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specifically, this i nvention is concerged with reduced odor and
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p ;R se¢5°‘ns TE’I rs themse and absorbent structures containing
individualized, crosslinked fibers generally exhibit an improvement in at least
one significant absorbency property relative to conventional, uncrosslinked
fibers. Often, the improvement in absorbency is reported in terms of
absorbent capacity.  Additionally, absorbent structures made from
individualized crosslinked fibers generally exhibit increased wet resilience
and increased dry resilience relative to absorbent structures made from
uncrossiinked fibers. The 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 compressional force. Dry resilience
specifically refers to the ability of an absorbent structure to expand upon
release of compressional force applied while the fibers are in a substantially
dry condition. Wet resilience specifically refers to the ability of an absorbent
structure to expand upon release of compressional force applied while the
fibers are in a moistened condition. For the purposes of this invention and
consistency of disclosure, wet resilience shall be observed and reported for
an absorbent structure moistened to saturation.



consi stency of disclosure, wet resilience shall be observed and reported

for an absorbent structure noistened to saturation. WO

97/ 00354 PCT/ US96/ 08063

2 In general, three categories of processes have been reported
for maki ng i ndividualized, crosslinked fibers. These processes,
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Processes for producing aqueous solution crosslinked fibers are
disclosed, for example, in U.S. Patent No. 3,241,553, F. H. Steiger, issued
March 22, 1966. Individualized, crosslinked fibers are produced by
crosslinking the fibers in an aqueous solution containing a crosslinking
agent and a catalyst. Fibers produced in this manner are hereinafter
referred to as "aqueous solution crosslinked” fibers. Due. to the sweliing
effect of water on cellulosic fibers, aqueous solution crosslinked fibers are
crosslinked while in an uncollapsed, swollen state. Relative to dry
crosslinked fibers, aqueous solution crosslinked fibers as disclosed in U.S.
Patent No. 3,241,553 have greater flexibility and less stiffness, and are
characterized by higher fluid retention value (FRV). Absorbent structures
made from 'aqu.eous solution crosslinked fibers exhibit lower wet and dry
resilience than structures made from dry crosslinked fibers.
in U.S. Patent No, 4,035,147, Sangenis et al., issued July 12, 1977, a
method is disclosed for producing individualized, crosslinked fibers by
contacting dehydrated, nonswollen fibers with crosslinking agent and
catalyst in a substantially nonaqueous solution which contains an insufficient



made from aqueous sol ution crosslinked fibers exhibit |ower wet and dry
resilience than structures nade fromdry crosslinked fibers. I n
U.S. Patent No, 4,035,147, Sangenis et al., issued July 12, 1977, a

met hod i s disclosed for producing individualized, crosslinked fibers by
contacti ng dehydrated, nonswollen fibers with crosslinking agent and
catalyst in a WO9A®M i al | y nonaqueous sol uti on whi ch cont ai MEI/E§96/08063

i nsufficient WD 97/ 00354

PCT/ US96/ 08063 3 3 amount
of water to cause the fibers to swell. Crosslinki ng occurs while the

fibers are in this samuahﬁuabytmeamglﬁbemomweﬂn Crrisslinkingpeccufs white thes
shal | hereinafter befisersedredd this substanballyoMbrRRUEoss sEIutieR THS fjpeMestocess

process; and the fib p sha e referred t

noraqueous sol uti on %ﬁ%‘g%ﬁ% f’%%?%d ?91 %n& fAyirou §o§‘ﬂ?tfc5h crosslinked
crosslinked fibers dPER¢RSSed@ndn tl!ﬁ Sibere:t thereby, axeduoeu cibalhobe s rafétred: vien as
upon extended cont aCﬁoMﬁd&o&Q' ebiuio resslihkea Tbél%e skfHe! erﬂ:ria ué&l% %téﬂ:@

by 19 TCRTEILT i Baltiba SRS it i )55 et HaS v ith oF el e

rel atively hvpen sxiended Wct with|solitions known to those skllled)m;thmandas

fibers as described sheM a.ﬁ# lﬁlkefhr?%r&%llﬂléﬂfﬁﬁeri% are lghh) Siffehed by
#ﬁ'}%‘ et

density absorbent pr gé ﬁ?ﬁ#ﬁﬁ@%ﬂ%ﬁ%éﬁ?mﬁi exhibit relatively

hi gher density absor
However, such fibers lﬂb\)'@"rﬁbﬂ tﬁﬂ'@&@ sufficient absorbency benefits, in

view of their detriment scmdhmeﬂ ﬁber@\&rde“seﬂuéﬁlhbei?é"aré 'béﬂév%dt ?@%
significant conmmerci h fibers t aI nj!i.l It
hi gh obj ecti %%%@graﬁﬁ%ﬂg&i@% %thHPI Wn E"
The use of for mal dehjigher density | Sb%OTbWWMWdCPmMﬂma)rsqchodac'catamemals
to crosslink cel | ul oHowebeérhsush ifibefsRave ndt h&rbﬁdéﬂ@ﬂ%t sbbrbBiéy BbRefits) i

S S L Bt g, O 2 o oo

3,932, 209, Chatter cHgnifi @e"mrs@hmsln afdition, such filress typicaliy exhibit high
4,035, 147, Sangeni s etjectionablesodst and have Jowifiber bigrineagd U. S. Patent No.
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typical 'y exhibit hiBatenbjNot8,224/026, Bbavarding issued bavDécdmbierb21,0196%sH.8.A
Patent No. 3,241,553, Steiger, issued on March 22, 1966; U.S. Patent No.
3,932,208, 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, Wodkg, issued on September 4, 1973. Unfortunately, the
irritating effect of formaldehyde vapor on the eyes and skin is a marked
disadvantage of such references. In addition, such crosslinked fibers
typically exhibit high objectionable odor and have low fiber brightness. A
need is evident for cellulosic fiber crosslinking agents that do not require
formaldehyde or its unstable derivatives.

Other references disclose the use of dialdehyde crosslinking agents.
See, for example, U.S. Patent No. 4,689,118, Makoui et al, issued on
August 25, 1987; and U.S. Patent No. 4,822,453, Dean et al, issued on April
18, 1989. The Dean et al reference discloses absorbent structures
containing individualized, crosslinked fibers, wherein the crosslinking agent
is selected from the group consisting of Co - Cg dialdehydes, with
glutaraldehyde being preferred. These references appear to overcome
many of the disadvantages associated with formaldehyde and/or
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Unfortunately, the preferra cio s Fyaiiapie jo Jargs quaptities At ¢ ow prices
making it commercially competitive with formaidehyde and formaldehyde
addition products. Unfortunately, the preferred C2 - Cg crosslinking agent,
citric acid, can cause discoloring (i.e., yellowing) of the white cellulosic fibers
when treated at elevated temperatures. In addition, unpleasant odors can
also be associated with the use of alpha-hydroxy carboxylic acids such as
citric acid. The Herron et al. references do not include processes by which
to reduce the odor or increase fiber brightness.

- It has now been discovered that the characteristic odor can be
removed and the brightness improved by contacting the fibers with an
alkaline solution (e.g., an aqueous solution of sodium hydroxide) and an
oxidizing bleaching agent (e.g., hydrogen peroxide). The alkaline solution
raises the finished fiber pH preferably to the 5.5 - 6.5 range from about 4.5.
This in combination with the oxidizing bleaching agent eliminates the
"smokey and bumt’ odor characteristics of the crosslinked fibers. The
oxidizing bleaching agent when added at high consistency increases the
finat product brightness to 80 to 86 from 70 to 75, and reduces odor.
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' it has been found that improved absorbent structure performance for
structures containing reduced odor and brighter individualized, crosslinked
fibers may be obtained through the utilization of individualized, crosslinked
fibers made according to the process disclosed herein.

Accordingly, such fibers are prepared by practicing the following

process, which includes the steps of:

a. providing cellulosic fibers;

* .b. contacting the fibers with a solution containing a crosslinking
agent selected from the group consisting of C2 - Cg
-polycarboxylic acids;

c. mechanically separating the fibers into substantially individual
form;

d. drying the fibers and reacting the crosslinking agent with the
fibers to form crosslink bonds while the fibers are in substantially
individual form, to form intrafiber crosslink bonds; and

e. raising the pH of the crosslinked fibers to at least about 5,
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pH from about 4.5 to about 10.5 preferably from about 5.5 to about 6.5 by
use of an alkaline solution changes the phenolics to the phenolate form
which are not volatile. Phenolates are not easily vaporized at the higher pH.
In addition, higher pH would preclude the possibility of forming significant
amounts of hydrogen sulfide. Secondly, it is believed that the alkaline
oxidizing agent (e.g., hydrogen peroxide) oxidizes the sugar decomposition
markers such as furfural, methyl furfural and guaicols and reduces the
amount of citric acid anhydrides.

The amount of alkaline solution and oxidizing agent preferably utilized
is of course dependent upon the particular agents used and the reaction
conditions, especially temperature and airflow. In a preferred embodiment,
the fibers are contacted after curing and during re-moisturization with
sodium hydroxide (18% technical grade) being added at a ratio of
approximately 10 pounds to 20 pounds per ton of bone dry fiber. Hydrogen
peroxide (19% technical grade) is added at approximately 4 pounds to 20
pounds per ton of bone dry fiber. The sodium hydroxide is added at the
suction of the re-moisturization pump and the hydrogen peroxide is added
just before the re-moisturization spray nozzle as the mixture enters the fiber
stream. This results in a crosslinked fiber that contains 10% moisture and a



to about 1.5 weight % It has been found that the conbination of treating
the fibers with an al kaline solution and a oxidi zi ng agent effectively
reduces the odor -of the fibers and increases their final brightness.
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just before the re- prsentinveatioroshould apt be zonestrued aberequmngmm additiors of the
fiber St r eangikhline sbﬁﬁrahtaﬁud the? iRy afMtid P rdsbiiied Oitieis 18 b

noi sture and a
PCT/ US96/ 08063 canied Out In & a"V Pa“'°"'ar order. 7 final

pH of 5.5 to 6.5 based m&mmlﬁmcmﬂumumh@ugmymaed condrtlon

The above descri bedpr geesodgtt (f,pge I @hBbdi berd'€are contacted

crosslinked fibers and ntactln e crosslin e |ber th, an OXId]Z ng
agent are preferabl §f'°5§ﬁ'? cB‘n&ﬁ‘r rRAYePYS ¢ §°E iofy| |dSP§7\gh%d' 1Iy

the pr esent separated imtp substantially indiddualdomm,.oand then diied aallh caused ke

Contacted wi th an oM e e o) ottty
W S | |

t hen contacted Wth"ﬁ?&'ﬂ&?ﬁ{ﬁ%ﬂ@"' and’ w'%% Rﬁ%lﬁnﬁ ﬁ’%ﬁ?w h?gr}’

crosslinked fibers dsted priorde omssinidngcThe twisted condition is them at least partially

agent, and then conb@tlesd thahhcdrisletalyksdti 4% aSisuft | sFnerodshnking thPreferably the

present invention sgguld BolonbietddWith thi° Sidifne SGLHiSH B Euh‘eeos?iﬂﬂintg' Shbritlanbie
crosslinking has been completsd.
DETAILED DESCRIPTION OF THE IN
Cellulosic fibers of diverse natural origin are applicable to the
invention. Digested fibers from softiwood, hardwood or cotton linters are
preferably utilized. Fibers from Esparto grass, bagasse, kemp, flax, and
other ligneous and cellulosic fiber sources may aiso be utilized as raw
material in the invention. The fibers may be supplied in slurry, unsheeted or
sheeted form. Fibers supplied as wet lap, dry lap or other sheeted form are
preferably rendered into unsheeted form by mechanically disintegrating the
sheet, preferably prior to contacting the fibers with the crosslinking agent.
Also, preferably the fibers are provided in a wet or moistened condition.
Most preferably, the fibers are never-dried fibers. In the case of dry lap, itis
. advantageous to moisten the fibers prior to mechanical disintegration in
order to minimize damage to the fibers.

The optimum fiber source utilized in conjunction with this invention will
depend upon the particular end use contemplated. Generally, pulp fibers



al kal i ne solution and the oxidizing agent to the crosslinked fibers to be

carried out in any particul ar order. Preferably the fibers
are crosslinked while in a highly twi sted condition. ‘I n the nost
preferred enbodi nents, the fibers are contacted with crosslinking
agent in an aqueous solution, dewatered, nechanically separ at ed

I nt o substant i Was7APIsdi vi dual form and then dried and cause#8CTHS96/08063
crosslink under substantially unrestrained conditions. The dewatering,
mechani cal separation, and drying stages all ow8the fibers to beconme highly
twisted prior to crosslinking. The twisted condition is then at | east

partially bumadedy shemical pwning procesees are prefastad. : Completely bléachadyg.
tPL gf g)r(:ag! v, n; hggem partially bleashe! and onbla_ﬁtrzllzé_h ﬂbéhrgsér%?ggliégg\é. lngtrgg} fregGentind
DETAI LED DESCRI PTI O\P%E—‘s%'ﬁé’ ﬁWEKﬁ?‘b%ﬁﬁé& Pilo ¥r #S'Supqier brighfess and pastgper
di verse natural ori gRrPedl.eWasdfiberthet have: been at least partially bisached Siepprefermbd
fibers from sof t woodfor bse ihihRCbrotessf!the presenfinvertich, For producjﬁ 84 &% p¥per
uti'lized. Fibers fr , e ke JIlax, . an . o?%er
| i gneous and cel | ul %@%‘igb&%@ﬁﬁ? §f’§’8’%g’gﬂﬁfm nApling catamenials, and
material in the i nvedtheoRimilarabsombent papar producispitiis @specialyupreferradh toh atilized

or sheet ed ffibies frores6uthemnP sbMAoc s duP to Ghijir ! 0
sheeted form are cha °'§{§]&{ rably rendered into un(?sheg'tre‘a'g or"r'n %t;?c;rbency
|

mechani cal |y di sintegra [ Ne sheet, preferably prior to
contacting the fibers wi€iossiinking sgents appligablgctot the present dbeslopment’ inciudey

the fibers are provigiphafic' ardvéiicydic i-%gwcsmme 88ds. As used 'KP?éin the

ferably, the fib - fTDELS. | } P It

Pt ey vt agaBin B8 169 BPbRAbRRYIc 280 Srefers 49 3 sraain #kideantaining two

di sintegration in ©r more carbexyl (GOQH) oraups andifeame 2:to @ ¢arbén atens in the chain

The optinum fi ber smrrmmbtvi:ﬂibﬁmém&@vbwi@&id?ea%éﬁb&.ﬁﬁe&émﬁm cﬁdr@é:’e
| ber s

e am or

depend upon the Par ik thbaei\inbi GefeRinigina diitber ol carbon atoRis in 1

PCT/ US96/ 08063 ring. For example, 1,2,3 propane tricarboxylic acid wouldbe consideredsioe
by chem cal pul pi ng b ac€g uiycarisoxglicc keid" €shtaifin h?éé?b!rb@(? Gps. Simil
partially bl eached swgdwwgwigrg '@p\gﬁl)p‘iléagl e, | agjréh%a?r g"l}'e'ﬁ'g'y
be desired to utiliz& Dfeached pu ’s%@g Yig, by, ponpidered, to,ge a T4
consuner apRolycarbgxylic acid spataining forr oarbpwy groups. east partial |y

bl eac[l_ed ar Ie: pr ef e& red More specffically, e Cb -tOg palyeﬁlb&ﬁyliéfaddsesdﬁhbﬁfm use as
i nventi on. r pr ; e SnkO'

X a;e)er s? saniot a]ﬁ)y%%ﬁ;iﬁﬁ%%@%ﬁ%ﬁ#%@& in the préaiht ?nv%ﬂgor?ﬁm%ﬁlfi% dliph3fc and

icyclic acids either olefinically saturated or unsaturated with at least three

and preferably more carboxyl groups per molecule or with two carboxyl

groups per molecule if a carbon-carbon double bond is present aipha, beta

to one or both carboxyl groups. An additional requirement is that to be

reactive in esterifying cellulose hydroxyl groups, a given carboxy! group in

an aliphat_ic or alicyclic polycarboxylic acid must be separated from a second

carboxyl group by no less than 2 carbon atoms and no more than three

carbon atoms. Without being bound by theory, it appears from these

requirements that for a carboxyl group to be reactive, it must be able to form

a cyclic 5- or 6-membered anhydride ring with a neighboring carboxy! group

in the polycarboxylic acid molecule. Where two carboxyl groups are

separated by a carbon-carbon double bond or are both connected to the

same ring, the two carboxyl groups must be in the cis configuration relative

to each other if they are to interact in this manner. -
In aliphatic polycarboxylic acids containing three or more carboxyl
groups per molecule, a hydroxyl group attached to a carbon atom alpha to a



other sim |l ar absorbent paper products, it is especially preferred to
utilize fibers from southern softwood pulp due to their prem um
absor bency characteristics. Crosslinking agents
applicable to the present devel opnent i ncl ude al i phatic and
alicyclic (Jerr] - Cferr] polycarboxylic acids. As used herein, the
term"Clerr] -WQO[98093B4pol ycarboxylic acid" refers to an or gaRFHUSHE/0BNE3

cont ai ni ng two or nore carboxyl (COOH) groups and from2 to 9 carbon
atons in the chain or ring to which thegcarboxyl groups are
attached. The carboxyl groups are not included when determ ning the
nunber of carbon at casboxyl grmnpcﬂaasnnmtrmterfere with ithe) esterificationranidecrodslinkidg of

Dol year boxyl ¢ ac, d oachdobe iiére By 0 ?‘*’ é&% oo B 6 s civi
1, 2, 3, 4 butane tetraﬁc‘é‘r tﬁ h‘%”%éﬁ WS’EH’(’!’ RER F’E@W%ykﬁaaéd)@‘d tartrate
pol ycar boxyl i ¢ aci d momesicoinicy abtdsrareasbntabjé ay ergsslinking agents in thé/present

specifically, the Cyeve dnit. pol ycarboxylic acids suitable for use as
cell uT ose crosslinking ents in the pr esggé i nvention include aliphatic
2

and alicyclic aci iphatic or aicygli y- & pplycadogylic acid : cressliaking
with at |east three agents mayralsceriteinan oxygencorsulfaoatom(gy inthe chain orringdol e

or with two car bOXY'whnchthe c&BG*Wﬁrd?.@wEone Or&te'i{ h‘f’tgfél, gag&g%%&*&%}%%@

bond is present al pha 8
addi ti onal requi renﬁwd'isgc?'ﬂ'&t F'Efdbea|s° k“°“‘f’baas| v Z‘Hxﬂ!ﬁ F@Fg‘i"ﬂ’g acid),
cel l ul ose hydroxyl dhiodissicciniccacid; randdthedike) argr meant 1o be included within theasdopeor

alicyclic polycar bO)ﬁf'thG uﬁfénﬂoﬁ”%r :ﬂg Qé"bﬁﬁéjﬁif'sgm l?wé@fd?ﬂgxy?%uommc acid

car boxyl group by nqQ t han at ons Nno nor
carbon atoms. Wt holf "ﬁéiﬁg ?ﬂﬁffﬁie@ Q2 - SRBWEG’rngYPcﬁﬁ'q Geatgining four
requi renments that fcnarm(yhgmuw group to be reactlve It nmust be able to

form a cyclic 5 mignfp édivionfiic acids W {ehfawm.ﬁ%{w&edb@of
car boxyl group C aﬂﬁi ec

car boxyl groups areth's ifiven Qdﬂ?'é g r 'Es?FlS’or‘?'tﬁ‘}BB'F@"MﬂO(FF"‘HPe
bot h connected to ttas methyimaleioe acld,g Citrice acid, citadonic/| agd owlso nkrsawrbe asn

LTS el et S ARt i
three or nore car bo)w@rboxyllca oﬁ?'%@ 'Bnﬂcﬁﬂsg%r}é 5?9 125
attached to a car borfricarbexyicphacido 4.2, 4-butanetau@b®%64 acid, all-cls-1 2,3,4-
PCT/ US96/ 08063 cyclopentanetetraearbo ic acid, mellitc acid a0 known as
carboxyl group does digbehdiieatalotnic' Scib"and § DilslGAs’ S WD RAGHS "2
C oxybis(butanedioic acid). The above list of specific polycarboxylic acids is
for exemplary purposes only, and is not intended to be all inclusive.
Importantly, the crosslinking agent must be capable of reacting with at least
two hydroxyl groups on proximately located celiuiose chains in a single -
cellulosic fiber.

Preferably, the C2 - Cg polycarboxylic acids used herein are aliphatic,
saturated, and contain at least three carboxyl groups per molecule. One
group of preferred polycarboxylic acid crosslinking agents for use with the
present invention includes citric acid also known as 2-hydroxy-1,2,3 propane
tricarboxylic acid, 1,2,3 propane tricarboxylic acid, and 1,2,3,4 butane
tetracarboxylic acid. Citric acid is especially preferred, since it has provided

- fibers with high levels of absorbency and resiliency, is safe and non-irritating
to human skin, an has provided stable, crosslink bonds. Furthermore, citric
acid is available in large quantities at relatively low prices, thereby making it
commercially feasible for use as a crosslinking agent.

Another group of preferred crosslinking agents for use in the present



the cellulosic fibers by the acid. Thus, polycarboxylic acids such as

citric acid (al so known as 2-hydroxy-1, 2,3 propane tricarboxylic
acid) and tartrate nonosucci ni ¢ acids are suitable as crosslinking
agents in the present devel opnent . The aliphatic or

alicyclic C2 - (err] polycarboxylic acid crosslinking agents may
al so contain awo®syesa or sul fur aton(s) in the chain or rin@fm&mm

whi ch the carboxyl groups are attached. Thus, polycarboxylic acids such as
oxydi succinic acid also known as 2,2 -oxy®s(butanedioic acid),

t hi odi succinic acid,,and the |ike, are ant_to be jncluded within the
scope of the inyeatAN et d%?’*ﬁ[ﬂt?fg‘éag Ga pelvearpexpdie geids copiaining, at least
oxydi succinic acid one oxygenatbnbin thenchaie tewhich the carbbxyl gfiups are attached.

pol ycar boxylic acid W] r fo :
Exanpl es of specifi CEQ%I?’IZIS%( %xgﬁ?‘i .ggrlnggur\,\ﬁcﬁ%{al %@ﬁ?‘?\m?'ﬁe asc'gb-péa%r?te
this invention incl ulONPECNiE acidhaving the structyral fomula: r aconi ¢ acid al so
known as nmet hyl nal ei ¢ aci q4ogH~~-Copcidp-LLgprni-cHsi d al so known as
met hyl enesuccinic acid, tricarballylfic ac al so kmown , 2,3 propane
tricarboxylic acid, trans-aconitic 4cid also knownjfas

trans-1-propene-1, 2, 3- tri caCOO| COOMi d, COOH COOH

1,2, 3,4-butanetetracarboxylic acid, all-cis-1,2,3,4-

cycl opent anet etracarboxylic acid, nellitic acid also known as
benzenehexacar boxylic acid, awdtartratdidisuecinit avidiavingthestigetunal formula:2’ -

oxybi s(but anedi oi ¢ acid). The above list of specific polycarboxylic acids

is for exenplary purposes only, and is not intended to be all
i ncl usi ve." | mpor t @Hety—CHe—r-OsstiQtkire-Clrent-Orrst—-Qid—capBbl2e of
reacting with at | east t hydroxyl| groups on proxingtely lfocated

cellul ose chains in a si cel l ulosig f :
Preferably, the C2 - (e ?%ol%gﬁooxyl [ ﬁé@ﬁdsc&aﬂ hereiq‘uogr'e %q%atic,

saturated, and contain at |east three carboxyl groups per nolecule. One
IesBor et PR o8l i
propane tri caf@idxgnd saltscthareof, cancbe faundrin U.5i Patepb4,063074¢c Bush gt al.,
b i roq ST 11 NIV e pomiba iy sk CEpecis )
g[)go(ra[)traﬁcil and resili encﬂgﬁdsﬂ‘s%gq%dggﬁaleﬂéﬁ%%a[\%ghgwﬁfgwlﬁaeétmgs ‘&éjrﬁﬁo%en
an has provided st abthat tg?cﬁ'ﬂh?ﬂkaﬂénﬂ?ycﬁ%pzherqﬁ)m, fboxylic acid crosglinking s
avai | abl e : n :c ar giebﬁamuesmm abavelrnaye by presentiin aamrietyhef fohyis nsuchnas :He r
oo o ot b bt e ek 83 Bt sl A o i o s et A
such forms are meant to be included within the scope of the invention.

The individualized, crosslinked fibers of the present invention have an
effective amount of the Cp - Cg polycarboxylic acid crosslinking agent
reacted with the fibers in the form of intrafiber crosslink bonds. As used
herein, "effective amount of crosslinking agent" refers to an amount of
crosslinking agent sufficient to provide an improvement in at least one
significant absorbency property of the fibers themselves and/or absorbent
structures containing the individualized, crosslinked fibers, relative to
conventional, uncrossiinked fibers. One example of a significant
absorbency property is drip capacity, which is a combined measured of an
absorbent structure's fluid absorbent capacity and fluid absorbency rate. A
detailed description of the procedure for determining drip capacity is
provided hereinafter.

In particular, unexpectedly good results are obtained for absorbent
pads made from individualized, crosslinked fibers having between about 1.0
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10 I nvention includes saturated C2 - (Jerr] polycarboxylic acids
cont ai ni ng at | east . one oxygen atomin the chain to which the
car boxyl groups are attached. Exanpl es of such conpounds incl ude
oxydi succinic acid, tartrate nonosucci ni ¢ acid having the
structural forWQPHE3s4 [err] and tart r atRCTHISSS063N; ¢
acid having the structural fornula: [err] A nore detail ed

description of tartrate nonosuccinic acid, taMtfrate disuccinic
acid, and salts thereof, can be found in U S Patent 4,663,071, Bush et
al . i ssued waights%i1 @64, aﬁontdﬂpﬁ)weigbti %emore: nngferablyebeNmen about 3.0

Those knowl edgeabl e yigight® & %bﬁﬁt 80 Hrbbﬁh ¢aléiaed U’ d
that the aliphat G g:@“d i" 'iitiii? i%‘ﬁ:: uodies Y
crgssl i ﬁk?nlgp atte aﬁ%ﬁ 2‘”‘%’9*&@?5@ Jea o\?’@ o r? '?'Yr y‘%/:ﬂ’?@t Preyf

fornms, such as the contacted fwitheframi dbdutrmﬂ?%ntm ahbuts118hwe@ht %/bftdmlaﬁdalméle

free aC|dform|s pr, duﬁda f n

i ndi vi dual i zed, crod9® ?@%rtp?ﬁ@‘? injgin Qﬁémﬁakﬁﬁﬁ’?ﬁﬁ on have an
ef fective anmount of the Reeferalily cthe] crpsslinkiag tageyt iis cantadtedr witts thenfiberg urglent

erein, "eifoctive oo cond Cr**%i“?eﬁém“‘*‘* TR e e e
crosslinki ng agent é{ﬁl\"aE?'e ‘U?'T‘de %@@Wﬂg 9% &? r@""
significant absor berahpeproperty of the fibers thensel ves and/ or absor bent

structures containing t pypiigahti R H{&gv%rga%?{ m%e&oggm m&eﬁéﬁ 4R b

conventi onal , uncrossllnk bers
absor bency property "=l°§°'a'PF 3&3“]%(?”0'5 kept

absorbent structur esﬂlﬂ'limadpmwabmngazélpdm d@msedflhundmdetaﬂ lmm r’ﬁlma isA

detail ed descripti orgoftraiy'® ﬁéWu&%.eﬁ téi%ﬁ& Rt ispacifié | bﬂta&% t?
provi ded herei nafter iQ&US cehexl%get S

are obtained for abdSPYidRsufficiently mgﬂé%&’tﬁ%m Mﬁgte

crosslinked fibers Hwpalysaskoxylic acidicpessiitking agents to be commercially feasible. See,
for example, U.S. Patent 4,820,307, Weich et al., issued April 11, 1989.

However, if desired, the fibers can also be contacted with an
appropriate catalyst prior to crosslinking. Applicants have found that the
type, amount, and method of contact of catalyst to the fibers will be
dependent upon the particular crosslinking process practiced. These
variables will be discussed in more detail below.

Once the fibers are treated with crosslinking agent (and catalyst if one
is used), the crosslinking agent is caused to react with the fibers in the
substantial absence of interfiber bonds, i.e., while interfiber contact is
maintained at a low degree of occurrence relative to unfluffed pulp fibers, or
the fibers are submerged in a solution that does not facilitate the formation
of interfiber bonding, especially hydrogen bonding. This results in the
formation of crosslink bonds which are intrafiber in nature. Under these
conditions, the crosslinking agent reacts to form crosslink bonds between
hydroxyl groups of a single celiulose chain or between hydroxyl groups of
approximately located cellulose chains of a single cellulosic fiber.

Although not presented or intended to limit the scope of the invention,
it is believed that the carboxyl groups on the polycarboxylic acid crosslinking
agent react with the hydroxyl groups of the celiulose 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.
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wei ght % and about 10.0 wei ght % nore preferably between about 3.0

wei ght % and about 8.0 wei ght % crosslinking agent, cal culated on a dry
fiber weight basis, reacted wth the fibers. Preferably, the fibers are
contacted wi t hwbranessbout 0.07% to about 1.8 weight % of an BEFRE$IEAR063
conpound and from about 0.02%to about 1.5 wei ght % strong oxidi zi ng

agent after the crosslinking reaction has tak@n place.

Preferably, the crosslinking agent is contacted with the fi bers under

such condi tions t haTherbiers; rackiid cmkslmmggwwmoas,erer pHeranges of from dboutn 5o of

t he i ndi vi %mgl Q'ﬁrh@‘w H@féﬁ@cﬁfcrm | cant s%ﬁ{ave @g of the

fibers of a pulp | scovered

that the crosslinking r%ﬁm are preferably mecha lyn?# fibsated into @ lew density,

r at 1<:as vmlthout a c?tmﬂiymalmwpvﬁbmk tformpkhown k&pt'fluff* prior #0i tréadtiod of the
articular range

Eont rary to thg pri o "F‘h%ﬁéﬁﬁ?% %@e&a@%%né@dgﬁggpgﬁhﬁv erforgmgged

to provi de by/@ wawmf imetheds whichtare, m@s,emlv SROWR N, &?eaamqrmﬁgmw

fibrous Cﬂ I u:c ose hereafter bevome lknowhh Medhanicaldefibestionds p lt*éfentaglyqsarwrmsgatb ybe

commer ci a easi by

Vel ch et al y1 [ ssued%ﬁﬁrwﬁm H}haﬁéﬁ‘%eﬁbevmé\% &t ?‘%%edanfhe

fibers can al so be ¥YpRohdedee Whlch hﬂ$ been found &)Bﬁ@ﬁﬂ%bﬂydﬁﬁfﬂ' foridefibrating: o

CF?ESLII n]lfl ng. tApltﬁ)l | then¢ellulosicefibers rig theathrée stage fluffing tdevice desuribed wNU.S.

met hod of contac on

the particular cr Oiﬁlﬁﬁﬁfﬂﬂ%?b&f ggﬁ ']S Jéﬁ@e%n MPR nd 0. A s“%@f?ﬂ%@% |

be discussed in nord8: I8 #al%eafem bemg hereby efoes&Wc@OQfﬁQfﬂtﬁ(be sefaranceintat ed

with f:roisl i nki ngt apisndisdiosure.c Thelfluffing deviceedescribed in UsS.URatent NbN8,987,968

crosslinking agen

substanti al gabgenceéu(i)’ ?ﬁ%th%lhﬁé%%hg? ﬁ&é F@a\%ﬁﬁr&ub{i Jf hamcal ¥nana[chl s

mai ntai ned at a | oBEhanca @Wﬁr?’%ﬁﬂ@m ﬂf“i’\Pe"'F‘BeQIrﬁmQH e‘?f quv'ns

or the fi bmabramameﬂlmﬁmm U[heandlvhaahzédelbemha\feamﬂaﬂedt e

o 2T S pdnh apl  A P

Thi s resultsmthe efl
intrafiber in naturdd Wistoaturmil present in s“q?o ’?l 8rf§ dctha&m'# ﬁﬂi’ﬂﬁ"al
agent reacts to forcurtanﬂsbhstrehhmmeesm::haraderofhbﬁbrbelyﬂstgcmlesnﬁdea
single cellulose c rﬁtl%ﬁr?ﬁﬁéﬁeﬁ Wroups of approxi mately
| ocated cel lul ose c fj ber. . .
Al t hough not present ed ; t ,’

e Apeiable metdsfor detibrating e peliuipei fiveringde

it is believed t hatbutmrecmttinmﬁd to, dogatment with @ WVaring iblender @ndctangentially

crosslinking contacting the fibers with a rotating disk refiner or wire brush. Preferably, an
air stream is directed toward the fibers during such defibration to aid in
separating the fibers into substantially individual form.

Regardiess of the particular mechanical device used to form the fiuff,
the fibers are preferably mechanically treated while initially containing at
least about 20% moisture, and preferably containing between about 40%
and about 65% moisture.

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

The fibers made according to the present invention have unique
combinations of stifiness and resiliency, low odor and high brightness, which
allow absorbent structures made from the fibers to maintain high levels of
absorptivity, and exhibit high levels of resiliency and an expansionary
responsiveness o wetting of a dry, compressed absorbent structure. In



agent react with the hydroxyl groups of the cellulose to formester bonds.
The formation of ester bonds, believed to be the desirable bond type
provi di ng stable crosslink bonds, is favored under acidic reacti-on
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Therefore, aciWP@@8&s!|inki ng conditions, i.e. pH ranges ofPQIVESs/08060t 1.5
to about 5, are highly preferred for the purposes of this invention.

The fibers are preferably nechani call y defibrgq8ed into a | ow density,
I ndi vidual i zed, fibrous formknown as "fluff" prior to reaction of the
crosslinki ng agent @dditionHe having the levels aofi crasslinkingbwithin dhe ISEtedbeangﬁ§ dhered

by a variety of met mkslmkwffbafsed?ée&ﬁi‘ééta 2690 'Hy havupgewgﬁ'et- Ugﬂggl
a method uher ef n knolRH 8BS Faln ABut 80, ThaisLpisterhbiy, ewesr about GRcio abou
type of device whi c/90napdseest preferabiy betWeepabDubGOaﬂdyabmbﬂﬁlfofconventlonal

defib f ol
doscrbed in U.s,  oremheall eulked pebBRAAG MhBR, ol icf 18 of “birckey & 0°

. Pat.ent sue
A Shields on Oct obePumt’ © of & 'w.a? 7W°' s%fP 'B@Veﬁ?“ﬂ%"n@ I‘l‘@i’eﬁ'ﬁ'&xﬂres'g ?/
i ncor por ated by ref Ghamrishc& of the headspates dontain e rediited f leviels ngf detigar e

described in U'S Pabe&hgbgno@ MérkeRS8nd_anhyd rﬁBQJ ®9hS aiditicH, an'ﬁlrciéf%‘l-t’ is
pulp fibers to a co |
agitation, air agi tg%fg% i, ﬁetyepp&ﬁg@gﬂ gﬁﬂﬁﬁggﬂff 5@“"(#‘%"!@"“!‘855 is above 80.
create a substanti afllhp WRM offa particular fiber i indicative iof tlse Iaetbfformmklhg.va/ery
i npart ed t he gy msema%é@%a&ﬁ%s%wgbﬂaﬂaw ridny § gid gfior gt
t he amount of curl ‘Hﬁ | kvm st _natur al I% B s‘f suc S
believed that this XAAWMP; BRFIinking processes ously ‘éﬁ’ﬁ%c‘&,"et H%e'P doynd iy
character of absor h&ave WRVstafrless than @bout 25, arfd gemerally less theineabout 20. The
crosslinked fibers. partlcular crosslml&ﬁd‘ﬁfocé&ohﬁlﬁéa'vﬁll r?t&ﬂf&% fa\f?éct V’tdf
the cellulosic flbe(rgsosgﬂﬁ(e[ but are not bﬂ" treatr;ﬁ”
with a Waring bl end v%t FQWF'{Pr any Progess: Wote Y tﬁ“'? i ing o
rotating di sk refinigvels within the stated-imits is helieved to beaand istintended to
di rect ted t O\tNﬁr df t Be bgj w\m ﬂ%rsd&ﬁe%ﬂtﬁis(iﬂfddﬂbﬁt 'R‘Eblfcﬁbﬁ' ffethBds of crosshnkmg
separating the fibe ja
Regardl ess of the parﬁ%l cuﬁg%%%ﬂﬁﬂgchﬂlo\éﬂ% sc@"'ggpd'aﬂﬂe?%‘r Bolptipn H‘ﬁs!’
the fibers are pref Praass§esn@shaenarally discussedein the B@ckmmunanfyTherlnventlong
at | east abouCen@ird préfetred airy aurdsslinking r&id Nohaghcdus Salutioit \RABIIKIY 't
40% and about Bl fir Hréparing the individualized, crossiinked fibers of the present
invention, will be discussed in more detail below. Aqueous solution
crosslinking processes wherein the solution causes the fibers to become
highly swollen will result in fibers having WRV's which are in excess of about
60. These fibers will provide insufficient stifiness and resiliency for the
purposes of the present invention.

Specifically referring to dry crosslinking processes, reduced odor
individualized, crossiinked fibers may be produced from such a process by
providing a quantity of cellulosic fibers, contacting a pulp sheet of fibers with
a type and amount of crosslinking agent as described above, mechanically
separating, e.g., defibrating, the fibers into substantially individual form,
drying the fibers and causing the crosslinking agent to react with the fibers
in the presence of a catalyst to form crosslink bonds while the fibers are
maintained in substantially individual form and contacting the crosslinked
fibers with an alkaline solution and oxidizing agent to reduce the odor and
brighten the fibers. The defibration step, apart from the drying step, is
believed to impart additional curl. Subsequent drying is accompanied by

-



Mechani cal refining of fibers at high consistency or of partially dried
fibers may also be utilized to provide curl or twist to the fibers in

addition to curl or twist inparted as a result of nechani cal

defi brati on. The fibers nade according to the present invention
have uni que - conbi nations of stiffness and resiliency, |ow odor and
hi gh bri ght neswp 99ii3sh al | ow absorbent structures ma

fibers to maintain high | evels of absorpt|V|ty, and exhi bit high

| evel s of resiliency and an expansionary 14 ' €sponsiveness tq wetting
of a dry, conpressed absorbent structure. In WO 97/ 00354 .

PCT/ US96/ 08063 - twisting of the fibers, with the degree of twnst being enhdrted by the curled
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characteristics of tnesentinueption apindividualizet ceasslinked ip intrafiber hond form, and
deconposi tion nar kergreditgh gﬂﬂh&téﬂhﬁd%urled n addition, the final pHI s
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will, of course, af fahqutmedomdmalamofmeﬂber wherein a portion of the fiberdietbe
any pr ocess which W'hbdé'?%pbéal‘srﬂa?k(iéﬁfwélb ﬂ'lb rest ofthe ﬁbérfwmnaﬁdww\dnaer a

within the stated |i

wi thin the scope of rfﬂm s&é?/eﬁjt‘*on cﬁ%}gﬁgeroggm %

i nclude dry crossl i rifQrFesPeRds: to; &8s axa "‘P?ém&ﬁom oITbP%rﬁdeQsBI theca ng"
processes as generalfeyoghmuﬁaemel octurferigac 5t @otwist ﬁ:dé’has Idb!eriUedoabove is:

Certain preferred dr I %kﬁ%‘

processes for pr eparl ng r?iﬁw)i | WI ze rosé‘? afl bers of ﬁ%ﬁﬁ?ﬁber

present i nvedf ofies [in Gccortain iangthy °f fibers (be.q Ahe, tyish count) isngireciys
sol ution cr aadibaWel ofcthp rdegees of fibéretivist which is al physival paransetet bfcthe

fibers to becone ber. THéQBHaéH@é Egg q%hﬁlg B??M%ttndd%sf IFQ&I& J&?:éhﬁﬂlans

which are in excess of ers w
Tt Erent b\ 11 nutethsrha fier js,AguIerwaod fber o a springwdod fber. The twist
nodes and total twist count are determined by a Twist Count Image Analysis

Method 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 determined by the aforementioned fwist
count method. When counting twist nodes, portions of fiber darkened due to
fiber damage or fiber compression should be distinguished from portions of
fiber appearing darkened due to fiber twisting.

" .The actual twist count of any given sample of fibers will vary
depending upon the ratio of springwood fibers to summerwood fibers. The
twist count of any particular springwood or summerwood fibers will also vary
from fiber {o fiber. Notwithstanding the above, the average twist count
limitations are useful in defining the present invention, and these limitations
apply regardiess of the particular combination of springwood fibers and
summerwood fibers. That is, any mass of fibers having twist count
encompassed by the stated twist count limitations are meant to be
encompassed within the scope of the present invention, so long as the other



pur poses of the present invention. Specifically referring to

dry crosslinking processes, reduced odor I ndi vi dual i zed, crosslinked
fi bers may be produced from such a process by providing a quantity
of cellulosic fibers, contacting a pul'p sheet of fibers wth a type

and anount of crosslinklng agent as described above, nechanically
separating, ewp9moedsii brating, the fibers into substanti al | PCT/HS608063ial
form drying the fibers and causing the crosslinking agent to react
with the fibers in the presence of a qgtalyst to formecrosslink
bonds while the fibers are mai ntai ned i n substantially individual
form and cont act i ngldiimed dirmitatibng¥rednet. fibers with an al kaline sol ution
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occurrence of a tw
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The level of fiber curl shall be referred to in terms of a fiber curl index. The
fiber curl factor, a two dimensional measurement of curl, is determined by
viewing the fiber in a two dimensional piane, measuring the projected length
of the fiber as the longest dimension of a rectangie 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=(L /L ) -1

A Fiber Curl Indexplmage Analysis Method is utilized to measure Lg
and Lao. This method is described in the Experimental Methods section of
this disclosure. The background information for this method is described in
the 1979 International Paper Physics Conference Symposium, The Harrison
Hotel, Harrison Hot Springs, British Columbia, September 17-19, 1979 in a
paper titled "Application Of Image Analysis To Pulp Fiber Characterization:
Part 1,” by B. D. Jordan and D. H. Page, pp. 104-114, Canadian Pulp and
Paper Association (Montreal, Quebec, Canada), said reference being



nodes and total tw st count are determ ned by a Twi st Count |nage Anal ysis
Met hod which is described in the Experinental Method section of the

di scl osure. The average twi st count referred to in describing the fibers of
the present invention is properly determ ned by the aforenenti oned tw st
count nethod. Wen counting tw st nodes, portions of fiber darkened due to
fi ber danage wo%7b#s4 conpr essi on shoul d be disti ngui shed f PEHUBUABIBNS of

fi ber appearing darkened due to fiber tw sting. The act ual
tw st count of any given sanple of fibers wl#gvary dependi ng upon
the ratio of springwood fibers to sumrerwood fibers. The tw st

count of any parti cincerposaiedhyefsrence intothisdiasiasure.bers will al so vary
fromfiber to fiber. NOPféfb ANRe fiBers Ravi 8Véurl fdeforaofadtagdst! abdit (030! "énd
limtations are useful W’@b& rég thﬁ?&‘ﬁ@ I nvention, and these
li.mtations r ’5@ E‘!B)tartlcular conbl nat i on of
springwood fibers and summerwood fibers. That is, any mass of

}‘ ] 216{ s Ihg\:S ng t vwn;; ntCO?Mamtammg the ﬁesmﬁ%&s&ﬁn@lam tlmivxaﬁéltf&ﬂ]s ig&gh R dw:énd
present invention, 5599‘?@“?{'935"9}'@ mengif’egpab ' 9'790 5‘3 an thereby

PCT/ US96/ 08063 crosslinked in such twisted, curled state. Drying fibEs under such
?L?' gegalniolmet glg I ons g§ﬁ<ﬁu6ﬁ§ that the fibers may m&hﬁ&&rmm&e hs nylﬁd"!h%tﬂr?%%'o pt
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provi de a s yérpgen honding ¢ P'"s the Wfﬁeﬂ%t“
fiber tw st count i twigtingandbeufliegfthediber.ed anal ogously to the dry
fiber tw st count, sai dTﬁBH%\)éﬁWéﬁWHsYb ﬂhkh%ehbasfméaﬁﬁebsn&eﬁeh

w th water prlor to beln ated and t t .nodes the

whi | e %@553‘5 99 @ VYI!?‘ &R 'ﬁ‘!%‘ ki t"i\/e?%d.
Preferably, the aveﬁa@@qunh‘ ﬂ‘lﬁeﬁmelBtPldmmBel forax areem’ta@tpdumﬂn assolution
nodes per millinetewhichihitidf cOnEiimd BodE thd ichisslinking lagAt Bhd Itﬁeeaatéwst in

hodes per i 111 ot cpnomer 39'%@‘?%‘%"%5!‘*’@&% @%ﬁ%?% §6 3hugors Sllson of
preferably, the aveFtgsiinking agentand allowed te apas priesifaraddition of thexcatalysto ithes. 0
tw st nodes per il bawsystiis sabskquentipaddedc In a third embiodimért) the\crisshiriking

I's at |east about 2g8ehhgj cgﬁi}g?al%eédc‘gdl {d &% bGlie ¥ siurty 3F the cellulosic fibers.
Other methods in addition to those described herein will be apparent to
those skilled in the art, and are intended to be included within the scope of
this invention. Regardless of the particular method by which the fibers are
contacted with crosslinking agent and catalyst (if a catalyst is used), the
cellulosic fibers, crosslinking agent and catalyst are preferably mixed and/or
aliowed to soak sufficiently with the fibers to assure thorough contact with
and impregnation of the individual fibers.

There are various methods by which the crosslinked fibers may be
contacted with the odor reducing and brightening agent. In one
embodiment, the fibers are contacted after being discharged from the drying
stage in an air stream. The fibers are initially dry and after chemicais and
fibers have been contacted the consistency is approximately 90%. The final
pH is between 5.5 and 6.5.

Applicants have discovered that the crosslinking reaction can be
accomplished without the use of a catalyst -if the pH of the solution
containing the crosslinking agent is kept within the ranges specified



| east 1.0 twi st nodes per mllimeter less than the dry fiber tw st count

In addition to being twi sted, the fibers of the present invention are
curled. Fiber curl may be described as a fractional shortening of the fiber
due to kinks, twists, and/or bends in the fiber. For the purposes of this
di scl osure, fiber curl shall be neasured in terns of a two di nensi onal

field. WORHBH el of fiber curl shall be referred to RGIUSReNPES3of g
fiber curl index. The fiber curl factor, a two di nensional
measurenent of curl, is determ ned by 4 ewing the fiber in a two

di nensi onal plane, neasuring the projected Iength of the fiber as
the | ongest di mensi oereinafter. Salpantiduta idheoffthé)eéuulosucﬁbersunw ]

o, he’ac il Terc L s AR hdh s, o § G e
Factor= (L[err]/L[ erabout pH 1.5 and about pki 5i mere mferabbdbadwegagtbomamﬁm and
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Bart 1 by B b s e HEREKnaanies may Be uling, (ABRRe caRleR
Paper Assom ati on ( Npelude alkaligmetal hiypophesphites,salkali mestal phesphites, najkall metal

WO 97/ 00354 polyphosphates, alkali metal phosphates, and alkali metal sulfates.
PCT/ US96/ 08063

i ncorporated by ref riffCiRly prefemed cafalysts jarg, the alkali metal hyp”%?@?@ﬁalﬂ"ﬁ?"
the fibers have a cunetal phosphatesamandeakali ametet suifates. arthe mechanismoiof the

preferably of at | eagital QL&' dhkRBwn, although appllcants'\'ﬁéli&é'tﬁbﬂﬁlé BatalysiiCay! N

bstantially indi |
ubstantyal 1y Lot vi gl b0 HcHihG by ich ggg%ats cospig T 30l
such tw sted, curl eoﬂeﬂraﬂerange; yiAdnorepeompletedlist efueatalysts usefulclasremtq:ambe
that the fibers nay fouhd tina LS C Piaterit 54,820,307 cYvéieh a6t @, YisGed NRprfii PEI 9989,

under substantially

pnder substant! o1 Y JHApaishel BErby? B s, TH8 deidcsSd Bl iy 1 Pl s
t wi st ed and ersea catabribgr agenti @ inn cambinaling i with yonen @F vinateiothesd
form It is believeccatalysts. that interfiber hydrogen bonding "restrains"

the relative occurrence i amount of 'cltalyst Heidbly Yilizdd isO Tof ddGirdd, Mebendent
upon the particular type and amount of crosslinking agent and the reaction
conditions, especially temperature and pH. In general, based upon
technical and economic considerations, catalyst levels of between about 5
wt. % and about 80 wt. %, based on the weight of crossiinking agent added
to the celiulosic fibers, are preferred. For exemplary purposes, in the case
wherein the catalyst utilized is sodium hypophosphite and the crosslinking
agent is citric acid, a catalyst level of about 50 wt. %, based upon the
amount of citric acid added, is preferred. It is additionally desirable to adjust
the aqueous portion of the cellulosic fiber slurry or crosslinking agent
solution to a target pH of between about pH 1.5 and about pH 5, more
preferably between about pH 2.0 and about pH 3.5, during the period of
contact between the crosslinking agent and the fibers. The amount of
alkaline solution and oxidizing agent preferably utilized is of course,
dependent upon the particular agents used and the reaction conditions,
especially temperature, time and air flow. In general, based upon technical
and economic considaerations, alkaline compound levels between 0.07 to 1.8
weight % and oxidizing agent levels between 0.02 to 1.5 weight % are



There are various nethods by which the fibers my be contacted with

the crosslinking agent and catalyst (if a catalyst is used). 1In one
enbodi ment, the fibers in pulp sheet formare contacted with a sol ution
which initially contains both the crosslinking agent and the catalyst. In
anot her enbodi nent, the fibers are contacted with an aqueous sol ution of
crosslinking ageotnmlsd all owed to soak prior to addition of RCRUSIGBI6Y St .

The catal yst is subsequently added. In a third enbodi nent, the
crosslinking agent and catal yst are a@led to an aqueous slurry of
the cellulosic fibers. O her nethods in addition to those descri bed
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the crosslinking agent Fof xemplawpiwposese dewatpsingsipay b ageomplished byygsuch
519;/ 00354 Hor el fmethom:ls as mec_l'aanifzally pressing, centrifuging, or aiPGiying>eé i3
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adj usted to a targeRreyipusly deserpedhis optional bubis prefarahly pegfarmmed dyta mrethod,
nor e Sr e; erably betknown inbthetarbas Eirl(ﬂrying, under conditions tsuphitiatthe duilization éfhe
period of contact N‘f‘éjﬂpé L

Preferably, the quﬁé us'?@c’iég&% ﬁé&%{ Itﬁﬁatg{twges%ggt @H&Meﬂ%e%% a'!s
sodi um hydr oxi de, thigh ﬁSJ“EPY%'é’Pi tige, i this Siage ieay result in drying the fibers
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The defibrated fibers are then dried to between 60% and 100%
consistency by a method known in the art as flash drying. This stage
imparts additional twist and curl to the fibers as water is removed from them.
While the amount of water removed by this additional drying step may be
varied, it is believed that flash drying to higher consistency provides a
greater level of fiber twist and curl than does flash drying to a consistency in
the lower part of the 60%-100% range. In the preferred embodiments, the
fibers are dried to about 90%-95% consistency. It is believed that this level
of flash drying provides the desired level of fiber twist and curl without
requiring the higher flash drying temperatures and retention times required
to reach 100% consistency. Flash drying the fibers to a consistency, such
as 90%-95%, in the higher portion of the 60%-100% range also reduces the
amount of drying which must be accomplished in the curing stage following
flash drying.
The flash dried fibers are then heated to a suitable temperature for an
effective period of time to cause the crosslinking agent to cure, i.e., to react



pol yphosphates, al kali netal phosphates, and al kali netal sulfates.
Especially preferred catalysts are the alkali nmetal hypophosphites, alkali
net al phosphates, and al kali netal sulfates. The nmechani sm of the

catal ysis i s unknown, although applicants believe that the catal ysts may
sinply be functioning as buffering agents, keeping the pH levels within the
desired rangeswosiesmie conplete |ist of catal ysts useful hePETHS%ENEe
found in U S. Patent 4,820,307, Welch et al, issued April 11, 1989,

i ncorporated herein by reference. The sel ectegy catal yst may be utilized as
the sole catalyzing agent, or in conbination with one or nore other

catal ysts. with theléallutosiv filers)f Theitaté wad dagm‘eemfadabsslmkmﬁ dépehds upoaf
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dependi ng upon the than about Qgioﬁ,fprbfambly Iaysdhpn aboutt200PC)| sincel expmsurélef the
preferred embodi mengerstduch high temperatures may lead to darkening or other damaging
of the fibers.

Without being bound by theory, it is believed that the chemical reaction
of the cellulosic fibers with the Co . Cg polycarboxylic acid crosslinking
agent does not begin until the mixture of these materials is heated in the
curing oven. During the cure stage, ester crosslink bonds are formed
between the Co - Cg polycarboxylic acid crosslinking agent and the
cellulose molecules. These ester cross linkages are mobile under the
influence of heat, due to a transesterification reaction which takes place
between ester groups and adjacent unesterified hydroxyl groups on the
cellulosic fibers. It is further believed that the process of transesterification,
which occurs after the initial ester bonds are formed, results in fibers which
have improved absorbency properties compared to fibers that are not cured
sufficiently to allow transesterification to occur.

Following the' crosslinking step, the fibers are post treated to reduce
the odor and 1o increase the brightness. The fibers are contacted with an
alkaline solution and oxidizing agent. The alkaline solution comprises an
aqueous medium and an alkaline compound. The alkaline compound is



cellulosic fibers are dewatered and optinmally dried to a consi stency of
bet ween about 20% and about 80% More preferably, the fibers are
dewatered and dried to a consistency |evel of between about 35% and
about 60% Drying the fibers to within these preferred ranges generally
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In addition, conventional multi-stage bleaching and washing stages following
crosslinking, have been found to provide desirable results. These would
include DEP or DEH stages where D is chlorine dioxide, E is caustic
extraction, P is peroxide and H is sodium hypochlorite. The post-
crosslinking sequence stages are preferably alkaline treatments, but the
final pH should be adjusted to be below 7.

The maximum level of crosslinking will be achieved when the fibers
are essentially dry (having less than about 5% moisture). Due to this
absence of water, the fibers are crosslinked while in a substantially
unswollen, collapsed state. Consequently, they characteristically have low
fiuid retention values (FRV) reiative to the range applicable to this invention.
The FRV refers to the amount of fluid calculated on a dry fiber basis, that
remains absorbed by a sample of fibers that have been soaked and then
centrifuged to remove interfiber fluid. (The FRV is further defined and the
Procedure For Determining FRV, is described below.) The amount of fluid
that the crosslinked fibers can absorb is dependent upon their ability to swell
upon saturation or, in other words, upon their interior diameter or volume



19 with the cellulosic fibers. The rate and degree of crosslinking

depends upon dryness of the fiber, tenperature, pH, anount and type
of catalyst and crosslinking agent and the nethod utilized for
heating and/ or drying the fibers while crosslinking is perforned.
Crosslinking at a particul ar tenperature will occur at a higher rate
for fibers ofweermeasain initial noisture cont ent WhePCEUSHMOPNGRI ed by
a continuous, air-through drying than when subj ected to
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exhibit lower absorbent capabilities than the fibers of the present invention.

In ancther process for making individualized, crossiinked fibers by a
dry crosslinking process, cellulosic fibers are contacted with a solution
containing a crosslinking agent as described above. Either before or after
being contacted with the crosslinking agent, the fibers are provided in a
sheet form. The fibers, while in sheeted form, are dried and caused to
crosslink preferably by heating the fibers to a temperature of between about
1209C and about 160°9C. Subsequent to crosslinking, the fibers are
mechanically separated into substantially individual form. This is preferably
performed by treatment with a fiber fluffing apparatus such as the one
described in U.S. Patent No. 3,987,968 or may be performed with other
methods for defibrating fibers as may be known in the art. The
individualized, crossiinked fibers made according to this sheet crosslinking
process are treated with a sufficient amount of crosslinking agent such that
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20 preferably selected fromthe group consisting of sodium
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diameter or vol ume with a sufficient amount of crosslinking agent such that an effective amount
of crosslinking agent subsequently reacts with the fibers, and with an
appropriate catalyst, if desired. The amounts of crosslinking agent and
catalyst (if one is used) utilized will depend upon such reaction conditions as
consistency, temperature, water content in the crosslinking solution and
fibers, type of crosslinking agent and diluent in the crosslinking solution, and
the amount of crosslinking desired. The crosslinking agent is caused to
react while the fibers are submerged in a substantially nonaqueous
crosslinking solution. The nonaqueous crosslinking solution contains a
nonagueous, water-miscible, polar diluent such as, but not limited to, acetic
acid, propanoic acid, or acetone. The crosslinking solution may aiso contain
a limited amount of water or other fiber swelling liquid, however, the amount
of water is preferably insufficient to induce any substantial levels of fiber



WD 97/ 00354

PCT/ US96/ 08063 21 upon
swelling to a maximum |l evel. This, in turn, is dependent upon the |evel

of crosslinking. As the level of intrafiber crosslinking increases for a

gi ven fiber and process, the FRV of the fiber will decrease. Thus,
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preferably individualized, crosslinked ﬁbers lt is especially preferred to include
between about 5% and about 30% of highly refined, uncrosslinked cellulosic
fibers, based upon the total dry weight of the sheet. Such highly refined
fibers are refined or beaten to a freeness level less than about 300 mi CSF,
and preferably less than 100 mi CSF. The uncrosslinked fibers are
preferably mixed with an aqueous slurry of the individualized, 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 smalt loss in
absorbency to the subsequently formed absorbent pads. 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 uncrossiinked fibers. Regardiess of whether the blend of
crosslinked and uncrosslinked fibers are first made into a pulp sheet and
then formed into an absorbent pad or formed directly into an absorbent pad,



performed by treatnent with a fiber fluffing apparatus such as the one
described in U S. Patent No. 3,987,968 or may be perfornmed with ot her
nmet hods for defibrating fibers as may be known in the art. The’

i ndi vidual i zed, crosslinked fibers nade according to this sheet

crosslinki ng process are treated with a sufficient anmpunt of
crossl i nki ng 2¥@ewo0dssch t hat WO 97/ 00354 _ PCT/USS
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effective anmount of crosslinking agent, pref@aably between about 1.0
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the crosslinking si@imost useful fof Bis egﬁe @mﬁgﬁ s aieBYInG Grfeittalifig 16'°
crosslinki ng agent _an eng hee

Prior to crossli nklf‘PFS‘ atwefldﬁﬁ?'g’ ap 1ﬁEVW@u‘Hh 'P%"ef'diqf!’ fokt e
intrafiber crossli rebsothentapplications: rﬁnrlhmiore)sssbh higheg basis welghtrarﬂl'dﬁhsuys
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the art, are inten gpto h*"ﬁ"’h t SCO 'hﬁ?\taﬁ %é‘a?'?%‘%&%"m"ss to
Anot her cat egory of" 'E%sl gf;ea‘ﬂ B‘Pehleo pf the. present
i nvention is nonaqmn&onmduda)hw:denslwrhssue shﬁets@qynmmmbe

types of fibers aprggsoﬁghgbaﬁoj@y %ossl i nking processes may be used in the
Preated O "arth s lcdested g cromsliked B At Be Hutes apgetied s iSenee .,
ef fective anobunt excess, mem;tmmm@ agentt ngﬁﬁqe%rqfltgemamsfomd ot he
fibers, and with arsucoessfuw rffSvePBkedss ERdsalinkirlg agbntdeSmpfise, T @equBnGY, S
of crossl i nking 295 HshiHy the crosstinked fibers, allowing the fibers to soak in an aqueous
solution for an appreciable time, screening the fibers, dewatering the fibers,
e.g., by centrifuging, to a consistency of between about 40% and about
80%, mechanically defibrating the dewatered fibers as previously described
and air drying the fibers. A sufficient amount of an acidic substance may be
added to the wash solution, if necessary, to keep the wash solution at a pH
of less than about 7. Without being bound by theory, it is believed that the
ester crosslinks are not stable under alkafine conditions and that keeping
the wash treatment pH in the acidic range inhibits reversion of the ester
crosslinks which have formed. Acidity may be introduced by mineral acids
such as suifuric acid, or alternatively in the form of acidic bleach chemicals
such as chiorine dioxide and sodium hydrosulfite (which may also be added
to brighten the crosslinked fibers). This process has been found to reduce
residual free crosslinking agent content to between about 0.01% and about
0.15%.
" The crosslinked fibers described herein are useful for a variety of
absorbent articles including, but not limited to, tissue sheets, disposabie



catalyst (if one is used) utilized wll depend upon such reaction

condi tions as consi stency, tenperature, water content in the
crosslinking solution and fibers, type of crosslinking agent and
diluent in the crosslinking solution, and _ t he amount of
crosslinking desired. The crosslinking agent is caused to react
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90% uncr ossl i nked, Fuﬂhemgré,?‘u}]ééeoﬁhﬁm%@eéb%orﬁ&&?dréé%@ ¢ be'abtaley in
wei ght of the sheet xed W th.the .
bormmc%on w:Ith increased levels of wet resiliency. For absorbent cores
' having densities of between about 0.05 g/cc and about 0.15 g/cc which
maintain substantially constant volume upon wetting, it Is especially
preferred to utilize crosslinked fibers having crosslinking levels of between
about 1.0 weight % and about 10.0 weight % crosslinking agent, based
upon a dry cellulose anhydroglucose molar basis. Absorbent cores made
from such fibers have a desirable combination of structural integrity, i.e.,
resistance to compression, and wet resilience. The term wet resilience, in
the present context, refers to the ability of a moistened pad to spring back
towards its original shape and volume upon exposure to and release from
compressional forces, Compared to cores made from untreated fibers, and
prior known crosslinked fibers, the absorbent cores made from the fibers of
the present invention will regain a substantially higher proportion of their
original volumes upon release of wet compressional forces.
In another preferred embodiment, the individualized, crosslinked fibers
are formed into either an air laid or wet laid (and subsequently dried)
absorbent core which is compressed to a dry density less than the



I ndi vidual i zed, crosslinked fibers. It is especially preferred to include
bet ween about 5% and about 30% of highly refined, uncrosslinked cellul osic
fibers, based upon the total dry weight of the sheet. Such highly refined
fibers are refined or beaten to a freeness |evel |ess than about 300 n

CSF, and preferably less than 100 ml CSF. The uncrosslinked fibers
are pwofoenessty M xed with an aqueous slurry of the PEKIUSIGOHBAER | zed,
crosslinked _ fibers. This mxture may then be forned into a
densified pul p sheet for subsequent dgfibration and formation into
absor bent pads. The I ncorporation of the uncrosslinked fibers

eases conpressi on adquillbriuptwet density of the pad. NTThea edailibritiny aget! dansity visi the
subsequent |y for e iy o A naf Baichibted on o oo RRGE RESE Yaneh théCpad is fuly
addi tional |y i ncr eBaturairg with fluid When Shersrare formest ipta an sbsasbent cgre having a
a;psor benlt _ pﬁdg Wﬁngr?idehﬁit% fe&ﬁlﬁdén][IﬁeNhﬂbﬁuﬁﬁ@iet%nﬂﬁ,?@bh)ﬁ:&ﬁ@lbﬁ%ﬁgﬂ’ﬁ%Ur e
Ol Crossli i nkKe an nc SSl. N | Del.S. egar es e [ L. na o
crosslinked and un%@%%?ﬁfr@g%ew' %ﬁb‘gi.é)%??}a%rﬁ%ﬁ'&@gﬂd
then forned into a ereh datogan absarbentiore bavipgi andry density geatemthapad,
WO 97/ 00354 the equilibrium wet density, upon wetting to saturation, theftoré WiléxpaRa63
Sheets or webs maadere aiEriRYwer oy, Sade ol Feif dfe g, o thg, present
from m xtures al so ioventionrhave equlibsive wekdensitiascwhich are isubstantially Howernthao
Sbout 0.0 O fpade, mege>HLRe Coriafiiine? Rt Rber:, YRE Mien of the [A8Sert 1A
Che i nventi on, wet Jnvénton’ e 2 Sampledsés 33 s, BRI HHbhes toah he, shiifibira et
g/ n2 and about 600 dgnsity, to form :adhinepad (which,bupor avetting) 7will exmansl) thetebyt
0-b30 g/ C{rB are espdqficreabing absorbestotapadiya18d af Géﬁféd @ggnmaﬂy aief than g
apsorpen cores In . SucC as I apers, anpons, an
ot her cataneni al pr@ﬁ@%ﬁéﬁcﬁ%bﬁ@%mm ~ havi n% basi s wei ghts and

densi ties higher than tlRcarother, prefersed: embiadiment, thigh absorbeney prapertieseiwet
for subsequent comyesiliehed) ahdCrepdngivinesy to wettiig- may ibedolitained for cros€inking

hbsor bentappl | cat 199018 of Befilercatdif 'l Relil % ahd gHBliEs Skt % Grossiinking,
structures al so extgant. caigylated;onypdry figar weight basis; + Preferablye sueh fbersares

to wetting. folrhed intplabsatbentscaresit Rauncntdry Hensitides dgredter sthah thedr
bhee ﬁ”ﬁmy be "V St et Géndity. ASiafdrbly! thd dbsomdkt Cored b Wniprdsuet’ ©

to densities of between about 0.12 g/cc and about 0.60 g/cc, wherein the
corresponding equilibrium wet density is less than the density of the dry
compressed pad. Aiso, preferably 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 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. Improved
performance relative to prior known individualized, crosslinked fibers is
obtained for all such structures.

While the foregoing discussion involves preferred embodiments for
high and low density absorbent structures, it should be recognized that a
variety of combinations of absorbent structure densities and crossfinking
agent levels beiween the ranges disciosed herein will provide superior
absorbency characteristics and absorbent structure integrity relative to



| ess than about 0.03 g/cc. I f desired, the crosslinked fibers

can be further processed to renove excess, unreacted crosslinking
agent. One series of treatnments found to successfully renove excess
crosslinking agent conprise, in sequence, washi ng the crosslinked
fibers, allowing the fibers to soak in an aqueous solution for an

appreci abl e tiwesneassseeni ng the fibers, dewatering the fi be€I/USI6/08063 . g.
by centrifuging, to a consistency of between about 40% and about

80% nechanically defibrating the dewatered fgpers as previously described
and air drying the fibers. A sufficient anount of an acidic substance may

beI y ?ddedHt.o é&ﬁréhﬁéﬁallsééllu{dﬁi@nﬁbéré ftﬁg@ﬁevﬁkﬁow?o%rmakéd]%g%?h Such
solution at a p ess tha u 1.ho ei ng.boun

theory, it is belie9@8°f‘ﬁgﬁ“‘§ﬂ'§mea“r%‘gg§§'?“é'fde& 'rﬂmma?ﬁfﬁ*&mg n
-under. al kal i ne conditions and that keeping the wash treatnment pHin

the acidic range inhibi PROCEDURE FOR DETERMMNG FLUID RETENTIBN VAR ch
have formed. Acidity ntroduce

e m neral _acl : - SULh as
subfuric acid, or altert ?i(? W"?np'f’ﬁ%d"f rﬁ?%?beac"f@ﬁ 3Pe3%‘ﬁ"ﬂ'ﬂsnﬁFa|“€‘e'
such as chl ori ne di etentionvaluesofnellwosiofibersul fi t e (whi ch nay al so be added
Fesidual free orossLonic amele SrAtnut ?'?3 0 BBAURTAE g 0 TpolS MIaddNet i epchphiee©

A . 0
0" 5% SorliopEwit! 3fbufHB! mLisbipa I dbforiientpaler & Pam 18Rparetits;
vari ety of afos betwgen about I5and; abaut 20rhpurs; uThe soaked fiess| arecollectedu e

sheets, di $posabl e on a filter ad®t/ARs/2HE& Y0 an 80-mesh wire basket supported about 1 1/2
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di apers, cataneni al E‘thiﬁp?‘ﬁﬁsmﬁq%‘fm? '6?&"’" 8&6 il - b?vhgpgitﬂbe is
each of said articleevered with acpiastiscenvestand:ther sample: isi santiffuged: at a relative

i ndi vi dual i zed, cr ogéntiifigeforée) oF A500SW i1beD gravites) for 9" toeZfFhindtes? The
[ qui a- mper moabi MR . el toshived cing PESET By Jueighel o e °
structure cont ai ni nyeighedfibarsare died to asopstankweight al-105%Csansbremieighesk | The
contenpl ated. Suchwatdrirétefiomvalué Rcalduited assllost Y 1 n U. S. Pat ent

3,860, 003, issued to Kennet - January 14, 1975, hereby

i ncor porated by ref er enfd imf'%t’f@ osure. The crosslinked fibers
described herein are also useful fBr making articles such as filter nedia.
Conventional |y, abswhbsnt cores for diapers and catanenials are made

fromunstiffened, uncrowgw&%i&(fh#mb%hﬁ.ﬁ&dm%;m?rei n the
D = dry weight of the fibers; and
W-D = weight of absorbed water.

PROCEDURE TERMINING DRIP CAPACITY

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

A four inch by four inch absorbent pad weighing about 7.5 g is placed
on a screen mesh. Synthetic urine is applied to the center of the pad at a
rate of 8 ml/s. The flow of synthetic urine is halted when the first drop of
synthetic urine escapes from the bottom or sides of the pad. 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.

PROCEDURE FOR DETERMINING WET COMPRESSIBILITY

The following procedure can be utilized to determine wet



absorbent cores have dry densities of about 0.06 g/cc and about 0.12 g/cc.
Upon wetting, the absorbent core normally displays a reduction in volune.
It has been found that the crosslinked fibers of the present invéntion
can be used to make absorbent cores having substantially higher fluid
absorbing properties including, but not limted to, absorbent chaC|t

W cking rate r&WaQOT854& o0 equi val ent density absorbent cores

conventional, uncrosslinked fibers or prior known crosslinked fibers.
Furthernore, these inproved absorbency resultspgmy be obtained in
conjunction wth increased | evels of wet resiliency. For absorbent cores
havi ng densities of cmhpresﬂbmtyoota&o%em/stmct&wi aNetlboﬁpﬂdi:smlhop:s\Millzéﬁ as a

mai ntai n substantial [y

preferred to utilize crossllﬁ%ﬁ%ﬁbﬁ aV| sg\féttskl ng ﬁﬂ' d wet
bet ween about resiligngg.o ?%9@6"&%&# 10 0 wei ght % crossl i nk| ng
agent, based Upom&uh:ucnbymurqndm square pad lwaighing abbat 7. Bgﬂsfprepared
Absor bent cores nade; r Si

of -structural integri thlcknesg ,ﬂgﬁé}}&ﬁ' Jﬂeésjlaé'?sgﬂ ?Lﬂatgg ?’ﬁ@ B"ng%?(fmg{ﬂﬂ
resilience. The ter ﬁmetqcéme.temﬂmeﬁltsdw wergmtpmmmm@m whichevers
to the i’ibl Ihl ty of da isdésy. ea Ot Psﬂobmméssmallbachapphed tottm»padtsmﬁthaboutao
original shape and v

conpressi onal for ceseédégE % o co?i ngﬁg @?n*ﬁ%é a%?lﬁl:l‘negs of the padi s
pri or known crossl i nms‘ﬂfﬁﬁerTs"e W@%ﬂ@?ﬁ!&ﬂd @@F@‘s'meﬂm)fh ﬂs,' thenpadsisof
the present inventi ogllowed tor eglibrae, anbah@mumieby is) ineasLredl 0P tompregsional

Warornr oo ot L B b R A 0 0

are formed into eit hiNCkRRssisagain measurad: Thaﬂenﬁma Qtiated forythe pad gl the
absor;)ent cor e whi choriginal@pPS$ foad, the #.1@S1 Istriand thel setand DenPShivad, referred
WO 97/ 00354 . . .
PCT/ US96/ 08063 to as 0.1 PSIR (PSI rebound) load. The void volumezygported in cclg, is

equi librium wet denstep determined,fos each fespective pressyre,jead.q Jhe void yalurpe is the
density of the pad, mlptﬁallnﬁdl'lewetpdd)de‘nswpmlmlsﬁ\e fibervolume [ﬂtﬂSlceIgb ulThe

saturated with fluid rfga@qrﬁswo'm}.phglrag o e rifrd o ot ﬁ%étﬁevwag

a dry denS|ty 'Iess t e equ um wet de S|t |ng to
saturation, fRmprgsgion; ﬂ‘ gpueual iptegriyq i fQS‘P¥ umes; fory
Al ternati vel Y, V\/nen common uiltialepad mmsnndachte grentanresisuncbetomet@omprawong

?Od;gt Sregts: E)% g{ ﬁgt gﬁndB@Qterwets;rg 15teht; b"rhgfaiﬂ@éﬁsl@%&n owopgleavg?hlng
Pads made from t he fﬁgﬁg ngOqulge Fé@@ﬁ'@ﬁ’mmpa""g Wat resiiience' Bt absorbent pad.
. A smaller dlﬁerenoe between 0.1 PSI void volume and 0.1 PSIR void
volume, indicates higher wet resilience.
Also, the difference in caliper between the dry pad and the saturated
pad prior to compression is found to be a useful indicator of the
responsiveness to wetting of the pads.

PROCEDURE FOR DETERMINING DRY COMPRESSIBILITY
The following procedure can be utilized to determine dry

compressibility of absorbent cores. Dry compressibility is utilized as a
measure of dry resilience of the cores.

A four inch by four inch square air laid pad having a mass of about 7.5
g is prepared 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 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



I nvention have equilibriumwet densities which are substantially |ower than
pads made from conventional fluffed fibers. The fibers of the present

i nvention can be conpressed to a density higher than the equilibrium wet
density, to forma thin pad which, upon wetting, wll expand, thereby

I ncreasi ng absorbent capacity, to a degree significantly greater than

obt ai ned for uwowwemss nked fi bers. | n anot her RCAVIAIFBIIE3
enbodi ment, hi gh absorbency properties, wet resilience, and
responsi veness to wetting may be obtained forggrosslinking - | evel s of

bet ween about 3.0 wei ght % and about ‘8. 0 wei ght % crosslinking

agent, cal cul at ed oaﬂaﬂeasiﬁ%hdicawbgh?dmmenda eferably, such fibers are
formed i nto absorbent cores having dry densities greater than their

equi libriumwet densities. Preferabl t he absorbent cores are conpressed
to densities of between about PB.OEE@J%BE FOR DEJERMNING LEVEL ORherein the
correspongi ngdqu\: | Q%F-LC#TP XYLICSACHS REACTED VAT LULOSICE
conpressed pad. S0< p r I r :
density of between about 1@@%@@%&%@9@@%@%@%@@@%@&&
cor respondi ng equi | level ahpoliarkreic cisk crasslinked wcellsiosic thess, dnycsuitable
about 0i t12 ﬁ’cf’a gndwemcud:qmseum Fé\ﬂhd@ﬁﬁidsbﬁ@fﬂétehhminynie ievaIef preferfed
cores. shou eqLec i, . ,

The hi gher densi ty CangES boNeDoRIREREH o -a?'%tgﬁ%%ﬁﬂhf%%@%%!éﬁgﬁﬁﬁé%@r
crosslinki ng | evel scrogslinky bondsewithethy tcelielesis: semponenty of uthes indivigualized, om
_crOfssI i nked fi Iber.s brosslinket cfibers ire el exarhplesasfsthe niresent invention) gie following
performance relativ | i \Y

obtained for all su@{?cg?%_c%‘r%'gam' ﬁﬂt' AQHFHP i 8%@%@2@%’%?‘?’5&‘*"8

di scussi on i nvol vesWih&ufficient hatwater i Frmove,any unreacted grogslinking ichamiralsser y
absor bent st ruct ur esatalystss iNext,thé fibérscng driee tb édquilibriam moisture coatent:t y of
combinati ons of absor befhe Ahdsiirbufl Salent BF 1 Viaf diaed thdldiinked fibers is
agent | evel s between the Tranges SCI 0se erern w rovi de superi or

absor bency char act ethendetermingd esseptialivip ascordancs with T Bﬁ-l-MMFiWQ%
WD 97/ 00354 77. The crosslinking level of the Cp - Cg polycarbddylic &SR A< Bkn3

27 conventioealhqg ' i rf&&ﬁh t&H‘ .
fibers. Such e %#n@rﬁyﬁ%éﬁgﬁﬁpgg@gb%ﬁuggd w thi nhq e su'caépe
of this invention. Crosslinking leve'&h',ﬂﬁd%kt FOR DETERM NI NG FLUI D RETENTI ON .
VALUE - (C-30) _1kgpulp 0.001eq. 1 molecarboxylicacid 192 g Citric Acid
1000gpuip meq. 1 eq.free carboxyl group g mole

Where C = carboxyl content of crosslinked fibers, meg/kg
30= carboxyl content of uncrossiinked pulp fibers mea/kg

The assumptions made in deriving the above formula are:
1.  Two of citric acid's three carboxyi groups react with hydroxyl groups on
the cellulose to form a crosslink bond, thus leaving one carboxyl group free
to be measured by the carboxyl test.

2.  Uncrosslinked pulp fibers have a carboxy! content of 30 meq/kg.
3. No new carboxyl groups are generated on the celiulose during the
crosslinking process.

PROCEDURE FOR DETERMINING TWIST COUNT
The following method can be used to determine the twist count of

fibers analyzed in this disclosure.
Dry fibers are placed on a slide coated with a thin film of immersion oil,



The foll ow ng procedure can be utilized to determ ne the water

retention value of cellulosic fibers. A sanple of about 0.3 g
to about 0.4 g of fibers is soaked in a covered contai ner with about
100 M distilled or deionized water at room tenperature for between
about 15 and about 20 hours. The soaked fibers are collected on a

filter and tr sywsémossad to an 80-nesh wi re basket supported RODASIGDSAES?2

i nches above a 60-nesh screened bottom of a centrifuge tube. The tube is
covered with a plastic cover and the sanple 88 centrifuged at a relative
centrifuge force of 1500 to 1700 gravities for 19 to 21 m nutes. The
centrifuged fibers anddhemocoveredwithca t:omnsllpe'ifhesbmt ehthevimimérsivn dilhwas to

wei ghed fibers areré“dé?%é‘ﬁbﬁ %ﬂ§§ 9!'3!“ alici Caﬁd‘%ér@&ﬁ'aﬁﬂ‘
E-ngr] nater r%e“h&@%oﬂé?aijﬁe t"h?“! §¢€ ﬂgw@g@em are placedmcgtpD L

diy wei ght of the fashdesbypmdngalowconslstenwm mmmonHMsmmnw

PROCEDURE FOR DETE I'N:Wl" | ure
can be utilized to% erm ne @I"I capa Tge\rfaterrenderggglg%ﬁ%em co %ﬁj
capacity is utilizaiptiwish "%Qﬁr'ﬁPmaﬂ%ﬁf? absor bent capaC| ty and
absorbency rate of theAmoimge analyzer comprising’ alomputér-dontrblled microscope, a -

Syncherc urine. 1 oad e, fviled srbof,AeFls computer cided Wb CBR' i
M /5. The flow of @yRiaha | Eom, Gagmbridds. ingwmens Limited; (Gambridge, o England:
synt hetic urine es@Suffa, deplmmmem|mfconﬂe pad. The drip

Cubesquent 1o ﬁ?l?&ﬁﬂt. n“’gf W?q@%ﬁi"@ e i’aﬂi&. i %f%ﬁ%f“@%%ﬁﬁ?%ggﬁ?

t he fibers, n is measured lyees. DEREAWISN NG
VET COVPRESSI BI LI Thodes are ldentlﬁeﬂhanﬂomaﬂwdn@ypawamimtor.cafl'hlse prdcedureds t 0
det erm ne wet _ contintfedd Meddril fiber length and marking twist nodes until 1270 mm
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inches of total fiber length are analyzed. The number of twist nodes per

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

P R R RMINING CURL FACTO

The following method can be utilized to measure fiber curl index.

. Dry fibers are placed onto a microscope slide. A cover slip is placed
over the fibers and glued in place at the edges. The actual length LA and
the maximum projected length LR (equivalent to the length of the longest
side of a rectangle encompassing the fiber) are measured utilizing an image
analyzer comprising a software controlied microscope, video camera, video
monitor, and computer. The sofiware utilized is the same as that described
in the Twist Count Image Analysis Method section above.

Once LA and LR are obtained, the curl factor is calculated according
to Equation (1) shown above. The curl factor for each sample of fiber is
calculated for at least 250 individual fibers and then averaged to determine
the mean curl factor for the sample. Fibers having LA less than 0.25 mm
are excluded from the calculation.

PROCEDURE FO SURING ODOR COMPOUN
The following procedure can be utilized to determine the level of
odorous compounds of crosslinked fibers.
A sample of about 1 gram to about 2 grams of material is suspended



28 conpressibility of absorbent structures. Wet conpressibility is
utilized as a nmeasure of resistance to wet conpression, wet
structural integrity and wet resilience of the absorbent ‘cores.

A four inch by four inch square pad wei ghing about 7.5 g is prepared,

Its thickness neasured and density cal culated. The pad is |oaded with
synthetic uri nwowzemssh tinmes its dry weight or to its satur RGCGPIHROG

whi chever is less. A 0.1 PSI conpressional load is applied to th
pad. After about 60 seconds, during whi3gdh tinme the pad equilibrates,
the thickness of the pad is measured. The conpressional load is then

i ncreased to 1.1 PSlin 40hwl ofawates and is homegenizad] The aquedusbpbase, is aemovéd:by
thickness is nmeasur qfbcantatioff Wi pedsiighe solid with aQftaks rod! THE agBEblisiohdse i 1
PSI, the pad allowed to.equil.lhlrage dthe t hi ckness 1's agaln
measur ed. The densi tthé‘ést%&g’ %%ﬁﬁ’%ﬁ@#ﬂ#ﬁ@%ﬁd‘ H{P ofﬂgneiane or by %PF@? pta
0.1 PSI |oad, the 1.micrdiquidfiquidexdradter. second 0.1 PSI |oad, referred

to as 0.1 PSIR (PSI rebtsgpﬁa W&d/ il oV ' 3

t hen Yeterni ned for each rieshéeg?élj\?ggg; ?%F%fgggi@qﬁgg\%i d\t/o rﬁﬂ‘e@ﬂmb?ﬁde
reci procal of the wf"hHal @gﬁgf{'?p'n? L'FS’gP Pt BRY & MASHSPEEF &/ §) Resige
0.1 PSI and 1.1 PSI RigliomethiylsiliconerapiummGo-milong,d:32 mm bd., A qun fim s usedfonet
conpr essi on and vet b aHakysB2 I ThetbRPbidhire is prodiammed &5 ROWETR Miftlisdthermal

common initial pad depsiii L ndi e.areater resistance to wet conpression
and greater wet strﬁ?@ré‘l%ﬁéﬂ .c'%ﬁ@ﬁﬁf"??'é'%e’ﬁ% between 0.1 PSI and

0.1 PSI R voi d volAicheontatogrant of afheadspagenis ngwvelitained iandcthedewdls of
absor bent pads. hen&ics 5 ' PR irélq VOl ume and
0.1 PSIR void ol l'JITE, qﬂ%ﬂ%ﬁ%@”ﬁ?gﬁ%‘%&ﬁmt ?’gy iﬂgeﬁggaﬁlrdd.

Al so, the difference in caliper between the dry pad and the saturated
pad prior to conpres U ‘ ERMINING ODORIDE ROS I INKE:

e =2 " ~ A
responsi veness to wetti nheObrdckst rably an olfacto " RyilF
DETERM NI NG DRY CONPREsil B EI pTJeinW ly f’m are the

' .The’fyolwi rocedure c be
Gtilized to detern M8 Qe PRRIDPHiste; #ouRt of earih sampl S o
conpressibility is rapergcups,dhem securing a lid ap eashafupdand labeling theccupsi \When
ﬁg;gsbf bout 7.5 Ahé %ctbl:”'ﬁherhdy wégalhaéhhé%ufnp:essgitﬁe !liﬁiiﬁré??&eg?\;{@%c%f .
hydraul i c press' to actfld tap wa%l’i%%ﬁ&éfcﬁ"%&gﬁﬁqﬁgﬁl%‘ B4R '%?ﬁ'ge‘é!aﬁw
i nverted and the pr d8iButes, ijbut not more dhamt 15d minutest He cRaRss tsamples) are
measured before and evhivated)r F&iSedth three cup utlof samiples, RsiparlisioRil firdbeamole

hi ckness) . Larger 19 fEiord the Meriihed SRy ong sy £ P 84 R 6 piaced
back onto the cup. The procedure is then foliowed in tum with each of the
remaining samples. The panelists identifies the sample and marks its code
on the grading sheet and checks the grade which best describes the overall
odor of the sample. Evaluations must be made only by those qualified.

PRO URE FOR MEASURING BRIGHTNESS
The following procedure can be utilized to determine the level of
brightness: A standard Technidyne TB-1 brightness meter is used. A 4 inch
x 4 inch air laid pad shouid be formed using industry standard method. The
brightness is then measured on top in the center of the sampie.

PR DURE FOR MEASURING pH
The following procedure can be utilized to determine the final fiber pH:
One gram of crosslinked fiber is added to 100 mi of water. The sample is
stirred for 60 minutes and the pH is recorded.
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29 after pressing indicate |lower dry resilience.

PROCEDURE FOR DETERM NI NG LEVEL OF C - C POLYCARBOXYLI C ACI D REACTED
W TH CELLULGSI C FI BERS There exist a variety of analytical

met hods suitable for determ ning_,the | evel of polycarboxylic acid
crosslinked wi wowmbisal osic fibers. Any suitable met hBET/OEBU3 ysed.
For the purposes of determining the |evel of preferred C2 - (err]

pol ycarboxylic acid (i.e., citric acid) which3geacts to formintrafiber
crosslink bonds with the cellul osic conponent of the individualized,
crosslinked fibers in tfAbedaliowingexamplesdiiystratetite praciice ofithe présertt diventiomg

procedure can be US%a@ﬁ&ﬁmﬁdéiﬁ%eehrﬁﬁmQﬂferEéPSS' i nked fibers is washed

with sufficient hot water to renove any unfeacted crosslinking chenicals or
catal ysts. Next, the fibers are dried to equilibriumnoisture content.
The carboxyl group content of the indivi dUBXAMBRLE kcr osslinked fibers is

th det ' d t t 3

77. The or ossl | nﬁisﬁen|' e}"“"?"]t"ﬂe W@?‘z‘% B"’EF"}‘C‘@F’E%H‘"? dié ke bg°d i

cal cul ated fromthe ? king é’mﬁiﬂt‘hﬁ‘PSLﬁF"& tg? ‘P% linking Agenty sodium

formul a: Cr osl'qdroxldeng!d bydrogén\peghtidé/do reduce odor @hd 3Mprdvegbrighitness.

0.001 eg. 1 nole Ca"l*%xﬁlﬂo qéed]tgzgro@h tﬁe%&nﬂ:ed odgr, citric acid cro s%hnitg{?o
gro nmo = car

g pulp neq. leg. ee car
content of crosslin B’sf'FSﬁ a/ kg 30= carboxyl content of
uncrosslinked pul p f1| belForeacﬂkaJ'nple 1735 g of once diied, zvuthem sofwoodkraft (SSK)

deriving the above I e f r Sisﬁﬁ% '

car boxyl groups rea t‘ﬁoﬂa%ro sl] gF%"t}'lsT%nm'g ha%%'he ce ?ﬁ@gé{e]&f%%rm
a crosslink bond, tﬂlfs QW%E Broup free to be
measured by the car lzoxyl'l'hbepulp sheet is oorﬂacte&lrwmsa%'ﬂﬂﬁwhmlmd 1196 rsoditmy €

a carboxyl " cont ent ?\3’8?&‘ gThe is acjustel3o"2Y i BAMtin HdREe?" The

generated on the ce CrQss n .
PROCEDURE FOR DETERGPRFIRI® &W\“S puipsheet and chemical $ ﬁg%l ng method can

be used to deternm nd&.t hNexwtha fikers are défibrated using alSproutdNakiyare d21 disk refiner
di sclosure. | B3 rhinfistr S16U-R) Wli08E itBs ard | def at & YaB witich Vidds
thin filmof inmersion éﬁers 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 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
content is about 10%.
4. The nearly dry fibers are then placed on trays and cured in an air-
through drying oven for a length of time and at a temperature which in
practice depends on the amount of citric acid added, dryness of the fibers,
etc. .In this example, the samples are cured at a temperature of about
3300C for a period of about 5 minutes. Crosslinking is completed during the
period in the oven. '
5. The crosslinked individualized fibers are then contacted with a water
solution containing 0.25 % sodium hydroxide and 0.13 % hydrogen
peroxide, and well mixed. The resulting fibers contain 10% moisture.
6. The odoris zero, final pH is 6.0 and the resulting brightness is 84.
The material has reduced levels of sugar decomposition markers
(5-7x) and anhydrides of citric acid (2-3x).
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then covered with a cover slip. The effect of the imersion oil was to
render the fiber transparent w thout inducing swelling and thereby aid in
i dentification of the tw st nodes (described below). Wet fibers are placed

on a swod®0d3g4 pouring a | ow consistency slurry of tHRCHYS36/4H896N t he
slide which is then covered with a cover slip. The water rendered
the fibers transparent so that twi st ggde identification is
facilitated. An i mage anal yzer conprising a conputer-controlled
m croscope, a video canera, a video screen, and a conputer |oaded
with QU PS software,

(Canbri dge, Engl and The resgﬁ l‘m&@'ﬁ%%gm qgges“ggﬁ{cow&#_ﬁe {W st
count . Ofﬁ‘é 6; ad.pontain -5 weight Y aitric aﬁl@ rhalculated ppiacdry fibexweight f

t he m croscope basis| retictett wilh thé fibesiin twafonarofi intrmurdsdum«bém I TR

| The t t
Thie orocedure 1. malodor i SiGH %rfss,%@ﬁi&ﬁ%sﬁ%%ﬁ%ﬁﬁémﬁm tw st
nodes until 1270 nm mpo"t?flﬂYesﬂ‘Sf ressiting f'ﬂ@!‘ﬂuﬂlgﬁgt hcras@mlsem

number of tw st nodeducedr odor, higher |brightress, Smproved! Péspdnéﬁﬂmshhtos vﬁh%ﬁ

s O o R e ok i i

The fol | owi ng met hfibeeafang cap be safesyutilized inihg vicinityaf human skimdex.
Dry fibers are placed onto a m croscope slide. A cover slip is placed

over the fibers and glued in place at th B l'I'he actual length LA and
| ength of the | ongest

t he maxi num pr oj ect ed Iength L%}‘ &Qal
side of a rectangl & iy |¢Pﬁer¢)’°§§ﬁ@"ﬁ¢eé®&!’*‘eoﬁf§t madei By andnfmage
anal yzer conpri si n@rassmﬁng\@mceserutmﬂh htriciaeidoas ahe cr&sﬂﬂlﬁng%gﬁﬁf,i ;sodiufte 0

LU T o vk eromterhive sl ok e )

in the TWI st Count gf@
and LR are obt ai nedhetpfacedyre ‘F%ét'@rpr@“%% reducededas gitigyacid crosslinked

Equation (1) shownfibbmigasTollowsur| factor for each sanple of fiber is

calcul ated for at |1easi'-'o?§9cﬂ?§ﬁ1élbd‘l'%§é'ol? %gﬁ%ﬁ%ﬁw%ﬁ%wn (§§\ ) ess

det er m ne t he

than 0. 25 mm I6 18 REQYifies i sheed farmm, cThe.floars REVS A moisture content
PROCEDURE FOR NEASU% (equiv@nt R BB\ ddnSistency).

2. The pulp sheet is contacted with 8% citric acid and 1% sodium
hypophosphite. The pH is adjusted to 2.5 with sodium hydroxide. The
consistency of the resulting pulpsheet and chemicals is 60%.

3. Next, the fibers are defibrated using a Sprout-Waldron 12" disk refiner
(model number 105-A) whose plates are set at a gap which yields
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 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 content is about 10%.

4. The nearly dry fibers are then placed on trays and cured in an air-

through drying oven for a length of time and at a temperature which in

practice depends on the amount of citric acid added, dryness of the fibers,
etc. In this example, the samples are cured at a temperature of about
3300C for a period of about 5 minutes. Crosslinking is completed during the



The follow ng procedure can be utilized to determ ne the |evel of

odor ous conpounds of crosslinked fibers. A sanpl e of about 1
gramto about 2 grans of material is suspended WO 97/ 00354

PCT/ US96/ 08063 31 in 40
m of water and is honogeni zed. The aqueous phase is renoved b

decant ati on whwpeTmmsssi ng the solid with a glass rod. The aﬁﬁﬁ’l se is

adjusted to pH 4-4.3, and extracted with 3 -4 m of pentane or by neans of

a mcro liquid/liquid extractor. 34 Sanpl es are anal yzed
with a PE 3920 gas chromat ograph equi pped with an injector/trap, a
PID/sniff-port and Refiedde theaven.onet er. A Rest ex Rlerr]-1 nethyl

silicone colum, 608.m | TgcroBslihkedindividualizdd fibers iarétharscontsted with a water t he

anal ysis. The tenperat ' r . I , 0 I
at 50[err]C, 8[err]d ngnoq?tW%'ﬁ'ﬁm @%pﬁﬁ@#ﬁ%ﬂ*&?@%&%ﬂﬁ%ﬁ A
chromat ogr am of a headsipéiFegens pesoxidet The msulting fibees cantainsl 08 moisture.
roctor referably ano Cto T O ' t ‘l’" ar%n?ﬁyﬁbe v?eight
garrpl es E)s pl aci ngybasés.agmtegmi 'Eeaﬁbem% the fZlmnf ﬁfﬁﬁgﬁdmsﬂinbmnds-l yhe
fﬁper chs, then sdelimnt bﬂdri&zbidjﬂ@ré%ﬁlﬁhgbﬂﬁhtﬁégsiséélﬁhh_ﬂghéh‘fal@:%&lz\é\hen -
e proctor is ready i e 4 he ﬁ%!e . . is 1 V, cc 0
cold tap water is&%e?ﬁﬁ%ﬁhf? mqgﬁ“["hﬂ‘%@% | ﬁ? ﬁ'ig?éegi.;eﬁ L'E)&ez
m nut es, but not U ) esng sEnpioves dges veness 4o wetling
eval uated. For eac lhelahneemmvéﬁﬁoﬁai,_ GRrGtshitked fiseroa ipﬁ_érf wfudvltm Etﬁ]ssﬁr?keg
renove e r i £..ed . ndar niff.it. e li
shoul d be pl aced ﬁb%é’ a&‘?a’%?r‘]@fﬂ%@@%&.'ﬁ%‘ﬁ‘e&ﬁ"&%ﬁ?@a??&%en fol |l oned
in turn wth each of the remai ni ng sanpl es. The panelists identifies
the sanple and marks its code on tExA i flg sheet and checks -t he

grade whi ch best deﬁ&ﬁl}]%ﬁ; rﬂﬁg?biﬁﬁfo@é‘éze&aﬁ;rpﬁlgi 8& fibers"Gre AMRYE by a dry

Eval uati ons nust be na )se qual ) .
PROCEDURE FOR NMEASURPs#linkingdpresgsssutilizing citric acid aphther grosslinking agestcsediumcan

?e ﬁt ! Idi zedT-}3 oldgt eliydrowidé land| fydedgen’ peroxide to redade 8861 and\ improve drightness. .
e ot D8 o el BT Sied o br&fce’d feidn oy, ot Shal”
fibers is as foliows:
1.  For each sample, 1735 g of once dried, southern softwood kraft (SSK)
pulp is provided in sheet form. The fibers have a moisture content of about
7% (equivalent to 93% consistency).
2., The pulp sheet is contacted with 8% citric acid and 1% sodium
hypophosphite. The pH is adjusted to 2.5 with sodium. hydroxide. The
consistency of the resulting pulpsheet and chemicals is 60%.
3: Next, the fibers are defibrated using a Sprout-Waldron 12" disk refiner
{(model number 105-A) whose plates are set at a gap which yields 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 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 content is about 10%.
4  The nearly dry fibers are then placed on trays and cured in an air-
through drying oven for a length of time and at a temperature which in
practice depends on the amount of citric acid added, dryness of the fibers,



brightness is then neasured on top in the center of the sanple.

PROCEDURE FOR MEASURI NG pH The foll ow ng procedure can be
utilized to determne the final fiber pH: One gram of crosslinked
fiber is added to 100 mM of water. The sanple is stirred for 60
m nutes and the pH is recorded. WO 97/ 00354

PCT/ US96/ 0806 3vp 97/00354 FLT/USI6/08063
The following exanples illustrate the practice of the present invention
but are not intended to be limting thereof. 35

EXAMPLE | Reduced odor individualized, crosslinked fibers are
made by a dry etccr irs tHis rexamglep the samplds brez icogdcatt aitemperaturasot about

crosslinki ng agent, g;g;t : i oLk ! uce
odor and i nprove br|3 tne g_penodof%%?‘fgﬁﬁné@éé&ﬂ?e uge p%egﬁgﬁﬁd%ﬂyﬁg
reduced odor, citri@q%{' 8v&i nked fibers is as foll ows:

1.” For each sanpl €5, 17BAe grosslinked indilidualized fibers are thenfdontastedwith & wabéik)

pulp is provided in sh i ! ﬁ?ﬁg@ f about

7% (&qui val ent to 93% g%&r!gtliﬁéeﬂnta-f ﬁﬂ.M%@_ﬁéﬁ%&&ﬂEﬁﬁsﬁgg S %ﬁl’)lt act ed
oistyre. pH i s adjusted

Cy). .. /
with 8%citric acid anopq_%'QSdﬁLnéfesuﬂm fibeys,epmaia
toI 2. ﬁ with Zodihum hyflr'ﬂm' resulting individualized orussiiikedaelivibsit fibersdmave ta WRV g
pul psheet and chemi cal sug 0 ; ; e i tiat e
usi ng a Sprout-Wl dron t‘23?7'%9"5( c?l%?énnaé“rﬁ'e'_g*l%ht"é%héo e n@{n@gﬁb%%
whose plates are set athg g ofjpiraiibes crasglink bonds. fibers substantially
i ndi vi dual i zed but wi t hThe finaliodoniszero, the rdsufting drightness is 82 and therfingkbpH As
the individualized fibegg exit the refiner, they are flash

dried with hot air in two vertical tubes in, order to. provigde fiber tw st
and curl . TiPArastY.s n'P&P'H"SpMWﬂ'y °1Q§§9’ﬁiﬁdst es e
exi ting redoced oddre chighed brightness)yimproved qespamsivehessh donwettingr e

content of the lative to EdrivBhforiaf, GHcFGHsRhked Aiber8 HY priStRAAN cRosslinked
the flash d t , t i, D t t
terperature air unt MBS ANGe safely utlized inthe ey ofbuman 388y, 100



4. The nearly dry fibers are then placed on trays and cured in an air-

t hrough drying oven for a Ien t a tenperature which in
practice depends on the anount ’“l“ﬂ“l lmuﬂ[ﬂlu dded, dryness of the fibers,
etc. In this exanple, the sanpl*escare ctired & a tenperature of about
330[err]C for a period of about 5 mnutes. Crosslinking is conpleted during
t he pewodsiossss t he oven. 5. The crosslinked iwchnsodosnss zcd
fibers are then contacted with a water sol ution containing 0.25
% sodi um hydr oxi de and 0. 13 % hydr ogen 38 per oxi de, and wel |

m xed. The resulting fibers contain 10% noi sture. 6. The odor is
zero, final pH is WHATISCULAMMERS:I ting brightness is 84. The
mat eri al has reduced | evels of sugar deconposition markers

I(Dg%zﬁ)sgglngggggydr '10I eSAO;];rogésEsrfor prepagné red%o)ed odor, mdav:duV\?ze /pgg%gfboxy!ic

The resul ting i ndiacidicrasslinked celhﬂndlc fiberd, said process charadierizedin tiatdt \\RV

of 37.6 and cont a'd&rr?prﬁe %i gitric acid, calculated on a dry fiber

wei ght basi s, 'reacte thefibers in the formof intrafiber
crosslink bonds. The flnal odor is zero, the resulting brightness is
84, and the final pH isa6.goviding cellulosic fibetsyportantly, the resulting

i ndi vidual i zed, crosslinked fibers have reduced odor, higher

bri ght ness, inproved responsiyv ess tL . elative_to
conventional, uncrossli keEP'F? 5*1@’?5??”5&‘ %qu@pe{layymg,gg&ﬁectwe

fibers, and can bamaint| y ofta czz&zg poiyaaiboxyilcauutcyossﬁnltngmger!tkwhsrem said

EXAMPLE 1 | duc rﬂtﬁg kbt s are made
by a dry sli E@.'n@ roc lﬁléﬂ??ﬁ%ﬁﬂ%mg c acid as the
crosslinking agent sodi um hydr oxi de and hydrogen peroxi de to reduce

odor and i nprove bri ght nesfi) ahphaﬁcaﬂ'dmhqynhu:@ﬂuﬂgpntyndrhoxyhrradds:aitl‘lére
reduced odor, citric aci d ryéﬁg.a h&
1. For each sample, 1735 E'Wrgﬁ% ri e rusngﬁiu er nas tho%% Ldi&ft ( SSK)

pul p i s provided in sheet G8€t ure content of about
7% (equi val ent to 93% consi stency). 2. The pul p sheet is contacted
with 8%citric acid and 1%jsgliphéfic and alicyclic Co - Cg polycarboxylic acids having

two carboxyl groups per molecule and having a carbon-

carbon double bond located alpha, beta to one or both of

the carboxyl groups,

wherein one carboxyl group in said C2 - Cg polycarboxylic
acid crosslinking agent is separated from a second carboxyl
group by either two or three carbon atoms,

¢. mechanically separating said fibers into substantially individual
form;

d. drying said fibers and reacting said crosslinking agent with said
fibers to form crosslink bonds while said fibers are in substantially
individual form, to form intrafiber crosslink bonds; and

e. raising the pH of the crosslinked fibers to at least 5, preferably
from 5.5 to 6.5, by contacting said crosslinked fibers with an alkaline
solution, wherein said alkaline solution preferably has a pH greater than
9.

This Sheet Has Been Rei
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hypophosphite. The pHis adjusted to 2.5 wth sodi um hydroxi de. The

consi stency of the resulting p cals is 80% 3.

Next, the fibers are defibrat et“.mﬁm !mmml I dron 12" disk refiner
(nmodel nunber 105-A) whose plates aretset at & gap which yields

fibers substantially individualized but with a m ni mum anount of fiber
damage. As thewomddos4lual i zed fibers exit the refiner, they RERUSBMH
dried with hot air in tw vertical tubes in order to provide fiber tw st
~and curl. The fibers contain ap@B7xi mately 10% noi sture upon
exiting t hese tubes and are ready to be cured. If the noisture
content of the 2. The pro¢essaf Claim trwherein thé:stepdbpof raishig the i efitheé i ng
the flash drying tU&G§shnked fibers to at leabt S furthBFcdrhPified dnfaclihy QQIdV&réé}shﬁl@a' ent

tenperature air unt sture content is about
. 4. TFhe nearly dry ﬁit?ed%y@hgp@x[%ppmeaegggggeﬂ ays and cured in an a| r-

th"rough drying oven for a length of tinme and at a tenperature which in

practice depends 0”3t herrBbedss Bt Claikd 4 Grﬁg\méréiﬁgﬁﬂ allEHIME%SﬁmBﬁ cbﬁ‘@r%ésber S,

etc. M n this exanple, the sa

330[err] C for a perfbAIYTOUS 'eéﬁﬁdrﬂﬁé@'ﬂermquﬁapﬁ[ﬁeﬁe P@E‘E'bl duri ng

t he WO 97/ Olpgisaxide, sodium hypochlorite, sodlum bisulfite, ammonium hydroxide, and
PCT/ US96/ 08063 mixtures thereof, preferably sodium hydroxide. 34 peri od
in the oven. 5. The crossllnklg In IVI uallzedflbers are then
contacted with a water solution containing 0.09 weight % sodium
hydroxi de and 0.0298. The process afCiaioy2 or f ahersinl the Giidizinghigaching dgeneiss
contain 10% noi st Ur@electedfrom hydroge-ﬁf‘;férbﬁaé"édd Eﬂixlﬂed 8 Ohtoringk ed
cellulosic fibers Sve. (gitaln qﬁt %citric
aci d, cal cul ated on 'BX'H?W%PVM"&W& hy rogeg der% “'(ﬁ?t PPR. fi bers

in the form of i nt rpuefesably bydrogen peraxideds. The final odor is zero,
the resulting brightness is 84, and the final pHis 6.2.

| mportantly, the regul td |nd|V|d rosslinked f

reduced odor, hi ghe? brt'%%{ “Hg gé&f"?ésp MH&‘QI?@“@EF%EE“
relative to convent$tep4a) havebeen ot leastpartialybleached. prior known crosslinked
fibers, and can be safely utilized in the vicinity of human skin.

EXANPLE 11 B3 bR drdly B Liilnb 4o s whbRRTbSEH 110 RSlghe & dnd ™00

by a dr
Y Y 10.0 weight % crosslinking agent, preferably between 3.0 weight % and 8.0
weight %, based on the dry fiber weight of the cellulosic fibers, reacts with
said fibers to form said intrafiber crosslink bonds.

7. The process of any of Claims 1 - 6 wherein said crosslinking agent is
reacted with said fibers to form intrafiber crosslink bonds in the presence of
at least one catalyst selected from alkali metal hypophosphites, alkali metal
phosphites, alkali metal polyphosphates, alkali metal phosphates, and alkali
metal sulfates, preferably alkali metal hypophosphite.

8. The process of any of Claims 1-7 wherein the water retention values of
said crosslinked fibers is from 25 to 60, preferably from 30 to 45.

8. The process of any of Claims 1 - 8 wherein said crosslinking agent is
selected from citric acid, 1,2,3,4 butane tetracarboxylic acid, and 1,2,3
propane tricarboxyilic acid, preferably citric acid.

This Sheet Has Been Rep
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crosslinking process utilizing citric acrd as the crosslinking agent,
sodi um hydr oxi de and hydr reduce odor and inprove-
bri ght ness. The procedureﬂmmﬂmm Hl t he reduced odor, citric

acid crosslinked bers is*astt . For each sanpl e,
1735 g of once dried, sout her n softwood kraft ( SSK) pul p is provided
in sheet fornwobve3ss bers have a noisture content of about PCT/US96/08D63

(equi val ent to 93% consi stency). 2. The pulp sheet is contacted with
8%citric acid and 1% sodi um hypophogghite. The pHis adjusted to
2.5 with sodium hydroxide. The consi stency of the resulting

pul |OsheetS andt CC\Z{nmarraelpro@é%%ofa of Claiths1- Nﬁérezrtéhidb'td&slmkmy eﬁefsl;lﬁrat ed
USI n a r ou - ose
AT el s 28, rvat R R e

i ndi vi dual i zed but Wﬂ!ﬂ- a mni rrum amount of fiber danmage. t he

i ndividualized fibers exit the refiner, they are flash dri ed wnth hot air
in two vertical tubes iHOOHOSE dip—PrQuUdeHH-bBGHt W st and curl. The
fibers contain approxi mat ¢y 10P6 noi sturge upor] exiting these tubes
and are ready to be cured} If the noi stuFe co;ltent of the fibers is
greater than about 10% upon COOElxiG(DOﬁ t he CO@H CiOMNg tubes, then the
fibers are dried wi th anbi ent nperatfure air until the noisture
content is about 10% a“dtamd'sW'ﬁéﬂF’I’?Vﬁﬂﬂﬁm ‘are then pI aced on

trays and cured in an @Hyp————CH—LIHAUIBHALYLE of time
-and at a tenperature Wfr’ll ch in |t pr afti ce epends on Eﬂ‘

citric acid added, dryness of the fibers WO 97/ 0

PCT/ US96/ 08063 COOH COOH COOH COOH CQOOH COOH etc.
In this exanple, the are.cured at .a tepperature, of about

330[err]C for a pe’?’? %abg})séﬁ&mssgmﬂpglag@ &W@PFW ?’&FI s conpl eted during
t he period in the oven. 5 The crosslinked individualized
fibers are then contacted with a water sol uti on cont ai ni ng

0. 16% sodi um hydr oxi de and 0. 1% hydr ogen per oxi de. The
resulting fibers contain 10% noi sture. The resul ting

i ndi vidual i zed crosslinked cellulosic fibers have a WRV of
37.6 and contain 3.5 weight %citric acid reacted with the fibers in

the formof intrafiber crosslink bonds. ' The final odor is
zero, the resulting brightness is 82 and the final pHis . 6.4.
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.Inportantly, the resul ti crossl i nked flbers ﬁ

et at { O STLAER) AU O

fibers, ahd ‘tar' bé sifel y. e Vi ci . to paged.....
1. A process for prep r| Ag 6 indi \Efdllh LJ’M}I Vi qbuﬁdd..i?é. to paged .37,
pol ycar boxyj.c aC| d. crosstli nked ceI I uI osic {iberis 2L R0 C PaSeCORY pitddl....

the steps dynatis claimegis, tyrm—atrrurosTe 1 ber i b Absira@ONt: patddng.. fipdeed .....

fibers with a sol ution containi ng an effective fanmount of a Jerr]- C[err]
pol ycarboxylic gcid crosslinkin wherei n|.

pol-ycar boxy'i c gtpr&cess tor prep%’f"@%@‘?‘%ﬁﬁpﬁgf Ingividualized ughes 3614 qrogstinged
consi sting ceﬂulosjo fibers, &bidrﬂmwc@ﬁﬂlsﬁgltﬁé’stbwoﬂ err] derr] pol ycar bOXY' ic

acids either ol efinical rated or unsat urated and havi ng at
| east thre(;%I car %;’mgg?eél[\jlg bg ol ecul e; and (1) al i phatic and

alicyclic ®per r [cotfaeting] sgi fipera roith gl sdwtlg?ldiatamg\g: a9 dtI’I’éstlvéaeirlikmhi’It;:ft&r @lfJ-L@ ﬁ:r

I I d h ou n 0C, eta fo o
or both " $pVEaBoit M tReRlng” e, BRReI, 858 Fiy PolagtR G, a6
C2- C9 pol ycar boeyasslinkingi agent is selected ﬁemlthmgnougcagistihg o separated froma

d I

mochani oal 1) Sepaob b Sy 1% PhiydsriRfic, ader g’ PRGH Barsiee or
drying said fi béhngatuatedand heving ablsast threesenboxvlkgmgpagmdemm asdid fibers to
form crossignk aliphatic ANyt id.Lcs Bofidbic aBHE Haling WS ' BbleA! dbups por.

i ndi vidual form to formi n
crosslinked fi béfdegylaand 5‘3I5F9 Pé@@%‘hamfb&n dauble bond locateg aiﬂ’hﬁgbetatpcmdcmbomhe

crosslinked fibef ﬂwetdérﬁﬁ(yﬂgi‘&% ﬁhé?&nﬁ)ﬁ@kaﬁbkwgro% ..Iiséia Wgrbﬁﬁm?aﬁld

with an al kal i ne 50453'11a ocess o

(e) of raising S '"Qfagﬁﬂfe'séfé%ﬂef’ rf'l?é'tja ﬁ???@?’§afb8’th9"¢'~@d§t either tyya prethree
conpri ses cont achibog atoms] crosslinked fibers with an oxidizing bl eaching

2 erein said al kaline solution has a
gaegﬁ eat er c % h an-l'-'gﬁeﬁ’gg'i Ieligpa%tm% saldrgbersvmto substantlally individual form;
d.

drying said fibers and reacting said crosslinking agent with said fibers to form crosslink
bonds while said fibers are in substantially individual form, to form intrafiber crosslink
bonds, wherein said crosslinked fibers have a pH less than 5; and

e. raising the pH of the crosslinked fibers to at least 5 by contacting said crosslinked fibers
with an alkaline solution.

ep

2. The process of claim 1, wherein the step (e) of raising the pH of the crosslinked fibers

to at least 5 further comprises contacting said crosslinked fibers with an oxidizing bleaching
- agent.

3. The process of claim 2 wherein said alkaline solution has a pH greater than about 9.

4, The process of claim 3 wherein said alkaline solution comprises an aqueous medium

and an alkaline compound selected from the group consisting of sodium hydroxide, sodium
hypochlorite, sodium bisulfite, ammonium hydroxide, and mixtures thereof.

5. The process of claim 4 wherein said alkaline solution comprises an aqueous medium
and sodium hydroxide.

6. The process of claim 4 wherein the oxidizing bleaching agent is selected from the group



4. The process of claim3 wherein said al kaline solution conprises an
aqueous nedi u Jmmﬁm““mmn pnmpound sel ected fromthe group consisting
of sodi um hydr chlorite, sodiumbisulfite, amoni um

hydr oxi de, and i xt‘urés Yhetedf. 5. The process of claim4 wherein
said al kaline solution conprises an aqué@us nedi um and sodi um hydr oxi de.
6. The process of claim4 wherein the oxidizing bleaching agent is

sel ected fromthe group

37  consi gdising bf Még&ﬂ%r@&{eo%&i@m pefikideMpBREAIE 4154, cﬁ%ﬁﬁ&@i’ok@e agddfilim
chl ori ne dj oxi de, sodi um glgOCh orite, hydrogen chloride, and m xtures

t her eof . VP°°h'°"t?HydEﬂgSB§ ridsy, apd Ayxéyres MEEORi n sai d oxi di zi ng bl eachi ng

agent is hydrogen peroxi de. The process of claim7 wherein said

al kal i ne s Iut| ueous, e nd .sodi um r oxi de.

The procest of  THePRReSARERET A V@%r%n S804 Prigs bRachias et kY Eio0en PR been
at | east partlally bl eached. The process of claim2 wherein said

crosslinkipg ag is sel.ected fromth up nsisting of citric_ aci
123, 4" bubane T8 P‘E’&%ﬁsb%}fﬂ'mg"ﬂﬁ P S, ataMa"sof S psmeriis 3o aflstds ot o
11. The gnicosmthisn bfdrotide. m 10 wherein said crosslinki ng agent is citric
aci d.
9. The process of claim 2 wherein said cellulosic fibers of step (a) have been at least
partially bleached.

10. The process of claim 2 wherein said crosslinking agent is selected from the group
consisting of citric acid, 1,2,3,4-butane tetracarboxylic acid, and 1,2,3-propane tricarboxylic acid.

1. The process of claim 10 wherein said crosslinking agent is citric acid.

12. The process of claim 10 wherein between about 1.0 weight % and about 10.0 weight
% crosslinking agent, based on the dry fiber weight of the cellulosic fibers, reacts with said
fibers to form said intrafiber crosslink bonds.

13. The process of claim 12 wherein between about 3.0 weight % and about 8.0 weight %
crosslinking agent, based on the dry fiber weight of the cellulosic fibers, reacts with said fibers
to form said intrafiber crosslink bonds.

14. The process of claim 12 wherein said crosslinking agent is reacted with said fibers to
form intrafiber crosslink bonds in the presence of at least one catalyst selected from the group
consisting of alkali metal hypophosphites, alkali metal phosphites, alkali metal polyphosphates,
alkali metal phosphates, and alkali metal sulfates.

15. The process of claim 14 wherein said catalyst is an alkali metal hypophosphite.
16. The process of claim 14 wherein said crosslinking agent is citric acid.

17. The process of claim 12 wherein the water retention values of said crosslinked cellulosic

fibers is from about 25 to 60. REPL ACEMENT SHEET

14 DEC 1998




12. The pr ocess of claim 10 wherein between about; 1.0 wei ght - % and about

10: 0 wei ght % cross sed on the dry fiber weight of the
cellulosic fibers, ”M“ﬂﬁmmmmmﬂ bers to formsaid intrafiber
crosslink bonds. 13. ¢ TFhe"prdcets of ¢laim 12 whierein between about 3.0
wei ght % and about 8.0 weight %crosslin i8ng agent ,- based on the dry fiber
wei ght of the cellulosic fibers, reacts with said fibers to formsaid
intrafiber crosslink bonds.  14. The process of claim 12 wherein said
crossl i nki n#p-ageFhe pracass gtalaim 1ivehereinthe wateheetentionvaiuasrof said crasslibleed aeflalssit i nk
bonds in t hihepd BIVMFSodvt 3610 aAPAs One catal yst selected fromthe group :
consi sting of alkali netal hypophosphl tes, alkali nmetal phosphates, alkali
nmet al pol yphosphat es, al kali netal phosphat es, and al kali netal sul f at es.
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retenti on val ues of said crosabcﬂked cellulosic fibers is fromabout 25 to
60. ~CH—0—CH—CH,

14DEC 1998 ' éoo l ' ' 8 18. The process of
claim1l7 wherein the water retent| on vaIHues * sal crosslinked cellul osic

fibers-is f The process of claim2 wherein
said cr osslé%{}ﬁ%&) éi%%t%mfc acs 3gef°f'8|]’;l?t he group consisting of
oxydi succinic acid, tart r@g_nneﬁw_doh@_ng.me fornul a:

| { {
coon COOH COOH COOH coon COOH

20. The process of claim 19 wherein said crosslinking agent is oxydisuccinic acid.

21. The process of claim 2 wherein the pH of the crosslinked fibers after being contacted
with said alkaline solution in step (e) is from 5.5 to 6.5.
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».and tartrate disuccinic acid having the formla:

[err] '@GSQYn-‘Dhe

process of claim 19 wherein said crosslinking agent is oxydisuccif#c acid.
The 'process of claim2 wherein the pH of the crosslinked fibers after

21.

bei ng contacted with said al kaline solution in step (e)

du.
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(57) Abstract

Disclosed is a process for making reduced odor individualized, crosslinked fibers which includes the steps of providing celtulosic

fibers,

contacting the fibers with a solution containing a C2-Co polycarboxylic acid crosslinking agent, mechanically separating the fibers

into substantially individual form, drying the fibers and reacting the crosslinking agent with the individualized fibers to form intrafiber
crosslink bonds. The individualized cellulosic fibers are then contacted with a strong alkaline solution and strong oxidizing agent to reduce
the odor and increass the brightness. Preferably, the crosslinking agent is citric acid, and preferably, between about 1.0 weight % and
about 12.0 weight % of the crosslinking agent reacts to form the intrafiber crosslink bonds. Preferably, the alkaline solution s an aqueous
solution of sodium hydroxide, and preferably, about 0.09 weight % of the sodium hydroxide, on a dry fiber weight basis, is applied to the

crosslinked fibers. Preferably, the oxidizing agent is hydrogen

and preferably, about 0.04 weight % of the hydrogen peroxide, on

peroxide,
a dry fiber weight basis, is applied to the crosslinked fiber. The reduced odor individualized, crosstinked fibers are useful in a varety of

absorbent structure applications.
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