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| NVENTI ON This invention relates to cellulosic fibers having high fluid
absorption properties, absorbent structuresimade from such cellul osic
fibers, and processes for making such fibers and structures. More

specifically, thi's inventi onABSORBENT GTRUECTYURESCORAGBININGSS! | nked
cellulosic 10 fibers, processes for making such fibers, and absorbent

structures containing dNOIVIDIYALIZED QELLVLCSICIFIBERS ergsBliNkel i zed,
crosslinked. form BACKGROUND OF THE I[-NVENTI ON 15 - Fi bers crosslinked
in substantially individuali ¥¥dH 8ObYRARYLRIC MDTEOIJNMER$r maki ng such
fi bers have been described in the art. The term "individualized,
crosslinked fibers", refers to cellulosic fibers that have prinarily
intrafi ber chem cal crossl i nk bonds. That is, the crosslink bonds are

primarily between cellul ose nol ecul Eg i’f ﬁ ﬁi ngll\'e Si ber, rather 20 than
bet ween cel I'Ul ose nol ecul es of sepa |V|duaI|zed
crosslinked fibers e generally reqgarded as b eful in absqrbent
product applicati onjﬁ' sl'hg“'ﬁ"gigps elt9e§e§H§’sé‘gsgiBB§1t hayipgcthigh fluid

cont ai ni ng. i ndi abshrpitione gropmerties) iabserbdritostractiresrmbly feam Buth agellulosic
Convent i onal " ufloetss fhe ifooBEEs fof eyl AR fbey S efulculds’ * Mofe °
absorbency is rapegifieally.nthisinuensionatelatescto individualized, Mdssllndmdld:ellylosrc
absorbent  s{g uctibgms 5?6&s§§§”\‘drn‘i'h Jk.ﬁgaguer%dgsg@S&hakgﬂs&rﬁﬁ&Sfﬂgl Vea%' y

exhi bit increased wet, resi)ience_an crease ry resilrence re
absorbent str uctonainipgqeelyigsic,fibptss shighoarer i @ns individuglized, o prasslinked
"resilience" shfdrm.hereinafter refer to the ability of pads nmade from

cellulosic fibers to return toward an expanded origi nal state upon rel ease
of a conpressional force. Dry resilience specifically refers to the ability
of an absorbent structure to expand upon rel ease of conpressional force
applied while the fibers.are’ =1-<, SROUND O&| TH DN 95/ 34329
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15 Fibers crosslinked__in subs_tantial_ly individualized form and various

methods for making such fibers have been described in the art. The
term "individualized, crosslinked fibers", refers to cellulosic fibers that
have primarily intrafiber chemical'crosslink bonds. That is, the crosslink
bonds are primariiy between cellulose molecules of a single fiber, rather
20 than between cellulose molecules of separate fibers. Individualized,
crosslinked fibers are generally regarded as being useful in absorbent
product appllcatlons The fibers themselves and absorbent structures
containing mdlvrdualrzed crossllnked flbers generally exhibit an
improvement in at least one srgmflcant absorbency property relative to
25 conventional, uncrosslinked fibers. Often, the improvement in
absorbency is reported in terms of absorbent capacity. Additionally,
absorbent structures made from individualized crosslinked fibers
'generally exhlbnt mcreased wet resilience and increased dry resilience
_relatlve to absorbent structures made from uncrosslinked fibers. The ,
30 term "resilience" shall hereinafter refer to the ability of pads made from
cellulosic fibers to return toward an expanded original state upon
release of a compres's_ionel 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




condi tion. Wet resilience specifically refers to the ability of an
absor ben Gh4ir € to expand upon rel ease of conpression plied
whi |l e thtewég‘%lyrééjare in a nmoi stened condition. For the pu?‘l[%];nggs o?g’%?
i.nvention and consi stency of disclosure, wet resilience shall be 5
observed and reported for an absorbeny structure nmoistened to
saturation. In general, three categories of processes have been reported
for making i iz k. e, prece S |bed
7 Gmiing | oAl S UhER- ShebRSfg, PSP SRy UFS3r,

sol uti on cros3PSarReny FIrugiuEs o, eemanduyapanreleaw qfoﬁoamresilgnaloﬁetqeon

crosslinki ng sHERRISHARe tReolSsrsesrel lara Mistehdd BbNdition!. | Fﬁﬂl th@ gassbsélked
fibers with drfytcrossl i nki naq‘éechno ar.e deiscrl bed in

3,224,926, L.OHMIBIAKENTPR aNd cpagis HEY 58 disd OsYigs et ﬁﬁ?'ll?’b‘ifaﬁ Q'Ed’e
crossl i nked 1&bse‘rveer andr eepop@dC efdr byani rabisegbent ngtragtirk emdistetred i 1 an
aqueous sol ut?} %*/Lt’p crosslinking agent, dewatering and defiberizing the
fi bers by nec HIEHg ‘action, and drying the fibers at el evated tenperature

to effect crosslipki Qﬂerr'ﬁ: ltﬁretehea{éléo‘?ireﬁ %gro@es@se?;ull?é\l@'ﬁiieﬁl réborﬁy ypdual

state. The fibers a ‘erent | unswo psed
state as 20 . makinguindividuglized,: qeqa,sun&edcﬂtmfmr Tmser@@;@leﬁm.ngescﬂhﬂdcesses

as exenplifi %lbw U?:% hB?é.ﬁnlefél}ea?»m??a% %F\F’cr%ﬁlrﬁduﬁb C;sreeséw a&lésuscaused

to occur while the are in an unswo sed state, [
referred ¥o a%°'lé¥'6’ée¢‘§9§§'"l'%’l‘9 rHiRFﬂﬁsesdriﬂchBBglaﬂﬁﬁﬂw ‘ngn- BBF§°U%)|59 ution

crosslinked - ferpgshniing ppooesses.y highly stiffened by crosslink bonds, and
25 absorbent structures made therefrom.exhibit relatively high wet and dr‘
resilience. Dry cPrxsssesecfdrf iaking dndividudlized, aresslinkedi fibérswitiowdfyl ui d

' t [ I |
et on 2 ERAAONG EhRBRRY el BbsdH L s RARaP NS T80 826, L
3,241, 553, F.J.HBemardifsrissged Pecembers2 th 19865. 1 dedividualizads erosslinked

crosslinkpd THOGES a8 CpRidteachyimprégitaing! khwiller MibdrsD® Sad Nagusoui)ueous
solution contal ning Cross I|nk| ent and a ca %B Fi b rs roduced
inthis manne?°'ﬁl‘€" h‘@!ltBIWQPF\‘!P ings d@d"%@""ﬁcﬂfé&@? grizipgothe f Bers

crosslinked" by récharitsl a@tror’ﬂeaﬁdl&lrylnmtlﬁ ffibers at elatatedmonqﬂrhtdrestoc
o podieoliney bitesfiide B3 TS ary W meadinfiNy [ivatat ke " "
sol uti on crosEhe riibeds lare)mherestly crosslmked in an unswollen, collapsed state as
' 20 a result of being dehydrated pnor to crossllnkmg Processes as
exempllfled in U.S. Patent No. 3,224, 926, wherein crosslinking is
caused to occur while the fibers are in an unswollen, collapsed state,
" are referred to as processes for makmg "dry crosslinked” fibers. Dry
crosslinked fibers are generally highly stiffened by crosslink bonds, and
25 absorbent Structures'made therefrom 'e'xhibit relatively high wet and dry
resilience. Dry crossllnked fibers are further characterrzed by low fluid
retention values (FRVl

Processes for producing aqueous solutlon crosslinked fibers are
dlsclosed for example, in U.S. Patent No. 3,241, b53, F. H. Steiger,

30 issued March 22, 1966. Individualized, c_ros_sllnked 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 crosslmked" f‘ bers. Due to

the swelling effect of water on cellulosrc fibers, aqueous solution

35 crosslinked fibers are crossllnked while in an uncollapsed, swollen state.
Relative to dry crosslmked fibers, aqueous solutlon crosslmked fibers as
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di scl osed iviobksuzadat ent No. 3,241,553 have greater flexibil} SS
stiffness, and are characterized by higher fluid retention va uegd(g& .

Absor bent structures nade from aqueous sol ution crosslinked fibers exhibit
| omwer wet and dry resilience than structures made fromdry 5 crosslinked
fibers. In U S Patent No, 4,035,147, Sangenis et al., issued July 12,
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i nsufficient anhbsd:rbcehtv\sm'ecmres cmade froen faduescust sotutidrl .cra@ssinkedn fibegs
fCC‘”S whi | e th&rﬁ]bﬁefﬁm@{ %vé ahf r?%?ﬁ@%éatﬂa\h @‘EP&‘EH:%%U%M Y gq}r hi's
ype of process s I erelna ter be' referred Tto as a nonaqueous sol ution

crossl i nked Spr or@sslinkgdifibes.f i ber s t hereby produced shall be referred to
as nonaqueous solutjon crosslinked flbers 15 The nonaqueous solutlon

crosslinked fibers W d:BosRatent Nps4.83be147 nSangepiss et at..dissHed Ll¥| 12even

upon extended ce9vActa méthoaoismisvmdm@m produdingeirfividuaizdd) éfsssiinkedis
swel I'i ng reage cros
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di apers and cat aneni ers ave no provi I cl ent
absor bency beneGl‘Qs§llﬂkm9/Dewr@f whileithe fihersasatin tblﬁds'd@ﬁﬂgtlaum &ponaqueous

conventi onal ?(?l ho "4 |fyp%5of'%l'o‘ébg§'§ﬂéﬂahhréiﬁ£ﬁﬁf (Be?"refe&?e"@ié as a
Commer ci al appea cross |nked fi
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are formal dehydgrodutedoshial Be hefrredl o Tdsqlibrliﬁmlblﬁl‘sss&nﬂm crosshinkedhfibers.

| ol d whi ch f
hran ki n 5o A8 fRrAdupeLk Siltich erSretiier ek aifclase 160 Felfint Re
Renoval of free4f035r;al4dem;:daotosweﬂfewererupqn lextended: | contact hmthrsdetlonked

product such { Ngho L ih? g.u(géa (iRt in2 06 24 hs "RIIRE Ehde R CCLRS Y

avoi ded has bee |nde echni ¢ econo
nent i oned abovegrasstinked imbmorﬂmdgrg/duguwdsuﬁ‘ﬂnedsb\smrosehWalQmﬁﬁdeand

addi tion produchgsépent StrlctlifesCRiade! theréfrbmPExitibltSreldtfily high wet and dry

20 resilience.

 Crosslinked fibers as described above are believed to be useful for

absorbent product applications such as diapers and catamenials.

However, such fibers have not provided sufficient absorbency benefits,

in view of their detnments and costs, over conventlonal fibers to result

25 in significant commercial success. Commerclal appeal of crosslinked

fibers has also suffered due to. safety concerns. The crosslinking

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

30 and have been associated with other human safety concerns. Removal

of free’ formaldehyde to sufficiently low levels in the crosslmked product

such that |mtat|on to skin and other human safety concerns are avoided
_has been hmdered by both techmcal and economic barriers.

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



- the art. See, for exanple, U S Patent No. 3,224,926, Bernardin, WO
95/ 34329 PCT/ US95/ 06863 4 i ssued
on Decemb®09584329965; U. S. Patent No. 3,241,553, Steiger, PETHSWNSR63Var ch
22, 1966; U.'S. -Patent No. 3,932,209, Chatterjee, issued on January 13,
1976; U.S. Patent No. 4,035,147, Sangenis et al, issued on July 12, 1977,
and U.S. Patent No. 3,756,913, Wwdka, 5 i*ssued on Sept enber 4, 1973.
Unfortunately, the irritating effect of-fornal dehtyde vapor on the eyes and

skin is a mar iSsyedi 08qPerember ot 151 @6%ieePefiatant No.ndetft] 558y i ameffror
cellulosic fi wueur ops Marshn@2a0F966; IS, Patenet N6 € B)082, 209 Mudritare, O

ool nitne [etChh Fahuagy 5, é%i‘trﬁf PatghE Naoa 045,137, %ag%?ts‘ie“yde
Makoui et al, al,sisaved on dubudt2, 269779 and urﬁi Pa®@ntHdo o3, 758,913, 8Addka3, )
Dean et al s i a3yed BR ée.[stém&& 419p§73. T gamﬁoss lﬁtﬁgﬁa%geeé%toses

absor bent structures cont al ni n |nd|vrdua I ze

wher ei n t he cfergaaidghyde \@mﬂton ghe avest ard rskimis nen‘grlsgq) disadyiaotage) off 15

C2 - C8 dial debuﬁefefemrtdésgl %ahabdeﬁyeeumn&rpeen@béi%df.bth&%ert:ﬂI.ﬁ%ences
appear to overcone f or mal dehyde

di
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produci ng 11 ber o S5B| FAISTahgls kg G ugt OB R kel °
success. ITheagéonts, Sémr fori examplaadUth Patantcbl ul 680¢1 18,b Makaub st alnkr ng
agents uhi ch_ iskehCldh Highst s, fss?nar\g%tsmﬁ&e%twoaadagiea%sccg%%rn&ta"y

feasi ble. The use of  po é art Wi res ce to
cotton fabricahi skaduani Aprihe8r t1 Qemteal weferepee cdiscinses 25§

3,526, 048, RC’EBQQrtﬁfntf'J"stn.hl"?tﬁl"ﬁI EBHtaﬂﬁi?\@r ﬂwdl\ﬂiaughzdd SchQélﬁﬂJedNOﬁbers,
2,971, 815, Bull ock, et Februa at ent

, . No.
4,820,307, VeMherein the cre%%reﬁ'nqoﬁsﬁn&ts 53'9956 %}%%éRPeQ’QPBrﬁ%Ls'%H'TQ Bér tain
to treating cQdoen cgexmaldehfydbsr owithi iglutardidehyde xbéing peéferrednd Theséfic

ropert fas. of FRESTds BRAKST. i oudrbine” by, Bt 308 oBRRvAIRaRk desboidied
pol ycar boxyl i svithc |denaldetlrvdesamddorcfarmdldnh\(da‘ addition produsts. i iawever; t .
For exanpl e, e cdsti4¥¥oclited with producing fibers crosslinked with dialdehyde
crosslinking agents such as glutaraldehyde may be too high to result in
20 significant commercial success. Therefore, there is a need to find
cellulosic fiber crosslinking agents which are both safe for use on the
human skin and also commercially feasible. - '

The use of polycarboxylic acids to impart wrinkle resistance to
cotton fabrics is known in the art. See, for example, U.S. Patent No.
25 3,526,048, Roland et al, issued ‘Sept'e'mb'er 1, 1970; U.S. Patent No.
2 971,815, Buliock et al, issued February 14, 1961 and U.S. Patent No.
4 820 307, Welch et al, issued April 11, 1989. These references all
pertain to treatlng cotton textile fabrics with polycarboxyllc acids and
- 'speclﬂc curing catalysts to |mprove the wnnkle resistance and durability
30 propertles of the treated fabrlcs '

The use of speclflc monomenc polycarboxyhc aclds to crosslink -
cellulosic fibers is known in the art. For example, U.S. Patent No.
5,137,537, Herron et al., issued August 11 1992, discloses absorbent
structures’ contamlng mdlwduahzed cellulosic fibers crosslinked with a

35 Ca-Co polycarboxyllc acld The ester crosslink bonds formed by the
polycarboxylic acid crosslinking agents are different from the crosslink



5,137,537, Herron et al., issued August 11, 1992, discl oses absorbent
struct uregy%%fs%ﬂi ng i ndividualized cellulosic fibers cros?birmgg akih a
p

35 C2 - ol'ycar boxylic acid. The ester crosslink bonds formed by the
pol ycarboxylic acid crosslinking agents are different fromthe crosslink
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“bonds that result fromthe nono- and di-al dehyde crosslinking agents, which
form acetal croBendsRbat besult frammibet evdnloy , artchdi-biiehlyde Emusslinking agents,

pol ycar boxylic amidl sl %Icgfﬂceﬁqég%" an? %&44@ U.S. Patent No. 5,137, 537,

are non toxic, unlike fornalde or mal dehyde addition products
commonly ' used in irhperiaAtly, théicy L t?‘lecarbBﬁ & Hcids ﬂfjscic?srerd]f'r L& §
crosslinki ng agent §|{>r| C %:I d, 9‘-? se di scoYo.rl ng (1.e., erWI ng) of
the white cel |.u§'t?s$’c 7 88E N9. 8,437,934, atmpradexie: unlikeSormaldahygdenrn
associ at ed i t hfartraldeteydd  adadition hyprouticts ar beramdrly aCused SUph 3Re Ci &l C
acid. In additi ' - H s.are r Lred to _pr.onote,the nost
efficient cr ossﬁﬁfﬁ{ﬁﬁwggé +’%\f?%gps€2 ﬁ@%%@s‘ﬁﬁ%&%é%ﬂbi ¢ic @8&4' €3n
i ncreasi ng t he ealge clisanlotipgetide. wyellbwing) wift tre anbiteccelldosicofibers.at il ow
Hs. Also, citiaditidp tni S
Promot e the mosi PR SnpleataftBaBry chf a pbiBsBefbad SR i YskCot Afhe-
derivatives of RYQrOXY earpaxylic agids,pyeRiasi eitric @sichotinfagiditionnrelativelyriow
crosslinks @s ehfillariiequintl R pHITbIE the Higé! etficfart'@8SsIInKingd 138! IBw
Applicants have f.pund that the glggrrerlé:qﬁpo yacryli1c crosslinking agents
descri bed her ei P ICTEASe PrOGass $apita) casat by increasingothe RESt9f @quinraent | nk
bongs Wi L h Ee! | whichi cahi dthstandravid aqﬁrtoséoﬁ Fﬁhmfr-q&H@ﬁOZﬁﬂsbPWichciJ 'islﬁers
tend to be bri t t hose_gcrosslinked with_ al pha- roxy_acids,such as
citric acid. %ﬂgrm B?ﬁga@&% Befﬁaﬁ"&?écmtipé"m‘égs‘ﬂf*rmPﬁb e%é"éﬁf'%
are stable at Hhergsstinkingperliat isr dejieved sthatothe | agid ndervatives i afntcitric acid
crosslinking. | bbb o} r ' m_t.he :
i vi dual | Sed, SoafibbsBBn PG orkl | HElafe], BOGIkRT ds difigienty s
pol yacryl i c aciRel¥meris polyaervigserosslinkingsigentsice and dry resilience and

| nproved responsi veneSf to wetting relative to structures containing. .
uncrossl i nked fi ber &Pplicants have,fpund that thespelymaric peivasryic eresslinking

i ndi vi dual i zed dgemssdesorib®d himsinadteh afe ariioglaylyi Suitabld forOfcthiing i d¥der

agent and ab Sm&%@&link bonds with cellulosic fibers. Importantly, the ester-crosslinked

20 fibers tend to be brighter than those crosslinked with alpha-hydroxy

acids such as citric acid. Furthermdre,_ the polymeric polyacrylic

crosslinking agents are stable at higher temperatures, thus promoting

more efficient crosslinking. In addition, absorbent structures made from

these individualized, cellulosic fibers crosslinked with a polymeric

25 polyacrylic acid exhibit increased wet resilience and dry resilience and

' improved responsiveness to wetting relative to structures containing
‘uncrosslinked fibers.

It is an object of this invention to provide individualized fibers

crosslinked with a polyacrylic acid crosslinking agent and absorbent

30 structures made from such fibers wherein the absorbent structures

made from the crosslinked fibers have higher levels of absorbent

capacity relative to absorbent structures made from uncrosslinked

_ fi'bers,.an_d exhibit higher wet resilience and higher dry resilience than
structures made from uncrosslinked fibers.

35. . - Itis also an object of this invention to provide individualized fibers
crosslinked with a polyacrylic acid crosslinking agent and absorbent



30 structures made from such fibers wherein the absorbent structures nade .
fromthe crosslinked fibers have higher |evels of absorbent capacit

rel ati ve W88} bent structures made from uncrosslinked M@F@S’%ﬁé

.exhi bit higher wet resilience and higher dry resilience than structures
made from uncrosslinked fibers. 35 It is also an object of this

I nvention to provide. individualized fi ber% crosslinked with a pol yacrylic
acid crosslinkin ent and absor bent - WD 95/.34329

PCT/ US95/ 068@"63&3 adedromdsush Jrhegacﬁsww@edaéba‘é%mmw have a

~ above, - - whi chsuparior bataes bb abbeibency sropalsey. bency properties. It is
further an object of this invention to provide commercially viable

i ndi vi dual i zed, cltoissfurtherd ahi bbjest aofd thissinvieationsta provides copeersiallyr om

such fibers, \ﬁébﬂeﬁ@f wsgl.zae@pv&oagmm %pp@%ﬁ%ﬁ%&’m&{ﬁ ls? Quﬂe'% e :
vicinity of human t1ona | nvent I on
to provide ifremvsushafibees, as(:dmmw&pve.mh@hm gmfglivtutdmdgnethm evel

of bright nessv,éﬁ,li@téwﬁu,t,ﬁnpgm@r known crosslinked fibers. 10 It is
anot her object of 'this invention to provide absorbent structures having

I nproved. absor benj qapaa‘ddnuoﬁslw V\ﬂaﬁklﬁﬂ'ec‘!\'h'dfh this) apiehtionus & lHr@Vid@e hi gh

I I f
been found ¢ ABMGHAGAErESTakes! AR Shinlt S shOheR ouT of Brighimese e
crosslinked frelative tngrionknopor etasslinkdd fibeeee fi bers into absorbent

structures, as disclosed herein. In general, these objects and other
benefits Wre att atnési apothedi wbjrctl iQfed:his:rioyehtio'k'edof ippevideh absorpant

ffect 20
o oct Ve amfihod SR i fod gt L s B AR 20 ¢
about 3.0 wt .acahdsepy@viderhighyjevels ef B@?Fﬁ"’nﬂﬂﬁgﬂb@m cal cul ated on a

dry fiber weight basis, reacted--with the fibers in the formof intrafiber
crosslink bonds. The polyacryllc acid crosslinking agent is preferably

selected fromthe- group CO”M&M@@M acid pol ymers,
copol ymers of acrylic acid-a cularly preferred

crossli nkisng ageni s Ghd SoGil St Big pBlecit iddrtinelf biods hafP b et By

Q her preferred polyacryli c acl
individualized, crosslinked flbers and mcorporatlon of these fibers into

absorbent structures, as disclosed herein. In general, these objects and
other benefits are attained by individualized, crosslinked fibers having
an effective amount of a polyacrylic acid crosslinking agent, preferably
20 between about 1 .0 wt % and about 10.0 wt. %, more preferably
between about 3.0 wt. % and about 7.0 wt. % crosslinking agent,
calculated on a dry fiber weight basis, reacted with the fibers in the
form of intrafiber crosslink bonds. The polyacrylic acid crosslinking
agent is preferably selected from the group consisting of polyacrylic
25 acid polymérs, copolymers of acrylic acid and mixtures thereof.
| Particularly preferred crosslinking agents include copolymers of acrylic
acid and maleic acid. Other preferred polyacrylic acid crosslinking
agents include the low molecular weight monoalkyl substituted
phosphinate and phosphonate copolymers described in U.S. Patent No.
30 5,256,746, Blankenship et al., issued October 26, 1893, and
incorporated herein by reference. The polyacrylic acid polymers and
copolymers used herein can also be blended with monomeric carboxylic
acids, such as citric acid. The crosslinking agent is reacted with the
fibers in an intrafiber crosslinking bond form. Such fibers, which are
35 characterized by having water retention values (WRV's) of from about



agents include the Iow nolecular weight nonoal kyl substituted-

phosphi nat@Wosphonate copol yners described in U S. PaPENUSBB0688D

5, 256, 746, Bl ankenship et- al., issued October 26,- 1993, and incorporated
herein by reference. The polyacrylic acid pplyners and copol yners used
herein can al so be bl ended with nmonomeric carboxylic acids, such as citric

acid. --The croggl.inkin ept is reagted with. the fjbers i,n.an intrafiber
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wat /er r e} ggtB ggmwahdwqamﬂs.)cmfssﬁmm afilpers andV\@rG\'ﬁﬂM&%xpﬁctedéy goofd |
PCT/ US95 ) \ : e identifie
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unexpect edl ood a r : : i b n t € lieniti
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the 5 scopé of SGaRe jofvihe: inyentianef Rreferably forrmgdi inte empresssdqdabsarbeptnt

structures thatspyrires tReNexXEand BPon NBLIRFOr bent structures may
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20 DETAILED DESCRIPTION OF THE INVENTION
"The cellulosic fibers utilized for the bresent invention will normally
be derived from wood pulp sources. Wood pulps useful include
chemical pulps such as Kraft, sulfite and sulfate pulps as well as
mechanical pulps including, for example, ground wood,
25  thermomechanical pulps and chemically modified thermomechahical
' pulp (CTMP). Digested fibers from softwood or hardwood are
preferably utilized. Other cellulosic fibrous pulp fibers, such as fibers
from Esparto grass, bag.aIsSe,._.kemD'._ flax, cotton linters, and other
lignaceous and cellulosic fiber sources may also be utilized as raw
30 material in the invention. The fibers may be supplied in slurry,
unsheeted form or sheeted form. Fibers supplied as wet lap, dry lap or
other sheeted form are preferably rendered into unsettied form by
mechanically disintegrating the sheet, typically after contacting the
fibers with the crosslinking agent. - Most preferably, the fibers are
. 35 supplied as dry lap.. In the case of dry lap, it is advantageous to apply



preferably utilizéd O her cellulosic fibrous pulp fibers, such as fibers
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and maleic  not limited to, copolymers of polyacrylic acid and maleic acid and the
low molecular weight monoalkyl substituted phosphinate and
20 phosphonate copolymers described below, and mixtures thereof

Applrcants have found that crosslmkmg agents applrcable to the

present invention. mclude polyacryllc acid polymers, copolymers of

acrylic acid, and mrxtures thereof Partlcularly preferred polyacrylic acid

crosslmkmg agents mclude copolymers of polyacrylic acid and maleic

25 acid and the low molecular weight monoalkyl substituted phosphinate

“and phosphonate copolymers descnbed in U.S. Patent No. 5,256,746,

Blankenshlp et al., |ssued October 26 1993 and mcorporated herein by

reference. These polymers are preferred for their ablllty to crosslink

individualized cellulose flbers as descnbed m this mventlon and their

30 non-negative effect on cellulose brlghtness when ‘used in the hereinafter
descrlbed crosslmklng process

In partrcular, ‘polyacrylic acid polymers suitable - for use in the

_pre_sen_t invention have molecular weights in the range of from about

500 to 40,000, pre_ferably, molecular weights of from about 1,000 to

35 20,000. Polyacrylic acid polymers are made by polymerizing acrylic
acid.



25 acid and the | ow nol ecul ar wei ght nonoal kyl substituted phosphi nate and

phosphonat w&%mrs described in U S. Patent No. 5,256, 74grn&eapésgsishi p
et al., issued Cctober 26, 1993, and incorporated herein by reference.

These polyners are preferred:for their ability to crosslink individualized
cellulose fibers as described in this invention and their 30 non-negative
effect on cellul ose brightness when used in the hereinafter described
crosslinking process. In particul ar CHpIs&ttylic acid pol yners suitable for
use in the present invention have_nnleculir wei ghts in the range of from
about 500 to 40,000, preferably, noleculal weights of fromabout 1,000 to
35 20,000. Polyacrylic acid polyners ar& gage by polynerizing acrylic

aci d. WD 95/ 34329 o - '

PCT/ US95/ 06863 9 [err] [err] 5 . - OHto formthe
repeating chain [err] 10 OM OM wherein Mis an al ka nmetal anmoni um or
hydrogen i-ong- Pol ymers of this type-usefutqkn-the present invention are
avai l abl e from the Rohm and Haas Conpany. Ot her polymers that are

appl i cabl e to t e JoiritABirepBafihg chaip! ymers of polyacrylic acid and naleic
acid. Preferably, the nol ecul ar weights of these copolynmers range from 500

- 40,000, nore preferably from about CH;_OOQHDC ugH20, 000. The wei ght
ratio of acrylic acid to maleic acid cah range from about 10:1 to about
1:1, nmore preferably 20 fromabout 5:1 tp 1.5:1. A particularly preferred
copol ymer contai ns about 65% by wei ght acrylic acid and 35% by wei ght

mal ei ¢ acid. Another group of acrylic aci@ =ofol yn@rs @hat are applicable
to this invention are the | ow nol ecul ar wei ght nonoal kyl substituted
‘phosphi nat e ¥ind phosphonate copol yners defcribed ih U S. Patent No. 25

5, 256, 746, Bl ankenship et al., issued'Octh;iar 26, 6&93, and

wherein M is an alks" 'neta_l ammonium or hydrogen ion. Pblymers of
this type useful in the present invention are available from the Rohm
and Haas Company. ‘

15 Other polymers that are applicable to this invention are copolymers
of.polyacrylic acid and maleic acid. Preferably, the moleculér weights
of these copolymers range from 500 - 40,000, more preferably from
about 1,000 to about 20,000. The weight ratio of acrylic acid to
maleic acid can range from about 10:1 to about 1:1, more preferably

20 from about 5:1 to 1.5:1. A particularly preferred copolymer contains
about 65% by weight acrylic acid and 35% by weight maleic acid.

Another group of acrylic acid copolymers that are abplicable to
this invention are the _Idw molecular weight monoalkyl substituted
phosphinate and phbsphona_te t:o_polymers described in U.S. Patent No.

25 5,256,746, Blankenship et al., issued October 26, 1993, and
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-ir'ritating to human skin. These copolymers are prepared with

30 - hypophosphorus acid and its salts (commonly sodium hypophosphite)

" 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



I ncorporated by reference herein. The copol yners described in U S Patent
No. 5,256,746 are especially preferred, since they provide fibers with high
| evel s ofWQB¥M3BLncy, resiliency and brightness, and are FETAISIFP6863
non-irritating to human skin. These copol yners are prepared with 30
hypophosphorus acid and its salts (corrrm%y sodi um hypophosphite) and/ or
phosphorus acid as chain transfer agents.” Ml ecul ar wei ghts of these types
of copol ynmers o] pref erably bel ow 20,000, and nore preferably, bel ow
3,000, and noStpt-eferably between about 1,000 and WO 95/ 34329
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property. of tHe fibers thensel ves and/ or absorbent structures containing
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absor bent 15pacameudt of rcrasslinking agent sufficientto prondidd an improviementgnbat ween
about 25 1.0Qg4kt R 'klghificdht 1ebsbriibncy® pfBPeity’ 6¥ thaPlibeRSithaRisehaut 3. 0
and/or absorbent structures containing the individualized, crosslinked
fibers, relative to conventional, uncrosslinked fibers. One example of a
significant abso'fbe'ncy prqpei’ty is drip capaci’ty., which is a combined
20 measurement of an absorbent structure's fluid absorbent capacity and
fluid absorbency rate. A detailed description of the procedure for
determining drip capéciw is prdvided h:ereir'\after._'

In partiCuI_ar, unexpectedly good results are obta_ined for absorbent
pads made from individualized, crosslinked fibers héving between about
25 1.0 wt. % and about 10.0 wt. %, more preferably between about 3.0
| wt. % and about 7.0 wt. %, most preferably between 4.0 wt. % and
6.0 wt. % crosslinking agent, calculated on a dry fiber basis, reacted
with the fibers. o ' | | o
Preferably, _"che crosslinking agent is c_o_htacted with the fibers in a
30 liquid med_iui'n, under such ‘conditions that the crosslinking agent
penetrates into the interior of the individual fiber structures. However,
other methods df crosslinking agent treatment, inciuding 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
35 the invention. |



wt. % and about 7.0 wt. % nost preferably between 4.0 wt. % and 6.0 wt. %
crossl i nki ant., calculated on a dry fiber basis, reacted 'é@- @§?
fibers. Pre gﬁg j? the crosslinking agent is contacted mﬁthpﬁh F%

a 30 liquid nedium under such conditions that the crosslinking agent
penetrates into the interior of the individyal fiber structures. However,
ot her met hods of crosslinking agent treatnent, including spraying or spray
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et al., issued félch eltlal.,i88%ed ApMtvier,. 1989 desired, the fibers can also be
contacted with an 10 approprl ate catal yst prior to crosslinking.
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reacts to form gfo%tbsfihtial absence of. interfiber bonds, i.e., while interfiber contact
' is maintained at a low degree of occurrence relative to unfiuffed pulp
20 fibers, or the fibers are submerged in a solution that does not facilitate
the formation of interfiber bondlng, especially hydrogen bonding. This
" results in the formation of crossiink bonds which are intrafiber in nature.
Under these conditions, the crosslinking agent reacts to form crosslink
bonds between hydroxyl groups of a single cellulose chain or between
25 hydroxyl groups of proxlmately located cellulose chains of a single
cellulosic fiber. '

Although not 'pre's'enfed‘ or intended 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

30 cellulose to form ester bonds. The formation of ester bonds, believed
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.

K+ The fibers are preferably 'mechanically defibrated into a low
density, individualized, fibrous form known as "fluff" prior to reaction of



bonds between hydroxyl groups of a single cellulose chain or between 25
hydr oxyl f proximately | ocated cellul ose chains of | :
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“polyacrylic acid crosslinking agent reactizwith the hydroxyl groups of the
30 cellulose to formester bonds. The formation of ester bonds, believed

to be the deSﬂnreaa.l&shﬁmﬁt @éhﬂomm %@qub%?eb'mee gnreal W&flpﬁr}%ﬁq may fRvored

under acidic reactlon co ions, Therefore, aci |c cr

condi tions, iPformed Pélr@é@”e?v Pt MmAtheEsWhICH arg RigseRt YS kngwn lﬂtﬂﬁa?ﬂed f or

t hehpur pO|SFS %rf wihich mwn’%ereaft?BEbedcome Hﬁmﬁld bewgcnaﬁncar Qiéﬂlﬁtbtldn :cs :
mechani ca e n ow de i ndi vidu u orm
known as f%/Lere erﬁF’ orpel"t? P@éﬁﬁyoﬁ H?%OGV\B%?'§4 ? #ormatlon 3"8 fiber _
PCT /' US95/ G686darmage laee eniogsizedki Opetypetofidevice Iwahlt:h lreassbedve ¢dumd talbe
defibration W{n@ﬁla?%&é’#r?Ci‘oPHeﬁbYﬁde«ftt%e C?:"ell[]fi:{(sﬂ?‘i‘i%oei‘.@ki'ﬁué?"tﬁre‘@ﬁr Safgat!y

known in the

defibration |f§1ffiﬂ9f@¢\d§93ﬂq§§ﬂb§driﬁd1t§f Ratest iNa- 3428 % PR8K isauedotard: in and

fiber 5 dameoﬁé €arid rmm;ze%m&ne bupec%bdevza:mmechsélas B beingd to
seful for rat the_cell ul.osic hr ee

~ bé particularl | I be IS th

otage f1uft  MEralV: exprassly, MacPoiatedl by pefermnCadnie tois;d %iosqrgsuia'eto S
R I\/borle mnd fluffing Geviekddesuribdd b e, SZG’atélWNéJ sa,:ssmaeensu&]ectsgnimtfgy
expr ess i ncgr, n | 0s in
de\F/) I ce dgscr ﬁf '@%ﬁﬂé %@“'P&Fﬁeﬁ‘g %l\gomé r?@'?'b%é"ﬁf%% E"ﬁBFg{] 'Eé&' °
pul p fibers tagitatiooybainzzgditationd andcadimited ampuant ofrmcrdmngalto a:geatet naon ‘
rair agitatio of ; ' i al |
knot-?ree fl %@é@aqﬁéll I%\%Slfgéggllm}zﬁed Fﬁge'ﬂ'%aug"%& ;f_i;bt%g%jq‘ erﬁtamh y
enhanced degribereso emmnhanseﬂvdenree @fagur) @andotwist ralagivet toothe; gmaumt| ofand

twi st natggr a'ddﬂ Bh@sﬁﬂfst'r{htﬁkﬁlﬂ fai’é&%h% m'éudhsle&H e\ﬂafi's tﬂéﬁbvé@'tﬁaﬂ(iﬁist i onal
curl and tw stqqen ances the resilient character

1 1
made om § hAddTHPRHCRI Bk SV RRNANGRS: e colisnt, BRRACID Of ARSAERANY of

defi brating tdteuctaréshiecfrbimbthe finishledd erosslinked dibees. | i mited to,
treatment with a Waring bl ender and 20 tangentially contacting the fibers

with a rotating dOthen ea‘ppheablehanethods for defibrating the cellulosic fibers
include, but are not limited to, treatment with a Warmg blender and
20 tangentlally contactmg the fibers with a rotating dlsk refiner, hammer
| mill or wire brush. Preferably, an air stream is directed toward the
fibers during such deflbratlon 10 aid in separating the fibers into
substantially individual form. '

Regardless of the partlcular mechanical dewce used to form the

25 fluff, the fibers are preferably mechanically treated while initially

containing at least about 20% moisture, more preferably containing
between about 20% and about 60% mmsture '

Mechanical refining of fibers at_hlgh _consistency or of partially
dried fibers may also be utilized to provide curl or twist to the fibers in
30 addition to curl or twist imparted as a result of mechanical defibration.

“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

35 to wetting of a dry, compressed absorbent structure. In addition to
having . the levels of crosslinking within the stated ranges, the
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nonaqueous sol UsikQis<dd® S 'r@n%'ren gd%!taorfegesl%%v or quu a{i}rrsI r]solutron crosslinking
20_ processes wherein the solutlon causes the fibers to become highly
~ swollen will resuit in flbers having WRV's which are in excess of about
60. These fibers will provrde msuff' clent stiffness and resiliency for the

purposes of the present invention.

_ Speclflcally referring to dry crosslinking processes, mdw:duallzed
25 crosslmked fibers may be produced from such a process by providing a
quantity of cellulosic fibers, contacting the fibers with a type and
amount of crossllnk_m_g agent as described ~above, mechanically
seperatirig, e.g., defibrating, the fibers into substantially individual form,

and drylng the fibers and causmg the crosslinking agent to react with

30 the flbers in the presence of a catalyst, if desired, to form crosslink
bonds whule the fibers are maintained in substantially individual form.
 The defi bration step, apart from the drymg step, is believed to impart

| addltlonal curi. Subsequent drylng is accompanied by tw:stmg of the
flbers, with the degree of twist belng enhanced by the curled geometry

35 of the fiber. As used herem, fiber "curl” refers to a geometric curvature
of the fiber about the long_l_tudln_al axis of the fiber. "Twist" refers to a
rotation of the fiber about the perpendicular cross-section of the
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above, 1's prigggt lc\ou?ttverauaeterrﬁﬁn]&i WgnT%lsth&bﬁ?llmage Analysis Method
20 which is described in ‘the Experimental Method section of the
disclosure. The average twist count referred to in describing the fibers
of the present invention is properly determlned by the aforementioned
twist count method. When counting twist nodes, portions of fiber
darkened - due to fiber damage or fiber compresston should be
25 distinguished from portlons of flber appearing darkened due to fiber
twnstlng -

' - The actual tw:st count of any given sample of fi bers will vary

dependmg upon the ratio of spnngwood fibers to summerwood fibers.

The twist count of any partlcular spnngwood or summerwood fibers will

30 also vary from fiber to flber Notwnthstandlng the above, the average

‘twist count limitations are useful in deflnmg the present invention, and

these limitations apply regardless of the partlcular combination of

spnngwood fibers and summerwood fi bers That is, any mass of fibers

having twust count encompassed by the stated twist count limitations

35 are meant to be encompassed within the scope of the present
“invention, so long as the other _clanmed limitations are met.



phenonena. However t he nunber of twi st nodes in a certain length of 15
fibers (i. V\EB%ﬁL\MSt count) is directly indicative of the degree of
fiber twst, is a physical paraneter of the fiber. ThePGHFE®M4#ce and
gquantity of tw st nodes will vary dependi ng upon whether the fiber is a
summerwood fiber or a springwod fiber. Thestw st nodes and total tw st
count are determ ned by a Tw st Count |nmage Analysis Method 20 which is
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In the nmeasurenent of tw st count for a sanple of fibers, it is.inportant

that a sufficient a'r’rbﬂﬂ@'t'GP 19 being %‘s@ﬁbrﬁhﬁeﬁbﬂﬁ of the prasent duventiaryare

represent the aatmage meelcuaf rﬁaw Pe eésémﬁed/%e' atﬂr@cﬁdﬁalvsrmﬁémﬁgwmw st
east cunul ati ve

| evel s. Ve
fiber | engt h ofP§&g§ gge'ﬂpgfﬂ g‘@'?ﬁnﬁpg/ Ssfi b%“%é@ tﬁ? fsl?%er g°béh? Uregses,
order to pruvi def ahtsephsn]esmat | fiberf iduel shalls bec eedsurddicinveérmhs bef d iwad
count is descri r&’lﬂ?m r r, LW si coun
sai d net hod var‘g}lﬁ% only 1 nH't ﬁﬁgé?ﬂl e‘?%‘}”@% é‘%@ﬁ?ﬁg’%ﬁfﬁ ttgr'"p{qrms ?b
being treated aa1df ge curlstfagtares aThet ifiberi curkofacter) \ehi two welimensional
accordance W t hmpBSurbthérit GtUBLrl! TBJGePRliNed Sby viewing the fiber in a two
~dimensional plane, measuring the projected length of the fiber as the
20 longest dimension of a rectangle encompassing the fiber, LR, and the
~ actual length of the fiber LA, and then calculating the fiber curl factor
from the following equation:

(1) Curl Factor = (LA/LR) - 1

A Fiber Curl Index Image Analysis Method is utilized to measure LR
25 and Lp. Thls method is described in the Experlmental Methods section
of this disclosure. The background information for this method is
described in the 1979 International Paper Physics Conference
Symposium, The Harnso_n Hofel,_Harrison Hot Spi'ings, British Columbia,
September 17-19, 19_79, in a paper titled "Application Of Image
30 Analysis To Pulp Fibré Characterizatioh: Part 1," bv B. D. Jordan and D.
H. Page, pp. 104-114, 'Canad:ian Pulp and Paper Association {(Montreal,
Quebec, Canada), said reference being incorporated by reference into

this disclosure. | ' |

Main.taining the fibers in sﬁbstantially_ individual form during drying
35 . and crosslinking allows the fibers to twist during drying ar_ld thereby be



Method. In addition to being twisted, the fibers of the present invention
are curled. Fiber curl may be described as a fractional shortening of the
fiber dud@®¥P¥ks, twists, and/or bends in the fiber. FoPCIAS9 Qﬁ%ﬁ)ses 15
of this disclosure, fiber curl shall be neasured in terns of a two

di mensional field. The |evel of fiber cupl shall be referred to in terns of
a fiber curl factor. The fiber curl factor, a two dinensional
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titled ' Appl ication O Image 30 Analysis To Pulp Fibre Characterization:
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as 5 hl&hlytvvlste |bers dried 1n substantia
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"restrains" gémulbSicafibars. 0 et Gﬁéthda‘s lrl’\’aaﬂitnﬂl wethayé de¥eridbdt hérein ber .
T_here are Var'l?%e rzT-ipptpra]trent ?X t ose sltolled | arF%y g?emlr?t:etnd%d to be
included within the scope of this invention. Regardless of the partlcular
o 'method by which the fibers are contacted with crosslinking agent and
20 catalyst (if a catalyst is used), the cellulosic fi bers, crosslinking agent
and catalyst are preferably mixed and/or allowed to soak suffuclently
with the fibers to assure thorough contact wuth and impregnation of the
individual fibers.

Applicants have discovered that the crosslinking reaction can be

25 accompllshed without the use of a catalyst if the pH of the solution

containing the crossllnkmg agent is kept within the ranges specified

hereinafter. In partlcular, the aqueous portion of the cellulosic fiber

slurry or crosslmkmg agent solutlon should be adjusted to a target pH of

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

30 pH 2.0 and about pH 4.5, during the period ‘of contact between the

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

solution can be adjusted with elther the addition of an acid, e.g.,
hydrochlonc acid or a base, e.g., sodium hydroxide as is appropnate

_ Notwithstanding the above, in general, any substance which can
35 catalyze the crosslmklng mechanism may be utilized.  Applicable
catalysts include alkali metal hypophosphnes, alkali metal phosphites,



with the crosslinking agent and catalyst (if a catalyst is used). In one 10
enbodi ment , wolvassidabers are contacted with a solution which i prjudbdidksss
contains both the crosslinki ng agent and the catal yst. I n anot her

enbodi ment, the fibers are contacted with an agueous sol ution of
crosslinking agent and allowed to soak prion7to addition of the catalyst.
The catal yst is subsequently added. 1In a third enbodi nent, the 15
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bet ween abou® pWCPFBOBmG dharein pwrefereoce preferably between about 30 pH

2.0 and about pH 4. 5r during the period of contact between the crosslinking
agent and the fi ber Sthera@opAtaf qatalyst psefarakivngtilizpshis. oficaurse, dependent
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1.5 and about pH 5, more preferably between about pH 2.0 and about
20 pH 4.5, during the period of contact between the crosslinking agent and

the fibers.

The cellulosic fibers should generally be dewatered and optionally
dried. The workable and optimal consistencies will vary depending
upon the type of fluffing equipment utilized. In the preferred

25 embodiments, the cellulosic fibers are dewatered and optimally dried to

~ 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%. Drying the fibers to within these preferred

ranges generally will facilitate defibration of the fibers into individualized

30 - form without excessive formation of knots associated with higher

"~ moisture levels and without hlgh Ievels of flber damage associated with
lower moisture levels. '

For exemplary purposes, dewatenng may be accompllshed by

such methods as mechamcally pressmg, centnfuglng. or air drying the

35 pulp. Additional drying of the fibers within the 40% - 80% consistency
range previously described is optional but is preferably perfermed by a



I ncorporated herein by reference. The selected catal yst may be utilized as
the sole catal yzing agent, or in combination with one or pofg Sﬁk%

cat al yst¥O99432} combination with the polyner itself such as in Pat ent
- No. 5,256,746, Bl ankenship et al., issued Cctober 26, 1993, 10

I ncorporated herein by reference. The amtBunt of catal yst preferably
utilized is, of course, dependent upon the particular type and anmount of
crossl i nki ng roetiod, kmbwimén rtbacart @s aiordtyingy nmder sgorditibhy s’uehmhnattbee and
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dryrng temperatures and retention times - required to reach 100%
consrstency .Flash drymg the fibers to a consistency, such as 90%-
20 95%, in the hlgher portion of . ‘the 60%-100% range also reduces the
amount of drying which must be accomplished in the curing stage

following flash drymg

~ The flash dried fibers are then heated to a surtable temperature for

an effective period of time to cause the crosslinking agent to cure, i.e.,

" 25 to react with the '_c_e__ll_ule_sic fibers. The rate and degree of crosslinking
depends upon dryness of the fiber, temperature, pH, time, amount and
type of catalyst and crosslinking agent and the method utilized for
heating and/or drying the fibers while crosslinking is performed.
Crosslinking at a part__ieu_l_ar temperature will occur. more quickly for

_3'6 fibers of a certain initial moieture. content. when accompanied by a
" continuous, air-through drying than when subjected to drying/heating in
a static oven. Those skilled in the art will recognize that a number of
temperature-time relatronshlps exist for the drying and curing of the
crosslinking agent Drylng temperatures from ‘about 145°C to about

35 165°C for perrods of between about 30 mmutes and 60 minutes, under
~ static, atmospheric condrtrons wrll generally provrde acceptable curing



required. Excessively high tenperature and time in this stage may result in
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excessi ve mage during the ensuing defibration stage

dewat ering, the fibers are then mechanically defibrated as previously
descri bed. The defibrated fibers are then di% ed to. between about 60% and
100% consi stency by a nethod known in the art as flash drying. This 10
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under static, atnospheric conditions w eneral 'y provide accept
curing VO 95;gE32gleflbratlon refers to any of the procedures which may be used
PCT/ US95/ 06863 to mechanically separate the fibers into substantially individual form,
20 even though the fibers may already be provided in such form.
"Defibration" therefore _refers to the step of mechanically treating the
fibers, in either individual form or in a more compacted form, wherein
“such mechanical treatment step a) separates the fibers into substantially
individual form if they were not already in such form, and b) imparts
25 - curl and twist to the flbers upon drying.

This second de_ﬂbratio_n treatment, after the fibers have been
crosslinked, is believed to increase the twisted, curled character of the
puip. This increase in the twistéd, curled configuration of the fibers

- leads to enhanced absorbent structure resiliency and responsiveness to
30 wetting.

The maximum level of crosslinking will be achieved when the
fibers are essenti_aliy__ dry (having less than about 5% moisture). Due to
this absence of Wate_:_r, the fibers are crosslinked while in a substantially
unswollen, collapsed state. Consequently, they characteristically have

35 low fluid retention values (FRV) relative to the range applicable to this
invehtion. The FRV refers to the amount of fluid calculated on a dry



19 efficiencies for fibers having noisture contents | ess than about 10%
Those skilled in the art wll also appreciate that hlgher odsdr es and
forced .aMOBBARcti on decrease the time required for curlndﬁﬂa% us, drying
tenperatures fromabout [err] to about [err] for periods of 5 betmeen
about 2 mnutes and 20 m nutes, i-n an aieethrough oven will also generally
provi de acceptable curing efficiencies -for fibers having noisture contents
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achi eved Wneﬁﬁ?%'%"?q:o W@[Lér gg”?éﬁ?ﬁgﬁ#%ebﬁhﬂy% %‘éss%t Phan Egaout 5%

noi st ure). DRFoeess Hvill be peimarilyfdependent upenftheerosslinking agent arddhehi | e

in a substanta@dil bf %\%ei.ﬁlaﬁ? COorRe PRV St 8¢ qubé?@ﬂémismméd/ by RAls dry
characteristicall ﬁ'\ have 35 o]

the range apfrPEsiinking opragess; %Lﬁlﬁﬁsgwr‘ﬁ%sgta!ﬂ%t \r/'gf’g‘ess a&’@m@gg:’i‘gb#ﬁ/eo% °
fluid calaoul dheenhtion carer generally less than about 60, greater than about 25,
preferably less than about 50, and more preferably between about 30
and about 45. Bleached SSK fibers havmg between about 4.0 wt. %
and about 6.0 wt. % polyacryllc acid reacted thereon, calculated on a
dry fiber weight basns, have been observed to have WRV's respectwely
25 ranging from about 25 to about 50. Post-crossllnkmg treatment of the
. fibers such as the degree of bleachlng and the practice of post-
crosslinking bleaching steps have been found to affect WRV. Southern
“softwood Kraft (SSK) fibers preparéd by many of the prior art known
crosslinking processes have levél's of crosslinking higher than described
30 herein, and have WRV's less than about 25. Such fibers, as previously
discussed, have been observed to be exceedingly stiff and to exhibit
lower absorbent capabilities than the fibers of the present invention.

In another process for making individualized, crosslinked fibers by

a dry crosslinking process, cellulosic fibers are contacted with a

35 solution containing a crosslinking agent as described above. Either
before or after bemg contacted with the crosslmkmg agent, the fibers

are provided in a sheet form. The flbers, while in sheeted form, are
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defined and the Procedure For Determning FRV, is described below ) The
anount of fluid that the crosslinked. fibers can absorb is 5 dependent
upon their ability to swell upon saturation or, in other words, upon thelr
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r,than a eferably | ess than about 50,

| ess t han about
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post - crossia ke A MBors SR UEAHEE Bk LI vtk e G
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crosslinking pr Qﬂﬁiaég hER/é" ajized, grossinkad (fibers ymade; agsordingr toedl 30

-herein, and hanrdUE\s’sSWrméint ’ﬂw fﬂmytar%5dnSuCbn&éb%h&sté&ud%euhwwned

di scussed have $e§:?. observ qﬁe eed| n stiff and to exh M\E

absor bent capabf?T¢HEES: h% HEFE' B € sﬁq ntin| n@erﬁ"\"ﬁ?? nc‘é’ her
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process, ceyd Ul f5bfs Thdtfd Hy?'the COMCEGANY' pibcdss described above would be
expected to exhibit lower wet resiliency and lower responsiveness to
wetting.

It is also contemplated to mechanically separate the fibers into
substantially individual form between the drying and the crosslinking
25 step. That is, the fibers are contacted with the crosslinking agent and
~ subsequently dried while in sheet form. Prior to crosslinking, the fibers
are individualized to facilitate intrafiber crosslinking. This alternative
crosslinking r_nethod,- as well as other variations which will be apparent
to those skilled in the art, are intended to be within the scope of this

30 invention. .

The crosslinked fibers of the present invention are preferably
prepared in accordance with the previously described dry crosslinking
process. The crosslinked fibers of the present invention may be utilized
directly in the manufacture of ‘air laid absorbent cores. " Additionally,

35 due to their stiffened and resilient character, the crosslinked fibers may
be wet laid into an uncompacted, low density sheet which, when



35 solution containing a crosslinking agent as descri bed above.' Either

before o eing contacted with the crosslinking age ers are
provi dedW‘%Bg[ﬁ{sﬁJget form The -fibers, while in sheeted fo?;n(';”ﬁaérggm&kp
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and caused to crosslink preferably by hegding the fibers to a tenperature
of "between about 1200C and about [err]. Subsequent to crosslinking, the
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crosslinking ers . are contacted wt
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crosslinking,p ;F%tévﬁ r e?qv& bftHe/ sHEét. | BRehiKig ﬁmfdﬂﬁeatﬂbar@tmfndmd
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crosslinking. This l.ve crosslinking tho S a h
variations whrcieaten i a,irapness (gvel hg%%§ &ESN @gbl‘ﬁ o %sgi:'e%mt ended
to be within graferabRPcless tﬁhrﬁ 300 |riilV€£I$F on. The uncrosslmked fibers are

preferably mixed “with an aqueous slurry of the .individualized,
20 crosslinked fibers. This mixture may then be formed into a densified
pulp sheet for subsequent defibration and formation into absorbent
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.
25 The uncrosslinked fibers additionally increase the tensile strength of the
pulp sheet and to absorbent pads made either from the pulp sheet or
directly from the mixture of crosslinked ' and uncrosslinked fibers.
Regardless of whether the: blend of crosslinked and uncrosslinked fibers
are first made into a. pulp sheet and then formed into an absorbent pad
30 or formed directly into an absorbent pad, the absorbent pad may be air-

laid or wet-laid.

Sheets or webs ‘made from the mdlvnduallzed crosslinked fibers, or

" from mixtures also containing uncrosslinked fibers, will preferably have

: basis weights of less than about 800 g/m2 and densities of less than
35 about 0.60 g/cm3 -Although it is not intended to limit the scope of the
: mventuon, wet-laid sheets having basis welghts between 300 g/m2 and



The crosslinked fibers of the present invention are preferably prepared in

accordance(}vq? % sdsB¢ previously described dry crosslinking preegesosoddss
crosslinke ers of the present invention nmay be utilized directly in the

manuf acture of air |aid absorbent cores. Additionally, 35 due to their
stiffened and resilient character, the cros®linked fibers nay be wet laid
I nto an unconpacted, | ow density sheet whi ch, when WO 95/ 34329
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preferably | ess Abedh The uncrosslinked fibers are preferabl y
m xed with an aqueo urry L0 W4 Sl i
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absor bent pads nmde either thgt sheet. { directly from,the m xture
of crossli nked QHH’%HHFSSgI‘?n B’q"l Eeg-s V centrifuging, to "a consistency o

between about 40% and about 80% mechanically defibrating the
20 dewatered fibers ‘as previously descnbed and air drymg the fibers. A
“ sufficient amount of an acidic substance may be added to the wash
solution, if necessarv, to keep the wash solutlon at a pH of less than
about 7. Without being bound by theory, it is belleved that the ester
crosslinks are not stable under alkallne conditions and that keeping the
25 wash treatment pH in the ac|drc range inhibits reversion of the ester
crosslinks which have formed Acidity may be introduced by mineral
acids such as sulfurlc actd or alternatlvely in the form of acidic bleach
chemlcals such as chlorme dIOXIde |

 The crossllnked flbers descrlbed herein are useful for a varlety of

30 absorbent articles mcludlng, but not limited to, tissue sheets, disposable
dlapers, catamemals, samtary napklns, tampons, and bandages whersin

each of sald articles has an absorbent structure containing the
mdawduahzed crosshnked fibers descrlbed herein. For example, a

" disposable d|aper or slmrlar artlcle havnng a Ilqmd permeable topsheet, a

35 liquid |mpermeable backsheet connected to the topsheet, and an
absorbent structure, dlsposed between the topsheet and backsheet,



Regar dl ess of whether the blend of crosslinked and uncrosslinked fibers are
first made into a pulp sheet and then forned into an absorbent pad 30 or

f or ned dWPeRSBF%”l nto an absorbent pad, the absorbent pad R&¥U 5%5%&?‘13 l.ai d
or wet-laid. Sheets or webs made fromthe individualized, crosslinked
fibers, or frommxtures al so containing ‘uncrossl I nked Fi bers, wll
preferably have basis wei ghts of |ess than about 800 g/nR and densities of

I than 35 bout 0. [enB. Alth t ded th
scope of 't he GaIARI® ANzt Srosalthi pbats s 8rracllarly ceristvaiatid a0
g/ m2 and \SuJb/aBYci28 are described generally in U.S. Patent No. 3,860,003,
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desired, he Vé?"é@ﬁll nked f| bers can be further processed to renove excess,
unreacted crosslinkin er| of treatrre s 15 found to
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and that keep] n%etvrzleen about 0.05 g/cc and about O. 15 g/cc which maintain
 substantially constant volume upon wettlng, it is especlally preferred to
20  utilize crosslinked frbers havmg crosslinking levels of between about 4.0
wt. % and about 6. 0 wt % crosshnkmg agent, based upon a dry
cellulose fiber welght basrs Absorbent cores made from such fibers
have a desirable combmatlon of structural integrity, i.e., resistance to
compressron, and wet resulrence The term wet resnllence, in the
25 present context. refers to the abrlrty of a morstened pad to spring back
| towards its ongmal shape and volume upon exposure to and release
from compresslonal forces. Compared to cores made from untreated
fibers, the absorbent cores made from the fibers of the present
'lnventron will regam a substantlally hlgher proportion of their original
-~ 30 volumes upon release of wet compressnonal forces.

in another preferred embodrment the mdrvrduahzed crosslinked

- fibers are formed into either an ‘air Iald or wet laid {and subsequently '
dried) absorbent core whrch is compressed to a dry densuty less than
the equilibrium wet densrty of the pad The equnllbnum wet density is
35 the densnv of the pad calculated on a dry flber basrs when the pad is
| fully saturated wrth fluid. When fibers are formed into an absorbent



25 wash treatnment pH in the acidic range inhibits reversion of the ester
crosslinks which have forned. Acidity may be introduced by mneral acids
such as sul P@B43%i d, or alternatively in the formof acidi BCHUSH6863
cheni cal s such as chlorine di;oxi de. The crosslinked fibers described herein
are useful for a variety of 30 absorbent ajsticles including, but not
limted to, tissue sheets, disposable diapers, catanenials, sanitary
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are made from QRKGIPPESSAD QR ghet than, the;ed 'FQJ'H’E Wk depsity+ ke
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i nventi on can bt!"gf%"ﬂbeﬁrﬁlber%bsorbent cores having substantially higher
fluid absorbing properties including, but not Iimted to, absorbent '
capacity and w cki n§\ PRPtherprafersed iembedimante hgh shserbengyspropenties; ovet 15

nmade from convnu”ﬂilienw amacr&%ﬁthMHe&sb%S wei'ih'fgt hﬁf Se ob eﬂ”FbeVGd
WI I ncrease eve

Net rest | ehy. CiasTaNing isdals’ob Beswaeh ARPIeA ie<Jeoang ik e-Qoutt B: 05
g/ cc and about basﬁcglmnateﬂlmhanmwﬂben waight basisal Pyeferatsty asdcly fiberse argon
havi ng_cr oss ?nf?"%l 3l SIspHEGC Solds, Hayind' o BeRGRRR, obiiHf 545 Toer o
crosslinki ng ageauil bﬂumadwg@ordei\smgs Preferably, the absorbent cores are
compressed to densities of between about 0.12 g/cc and about 0.60
20  g/cc, wherein the corresponding equilibrium wet density is less than the
density of the dry conipfe_ssed_pad.- Also, p_referabl_y the absorbent
cores are compressed to a density of between about 0.12 g/cc and
“about 0.40 g/cc, wherein the corresponding equilibrium wet densities
are between about 0.08 g/cc and about 0.12 g/cc, and are less than
25 the densities of the dry, compressed cores. It should be recognized,
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 crosslinking.

30 . While the foregoing discussion involves preferred embodiments for
high and Iovy 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
35 integrity relative to convention:ali cellulosic fibers and prior known
crosslinked fibers. Such embodi_ménts_are meant to be included within



cel lul ose fiber weight basis. Absorbent cores made from such fibers have a
desirabl e conbi nati on of structural integrity, i.e., resistance to
conpressi WRISAHI9wet resilience. The term wet resiliencePCTHSISQE8635
present context, refers to the ability of a npistened pad to spring back
towards its original shape and vol ume upopgexposure to and rel ease from
conpressional forces. Conpared to cores nade fromuntreated fibers, the

‘absorbent cor qpe'Rpel §CHis idfardtidher s of  the present invention wi I regain
a substantially higher proportion of their original 30 volunes upon

I f t th
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i nvention cancrRsslioking:sagentso wmﬂleneelttyoslcgrfdrershao tfioerme cinidividualizedyet
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i ncr easi ng absor bent capacl.t |can
@nnbondingi gh

obt ai ned for GFRﬁst'JgL‘Pﬁ’n‘k\é(FqVia!ﬂTts ioni¢, aVian rder M’Qﬁlérm
Obtal ned for TaaTIaS | ofl ISl Rifing a??‘aéﬁw”wﬁgss%'%%'h‘“agﬁty °e
6.0 W. % E§| WAL ula!ﬁél?q Y, 8 °V\EPBW$ sFepolymars, polyvinylich
fibers are foathm‘s; nhpdraixyprdmylt mumeha‘cambxi{rﬁemsbélhﬂésﬂ,r eedIPUinyhan
their equili bgiBholfénd e Solvhisis arfd ©F Spgﬁm)(drs S a\l?i%(y)lf belkosid" €5cid, ©
polyacrylates, polyacrylamudes, polyvinyl pyridine and the like. Other
20 suitable hydrogel-forming materials are those disclosed in Assarsson et
al., U.S. Patent No. 3,901,236, issued August 26, 1975, the disclosure
of which is incorporated herein by reference. Pamcularly preferred
hydrogel-forming polymers for use in the absorbent core are hydrolyzed
acrylonitrile grafted starch, acrylic acid grafted starch, polyacrylates,
25 and isobutylene maleic anhydride copolymers, or mixtures thereof.
Examples of hydrogel-forming materials which may be used are Aqualic
L-73, a partlally neutralized polyacrylic acid made by Nippon Shokubai
Co., Japan, and Sanwet IM 1000, a partnally neutrallzed acrylic acid
grafted starch made by Sanyo Co., Ltd., Japan. Hydrogel forming
30 materials having relatively high' gel strengths, as described in U.S.

- Patent Application Serial No. 746,152, filed June 18, 1985, hereby
incorporated ‘herein by reference, are preferred for utilization with
individualized, crosslinked fibers. . '

Process for preparing hydrogel-forming materials are disciosed in
35 Masuda et al., U.S. Patent No. 4,076,663, issued February 28, 1978;
in Tsubakimoto et al., U.S. Patent No. 4,286,082, issued August 25,



conpressed to densities of between about 0.12 g/cc and about 0.60 20 g/cc,

wher ei n t haygo§sLspondi ng equilibriumwet density is less t sity
of the dry conpressed pad. Al so, preferably the absorbent C(t;l?é;rslﬁ%sgg%

conpressed to a density of between about 0.12 g/cc and about 0.40 g/<cc,
wherein the correspondi ng equilibriumwet densities are between about 0.08
g/ cc and about 0.12 g/cc, and are less than 25 the densities of the dry,

conpressed cor ep981§ apBOfrehdicin €SI Ong 51 agggr
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crosslinking. 30 . Wil e the foregoing discussion involves preferred
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crosslinked fibers.. ?uch efbodi rren?? are nggntgdtdgﬁ%g't'i ngugggfﬁﬁ%mg VO
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scopeI of kt hi fs ijuxtapoised. a%&_ia_st hehbrMS,utﬁbswrﬁgnMﬁ_;dtUﬁéD t/\mﬁ::l’{ IR ineRfde

crossl i nked,fi hegs,: my: i c in discrete partic 0

subst ant i alqloy \?ﬁ 'g#q@‘ﬁg& u%f‘gﬁﬂh%‘?og&ﬁ 'orm%%ﬁ'é&%m or film may .be

]Ic—||yd.r ggel - Ij or mt rtgum\éﬁ[fzdl §ughe tbat hthe ch?dmgebﬁmnmiagca:patdtl;ial ofs admtaivedd
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or organi c conpoatedial smay e @Mﬂn@@@&l)ﬂﬁ@sm?t surfaae d fibersinetkrtheood

t hat crosslinkigbgorbétstrgéiréed to in 10 ~connection wth
hydrogel -forming materials, assunes a broader neaning than contenpl ated

i n _connectiisn it FSarpeisiriy targe iﬁ&fﬁségﬁhisfk_kﬂ Bﬁymévéﬂii:_é@ﬁ\( Q!gsbwélﬂ‘&
PRI IE TRy R NN R ool
Waal s, or hydr dherpresant inverition BRdnipydrogef-farmingoeiatdrizlsi accordinig tb athe
include  pol yagii] aethigss level measured by an evaporimeter subsequent to
~contacting moistened absorbent structures to human skin. This
20 improvement is believed due to the high wicking ability of individualized,
~ crosslinked fibers relative -'.t'o conventional fibers and the increased
absorptive capacity of the structure. Unique wicking ability of
structures made from individualized, crosslinked fibers resuits from the
stiff nature of the fibers and the relatively large void spaces resulting
- 25 therefrom. However, excessively high levels of crosslinking agent, as
may be present in certain prior known individualized, crosslinked fibers,
may reduce wicking due to the hydrophobic characteristics of the

crosslinking agent. o | o |

Another important advantage has been observed with respect to
30 absorbent structures made from individualized, crosslinked fibers having
dry densities which are higher than their corresponding equilibrium wet
densities (calculated 6r_1 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.

35 In conventional absorbent structures héving hydrogel-forming material
blended therein, the hydrogel-forming material expands in volume due



pol yvi nyl al cohol, ethylene naleic anhydride copol yners, polyvinyl ethers,

hydr oxypropyl cellul ose, carboxynethyl cellul ose, polyvinyl i none,
pol ynmer sWa¥/3488pol yners of vinyl sul fonic acid, pol yacry?/g’f’ggs’,%%g&

pol yacryl am des, polyvinyl pyridine and the |ike. Oher 20 suitable
hydrogel -form ng materials are those disgd osed in Assarsson et al., U S
Pat ent No. 3,901, 236, issued August 26, 1975, the disclosure of which is
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strengths, as desgribed {n U S. - P_agent .'Qgpl'l tion Serial No. 746,152,
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preparing hydro - f.arni terlals are disclosed in 35 Masuda et al .,

U. S. Patent %@%%&3?&@%@%‘5@8%@9ruary 28, 1978; in Tsubakinoto et al.,
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di scl osures Rhyukirg eMshied of bBEREE 'aBbbt 0195 %/Ec ind' MU0 g/bicand q
hydr ogel -formn rat eri al ,rragr be djstributed t rou%hgag an 5 absor bent
structure coﬁf%fgfﬂ ¥ FABtainqiram zabout 23 it apout heP3e, Ry pweighti pbd to
ditst ritbut i onlht/afdgmlft heuhi ﬁﬁtéiiﬂvlo%lc#lﬂr?@ro@ra ldﬂ/?fibemﬁigﬁttlaagblswhe. t\é her d
structur n_anqt.her, enbogdi.nen e [ =formn eria ere
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hydrogel -forning material-is confained between the layers. n anot her
enbodi nent, erasslinkr bg@dsmymmig the fibers are formed into a relatively thin

absorbent structure in a sufficiently compressed dry state such that the
20  structure may expand upon wetting.

The hydrogel-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 individualized, drcsslinked,fibers. has a dry

25 density of abo,Ut"O.ZO g/cc, and also contains hydrogel-forming material
disp_ersed throughg:_iut.the_ éore._ It is presently believed that an optimal
balance of diaper wicking, 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,

30 of a hydrogen 'férmiﬁ'g material such as Aqualic L-73. The hydrogel-
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 absorbent -structures described above - may also include

3s convention_al,fﬂuff;ed.fi_b,ers, or highly_ refined fibers, wherein the amount

| of hydrogel-fo:mi'ng- material is based upon the total weight of the fibers



material may be adhered directly onto the surface fibers of the absorbent
structure. $HWooszq3ze SUrprisingly l-arge increases in skin dry Bé}é{& ;)een
observed for absorbent structures conbining the individualize crossflnked
fibers of the present invention and hydrogel-form ng materi al s accordi ng
to the skin wetness |evel neasured by an evgpori neter subsequent to
contacting noistened absorbent structures to human skin. This 20
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stiff nature of the fibers and the relatively large void spaces resulting
25 therefrom However, excessively high levels of crosslinking agent, as
may be present in certa| n prior knovvn i nd| vi dual i zed crossli nked fibers,

may reduce whcking dBE RE AINING Al {TON MALUE

crosslinki ng agent. _Anot her A nportant advant age has been observed with
respect to 30 absorlhenfollawing preceduIgccan g jutlized dta determingr thes \watesd

fibers having dratefitiBhi vdlee otfellicsice fibegier than their correspondi ng
equi libriumwet densities (calculated on a dry fiber basis). Specifically,
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1o Absorbent structures containing individualized, crosslinked fibers
and hydr v? -formng material for diaper core appli catlons referably have
dry densi¥9&¥34329 bet ween about 0.15 g/cc and about 0.40 g/& "éﬁ?ﬂoﬁﬁéferably
contain from about 20% to about 50% by weight of hydrogel-formng
material, calculated on a dry fiber weighf basis. Mst 15 preferably, the
. individualized, crosslinked fibers have between about 3.0 wei ght % and

about 7.0 wei ght | pkj calculated on a dry fiber weight
basi s, reacted th(; Rfﬂl W%a%fgréof intrafiber crosslink bonds wherein

t he flbers are forrred into a Felatively thin absorbent structure in a
sufficiently conpressed dry state such that the 20 structure may expand
upon wetti ng.wiveee, hydrogel -forming material may be honpgeneously di spersed
t hroughout all or art of the absorbent structure. For a diaper structure
~as disclosed i n UNs= mteweighs oftheceerogfugeshiibats:an absorbent core which
contains the preferr Oéj I ndi vi dual iz d crosslinked .fibers, has a dry 25
density of about ry weightof thes bersnaRfns hydr ogel - f or ni ng materi al

di spersed t hroug the c restently bel i eved that an opti nmal

bal ance of di aper\WcKi H@'%to?fa?lt’%ﬂi’(gﬂb‘@ﬂ feapacity, skin wetness, and

economc viability is obtained for contents of between about 20 to about 50
wt. % . based on the total weight of the dry absorbent. core, 30 of a
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wherein the mmemfcépwtw@uhdfaasmmcmélomlthescdaesed upon the total
wei ght of the fibers WO 95/ 34329
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_ The drip capacity is calculated by the difference in mass of the
pad prior to and subsequent to introduction of the synthetic urine
divided by the mass of the fibers, bone dry basis.

20 P DURE FOR DETERMININ T PRESSIBILITY

The following procedure can be utiized to determine wet

' compressibility of absorbent structures. Wet compressibility is utilized

as a measure of resistance_to wet compression, wet structural integrity
and wet resilience of the absorbent cores.

25 A four inch by four in_ch" square pad weighing about 7.5 g is
prepared, its thickness measured and density calculated. The pad is
loaded with synthetic urine to ten times its dry weight or to its
saturation point, whichever is less. A 0.1 PSl compressional load is
applied to the pad. After about 60 seconds, during which time the pad

30 equilibrates, the thickness of_thé pad is measured. The compressional
load is then increased to 1.1 PSI, the pad is allowed to equilibrate, and
the thickness is measured. The com'pressional load is then reduced to
0.1 PSi, the pad allowed to equilibrate and the thickness is again



A sanpl e of about 0.3 g to about 0.4 g of fibers is soaked in a covered
cont ai ner Wé&lﬁgﬁut 100 M distilled or deionized water at gcdmusokoéuss
tenperature tor Detween about 15 and about 20 hours. The soaked fibers are
collected on a filter and transferred to an 80-nesh wi re basket supported
about 1 1/2 inches above a 60-nmesh screenedlbottom of a centrifuge tube.
The tube is covered with a plastic cover and the sanple is centrifuged at a
rel ati ve centrimeagsured: cdhef darsities aré calddlatedyfar the padf at thHe drigirdil 0.1

i nutes. Th i fi ' f :
Wet ghod. The v iogd3fle 13°PSI R dheh le” SBuSH d. BT 3R dl Yo, o¢
rewei ghed. The Qdt BPIR #P8hrebaund)|laad; sTheveid xokune separtedir ce/g, iacthen

95/ 34329 determined for each respective pressure load PCTh&'Idid Qgﬁ@ﬁe:)’ﬁ He Tl
~where, W= wet vveight of d i r 'gtt of

the centri ed fibers; 5 D = wel
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I ntroduction of the syntheti rine divided t he mass of the fibers, bone
“ary basi s, 20" vollinedi ek S YR VoG KesReORS ML IGSRDPTY The
foll ow ng procedure,gan ut.ld i zed t.o det.ermne wet. npr.essibi |1t f
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wei ghi ng -about

PROCEDURE FOR DETERMINING DRY COMPRESSIBILITY
The following procedure can be utilized to det_ermine dry
compressibility of absorbent cores.” Dry compressibility is utilized as a
20 measure of dry resilience of the cores.

A four inch by four inch square air laid pad having a mass of about

7.5 gis pfepared and compressed, in a dry state, by a hydraulic press

to a pressure of 5500 Ibs/16 in2. The pad is inverted and the pressing

. is repeated. The thickness of the pad is measured before and after

25 pressing with a no-load caliper. Density before and after pressing is

then calculated as mass/(area X thickness). Larger differences between
density before and after pressing indicate lower dry resilience.

~ PROCEDURE FOR DETERMINING LEVEL OF POLYACRYLIC
E ACID REACTED WITH CELLULOSIC FIBERS
There exist a variety. of analytical methods suitable for determining
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!
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‘this solution. The amount of polymer which is crosslinked onto the
20 cellulosic fibers may then be calculated by the following formula:

W; R

o | X 100
Crosslinking level (weight %) = We

25  Where | . _

W; = mass of the sample's inorganic element bound to the
polymer, which is crosslinked to the cellulose fibers,
measured as described above, (in grams)

R = ratio defined by: mass of the total polymer divided by the

30 mass of the morgamc element bound to the polymer
Wc "= bone dry mass of the  cellulosic fiber sample being

analyzed (in grams)

For the purposes of determining the level of preferred polymeric



density before and after pressing indicate |ower dry resilience. PROCEDURE
FOR DETERM EL OF POLYACRYLIC 30 =~ = ACI D

CELLULCSI C‘gbggﬁéahere exist a variety of analytical net ho%@éﬁ% for
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he
the 20 cel | ul okgacted b\@'rfsl a9 @91[9'.0% i ?@Jﬂat&iﬂbynﬁfﬁﬁb%rqreﬁf% ba:

[err] X 1001Lr o¥gpicaliy iBe/redétion etficiBhcylis about0. 26, \Were [err] = mass of
the sanple's inorganic el enent bound to the polyner, whichis crosslinked

‘to the cellul ose fibers,
EDURE DETERMINING TWIST T

" The following method can be used to determine the twist count
‘of fibers analyzed m this disclosure.

20 Dry fibers are_ placed on a slide coated with a thin film of
immersion oil, and then covered with a cover slip. The effect of the
immersion oil was to render the fiber transparent without inducing
swelling and thereby aid in identification of the twist nodes (described
below). Wet fibers are placed on a slide by pouring a low consistency

25 . slurry of the fibers on the slide which is then covered with a cover slip.
The water . rendered ‘the fi bers transparent so that twrst node
- identification is facllltated

An image analyzer comprising a computer-controlled microscope,

a video camera, a video screen, and a computer loaded with QUIPS

30 software, available from Cambridge Instruments Limited (Cambridge,
England; Buffalo, New York), is used to determine twist count.

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.

35 This procedure is continued, rneasuring fiber length and marking twist



measured as described above, (in granms) R = ratio defined by: mass of
the total polyner divided by the 30 mass of the inorganic

el ement bWOP834B9t he pol yner W = bone dry mass of the ceP¢UP¥S08868 per
sanpl e being anal yzed (in grans) For the purposes of determning the |evel
of preferred polyneric WO 95/ 34329 34 _
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fibers transpaetidd §ch|$'ﬁ“abb%5t node identification is facilitated. An
| mge anal yzer conprising a conmput er - cont roll ed m croscope,

" Once LA and LR are obtained, the curl factor is calculated
according. to Equation (1) shown above. The curl factor for each
sémpl_e of fiber is calculated for at Ie__as_t 25_0 individua_l fibers and then
averaged to determine the mean curl factor for the sample. Fibers

20 having LA less than 0.25 mm are excluded from the calculation.

_ The following examples 'illustrate_ the _'practice_ of the present

invention but are not intended to be limiting thereof.
EXAMPLE | |

| Individualized, crosslinked fibers of the present invention are

25 made by a dry crosslinking process utilizing an acrylic/maleic copolymer

- {containing 656% by weight acrylic acid and 35% by weight maleic acid

having a molecular weight of about 9000) as the crosslinking agent.

The procedure used to produce the acrylic/maleic copolymer acid

crosslinked fibers is as follows:

30 1. For each sa.'mple',' 1735 g of once driéd southern softwood kraft
© (SSK) pulp is pr'dvided The fibers have a mmsture content of
about 7% (equivalent to 93% consistency).

2 A slurry is formed by addmg the fibers to an aqueous solution
containing about 2, 942 g of the acrylic/maleic copolymer and 410



a video canera, a video screen, and a conputer |oaded with QU PS 30

software, available from Canbridge Instrunents Limted (Ca | ossid! and;
B ¢ SELafy

Buf f al o, , is used to determne twi st count. The total Tength of
fibers within a particular area of the mcroscope slide at 200X

magni fication is neasured by the i mage anaByzer. The twi st nodes are

I dentified and narked by an operator. 35 This procedure is continued,
measuring fiber | empt bf &B@Peraodiuny Hydroxide so\iBh/iB489B23 g of H20. The
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n'croscope glide. Aafgigy fidnh PabutPBa9e drPeBout B0 Y. bethe %Bdtrﬁhg@d $lrriy! ace
at the edges. The actual

10 lengt.h LA and the Xi num projected length LR
(equi val ent to the GONRRARNGY Pﬁeg’l“ﬁnéégq cpmbingd 5 nﬂ’bt&?gl%arbﬂ(‘,x agg ng
the fiber) are neasonegntrationzimghensiunmgdilratd yiz estepolpsetsithg amsant vefr e
controlled mcrosc | r | d i , r. .
software utilized fb?g?ﬁ}é*@ﬁa@é%ﬁtﬁi5§g@e§§ﬁ“§3§% ?ﬁ%’d‘]“g\ﬁggﬁtj@%t T‘Fﬁ%‘&e
Anal ysis 15 Met hoexaepleoababt G wtoféeotf theagrylie/mateicgapatyaner e acdnyl
factor is cgl cul at C ' EFB% 14 1eSH0 v . I tor
for each sa%pl e of |ege€i£!|msﬁ6§'cuglagﬁlyate Jf:gérle g’%‘i%s%%@ﬂﬁ‘di@??ﬁa gf?ﬁégfs
and then averaged tthedéitiahiceptifugingan Wy Mractie.otheFopgenEation cof fheer s
?OH having LA | Iess ﬁrlblaﬂir?ciﬂ? a'ﬁp@fiﬁ tnéféluﬁw}iﬁrtwnis l&elmdtneul 27 iat@sudelg@ a
ol | owi ng exanpl es | strate the practjce o e_present.inyention are
not intended to be tPWﬁLiFF‘n‘ge‘P’ﬂ&' .°°E§'R§mféf ar nﬂi‘iﬂ%ﬂ?ﬁl leye ,°?c‘?'19§§\°% ed
fibers of the presen thenfibets.on are 25 nade by a dry crosslinking process

utilizing an acrylic/maleic copolynmer (containing 65% by weight acrylic
acid and 358 by.weiNext, thectiewatsrad fibers are defibrated using a Sprout-Waldron

12" disk refiner (model number 105-A) whose plates are set at a
‘gap which vyields fibers substantially individualized but with a
minimum amount of fiber damage. As the individualized fibers exit
“the refiner, they are flash dried with hot air in two vertical tubes in
20 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 the moisture
25 ~ content is about 10%.

5. The nearly dry fibers are then placed on trays and cured in an air-
| throug'h drying oven for a length 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
30 ata tempefature of about 188°C for a period of about 8 minutes.
| Crosslinkihg is cbmp_leted dnring the period in the oven.

6. The crosslinked, individdalized 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

3 20°C water for a second time, centrifuged to about 60% fiber
consistency, and dried to an equilibrium moisture content of about



havi ng a nol ecul ar wei ght of about 9000) as the crosslinking égent. The

pr ocedur produce the acrylic/ maleic copol yner aci l.nked
fibers |§vg§§?4s?foms 30 1. For each sanple, 1735 g of o#nkc’:l(é\'"i /ﬁ&edgﬂ‘ :

sout hern softwood kraft (SSK) pulp is provided. The fibers have a noisture
content of about 7% (equivalent to 93% csnsi stency). 2. A slurry is forned
by adding the fibers to an aqueous sol ution containing about 2,942 g of the

acryl'i c/ mal ei ¢ cgpElWiRan®IEnt imperatGrair34329-
PCT/ US95/ 06863 35 m of 50% sodi um hydr oxi de sol ution in 59,323 g of H20.
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40% t o about copetymere caloulatéd gu aldnyr 9beome|ghemgsmf readted withp thwnbi ned
with the %ar B%yg irF &nqlgl?(i‘ﬁ{'] figds %sbﬁnl& ggﬁagurry filtrate in step 2 set’

t he anoun cross | ng agent present e tTibers after centrifuging.
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fi ber cellul pse a%%dro ucqse. asis 1s g esent fibers after .the
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di sk réfi‘ger (rmodel nunber 105-A) mm are set at a gap which

yi el ds fi'bers substantially individu wi'th a m ni rum anount of

fiber damage. As Hlﬁvi'd'ﬁghé’édjﬁ?eésﬁﬁﬂea 'fﬁfer§ o@the ﬂraﬁeﬁteﬁivﬁﬁflontd?éhé‘&@ f az’
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the 11 ber s aPEoSHInkAA.IB8rS: at8 cRfodbeRPelrh AGPardance, iR Pins hRtRiRSeHete 5"
content ii5 adestridédoprocess of Example I with the following modifications: The
slurry in step 2 of Example | contains 150.g of dry pulp, 1186 g of
H20, 63.6 g of polyacrylic acld and 4 g of sodlum hydroxide. In step
5, the fibers are cured at a temperature of about 190°C for a period of

about 30 minutes.

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

Importantly, the 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. '
EKAM&_EJJL
individualized crosslmked flbers of the present invention are made :
300 by a dry crosslinking process utilizing an acrylnc acid and maleic acid
copolymer and citric acid. The total applled percent of the copolymer
and citric acid is 4.53%. The citric acid concentration is 33% of the
total. The ratio of acryhc acid to malelc acid ls 65:35. The molecular
weight of the copolymer is 9,000. '



5. The nearly dry fibers are then |6I aced on trays and cured in an air-

t hr ough dr}%‘éﬁ 3g£ for a length of tinme and at a temeratur@ﬁéﬁ}aﬁﬁg
ers,

practice de t he amount of copol yner added, dryness o e fi

etc. I'n this exanple, the sanples are cured 30 . at a tenperature of
about 1880C for a period of about 8 mnutes3? Crosslinking is conpleted
during the period in the oven. 6. The crosslinked, individualized fibers
are placed on a mesh Ther ipdividualizednsrasslinkéd Stoens azeomomced insackardaate 1l %

consi stency for vﬂﬂ?tﬁé)wepélHPefd?ea&%éhbgg%o%?;?rof éfapﬁ'ﬁgg%ltﬁ'tg'é%ll%\wg
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8% wi t h anbi ure air. The resultin vi dual i zed S nked
cel lul osic f befgepﬂg ﬁ}f F3fargacyieg @g ﬂ"pf" {’}”By aélb ﬁ#B ﬁe
acrylic aci d/ naberlodmflabmlxpﬁﬂ)ymautes;al culated on a dry fi ber wei ght basi s,

reacted with the 5 fibers in the formof intrafiber crosslink bonds.
Importantly, the resdhei rapulting ndividualized Graﬁ&hkﬂdedelfuldw::sflhaﬂﬁe hawpr aved
responsi veness \WRv ¥€ 8 0 g@gg I cﬂbg

fi bers and prior knomtStcsr ogg (:':(ﬁhggi }364 4 %y Iﬁnﬁb@ﬂ ?lu%é‘lﬁ?;éldl ze ﬁnc
the vicinity of aﬁ[qTﬁFpssqumeglggent calculated on a dry ﬂber welght Eeaqted

| ndi vi dual i 3@d ovil$ the filbers fri By foreh of iStrafiBécfosslinkR 'Honds. ar e made by a
~dry crosslinking process utilizing polyacrylic acid with a nol ecul ar wei ght
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brocess of BranBrqVel ¢ HEPERRESndts 1\ sbrothBa; | Eol@HYacec nyitlogel,,

of Exanpl e | coungrosslinged ¢fibérsdandpptipr Knksen geroisslitiked dthedsg and can be

pol yacrylic aci gafﬁﬁ%tﬂiz?d% tﬁ?%@ﬁ'&g@r%gﬁ skl step 5, the fibers are
eratlure o

cured at a tenp abou period of about 30 minutes. 20

The resul ti qg i ndi vi dual i zed crossli nkq_;_kg?#ug pgic fibers have a WRV of 38
and contain 4.2% by wei ght polyacrylicacrd calcul ated on a‘'dry fiber

wei ght basi S r eact ethdividualipéd Ert’ﬂﬁliﬁkbﬂ fithes fotrtheqireisait ifvintion are made
o by a dry crosslinking- 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 5.92%. The weight ratio of acrylic acid to maleic acid to sodium
hypophosphite is 51/26/23. The individualized crosslinked fibers are
produced in accordance with the herembefore described process of
Example | with the followmg modifications: The slurry in step 2 of
' Example | 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 perlod of about 6 minutes.

The resulting individualized crosslinked cellulosnc fibers have a

- WRYV of 42 and contain 4.4% by weight of the copolymer calculated on

30  a dry fiber we’ig_htbésis, 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.



crosslink bonds. Inportantly, the resulting individualized, crosslinked
fibers have 25 i nproved responsiveness to wetting relative to conventional,
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crosslinked fibers of the present inventign are nade 30 by a dry
crosslinking process utilizing an acrylic acid and mal eic acid copol yner
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fi bers have a VWV g cont ai n acry elc
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vicinity of human gkin. : EXAMPLE |V ‘
| ndi vi dual i zed cr o§§¢|fm§t!lilﬂ9 tadividsralized grosslinked wellutosio fibess nisale iy a

dry crosslinwRg ofM@“a@ﬁﬁcoHﬁdu‘l '422'99 byawe?%{atyef the ?Er\ﬂ(csgﬁ?}ggblelc acﬁi
hypophosphite co ng e‘i"cu ar
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hypophosphite is 51/26/23. The individualized crosslinked fibers are
Importantly, the resulting individualized, crosslinked fibers have

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.

20 - - - XAMPLE VI
~The individualized, crosslinked fibers of Example | are air laid to
form absorbent pads, and com'p're'ssed with a hydraulic press to a
density of 0.10 g/cc and 0.20 glec. The pads are subsequently tested
for absorbency, reslllency, and structural mtegrlty accordlng to the
25 previously outlined procedures The results are reported in Table 1 and

compared to an absorbent pad made from eonvennonal uncrosslinked
cellulosic fibers. | |

| . TABLET
Sample # Cross_linkin'g: Agent WRV Drip Cap. Wet compressibility
~ (weight %) (%) © 8ml/s 0.1/0.2 g/cc
_Reacted : (a/g) Test Pad Density
1 _ -0 . 79.2 4.56 _ 6.04/5.38

2 4.6 43- 11.58 7.75/6.24




produced in accordance with the hereinbefore described process of Exanple |
with the follow ng nodifications: The slurry-in step 2 of Exanple |

contai ns 33%OPSG %8y pulp, 230 g of H20, and 15 g of 25 poFGRESISO6HR L
of the polymer solution is adjusted to 3 using hydrochloric acid. In step
5, the fibers are cured in an air through ogen at 1 780C for a period of
about 6 m.nutes. The resulting individualized crosslinked cellulosic fibers
have a WRV of 42 andago | R 4l ' f e gal on
30 a dry fiber wei. he Eggu gesreéehei?gomﬁﬁ&t He ﬁ%gﬁ’ggﬁf‘ﬁéa?ﬁrﬁ“ﬁﬁ%
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to abolt 80% by uCAne g ack Eopb e Lk inRalr Shel el e S e it
concentration ofhg NiciRity, & humamgkits| ut i on set the amount of crosslinking
agent (and base, if needed) present on the fibers. The concentration of 10
the crosslinking agent (and the base) A ul.ated by determning a
target consistency and a desired |evel +cal s on'the fibers. The
resul ting individuali ' nke S I ek . Of . and
Contai n'4. 2% by ver gFeaPCPASHIZA rBEIngarChfisls BF EXRRIE I Al dideicfa U
on a dry fiber #enyhabsnrbest pads:t sadwcompressers withbar Bydraulineprassmtofa

i ntrafiber crosgehilfy N0S0 hROBAE.20 glRe THRUbAd drd BUbYAGLEHtY fébred

crosslinked fibers have 1 npr responsSi veness 0 g relative to

conventional , ufRf @Psorbangy.; resiiencynqapd; strughiah integrily ARERrdiNg,dos thang
can be safely uprévidaslyi ;suﬂihadvdraba&;ﬁcesof TherfeBults iae reported in Table 1 and

compared to an absorbeht__pad made from conventional uncrossiinked
cellulosic fibers.

| | |  TABLE2
Sample # Crosslinking Agent WRV Drip Cap. Wet compressibility
~ {weight %) (%) @8mil/s 0.1/0.2 g/cc
_Reacted = {g/qg) . Test Pad Density
1 o 79.2 4.56 6.04/5.38
3 42 38 844 6.92/5.99

-As can be seen from Table 2, the absorbent pads containing

20 individualized, - polyacrylic crosélinked fibers (i.e., Sample 2) have

significantly higher drip capacities and wet compressibilities at both

0.10 g/cc and 0.20 g/cc test pad densities relative to pads containing

conventional, uncrosslinked fibers (i.e., Sample 1).. In addition to

having improved responsiveness to wetting relative to conventional

25  uncrosslinked fibers, the absorbent pads containing polyacrylic acid
' crosslinked fibers can be safely utilized in the vicinity of human skin.

EXAMPLE Vil

The individualized, crosslinked fibers of Example lil are air laid to



20 EXAMPLE VI The individualized, crosslinked
fibers of Exanple | are air laid to form absorbent pads, and conpressed
with a hyMP&aB4389press to a density of 0.10 g/cc and 0. 20 RFIEESISHERE3 pad
are subsequently tested for absorbency, resiliency, and structural E
integrity according to the 25 previouslygoutlined procedures. The results
are reported in Table 1 and conpared to an absorbent pad rmade from
conventional gk O ' u [ I.bers., TABLE 1 S e #
Cr ossl i nki ng Agen_téémgﬁgré%d%a%'?& %‘E"h?%ﬁ?%peg\g i1 .j‘?‘gfﬁ?%? gHessye a (g
. @8 nl/s dgnsity of Qy18cgfussandP.20 g/cc. - The pads(apegdubsequéatly tested
Density 1 for absorbéhcy, resilienc{?- : o inp-
4.6 43 . 11. g8 enczl,i-%c}g;@f@tﬁralvﬁuggpgﬁs%édﬁg o e
PCT/ US95/ 06868re3dously oytlined nracedyres, Thne gesults aee eapastesbin Tphtes1 and -
cont ai ni ngs i ndemipdved itoean abEoybért paH Sinadacirent contbhtibesl Hh&sslitited -
Sanmpl e 2) hav elﬁjlgg’i. f@:ﬁqﬁtly hi gher drip capacities and wet
conpressibilitres at both 0.10 g/cc and 0,20 g/cc test pad densities
relative to pads 5 containing conventional, uncrosslinked fibers (i.e.,

‘Sanple 1). In addition to having i rrpr-pxpgg_rfsponsi_veness to wetting
relative to conventional uncrosslinke S, the absorbent pads

cont ai ni ng t hSamplg# c Cresslinking AgendpoWR¥r Origs Sapnk eWelticormpressibilite
safely utilized in the vi ¢(weight %) human9ski n.@1® mi/s 0.1/0.2 g/cc

EXAMPLE VI The i ndi vi dual i@ﬂ:egrossl i nked fib of BEx I air
laid to formabsqgrbent pads, 8“ - conpr e§ ed w ydr aa Fad Defki a
density of 0.10 d¢/cc and 0.20%/cc. The § s ar &-88bsequentt-Q4%38Bed for q
absor bency, resil,iency, and gtyructural iggegrit cordi ng 15

previously outli ﬂ'ed procedurgsj.' The resu %s ar e%r'géorted ir?t#%}cé}gal and

- conpared to an absorbent pad made from conventi-onal .uncrosslinked _
cel l ul osic fibers.As/gare be Seepl from Tahles3; ke nabsarbent pédé cbniginiogp.

Vet conpressijpulviddalized, acrylic acid/maleic acid/citric acid crosslinked fibers (i.e.,
10 Sample 4) have significantly higher drip capacities and wet
compressibilities at both 0.10 g/cc and 0.20 g/cc test pad densities
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
15 containing the acrylic acid/maleic acid copolymer crosslinked fibers can
be safely utilized in the vicinity of human skin.

EXAMPLE X

The individualized, crosslinked fibers of Example IV are air laid to

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

20 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.
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(9/9) wWordsdiss Densi ty 1 0 79.2  pETAS595/06863
6.04/5.38 3 38 8.44 6.92/5.99 As can
be seen from Table 2, the absor bent pads containing 20 individualized,
pol yacrylic crossli nked fibers (i.e., Sanpl4 2) have significantly higher

drip capacities and wet conpressi bi lities at both 0.10 g/cc and 0.20 g/cc
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15 containing the acrylic acid/maleic acid copolyner crosslinked fibers
can be s ilized in the vicinity of human skin.

i ndi vi due‘f‘fészsdyicrossl i nked fibers onyxaan e LV are air wrﬁ bg;“}%em
absorbent pads, and conpressed with a hydraulic press to a 20 density of
0.10 g/cc and 0.20 g/cc. orbency,
resiliency, and structural |ntegr|ty accordi ng tk outlined
procedures. Wieat issQlaimedrig: reported in Tabl e 1 and corrpar ed to an

absorbent pad nade from conventional uncrossli nkqd cellulosic fibers. VO
95/ 34329 1. An absorbent structure charactenzedI in PAALSHS/ C6BPBRises TABLE

4 Sanple # Cros?*én@i@u%? ﬁﬂe?FossWed %ll%é?ﬁlbﬁ#%ﬁ%ﬁ'?hﬂ ihgt ¥n

(wei ght %
(g/ 9) Test Pgifeptivgiamoynt of a polymerlcgpolyacryhc acidoergsslinking @agent

6.04/5.38 5 reacted With said fibers |ﬁ2mtraf|bei?cr5§slmk bond8fdi’ﬁ{ 6wBerefs can
be seen from Tabl e|id4po§he abso bent"(pads cont i

| dual | z
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(i.e., Sanple 5) pbiaergligacid pelmﬂgrshcgheiynmhrsmeacrvhpacld,lanad migtures
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relative to pads containing conventional, uncrosslinked fibers (i.

- Sanple 1). 1 adghbi aBsbibdiR stactire’ \fe@!:lénﬁﬁF}P“Wh\é?%iﬁS%ald) fidrk | nave

relative to conventional uncrosslinked fibers sor bent pads

‘containi ng the abeiween bPimeight; % éﬂﬂd]géhmﬁbgbhﬂﬂfﬂfﬂﬂbmeﬂé’ee“ 3

~crosslinked fibeiweight afd aidightu%, cressiinRingragent, Balculatéd Nerraa deyi N.
- WD 95/ 34329 PCT/ u§95 %PS V\hat‘

s Clained is: 1fiben weight basis, teacted therewith, in the fafm; AT,
conpri ses indivi duzdslinkdbondesarid rwirereire| said cfibersf haes s3 waten fetbatlen havi ng

an value of from 25 to 60, preferably from 30 to 45.

3. The absorbent structure of Claim 1 or 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 absorbent structure of any of Claims 1 - 3 wherein said
polymeric polyacrylic acid crosslinking agent is a copolymer of
acrylic acid and maleic acid. ' |

5. The absorbent structure 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. An absorbent structure characterized in that it comprises
individualized crosslinked cellulosic fibers, said fibers having an
effective amount of a polymef mixture crosslinking agent reacted
with said fibers in intrafiber crosslink bond form, wherein said
polymer mixture crosslinking agent comprises polymeric monoalkyi
phosphinates and polymeric monoalkyl phosphonates.

7. The absorbent structure of Claim 6 wherein said fibers have
between 1.0 weight % and 10.0 weight %, preferably 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 fibers have a water retention
value of from 25 to 60, preferably from 30 to 45.
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