length are analyzed. The

20 number of twist nodes per millimeter is calculated from this data by
dividing the total fiber length into the total number of twist nodes
marked.

PROCEDURE FOR DETERMINING CURL FACTOR
The following method can be utilized to measure fiber curl index.

25 Dry fibers are placed onto a microscope slide. A cover slip is

’ placed over the fibers and glued in place at the edges. The actual
length LA and the maximum projected length LR (equivalent to the
length of the longest side of a rectangle encompassing the fiber) are
measured utilizing an image analyzer comprising a software controiled

30 microscope, video camera, video monitor, and computer. The software
utilized is the same as that described in the Twist Count Image Analysis
Method section above. '

Once LA and LR are obtained, the curl factor is calculated
according to Equation (1) shown above. The curl factor for each
35 sample of fiber is calculated for at least 250 individual fibers and then



consi stency of this step conbined with the carboxylic acid

concentrgtion in the slurry filtrate in step 2 set the a nt _of 10
crossli n&q"?g%‘ét)@nt present on the fibers after centri fug_imri)&wquofsﬁps
exanple, about 6 wt. % of the acrylic/maleic copolynmer on a dry fiber

cel | ul ose anhydrogl ucose basis is present on the fibers after the initial
centrifuging. In practice, the concent rat¥on of the crosslinki ng agent in
the slurry filtrate is calculated by assumng a targeted dewatering 15
consi stency aaxeragedsta atetewnicle the oneanceurt fastemdor ither sample.  Fibers
Next, the dev‘?én\gﬁs% 6 thaflf 6. 2 hirhTdte ek A P romPRAE Wbt o 12"

di sk refiner del -A) whose plates are set at a gap whi ch

y} e:c d; fi 3ers SUbirsﬁ?Lf@vanbngw' e | iHaskrintg tW:BE bﬁbtlﬁen}d’fwﬂhe gr()esafcﬁunt
of fiber damage. A e individual i z i hers. ex e refiner, ey
are flash dri'g(‘,{eW'?ﬂ %_argmopﬁw%eq?ﬂq E’Fgﬁpﬁmb@'??for der to provide

fiber tw §t and curl. The fibers cont gkagﬂggq)xi mately 10% noi sture '

upon exiti'ng these tubes and are read ured. If the noisture

content of the fibg ei&?‘ﬁ g Bfod lﬁﬂegb@mﬁ%ﬁl?ﬁ 4YRENpfadentt Nfhviehtioh! a7é

drying tubes, then't ers are drie nmbi ent tenperature air until

25 the noi stadeddnfcify ¢rosalinkingipracess utilizing an-agsylig/malgic PqlymeFs are
lt hent El afcefl_ O&dh&?hﬁj[@%t%LH\dee;![iQhﬁacﬁ}:lkhaqid and B‘sewgh:t Wa@mnw?a émtﬁ
ength of ting and at_a,tenperature which i - practice ends o e
amount. of cop‘B‘l"{’H@raa’EB&‘tf“T%r %eégét 5’\th glqut BOOQf)i%%rtﬁg ‘értoé.SHrl‘ ngh?genrk
exanpl e, tde Theppescedurecused @ pradugecrtheumerygic/maleic abopolyred| eaid C f or
a period of a@n%‘é%liﬁkéﬁ %te?%ls a%ﬁﬁé\}vwk' ng i s conpl eted during the |

period in the oven. _ e crosslinked, individualized fibers are
blaced on a mpsh sg§glich samgBy 1738 §lotohbe A, SRIRBHI Sonicdd khareked
at 1% consi stency for one . (1) hodr I n about ,604 err] G vvatfr sc&g}gned,
rinsed with at®SK) palpcisrarevidads, Thedfiberghayesa mpjgture sonteatof abaytd %o
about 60% fi byguivaIBht t6¢'9@% dbitsistency).dried to an equilibrium noisture

content of about 8% w th anbi ent WO 95/ 34710
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tenperature air. The resulting individualized crosslinked
cellulosic fibers have a VRV of 43 and contain 4.6% by wei ght of the
acrylic acid/maleic acid ~copol ynmer, calculated on a dry fiber weight

‘basis, reacted with the:



5 fibers i n“;({]iﬁ,;“?@m of intrafiber crosslink bonds.
| nportantl|y, sul ting individualized, crosslinked fi ber?qmm‘“o

i nproved responsiveness to wetting relative to conventi onal ,
uncrosslinked fibers and prior known crosslinked fibers, and can be
safely utilized in the vicinity of human skidf. 10

EXAMPLE 11 I ndi vi dual i zed crosslinked fibers of the present
invention are nmtle A siuby s thryned dys bidding gherfibess stouain| aquets solution

pol yacrylic aci %thEfPhl‘Zg EBh gty QHF g of thi&&icHMic/Rlal Q%&?\?ﬂ% ?ﬁdttﬂeo mi of

crosslinking age i dua cross | are
produced in accdQfénsediym I‘h‘i‘-ﬂ’@xlﬂﬁ sphitigroine 59,823dgset Ha pFloe dfikerstare

gggg:g : \évnotn [laltér??k%gldhomwguﬁwfcﬁ: aﬁ;utgge ml-F{‘)Lﬂes This %lt%ts g/ alé& Féf&ﬂ'ea of
pol yacrylic dci PS 9’@ qé%&gﬁ?ﬁh o%‘gét Oh step 5, the fibers

30 mnutes Ef”perﬁ*é’%ﬁee?% B thon AP R, bY ] o&hiPibuiB8, B4, e onerfRiis: o
fibers have a rangingr\from 3zbautd 4Qfft dion aboriy @%el gthe pognytaiduged cslaciyd
cal culated on a c%nsbsteFIEV foPernidei gtdp b%%gﬁ:mé&a%ﬂﬂ WHd! tc'%?b&ﬁi%rsabl'&

the formof intr crossl | nk atlty
resul ting indi V|Qﬂj'!£qn£'@6'°'br'ﬂs§h9nl:‘é|éﬂf\f i fdraten iR esteps 3r’r§9bv7éﬁ amoun °f

][eEpOHSI vgneﬁ)s taﬁu@ﬁﬁmng agémt Ikp\resérit OMNtRA! b after cen#ﬁﬁ{;iﬂ%5| I nketﬁhs

i In SLZ 3|nC| glrltgr%anogn Gbopt ré ted% OP%IEle acr\r/]hc/malent:) copolymer ofn el yd i, fEd
1] d 20 b cdilutbsa dnhi/dmglucmsnsblasrskfsdpfesleamsomfthe Hibeps cafeart thenmatiau on
are made y, 0S c&;g,_
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‘the fol | owi ng whtch yields flbers substantlally mdnvuduahzed but W|th a minimum
amount of fiber damage. As the individualized fibers exit the refiner,
20 they are flash dried with hot air in two vertical tubes in order to provide
| fiber twist and curl. The fibers contain approximately 10% moisture
upon exiting these tubes and are ready to be cured. If the moisture
content of the fibers is greater than about 10% upon exiting the flash
drying tubes, then the fibers are dried with ambient temperature air until
25 the moisture content is about 10%.

5. The nearly dry fibers are then placed on trays and cured in an air-
through drying oven for a |_ength of time and at a temperature which in
_practice depends on the amount of copolymer added, dryness of the
fibers, etc. In this example, the samples are cured at a temperature of

30 about 188°C for a period of about 8 minutes. Crosslinking is
completed during the period in the oven. '

6. The crosslinked, individualized fibers are placed on a mesh screen
and rinsed with about 20°C water, soaked at 1% consistency for one
(1) hour in about 60°C water, screened, rinsed with about 20°C water
35 for a second time, .centrifuged to about 60% fiber consistency, and
dried to an equilibrium moisture content of about 8% with ambient



nodi fications: The slurry in step 2 of Exanple | contains 150 g of dry

pul p, 1113 9 of H20, 28-.g of copolyner and citric acid mxture. In 5 step
5, the fMOA584A0e cured at "a tenperature of about 190[ er r JRCTIER95/06860

peri od of about 30 m nutes. The resulting individualized
crosslinked cellulosic fibers have a VRV of 38 and contain 3.4% by

wei ght acrylic acid/maleic acid/citric 38 acid crosslinking agent
calculated on a dry fiber weight basis, reacted- 10 wth the fibers in the
f orm of i ntraférbperataresairi nk bonds. . | nportantly, the resulting
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Exanpl e | Wt&fbhﬁum&é&m&%m. o iHupRan sikipe sl urry-in step .2 of
Exanple | contains 333 g of dry pulp, 230 g of H20, and 15 g of 25

pol ymer. joThe pH of the polymer sol utgxAMPLEM] Usted to 3 ‘using
hydrochloric acid. In step 5, the fibers are cured in an air through oven
at 178[err] C for alndividodlizédd edosslinkedrifibet<of the present inventibg darésnhdéng |
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5, the fibers are cured at a temperature of about 190°C for a period of
about 30 mlnutes

20 The . resulting mdnvuduallzed crossllnked cellulosic flbers have a
WRYV of 38 and contain 4.2% by waght polyacrylic acid calculated on a
dry fiber weight basis, reacted with the fibers in the form of intrafiber
crosslink bonds. |

Importantly, th_e resulting individualized, crosslinked fibers have

25 improved responsiveness to wetting relative to conventional,

' uncrosslinked fibers and prior known crosslinked fibers, and can be
safely utilized in the vicinity of human skin. '

EXAMPLE Ili

individualized crosslinked fibers of the present invention are made

30 by a dry crosslinking process utilizing an acrylic acid and maleic acid

| copolymer and citric acid. The total applied percent of the copolymer

and citric acid is 4.563%. The citric acid concentration is 33% of the

total. The ratio of acrylic acid to maleic acid is 65:35. The molecular
weight of the copolymer is 9,000.
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accordance with the hereinbefore described. process of

the foll ow ng nodi fications: In step 2 of Exanple |, the solution
containing the 5 crosslinking agent is s yed directly onto a sheet of
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PCT/ US95/ 06860 safely utilized in the vicinity of human skin.

TABLE 1 Sample # Crosslinking Agent WRV Drip Cap. Wt

conpressi bi Mty (mé_ngLPd@.!y_ (% @8 m/s
0.1/0.2 g/cc % (t Test P d
Density Individualized crO‘s‘sﬂﬁkEd‘flbers o the present’in entlon are ma

by a dry crosslmkmg process utilizing a acrylic acid/sodium
hypophosphite copolymer having a molecular weight of about 1600 as
the crosslinking agent. The total applied percent of the copolymer is

20 b5.92%. The weight ratio of acrylié acid to maleic acid to sodium
hypophosphite is 51/26/23. The individualized crosslinked fibers are
produced in accordan_cé with the hereinbefore described process of
Example | with the following modifications: The slurry .in" step 2 of
Example I contains 333 g' of dry pulp, 230 g of H20, and 15 g of

25 polymer. The pH of the polymer solution is adjusted to 3 using
hydrochloric acid. in step 5, the fibers are cured in an air through oven
at 178°C for a period of about 6 minutes.

The resulting individualized crosslinked cellulosic fibers have a

WRYV of 42 and contain 4.4% by weight of the copo‘lymer calculated on

30 a dry fiber weight basis, reacted with the fibers in the form of intrafiber
crosslink bonds.

Importantly, the resulting individualized, crosslinked fibers have
improved responsiveness to wetting relative to conventional,
uncrosslinked fibers and prior known crosslinked fibers, and can be

35 safely utilized in the vicinity of human skin.
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importantly, the resulting mduvuduallzed crossllnked fibers have
improved responsiveness to wettlng . r_e_latlve_ to conventional,
uncrosslinked fibers and prior known crosslinked fibers, and can be
safely utilized in the vicinity of human skin. '

20 o M_PM

The indiv'idualized, crosslinked fibers of Example | are air laid to

‘form absorbent pads, __arid compressed with a' hydraulic press to a

density of 0.10 g/cc and 0.20 g/cc. The pads are subsequently tested

for absdrbent:y,_ resiliency, and structural integrity according to the

25 previously outlined proéedure_s. The results are reported in Table 1 and

compared to an absorbent pad made from conventional uncrosslinked
cellulosic fibers. ' o
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havi ng |nproved responsi veness to mettlng relative to conventional 5
uncrosslinked fibers, the absorbent pads conjgai ning polyacrylic acid
crosslinked fibers can be safely utilized in the vicinity of human skin.

"EXAMPLE VI I | The individualized, crosslinked fibers of Exanple
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The individualized, crosslinked fibers of Example Il are air laid to

form absorbent pads, and compressed with a hydraulic press to a

15 density of 0.10 g/cc and 0.20 g/cc. The pads are subsequently tested

for absorbency, resiliency, and structural integrity according to the

previously outlined procedures. The results are reported in Table 1 and

compared to an absorbent pad made from conventional uncrosslinked
cellulosic fibers.

JABLE 2
Sample # Crosslinking Agent WRV Drip Cap. Wet compressibility
(weight %) (%) @8mls 0.1/0.2 gfcc
—Beacted — dgla) Test Pad Density
1 0 79.2  4.56 6.04/5.38
3 4.2 38 8.44 6.92/5.99

As can be seen from Table 2, the absorbent pads containing
individualized, polyacrylic crosslinked fibers (i.e., Sample 2) have



41 for absorbency, resiliency, and structural integrity according to

t he I y outlined procedures. The results are reported in Table
1 and v%?é’/ir?g red to an absorbent pad nmade from conventi $95/06860

uncr ossl i nked cellulosic fibers. 5 _
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m xt ures t hereof The. 1 ndi vi dual | ze Ccro
daim1 wher eoorngarep to an absorbent pad made from conventlonal uncrosslinked

cellulosic fibers.

15 TABLE 3
Sample # Crosslinking Agent WRV Drip Cap. Wet compressibility
(weight %) (%) @ 8ml/s 0.1/0.2 g/cc
—Reacted — lgf@)  Test Pad Density
o] - 79.2 4.56 6.04/5.38
4 34 38 1154 7.82/6.46

As can be seen from Table 3, 'the absorbent pads containing
individualized, acrylic acid/maleic acid/citric acid cr'osslinked fibers (i.e.,
Sample 4) have significantly higher drip capacities and wet

- compressibilities at both 0.10 g/cc and 0.20 g/cc test pad densities |
20 relative to pads containing conventional, uncrosslinked fibers (i.e.,
Sample 1). In addition to having improved responsiveness to wetting
relative to conventional uncrosslinked fibers, the absorbent pads
containing the acrylic acid/maleic acid copolymer crosslinked fibers can
be safely utilized in the vicinity of human skin.

25 - EXAMPLE IX

The individualized, crosslinked fibers of Example IV are air laid to
form absorbent pads, and compressed with a _hydraulic press to a
density of 0.10 g/cc and 0.20 g/cc. The pads are subsequently tested
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crosslinking agent is sufficiently reacted wth said fibers in 15

intrafiber bond r use .d fiber

val ue of from aB 'ﬁtemféﬂ?% c%ou?%cy’ a &«E’ruég.}@ q"%ﬁauaﬁ‘%&"g to the
crosslinked fi bereviotsig euningd\proceduresai The results arefrebertedhav'ﬁabjetmad
about 3 wei ght gﬂw@at?Q teo’ aWChish Be’?\t ad made g{o‘?ﬁsédrﬂ}é'n‘%n%g?ﬂfcro%slmke
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formof intrafi 56"“ losiestibers bonds. 5. The i ndi vi dual i zed,
crosslinked fibers of Claim4 wherein thftEEE LE 4 wat er re_tenti on val ue
of said fibels is fromabout 30 to about 6. The i ndi vidual i zed,

crosslinked fibgamgie £ acmssnmﬁgmgeﬁtal cva Drip Cé‘p’ OSWahke r@%ﬂlt\} s
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i ndi vidual i zed, crosslinked fi bers of Claim3 wherein said 3
pol yneric polyacryl®c acid croskBi nking ageéhd is d3¢%8ol yner 8f05/5-30
acrylic acid and maleic acid., 9. The individualized crosslinked

fibers of Caim8 Vmﬁb(selcansbbdseen from Tablest! thkidubsorsent pads sonidimifgl ar
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about 5:1 td0 test pad 1dgn§|t|es relative to pads contammg conventional,
uncrosslinked fibers (i.e., Sample 1). In addition to having improved
responsiveness to wetting relative to conventional uncrosslinked fibers,
the absorbent pads containing the acrylic acid/maleic acid/sodium
hypophosphite crosslinked fibers can be safely utilized in the vicinity of

15 human skin.
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about 3 wei ght andfikgrsihave between d.0 weight % and,316;0 yxgight Jpcpteferably

cal cul ated on a dryefvwéde 3WweljHt 4fb 7SweldiC¥%e Crosslinking ageRer ealctifatéd t he
formof intrafiber crossli ﬁr’ bonds. ao . 18. Ti&e |i,.‘ndi_.\/.l dual i .zed,
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crosslinking agent ecu
5, 000. 30 to 45. 44 20. The

i ndi vidualized, crosslinked fibers of Caim 19 wherej
3. The individualized, crosslinked fibers of eéie'l A

_ aim 1 gr 2 wherein said
crosslinking agent is a polyacrylic acid polymer having a
molecular weight of from 500 to 40,000, preferably from 1,000

to 20,000. | |

4. The individualized, crosslinked fibers of any of Claims 1 - 3
wherein said polymeric polyacrylic acid crosslinking agent is a
copolymer of acrylic acid and maleic acid.

5. The individualized, crosslinked fibers of Claim 4 wherein the
weight ratio of acrylic acid to maleic acid is from 10:1 to 1:1,
preferably from 5:1 to 1.5:1. '

6. The individualized, crosslinked fibers of any of Claims 1 - 5
wherein an effective amount of citric acid is mixed with said
- polymeric polyacrylic acid crosslinking agent.

7. individualized, crosslinked cellulosic fibers, said fibers having an
effective amount of a polymer mixture cfosslinking agent reacted
with said fibers in intrafiber crosslink bond form, wherein said
polymer mixture crosslinking agent comprises polymeric.
monoalkyl phosphinates and polymeric monoalkyl phosphonates.

8. The individualized, crosslinked fibers of Claim 7 wherein said
fibers have between 1.0 weight % and 10.0 weight %, preferably
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between 3 weight and 7 weight %, crosslinking agent, calculated
‘on a dry fiber weight basis, reacted therewith in the form of
intrafiber crosslink bonds and wherein said crosslinked fibers
have a water retention value of from 25 to 60, preferably from
30 to 45.

9. The individualized, crosslinked fibers of Claim 7 or 8 wherein said
polymer mixture crosslinking agent has a molecular weight of less
than 5,000.

10. The individualized, crosslinked fibers of any of Claims 7 - 9
' wherein an effective amount of citric acid is mixed with said
polymer mixture crosslinking agent.
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