2140471 H GH DENSI TY ABSORBENT STRUCTURES, METHOD OF THEI R MANUFACTURE AND
ABSORBENT PRODUCTS CONTAI NING THEM 5 Thi's Invention relates to-flexible,
subst antj al | y unbonded, absorbent structurep.conprising a m xture of
hydrophilic fibers and discrete particles of a water-insoluble h)ﬂii@ﬁlé?l
Fl ex % absorbent structures, generally non-woven sheets or fibrous 10
webs\A\hgve the ability to r WaTa [ LLeS ' Lke

wat er ~and body exudat es. T@?a@%@gékm%@gé t@l&géjﬂolséggﬁeﬁéomel S, .
facial tissues, toilgt tisJMAUFAGTURE ANDSARSOBPENT: BRODUCES) @H’Smmmodue§$
| i ke di sposabl e diapers and sanitary napkins. Cenerally, such structures

are nade of inexpensive 15 hydrophilic fibers, typically wood pulp ¥

fi bers. Water-.insoluble hydrogel's are polyneric materials which are capable
of absorbing large quantities of water, typically nore than 20 tines their
own wei ght. Wen first introduced, these materials were expected to _
generate a mgj or breakthrough in the 20 wor | d of di sposabl e absor bent
consumer products (i.e. products |ike disposable diapers. _sanitary napkins,
i nconti nent -pads, and the like). Yet, up to this day, no |large-scal e use
of water- insoluble hydrogels in disposable absorbent products has taken

pl ace. THe reason Is that, in spite of the extrenely highwater-25 -

g_bsor pt Lfn cgpaci)t i tesmédwkrﬁy Sul;eléfé%i rtopere&gmgfnsebmamamedﬁubtnded,

i sposabl e absor bent .prqdugt s has been cce e. e, cause e poor
per1Ico or mance of h?gfﬁ"g%"g Fg}%tﬂﬁﬁloq i%’ﬁ'gcéﬁ"@ﬁ Y& %& Bé'afﬁﬁhﬁ#hé{h’é%m
gel bl ocki ng desendbaliscretacpenticles wofia® owater<nsplables hydragedl pElexiblec,
film fiber, 30 apsortirt: dtfulfiresd: gtaarﬁwf HoR-WhGkA S shiadtd NB Difisrdusqui d
transm ssion to t interior. tind of the interyor subseciuentlfy’refta_kes

pl ace vi 3% very"‘:ﬂiaw Baye (e #bility: Jos absorh, significant; guagtitigs sohFflnids; hat
the absorption | sikeueatérd aned bodyn estudates,. gcThéy fand dised, bforalesxampes, aznd

fallure of a.diag §pqg;gpg¢go@giethy}gg§ DpS6udd,"iter 685" T BE"baSbRbH ©
cores in absorbent products like disposable diapers and sanitary
napkins. GCenerally, such structures are made of inexpensive
15 - “hydrophilic fibers, typically wood pulp fibers. .
Water-insoluble hydrbgels are polymeric materials which are
capable“ of absorbing large quantities of water, t‘ypiéally more
than 20 times their own v)eight. ‘When first introduced, these
materials were expected to generate a major breakthrough in the
20 world of disposable absorbent consumer products (i.e. products
like disposable diapers, sanitary napkins, incontinent pads, and
;the like). Yet, up to this day, no large-scale use of water-
insoluble hydrogels in disposable absorbent products has taken
place. The reason is that, in spite of the extremely high water
25 ébsorption capacities of hydrogels, their performance when used
in disposable absorbent products has been unacceptablé.
One cause of the poor performance of hydrogels is a pheno-
menon called gel blocking. The term gel blocking describes a
phenomenon that occurs when a hydrogel particle, film, fiber,
30 etc. is wetted; the surface swells and inhibits liquid transmission
to the interior. Wetting of the interior subsequently takes place
via a very slow diffusion process. In praci:ical terms this means
that the absorption is much slower than discharge of fluid to be
absorbed, and failure of a diaper or sanitar.y napkin or other

3

r

’



material in the absorbent structure Is fully wet. Water-insol uble hydrogels
have a water absorbent capacity which far exceeds, generally by far nore
tthan an order of nmagni- 5 tude, the absorbent capacity for yeeer of wood
Hpul p'fibrous webs which are typically used in disposable absg -
pro- ducts. The abhsorption capacity for an el ectrolyte conta g quidgi
lirke urine, is much less but still up to about an order of magnitude higher
than that of fibrous webs. Many workers in 10 the field have therefore
attenpted to sonmehow i ncorporate hydro- gel materials Into wood pul p fiber.
webs M order to increase the fluid absorptigpoa capacities of such webs. ¢
Early attenpts involved sinple m xing of hydrogel powder into the fibrous,
web. Thi's approaclabdorbentt steucture may itakecgdaceof welhcbbforie abeomalregeﬂSj‘

capaci ty of the %Brlﬁls?ﬁghlgibﬁﬁ%gfr&u  IEE e T

| nternational Absor s", Novenber,
1980, Section 6 at pa&@ ter-insqluple; iy drogsis; @%ata 'water dab%tf'bﬁm oteRasHyr
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f What t
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absor pti on capaci mgomdﬁolhilghwxpﬂaan thatt lof Fibrous ovebsic Mamyemiorkers in
Tt L he poos 181 hE RABPARGE thePdrort Attdhiied £5-solithGH HBROLARe Fipare ! On

that the poor w cki I's causes t el r nmance
di sposabl e absor bSﬁ! 'EQ‘FU'@ s dpto t“(ﬂ°§s pulp fib " rP'tdQG ta dnereasecthe

at t enpt Fd to i rr}orwmf‘ab#oﬁﬂﬂbnwﬁaertwlﬁe d%.‘.h| ﬂbb@.dU(EhF@ bidemipts | inbBIVeE
v ogel barti ol ool RuBG, A BYUBYE SudtF! 1ne 1 1BY, Hordl WeBT Chpts
_process the hydr @gppreaghl |did poti legdt te dnyi increase &S thehbully dabsmriptiornds
to retract. 4§ acﬁﬁfélfﬁ 6ﬁ1Qth¢vel§Pre@i§,0ﬁﬁr‘ ekifple, DR, U ERfcSoRNWEFERL €S

fiber-fiber bonds manne _ N

_ ’Intemationa Absorbent Products Conference Proceedings”,

November, 1980, Section 6 at .page 3). Ericson reports that

' _"fluid retention under pressure is increased but bulk 'capacity

remains essentially the same". Several explanations for this

20 ph_en_omenon have been given. Ericson ascribes it to the fact that

the fibrous matrix prevents swelling of the hydrogel particles.

Others believe that the very poor wicking characteristics of

hydrogels are responsible for the disappointing performance.

Whatever the cause may be, it is well established that simple

25 mixtures of hydrophilic _fibefs and hydrogel particles do not have

the absorption capacity one would expect on the basis of the

respective contributions of the components of such mixtures.

' Based upon the assumption that the poor wicking of hydro-

gels causes their poor perfqrmancé in disposable absorbent struc-

30 tures, some workers in the fleld have attempted' to improve

hydrogel performance by introducing fibers into the hydrogel

particles. This may be achievgd by wet laying of mixtures of

hydrogel particles and hydrophilic fibers. During the wet stage

of such a process the hydrogel swells. During the drying step

35 the hydrogel tends to retract. As a result the gel spreads over

the fiber surface and creates fiber-fiber bonds, in a manner not




3 dissinilar from the bondi ng whi ch occurs when binders (e.g. latex) are - ’

used. As a result of the wet treatnment and +he bonding by the hydrogel,. ._,
the resul ti ng absorbent structure is very stiff. | t has been disclosed I
t hat ‘stiffness of such 5 "structures may be reduced by subjecting the
str .to a high pressure. Even when so treated, the stiffness of such
stru s is still relatively high, especially when fiber/hydrogel ratios

of no han 50:50 are used. Such fi ber/hydrogel ratios are, however, very

desirable froma cost st andpoi nt: hydr ogel is far 10 nore expensive thaﬂ
for exanple, wood pu p fibers. Moreover, =Bha art-discl osed processes

I nvol ve the han ar ge, er . Thi-s
adds signifi cand’ ?ﬂgar ht °Hg iﬁm‘%‘qﬁ Eﬁ{’g %%n"&ﬁ qts)egg;%nﬁfrsgt( ‘ur eg
Anot her appr oacllatleai Beenuseds orAs aamMElesthQchet etreatment and: theg
'gggngOL kmgr gg;sbggﬁg;rb 'tTnheZ ﬁf@gﬁu a&ﬁhn%s.gtshgy%se#bénrr%tﬁjdtat-e havi ng

| arger surface th'Yhé\% rdéeIhaFa§§1"9 gg‘y‘F rtEFg H? Wo@ésqc@
exposed to She isteudtdres niay be- redudeddby stbjeatingethe stmatadetﬂoaa sighh
StP“Ct“res pro‘”s méln%o C#?P%ef%bwrt?%;:&& %Qa&iffléﬁg?%'? fu:@r sde&HFe%s of

hydrogel par - t|c es in h rou$ webs

provi des spreadii®igstéf rela 'Y?Wumg'acrﬁﬂ’&cwn'é’ é‘m%(,fébﬁﬁ/hb’ﬁé"gﬂadﬁée# 9fayer,
but does not enﬂare maaﬁlt rsot:swnamt gsw.e hsdmgeibet-mrogerheadiﬁtefelIqw d
nmovenment is sti sever e gl | WO

absor bent structhﬁr'gg S ¥ ydg?ﬁggwoemgﬁn t"ﬁ’g tfﬁogoipt Sh’f#cﬁ?i iﬁpf it the
absor pti on ot emoiral expersjve cdthahs . forhexample,t woodf pulp fibkern: i Mdnegyemeed
for absorbent Stﬁ&carttarse&fsw ﬁ#bcass"eé 'Iﬁ%l%etlﬁ“ﬂa%hﬁ SPifrde! binbuRts! Oi t

t he absorb- ent capacit dro s .t-‘han een ossi bl e.
The 30 absor beRf ‘E?H'icgm’ p‘t"@ggﬂt ?ﬁbgnﬁ Gﬁ ﬂﬁﬂ!ﬁ F}@rmﬁ'

absor bent capacmtamﬁﬁdwk@lcbem oﬂvlth&lah;opbaﬂestnuuurmd yet are flexible,
resilient, and have, gand, L@é%a%h 'r{%Eng eeh - t0 \Aﬂfrﬁelaﬁtrlﬁé’t%hu f“’?e?n

uni quel y. ada ted for use in | apers ext reme
conf ort abl e 1But wherehy haJayem °§5hY'aE&9ﬁ| peaker@h PscPlagednrgainst aatane@agt

equal to the mugh ntatbhhﬁrhwxagughad Wiéiing Propertids.entiine wikirgf adyer The
absor bent spreads the liquid over a Iarger surface of the hydrogel layer, so
that more of the hydrogel is exposed to the liquid to be ab-
sorbed It has been claimed that such structures provide a
20 higher abso__rption capacity than e.g. mixtures of hydrogel par-

n and

ticles in hydrophilic fibrous webs. The wicking layer provides

spreading of the liquid across the surface of the hydrogel layer,

but does not ensure penetration into the hydrogel layer. The

latter liquid movement is still Severely' limited by gel blocking. In

25 other words, absorbent'structur_es as they are known in the art
| fail to fully'exploit the absorption potential of hydrogeils.

. There is therefore a t:ontinuingf need for'abso_rbent struc-
tures which are flexi_ble and which more fully exploit the absorb-
ent capacity of hydrogels than has heretofore been possible. The

30 absorbent structures of the present mventlon provide superior
absorbent capacity and excellent wicking properties, and yet are
flexible, resilient, and have good lateral integrity. These
structures are uniquely adapted for use in dlsposable diapers
which are extremely thin and comfortable but which have an

35  absorbent capacity which is at least equal to the much bulkier
products which are currently marketed. The . absorbent
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-4- structures can be nmade by a process which does not involve water or
anot her sol,vent. The process therefore does not I|nvolve the handl
€0l vents, or drying. The sinplicity of the process permts the/
- standard equipnent as Is currently 5 bei ng used for the manu
absorbent webs: it is possible to inplenent the manufacture of
absorbent structures of the present invention wthout any ngjo
i nvestments, and at |ow per .unit manufacturing costs. It Is therefore an
obj eet _of thIS I nvention to provide a flexible absorbent structure which 10
conﬁ&rses a wat er-insblubl e hydrogel, havii@ #nproved absorbent properties.
It is a further object to provide |nproved di sposabl e absorbent products,.
such as diapers, strudtuses carbsheyrmads | byt Ai pnecessnavhich sdpes kiyott Hamolve

conventional di Sp??i‘@:‘- %raﬁﬁihhﬁ%l%ﬂduefﬁ g‘r&cés% ﬁwé‘r‘é?&#%e&oé?hﬁﬂino&vhh' s

I nvention to prov SUC or bent StI’UCt ur
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density of nore than O. pr abl . The sheet . thus
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RELEVANT REFERENCES
The gel blocking phenomenon has been well documented, and
the resulting poor 'properties of absorbent structures comprising
hydrogels have been discussed: see, for example, E. Carus,
20 “First International Absorbent Products Conference Proceedings",
November, 1980, Section V-1; and J. H. Field, "Pulp Parameters
Affecting Product Performance", TAPPI, 65(7) 1982, pp. 93-97.
Japanese Patent Speclf‘catlon 56-65630, published June 3,
1981, discloses a process for prenaring "tufted lumps" of cellulose
25 fiber holding water-in‘ﬁolub_le resins, The lumps are prepared by
dispersing the fibers anq the resin in methanol, wet-laying the
mixture and drying off the solvent. The web is subsequently
compressed to a density of more than 0.1 g/cm3, preferably about
0.6 g/cm3. The sheet thus obtained is cut into pieces of less
30 than 0.5 g each. A similar approach is taken by Kopolow, U.S.
Patent 4,354,901, issued October 19, 1982, This reference dis-
closes a process whereby a slurry is formed of less than about
0.1% by weight solids in water, the solids being a mixture of
- cellulose fibers and particulate hydro-colloidal material. A wet
35 web is formed from the slurry which is subsequently dried and
densified by at least 108, preferably at least 508. It is said that




densified by at least 10% preferably at least 50% It is said that t he

densifying step results in reduction of the stiffness of the absorbent - .

structure (Curley Stiffness values of |ess than 40 g). SUMVARY OF THE .
| NVENTLON This invention relates to a flexible substantially unbonded, 5
absor it tructure conprising an air-laid mxture of hydrophilic flbers

and “di gle particles of a wate-insoluble hydrogel, in a fiber/hydrogel
ratio o om 30:70 to 98:2; said absorbent 5structure havi ng a density of
from 0.15 to 1 g/an This invention further relates «0 a process,

for making a 10 {ﬂemdﬁsﬁymosﬂapnreailtsmhurreducmwprofs|thg sﬂefnfesklcwmgw

t h I.b f
o wter | hsol ubl eg'h%%agr“r‘?@? (e SUAROLS vanles"6H fedd"hatf b 61,0° 0
to 98:2 into a web: and (b)S EhéNYWEN TH densnty of from
0.15 to 1 g/cnB. This invention reldtes td-EDARERAR! PU%%!TWEMW ON

The basis of this Invention is the dlscovery t.hat X1 ures droophilic
fibers and paSti cRrsorbant,stckums; comyis ?%%WW?&%M

flexible, highly ﬁhﬁ&étﬁﬂtdﬁdﬁfﬁ p&ﬁ&clé&@fld@dtéiﬂahsdﬂhb levhygidgelatiro of

that | the. st ruct ur 8 TesEARgrosed retdo ok, Sam 20:7g of Jptas Bty ghathed’ ) 060

g/ cnB. The absorb%'rﬁ‘cg-f'mb?w'&aoﬁefmﬁ’ mfefs'em | nvePttSore ar ¢ ba‘sﬁé&!"fy webs

of hydro- philic fibemrsis h&%ﬁﬁodl Foeteed refatési 1 A Sprocess pfort i mdkiagofa t he

- | ub hydr d
ooy soa ook "HELRIE anabBehl UiBSOh R ey Ing CorloMING href3: (),
areas of a h| gh faﬂaehhlil}gira)gtrly mHxture( m.mmmwe@bmseaadopartl@es af @e).
By "substantiallyy Wﬂ%ﬂ:blbshﬁﬁﬁhﬁeltﬁﬁ @ Fiber/mydig epfwé.lghernﬁa‘tida%? hords,
ly

fiBer/ hydrogel partic| §gb£°2d g 368 ggi%?ea ‘B&rdg%%leﬁydrog&ﬁarth% ﬁde

S an
bonds is kept as | ow 3%na
hydrogen bonds (| wkle twapedensity of fisomds), o0isr taypes dfgdhlal’n cal bonds as

may occur betﬁen fibers %@rﬂk@@@és@ﬁim&ﬁwaﬁﬁﬂgsW@h?@sh particles,

and anong certain types of~frvers CTTET TopPTaSLI C T Uerﬁ
The basis of thls invention is the dlscovery that msxtures of

. hydrophilic fibers and particles of water-insoluble hydrogels may
be formed into flexible, highly absorbent structures, provided
that the weight' ratio of fiber/hydrogel is between 30:70 to

20 : 98:2; and further provided that the structure is densified
to a density of from ) : 0.1'5_to "~ 1 g/lcm3, The absorbent
structures of the present invention are basically webs of hydro-
philic fibers, having' dispersed therein discrete particles of the
water-insoluble hydrogel. The hydrogel particles may be random-

25 |y dispersed, or in a pattern of areas with a low fiber/hydrogel

" ratio, and areas of a high f'berlhydrogel ratio (which includes
areas of fiber alone}. _ _ _

By "substantially unbonded" is meant that the number of

fiber/fiber bonds, fiber/hydrogel particle bonds and hydrogel

30 particle/hydrogel particle bonds is kept as low as reasonably

~ possible, Bonds which may occur include hydrogen bonds “(like
paper-making bonds), other types of chemical bonds as may occur
betwe_en fibers and hydrogel particles, among hydrogel particles,

. and among certain types of fibers (e.g. thermoplastic fibers) and

35 mechanical bonds.. This is important because the high absorbent
capacities of the absorbent structures of the present invention

-
.
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35 nechanical bonds. This is inportant because the high absorbent
Sgpacitiesrof t'he absorbent structures of the present invention -6- are
ue to a significant extent to their ability to quickly regain vol

initial wetting. A large nunber of bonds anbng the constituents g
structure would seriously inpair this ability. It is virtually i
to entirely prevent bonds from5 bei ng fornmed. However, sone
degr€e of bondi ng does not appear to negatively affect the structures’
ability to quickly regarn vol ume upon initial wetting. GCenerally, the .
degr &~ of bondi ng is*nininized by avoi di mySexposure of the fibers and -
hydrogel particles, or the absorbent structures ter inits 10 Irqy I.d
form and by avoPﬂ? e t8 3nY SB'&?H&S%@WQ@&‘P‘%FB&FKa? [uickly regaip; ve
huni dity. These mpohmesuponr IItiAEwetting. diA dasge thumberDof boadsi émong the

nor oi nbel ow. By BMSHARRs dFoerd> S ISAR) ol RPN 0BHL Geftipr 02 ©

conpound capabl e 0 ueous
under noderate pressitels vur:trraltyodmnoeg\msto ani'f%'urﬁgﬂ@mmﬂ%e fremer

insol uble.  Exanpehfy Foemed nOHBﬁEV&r Rbmei :abaeatuég@e 5« bbﬁal lddes Hbt
organi ¢ conpoundg _such fs SIos Qe by

coval ent, ionic, 208Rer c\/\&%ﬁ Fv&]y h?gﬁgﬁg € b3 ﬁb‘FHﬂfes Jé'rlr% rslgorq'% Yrers
20 Incl ude pol yaeggihamMe ppblyvmiylal awetting, cGendrally, mdhei degiree hofdri de

copol yrmers, pol yrsba?ﬂnr?gtee nfsnmhwaosgpmwm egkubm Jfarthaxxrm%tréy'and

cel | ul ose, polyvrny | none ner s ner s VI nyl

sul fonic acid, pBygEegs) RP&C"BOI?FaéF‘?I absqrbent pﬁrgﬂ B, pSPr |“fﬁth'é iBn#st he
like. Other sgit #iguéd feempamids byr evé]ﬂing fmslm@eﬂcém&ixrbmwa& vdmwnras

3,901, 236, issueg b PERLR o,r;h,g;digjr yzeg, é aﬁ%m :.-g%, %’seg

preferred pol ymer's use ere n
starch, acrylic &rmpfgréﬂzaé'dhﬂ&iﬂ%ﬂOWpol yacryl ates, and i sobut yI ene mal ei ¢

anhydride 30 copol yws"hw mwseSuséuerﬁafemPr@caem AP irRrgBAid -
hydrogel s are di Sel 938% dmbaun 8" of aB4Grbing aquedtis iy 8R4V ré8in-1978
to Fusayoshi MasQg@3nic compo capabi S g aqueo
15 ing them under moderate pressures. For good resuits, the
hydrogels must be water insoluble. Examples are inorganic
materials such as silica gels and organic' compounds such as
cross-linked polymers, - Cross-linking may be by covalent, ionic,
vander Waals, or hydrogen bonding. Examples of polymers
20 include polyacrylamides, polyvinyl alcohol, ethylene maleic an-
hydride copolymers, polyvinyl ethers, hydroxypropy! cellulose,
carboxymethyl celluiose, polyvinyl morpholinone, polymers and
copolymers of vinyl sulfonic acid, peolyacrylates, polyacryiamides,
polyviny! pyridine and the like. Other suitable hydrogels are
25 those disclosed in U.S. Patent 3,901,236, issued to Assarsson et
al., August 26, 197S. '

Particularly preferred polymers for use
herein are hydrolyzed acrylonitrile grafted starch, acrylic acid
- grafted starch, polyacrylates, and isobutylene maleic anhydride
30 copolymers, or mixtures thereof. '
Processes for preparing hydrogels are disclosed in U.S.
Patent 4,076,663, issued February 28, 1978 to Fusayoshi Masuda
et al.; in U.S. Patent 4,286,082, issued August 25, 1981 to
Tsuno Tsubakimoto et al.; and further in U.S. Patents 3,734,876,
35 3,661,815, 3,670,731, 3,664,343, 3,783,871, and Belgian Patent



et al.; in US. Patent 4,286,082, issued August 25, 1981 to Tsuno
Tsubaki noto et al.; and further in U S Patents 3,734,876, 35 -3, 661, 815,.
3,670,731, 3,664,343, 3,783,871, and Bel gi an Pat ent 785, 858 As used
herein ¢5Rgriicl es” include particles of any shape, e.g. spheri.cal: or

. '.c_al , cubic, rod-like, polyhedral, etc.; but also shapes having a

] gKkeaatlest di nension/smallest 5 dimension ratio, |like needles, flakes
and fibersy are contenplated for use herein. By "particle size" as used -
herein is nmeant the weight average of the smallest dinension of the

I ndi vi dual parti- cl &s. Congl orer at es of “h§drogel particles may al so

used, provided the V\'ﬁr@ht- average size of such conglonerates is within 1§. -
the linmts set fol®m8Hrei nbel ow. Alt hough the absorbent structures of the
present .invention are expected to performwell wth hydrogel particles

having a particle sizggVaidd Nerelif! vrarticia Wﬁdcofﬁﬂ'ﬁcl&ﬁ”&é %gg,ats'hggg' may
preclude the use of very small or very large particles. or reasons of
i ndustrial hygi erk:S-(\ﬁ@IE‘Gﬁlc)a' a9tr sa@i-sphericeb ukis, shedtitive. (Ralyhedral 3o

tnrihcr ons ar e4l ess ‘étesi sk elsoF_’%hlhpcé afaving | 80lafrgé r@%daeesht d’irﬁamb d'l:)@rstdamléger

an se eelin ritiine [ e orben

structure, V\/nlrg?h n&é'eﬁ%gs rﬁéﬂ g"ﬁer %ﬁ?@’e Oné{hﬁr.}r ?’@Faﬁaéﬁ 'n%.ré Fﬁ%‘?%'P?'éaeq or

use herein are pdori usethersins By i'pgrtinle wizehas usest hpreiraris i meantsthe of

o 1 PR o MRS e e ptanl -

fPber which i 5 sufiEs: alrengigReciiss; ar CENOERH o parlisssh w3180 oBRC tisefis

al so suitabl e 25 prowideds ¢henweightadeanagensizet ofu such ecarfglomeratee sisnwithin

i nvention. Spggi ftih ﬁﬁﬁ@é&sf‘{"qﬁlm@ﬂ'&w ose fibers., rayon, polyester
I'tabl e "hydrop

fibers. O her exarr%l es of su ¥h ilic fibers are hydrophilized
hydr ophobi ¢ fi bers, Althpughsthe absarhent, struciures ofsthe qresenyiiaMention

thernopl astic fifHeS expested ftobpePfor Ohelf Owith! HydPeheE pirbieids! ha¥ing a

sufficient absorben .(l;apamt tp be useful, .in_conventional absor- bent
Structures, but HSIFGIGE SIrEOGBYE A MFR T He80rPeB g BtioraoreY f or
use in the absor preclede theuruse off Meeypismalntor very large particles. For
15 reasons of industrial hygiene, (weight) average particle sizes
smaller than . 30 nﬁcrons are less desirable. Particles having
a smallest dimension larger than 4 mm may cause a feeling
of grittiness in the absorbent structure, which is undesirable
from a consumer standpoint. Preferred for use herein are parti-
20 cles having an (weight) average particle size of from 50
microns to 1 mm. '

The type of hydrophilic fibers is not critical for use in the
present invention. Any. type of hydrophilic fiber which is suit-
able for use in conventional absorbent products is also suitable

25 for use in the absorbent structure of the present invention.
Specific examples include cellulose fibers, rayon, polyester fibers.
Other examples of suitable hydrophilic fibers are hydrophilized
hydrophobic fibers, like surfactant-treated or silica-treated
thermoplastic fibers. Also, fibers which do not provide webs of

30 sufficient absorbent capacity to be useful in conventional absor-
bent structures, but which do provide good wicking properties,
are suitab_le for use in the absorbent structures of the present
invention. This is so because, for the purposes of the present
invention, wicking propér.ti'es of the fibers are far more important

35 than their absorbent capacity. For reasons of availability and

¥

~/

¢
.



i nvention. This |Is so because, for the purposes of the present invention,
wi_cking propertires of the fibers are far nore. inportant 35. than their
absorbent capacity. For reasons of availability and -8- cost, cellul ose
fibers, In particular wood pulp fibers, are pre- ferred. The relgtthe "
anount of hydrophilic fibers and hydrogel particles are nost cofie
expressed In a weight ratio fiber/ 5 hydrogel. These rati os
from - 30:70 to 98:2. Low fiber/hydrogel ratios, |.e. .
30: 70,-to 50:50, are practicable only when the hydrogel used possesses a | ow
swel | Hg capacity i.ev, hydrogels having angabsorbent capa- city for uring
and ot her body fluids of |ess than 15 times 10 their own wei ght Lo
(15X). ( Absor bencostapgeliulpselfibers,c imcpantidular .wond gillp fibenst rere pre- k-
manuf acturer of tpgprRydrogel; -or may conveni- ently be determ ned by neans

of the absorption/des tlon test descrlb d erei nbe FWdrogeIs whi ch
have a very high abs%tl'ﬁh‘t YHhatmeyny o ZQWP'PJHB \Xﬁ?%'ﬁ @k ehvidrrge)

exhibit a 15 hi gphacticjescaref mantelcbnngwlehtlvr exﬁtésseg)intendeigbtgdtudolfmkl when
used in absorg)ent'h%;.?&,ur ePhéde |/ ogl y ggw.on; ati os, 3W:|hpht causes
u .

“undesirable, slo si on tﬁ%/p sorp | netics.
fi ber/ hydr ogel ra”-(?s kow_fi W@‘QQ%‘ Gﬁﬂt’ﬁe '0!h€F°'ﬂand pFW déo

meani ngf ul  per f or sevs0e hqu‘ra&ﬁcﬁlhyomfy tvhﬁnh)‘.ﬂéoh &Gbgenahsd&%sbes%ea i gh

absorbent capacit rine.a nost
commerci al |y avai ?é’v{)ls@'%rlu % '°dgt FXQ f)e'??‘ﬂ%rﬁ'ée#bﬁ"ﬁ’%t i¥PPA t he
range of from city &a: Qoirteoand oth@s: M‘Baﬁutﬂ:onfdemsmbperformiﬁctlmes

anal ysi's, fibay/ hyhiposn ridight @5x)0f fAGiBrbent pZEit?“r’dSﬁ are e&gaﬂ? are

preferred. This %Lar encé is, of _caurse, ase he rel at| e costs of
hydrophilic fi berg"f{ %ée fmdt%mmprssr of the, Pydregal: on may,corvenin) e,

wood pul p prices emtlydbgodetermiviédrbyrymearselof pthe casbsopption Ldesorption, tdsaver
fi ber/hydr ogel raaé%%,yw'ﬁemnﬂawcgcoswgﬁsss&' WinicR whave, 2 dT%rgem%bLy of

t he absorbent stru re1s | 1por =
particles are di sphsospsionneapagityafé@-nediX., and WhiCh consequently GXhiblt a

15 high degree of swelling after wetting) tend to ge! block when
© used in absorbent structures at low fiber/hydrogel ratios, which
causes undesirable, slow, diffusion type absorptibn kinetics.
Very high fiber/hydrogel ratios, e.g. above 95:5 on the other
hand, provide meaningful performance behefits only if the hydro-

20 gel used has a high absorbent capacity (e.g., 25X for urine and
other body fluids). For most commercially available hydrogels the

optimum fiber/hydrogel ratio is in the range of from 50:50

to 95:5. ) '
Based on a cost/performan~e analysis, fiber/hydrogel ratios
25 of from 75:25 to 90:10 are preferred. This prefer-

_ence is, of course, based on the relative costs of hydrophilic

. fibers (e.g. wood pulp fibers). and hydrogel. If, for example,
wood pulp prices would go up and/or hydrogel prices would come
down, lower fiber/hydrogel ratios would be more cost effective.

30 The density of the absorbent structure is of critical impor-
tance. When hydrogel particles are dispersed into an absorbent
web of hydrophilic fibers having a density of 0.1 g/cm3,
the admixture of the hydrogel resuits in only a small increase in
the amount of fluid which is absorbed within a practicably reason-

35 able time (e.g. 10 minutes) because the fluid uptake of such webs
is slow. When the absorbent structure is densified to a density



web of hydrophilic fibers having a density of 0.1 g/cnB, the

adm xture of the hydrogel results In only a.small Increase in-the anount. of
fluid which I's absorbed within a practicably reason- 35 able tine (e.g. 10
m nut es pycause the fluid uptake of such webs Is slow. Wen the-absorbent
structu § densified to a density -9- of at |east .0.15 g/cnB, a
mar ked iQcrigase in absorbent capacity |Is observed. Mreover, the fluid
uptaké beCtnmes nmuch faster upon densification. The capaC|ty i ncrease is.
surprising because densifying the web will result In reducing the void 5._

vol une of the dry structure. It is belieuegl Jhat densifying the web N
results In better wigking of fluid into the web, so that nore hydrogel

parti I(:I e; palrot i ci gyatae hégsthe abscur,]}?m ﬂ"ﬁ’ OCaliESﬁarm ﬁhcrﬁsul 115) aussda-bbhgh%r
actual absorbent capa is fu er be |

be nore effectlvecq‘ﬁé %ﬁr?&sﬁﬁveq'he 0" Sel hbqae'?'f' g?% Q% e?e each
ot her. Densifyi ngfaster eporf (densificatiorom The caoagaygﬁmase is SU"PIngﬂg:rrB
results in a redysédape! @eag fFyid R WE Wi Usbslite 6%&-&&:@& d&ﬁbra}ak&

froma consuner st nd oi r "aest hetics reas
- absor bent capso\mt Eet;he gB)Sv?"HCHé’r?SM %08 leved' it dgn % 55'9 drens,
further densifi cameb)rrelsartdl in betitercwidking bofl kluldlrihtmrthebuehussa tihatt more

nver se 1L at! oSy drdil VBEIIER KpRATIEERS ihY indNpfARtioh GroBled "Synich

absor bent structu rese entjon are t y in
the range of fronfesultsy. 'ESatd'“BhE"gPE?H?' absprbent ﬁ?@#‘é?ya'bl tvm'? hfyrthRe
rgngebof from 20 b&ue%fdt Qﬂat a densifigd owéb mine B@rl'hdmw(éﬁ&cti)iv@xrmleeepmg
absorbent str ctu es ., of, t pre e e proce
conprising th har]d & @37 L%Yag“g y‘ILrtHx ﬁR 0 qﬁydpggﬁ'%%% f%ﬁgers
and particles of ueh/attmthemsdmml e- hydd.d§eg/em?® dovei ght 1radem’ .oregyldsnin

30: 70 to 25 1 8% re%ﬁcﬁonaﬁ\dtﬁ@)btﬂﬂ'mf Qﬁé'ﬂ@u&ﬁﬂ'ev"?hhtdh 3s fdbrable Gomr oM

0.15 to accao n air
fl ow contai ni ng h?dﬁ'-‘mﬂ‘ﬁ“lel'c s;qq;iqogﬁ éncf‘"éna%ﬁtggﬂf:%v\r %ﬂ%‘%ﬂil'ﬂé’kﬂad ﬁsel"f
particles onto a sbhsorbent ceapacitye f Hbwevemndakidve par deokity dfcone nmi XBE@ by

turbul ence of,dhejup ai g, th@Sqéisification hardly reduces the bulk further,
‘because of the inverse relationship between bulk and density.
The densities of the absorbent structures of the present invention

are therefore preferably in the range of from . - 0.15 to
0.6 g/cm®, and more ‘preferably withm the range of from
20 0.25 to 0.4 g/cm3,

The  continuous flexible absorbent structures of the present
invention can be made by a process comprising the steps of (a)
air-laying a dry mixture of hydrophilic fibers and particles of a
water-insoluble hydrogel in a weight ratio of from ©30:70 to

25 . 98:2; and (b) compressing the web to a density of from

. 0,15 to - 1 glem3, Step (a) may be accomplished by
metering' an air flow containing hydrophilic fibers and an air flow
containing hydrogel particles onto a wire screen. The fibers and

. the particles become mixed by turbulence of the two air flows as
30 they meet. 'AIternatiQely’, the fibers and the hydrogel may be
mixed in a separate mixing chamber prior to air-laying.

For the purpose of the present invention it is essential that
dry hydrogel particles are used. Also, neither the fibers, the
particles nor the mixture of fibers and particles should be ex-

35 pose'd to Water in its liquid form, or'another'solvent, at any time
-during this process or subsequent thereto. When wet hydrogel
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30 they neet. Alternatively, the fibers and the hydrogel may be mxed in
{_separate .m xing chanber prior to air-laying. For the purpose of tBbe
present invention it is essential that dry hydrogel particles are
Al'so, neither the fibers, the particles nor the mxture of fibers(a
particles should be, ex- 35 posed to water in Its liquid form' or amother
sol vent, at any time during this process or subsequent thereto. Wen wet
hydrog?+ © -10 - particles are used, the fibers tend to becone entangled .
and/ or-»bonded with the particles mhlch results In undesirable stiffness of
the absor bent structure. Especially when cellulose fibers, e.g. wood pulp;
fibers, are used as the hydrophlllc fibers 1%t he 5 absorbent structure¢

of the present inv S r e veg -
by addi ng snal | d’%ﬁi"@geé%f ‘sﬁ?é e, ﬂB%r%r'{ﬁﬁ 83 %‘é“‘ﬁ g“f ,?g(;n;,;(g),rog
nonionic or ani dmndeguwftactfmpgyﬂclssmbichu results [n andlesirable stiffness of
gggznfl nclaoaggﬂts &ge fbﬁi’b@ﬁ?dstl-ﬁctidrsr Fi?é;%&iaé mrpﬁ:%llulo%ﬁll%efsmee .38

o aw. Partic sui tabl e on I e guat e
anmoni um corrpound¥°8f’ t E5ui 2% o'§ {'Ugé“% ig?ﬁ {5‘6%’%
i ssued January 12 absmr'ttosmWe%tofalthe Ppeésgnteﬂ'nqlmtoar.nahg smﬁtoesSJmf

cormpounds 15m§r © thies Ssthaiyis | o %@gzﬁaih%g wci?z‘j‘ﬁ‘]';’ﬁ:ng-'“i bfr2qttntilies of

R4] wherein Rl an§hRBicdle 'lf&ﬁgbyﬁ g?'éilp§céﬁﬂ'i"&l 'Ni ﬁgﬂm 2?)" ganignic
22 carbon atons, Rarfavlan¥s) t ahel fibérsiaExagplesosf suitable dabbmﬁngt agentsn

and-mare int egersg r al f,.such
conmpounds are dis¢ os‘ggk%sg% ig L{jasteri:gteﬁlgﬂéfzgséql siés)sglgg Ie/grch '33618753 to
Enanuel sson eft0al Shaw. Typi cal ly, the amount of chenical debonding
agent in the absorbent stru@aptieglarfy sut8ble debon ?bgents are GurfteMary

melght of the hydr iLic fibers he ei n, doges
"absol utely wat er - "E'Pé‘é 'i981°°8§?5§6p|°35 V%r "Zﬁ’gr alfe n%' H?r%&?'?tng
condi - - 3,554 862, issued January 12, 1971 to Hervey et al.
- Preferred quaternary ammonium compounds
15 are those ha_ving the general formula

R, -0-(C,H,0),,~CH, ~CHOH-CH, A Ry

' N
R,-0-(C,H,0) -CH, caoucu/ \R

x@

wherein R1 and Rz are hydrocarbyl groups containing from

8 to 22 carbon atoms, R3 and R are alky! having from 1 to
6 carbon atoms. n and m are integers from 2 to 10, and X
is halogen. Examples of such compounds are disclosed in U.S,
Patent 4,144,122, issued March 13, 1979 to Emanuelsson et al.

20

25 Typically, the amount of chemical debonding agent in the

absorbent structures is from .01% to 0.5%8 by weight
of the hydrophilic fibers.

As used herein, '"dry" does not mean "absolutely water-
free". For example, under normal storage and handling condi-
tions, hydrogel particles take up some moisture. The hydrophilic
fibers also take up some moisture during storage. Furthermore,
it may be desirable to use humidified air for air transport of the
fibers and the hydrogel particles, to avoid dusting. Under such

. process conditions, the hydrogel particles and the fibers will take
up even more moisture, but this does not negatively affect the
practice of the present invention. However, contact times of the

30

35



30 tions, hydrogel particles take up some noisture. The hydrophilic
fibers also take up sone noisture during stosage. Furthernore, it may be

hydrogdl* ' Werticles, to avoi'd dusting. Under such process conditions, the
hydr ogé articles and the fibers will take up even nore noisture, but-this
does not “mlegatively affect the practlce of the present inventiom ‘However ,-
contaét times of the hydrogel with conveying air are short, and the
limted water- uptake by the hydrogel during air-conveying W|th hum di f i

air will not result i*n substantial bonding g‘f “the structure. The |rrpoP

criterion is that the hydro el partlcles shoul d not be 5 al l.owed to SWJ

appreci ably, and BXErege! withSeRveping AlFf ake shorty and sthe, limited (watesst
results In entanguptsks byndherhydrvdel iduring élh&d‘ﬂd@?hﬁg wiﬂermmidmedtétrs

can be achi eved by,pxpge! gk e ARBIINIC onBRIE S0 hle S INE0YE! The

particles only to water vapor: warer. n Its i~qul ven

mere exposure 10 inportant W‘M@@I i%othﬂlnmﬁfh\edﬂsﬁ midﬁsmulth ﬂOt be
substanti al bgnd-aileWedf to! kel %Pﬁi‘éléiﬁbﬂw laRe SHBGRA Ut daoaapsal 3Qrface

Iy d d I E
B b RO 56akingas oL iy B AF 35S i B iOR e, anatir BoRd o,
entire thrust |s ing efpthwe filpersi f |6e¢mtlvgethis nedrebienlaghieyedt byl expdsingf
wat er whi ch resul ind hsRpaiic fi 'ahd ‘éﬁécﬁy dﬂ”ﬁ&&f&é@;ﬁrﬁgf‘?& witer

purpose of the present |nvent|on ue to unacce ale niti bsorption
kinetics. In ord¥pPen% @Rdypet ttﬂa‘t'att‘ﬁe'%t‘ﬁj@ﬂ?% LY @V%Uﬁ'&nﬂ‘mqve
unbonded the mi saﬂrthecwdmgelmfo homiaifiédr Bimmayt Fesultrin substaheial @vhd-han

ctructures may - colfbrtlerte, sEudticke” BRI duteqUeht | Broctafid” Yspalhany
designed-for air Hupingg calrennydngphifl S'éch |maurq\és@rolqngﬂeh %Qmepmnte.

webs are typicall mfwrsmqbabéhtt akisg 760, hyéueeplrbbma.fy har, s1991 ;w 9¢Hogfgleaw
and depositing th

2 be
desired quantiti egt @? h}h%ﬁﬁ'%éﬁrﬁﬁ &r{f%n?msl?esgﬁ'afy' gﬁf’% eég'ﬂﬁl"'ﬁ'f'aﬁsust
upstream of the wto dewelshof cwater, whilch deesuitednnbandedt stirubtuhespivhiiche drieber s

and hydrogel parthﬁk@éepctgﬁ'leb%mﬂ?e Jhlepdgﬁboi’ofﬁ@dppé%ememventlon due to
unacceptabale initial absorptlon kinetics. In order to ensure that
the structure remains _substantlally unbonded the moisture content
of the absorbent structure must be less than about 103 by weight
20 of the dry absorbent structure. )

The absorbent structures may conveniently be made by using
conventional equipment  designed for air laying of hydrophilic
fibrous webs. In such equipment, webs are typically formed by
taking up hydrophilic fibers ir an air flow and depositing the

25 fibers on a wire mesh screen. By metering the desired quantities
of hydrog'el particles into the air flow at a point just upstream of

. the wire mesh screen, the desired - mixture of hydrophilic fibers
and hydrogel particles can be made. The web formed on the
screen is then passed through calender rolls which are set to a

30 nip pressure resulting in the desired density of the absorbent
| structure . [t will be clear that this embodiment of the process
requires only minor modifications of conventional equipment for

~ the manufacture of absorbent structures, i.e. installing a
metering device for the addition of the hydrogel particles. !n

35 certain instances it may be necessary to replace the standard wire
mesh screen on the equipment ‘with one of a finer mesh size.
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screen is then passed through calender rolls which are set to a 30 nip
QL%ssure resultirng in the desired density of the absorbent structure . It
w1l be clear that this enbodi ment of* the protess requires only mnor.

modi fi cati ons:-'of conventional equi pnent for t-he manufacture of absor
structures, |.e. installing a netering device for the addition of

hydrogel particles. 1In 35 certain instances It may be necessary

repl ace-the standard wire nmesh screen on the equipnent with one of a finer
mesh st ze. -12- This need will arise when relatively small hydrogel
parti &fes are used, and/or when the nesh S|%§ of the standard screen is :
relatlvely coarse. Because of their particul'ar” properties, the absorbent -

t - t h )]
di Spos- _abl euéﬁio?tem *’S?%Wt‘m% Wi KRRl S POcobel piPGeind ane .
consuner product WEedh 28 6%aﬂhe"oﬁhﬁb§'&$bl ﬁt}esﬂjmthecatandm‘dntscrm tsf

water and ot her flrelatovelyidoarg@dy fl uids. Exarrpl es of absorbent products

i ncl ude di sposabl e di ns, j.ncon nce, pads, paper
towel s, faci al tlss-uegé)eeJ t?a{rI *'?aiﬁepa' c"rt]B r°8&" Bs'cdh soshent struc-
hydroph| lic fiSbrotturestnf, th'ﬁetmiﬂoenresextnethelyesunhbtehlfcr iuseci idispbsve a

hi gh absor bent Camtal&so?béﬁtgﬁr&ﬂ&?tYBya"Sbg'igBlgﬁéﬁoh{,% o Wok&hA Issmgg?the

| east equal to that of convent ese reasons

| 0
15 absorbent str fttHEY™EFe ‘S't’?tCLH"!é'FF‘yLi§uF?B&P‘E pf absarbing psignificant | ke
di apers, incontineuantities, ofirwateanaridirothenfluids, Tke Bodyh fRINGS! bEXamples

: It dth | |.ple bsor bent oducts
\(/:maf)gﬁl a?/ea'?hi n SmgJ yetgﬁgsbﬁy %?Hg{ns glﬁﬁ?‘l‘g{’ené'ggg ao%r'%enqaae%lrﬁam fifﬂ
avoi d t he enmbdPr ad@piins ofncaptinence pads, ppper pwets, &rc:alheissms;,candethe

ensures confort f aiket heAsessniparaddte cﬁﬁO&aé.bﬁalOﬁy&P&blﬁhéWib%Us WeddUCthe
al so result | rrportant

o ne 2 ABHe sl P PO S i e Lt
di apers conpri si ngapacitybohigintdensityct andsa flexdbility hwhivhe e att |IeE§'El§t]U9n
[fﬁg \%ogagﬁl Byf :ngagth‘aqn&?@dn%ﬁtioﬂbla?ﬁfroﬂ?khﬂﬂs.t CHYN WeSe rRYlodLPRELNT
Ii)sc'rt':en(t structures are particularly suitable for use in products
like diapers, incontinent pads, and sanitary napkins. The high
" absorbent capacity and the high density make it possible to
- design absorbent prqducts which are thin and yet have more than
sufficient absorbent capacity to avoid the embarrassment of
20 failure. Flexibility of the structure ensures comfort for the
wearer and a good fit of the absorbent product. The high
density/low volume of the products will also result in important
packaging and tra_nsport cost savings for the manufacurer.
Disposable diapers comprising the absorbent' structures of
25 the present invention may be made by using conventional diaper
making techniques, but replecing the wood pulp fiber web ("air-
felt") core which is typically used ‘in conventional diapers with an
absorbent structure of the present invention. Thus, a disposable
diaper may be comprlsed of (from top to bottom) a top sheet (a
30 non-woven, hydrophobic tissue, e.g. needle punched polyester),
the absorbent structure, and a waterproof, pliable back sheet
(e.g. hard polyethylene having an embossed caliper of approxi-
mately 2.3 mils.). Optionally, the absorbent structure may be
~ wrapped in envelope tissue (wet'strength tissue paper). Dispos-
35 able diapers of this type are dlsclosed in more detail in U.S.
~ Patent 3,952,745, issued April 27, 1976 to Duncan; and in U.S.



felt") core which is typically used -in conventional diapers with an

[8

absorbent structure of the present inventiom Thus, a disposabl e diaper mayq

be conprised of (fromtop to bottom) a top sheet (a 30 non-woven,
hyd-@;\objc ti ssue, e.g. needle punched polyester), the absorbent

a0y e;. :and a wat er proof, pliable back sheet (e.g. -hard polyethyl ene,
./an enbossed cal i per of approxi- mately 2.3 mls.). Optionally, the
absOxbént structure may be ‘'wapped in envel ope tissue (wet strength tissue
paper). Dispos- 35 able diapers of this type are disclosed In nore det.ai-
in U S Patent 3,952'745, |ssued April 277 %976 to Duncan; and in U.S.\A:

-13- Patent No. 3.860D,003, Is anyary .14, 1975 to Buell. Since the .-
absorbent st r uct uPaeny; 9‘[°ne 3p§€§gﬂi' i E&Bﬁ?i jﬂ“‘l‘%ﬁ)’e Q"hi‘éﬁér tapByelent

capacity than conventional wood pul p fiber webs, the wood pul p web may be
replaced with an abso t ok ; e [ Vv | 0 Ss
t han equal wei ght. Thgn?gdfj’cﬁeabag&ﬁ?u%tggeﬁfggh‘l’ﬁ?}ﬁ?%ﬁé| ;ﬁ/'%égﬁ&nnié\abg
account for a reddchigheri abgerbent, capacity othap conyentienaly woodd @wdm dfibgr on
Erﬂe type of Pyd[)o‘@ebs. tthe fwdoer /pulpr aedl ﬁiag,_ti& ﬁmhl degevdﬂﬁlshﬁyau%ntlo
e anount of_ abs st r ' i.n di,sposabl.e dig- pers is
conveni ently %xprgé.ggﬂjraes #ﬁghga?rgﬁi QIHYQ%?‘%' ﬁi{?dﬁs o&' M ERR  weight.
Typical ly, basis Wbegradsiced whightband et higheiic density scanfbined amceuantfor
i nvention as usedaifeclicsRASHY! BuIti BYCaS FAABES3 T0H2 or more QdeféridiRg! 8n

0.05 g/cn2. One in 15 _which this inyention may be used s 1n
menuf gct uring di \zg% styﬂ?av?fndwﬁ’g'?ﬂe{lnit?%aé'éﬂ'-’é"@f%?%%i satieaAnd ttheadansitvuced

bul k as conpared used)onventional diapers. This can be obtained by using
absorbent stryctures: i ' i ' . 018 cni.
Preferred are basis \Azﬁéhtg'go‘g?p%? o?nb%%lb%gko%ut%m useg_ gizlldigﬁ?:%é’?gAg{a
di fferent approacPefss i§ Foavaniently, expeessednes ctheabasiy welghtabini giem?) of
equi val elnt ]Eobt lhitheOfstﬂm uees } quWicﬂLﬁpra?is WhiigRtsf oF| bh_Fe?éBEG&Bédigsirhdlél-
potential of bu reducti offere Ls ipnvention, Thi-s i eneral |y
achi eved by usi ng"'ﬁ%gi ?‘mgﬁr’]%h%"esoﬁ"gf H%‘r’é’nm" 0%D1Uee " 9%?8#’8/ ?h@ers
Preferred range from 0.01 g/em? to 0.05 g/cm?, One way in
15 whigh this invgntion may be used is in manufacturing diapers
having both increased absorption capacity and reduced bulk as

compared to ‘conventional  diapers. This can be obtained by using

absorbent structures having a basis weight of from 0.018 to
0.03 g/cm?. Preferred are basis weights of from
20 0,019 to 0.0'21'_glcm1. A different approach is to aim at an

absorbent capacity substantially equivalent to that of conventional

diapers, while fully exploiting the potential of bulk reduction

offered by this invention. This is generally achieved by using

baéis weights of from . 0.01 to 0,017 g/cm?, Preferred

25 ‘are basis weights in the range from 0.014 to . 0.017,

The absorbent structures dsed in disposable diahers preferably

~ have a thickness of from © 0.3 mm to 2 mm, more
preferably fr'om 0.5 mm to | 1 mm, |

Conventional disposable diapers are usually | comprised of

30 (from top to bottom) a top sheet (a n'on'-m'fovén, hydrophobic

tissue, e.g'.,' needle punched polyester), a wood pulp fiber

absorbent _coré, and a waterproo_f, pliable back sheet (e.g., hard

polyethylene having _ah embossed caliper of approximately 2.3

mils.). The absbrb_ent capacity of such diapers is substantially

'3_5 increased when an absorbent structure of the present invention is

v
s



25 are basis wei ghts in the range from 0.014 to 0.017. The
Q?;onbent structures used in disposable diapers preferably have a thickness
)

T from 0.3 mmto 2 mm nore preferably from:- to
1 mm Conventional disposable diapers are usually conprised of rom
top to bottonm) a top sheet.- (a non-woven, hydrophobic tissue, edl e

punched pol yester), a wood pul p fiber absorbent core, and a wate oof ;

pli abl e _back sheet (e.g., hard pol yethyl ene having an enbossed cali per of
approxfmately 2.3 mils. ). The absorbent capacity of such diapers is
substantially 35 increased when an absonggg Structure of the present -
I nvention is -14 -'pl aced between the wo pul p fiber core and the back

sheet . When used iglaldd SofWRAA" uhé Cwass OphrR e’ Lobt! Giid P WaRR Xnat.e § -

t hi ckness of from I | ent structure
used as an | nsert When Hised tine thisnmannee hey apsorbaahcstayctures,psefesably

fi ber. coLe, olr be ﬁgr\],fef Q(rjq?jckdegs?ﬁspﬁgg{ ihC' enl:)o),pii rmm: té he wood mim.p 1|°1'r|4¢§ar
core is hourgl ass ape L, . e _W | center o or.e_|s
substantially | es?ﬁsﬁgﬁeq%g’trﬁcﬁﬂe é'lse?ha@ 8?!9??2%61 t"haev eagg%t;g@%t £.§? rat?c‘:jt ure
i s rectangul ar5, hehapg 2s Ithegrdechppipfiben cose.t he beadifferenthe Inengpectic t he
\tAﬁgd tlg puljltohfl?eé%m.ﬁeramﬂeaw}sﬁdtaum fftfe?{%?ﬁpllé Hourgldss %h,ea%ngatmh,l ess
n the wi 0 e. . | ber core a e narrowest point. o e
hour gl ass-. Becaus et.W\g'&bé'g&bgn?e’g'PFu%f the Loge 'Ph%‘?lb?téégﬁby.i ﬁé%ntthiaBnh'éﬁ e
hi ghl y absorbent, widdhyat théiends)] anhdxthel absotbentastrutturec:is rractdngular,
suitable for use i i X | i € sVl ' I
di apers, sanitary Hr%é’?ﬁ?niqﬁqgwgﬁhpéﬁiwg%Ye@e%?ggﬁ?%r g’é&n?é}% Plsjcngzﬁgsﬁ(r,%’y be
derived from d&nveﬁH'PoﬂQP's%Rfﬁtfanrhﬁk'idﬁB of, feommAkoute | &R tqy abgut 5 cm

absorbent core thgegoithahythe dilith dfeHe Woodopdipd fitier! tdrer 8 thet Rarridwest
absorbent structure o{ QEF%QZR 'prlesent I nvention. Such replacenent may be
on a wei ght - by- °d asieshe 8P résults in a reduction in volume and a
gain In capacity; or tBecausel shenabsorbept structurescof theampresent! ineenfien

basi s, thereby sacjdef i kigREly PabtortfentNe afidi Nydth @IAOTIRNt flexible, they are
15 extremely suitable for use in sanitary napkins. As is the case
with disposable diapefs. sanitary napkins utilizing the present
absorbent structures may be derived from c_ohventional sanitary
napkins by simply replacing the absorbent core thereof (typically

a web of wood pulp fibers) with an absorbent structure of the

20 present invention. Such replacement may be on a weight-by-
weight basis, which results in a reduction in volume and a gain

in capacity; or the replacement may be on a less than equal
weight bésis. thereby sacrificing part of the gain in absorbent
capacity in favor of an even greater reductioh in bulk. The

25 absorbent structures used. in sanitary napkins preferably have a
thickness of from 0.1 mm to ~ 2 mm, more preferably
from 0.3 mm to 1 mm, _ '

An example of a sanitary napkin comprises a pad of the
absorbent structure of the present invention; a hydrophobic

30 topsheet; arltd a fluid impervious bottom sheet. The topsheet and
the backsheet are placed at oppbsite sides of the absorbent

structure. Optionally, the absorbent structure is wrapped in
envelope tissue. Suitable materials for top shéets, bottom sheet

and envelope tissue are well known in the art. A more detailed

35 description of sanitary napkins and suitable materials for use
' therein is found in U.S. Patent No. 3,871,378, Issuea March 18,



LN

capacity in favor of an even greater reduction in bulk. The 25 absorbent
structures used. In sanitary napkins preferably have a thi-ckness of from i/
0.1 mmto 2 mm nore preferably from 0.3 Mmto . 1 mMm An -
exanpl e -of a sanitary napkin conprises a pad of the absorbent structure of

¥ invention; a hydrophobic 30 topsheet; and a fluid inpervious
The topsheet and t he backsheet are placed at opposite sides
3 rbent structure. Optionally, the absorbent structure is wapped
in envel ope tissue. Suitable materials for top sheets, bottom sheet and-
envel ope tissue arewell known In the art. 1\ -nore detailed 35 descri pt¥i
of sanitary napkins:and suitable materials for use therein is found in- L{S
Patent No. 3,871197% to| Bynean @t ah 18, 1975 to Duncan et al
Per f or mance - Testing ‘A. Partitioning Test Sanples of absorbent structures
were subjected to-a parti- tioning Ees}i rmre.lquﬁ descri bed herei nbel ow.
This test has been designed to neas n performance of
absorbent structuresA.n emnmgoﬁew th conventional cellul ose fibrous
webs, both under- CO”%‘a Wo@faiﬁﬂbbhﬂ%tﬁuéﬂﬁdsaﬂdr@'ﬁfb edt@di b |PghFti-The

b t fluid was " het ' t distilled
Mater. the surfatien fr@éi/ea% oot ohubr fessniad nare o Sl JPRIS B wi ¢
0. 0025% of an ocb;émrdasdgneq)mbymdsm‘y &bhﬁsdrpsibhfpatfemmdé’ of @bsdrbdnl,
from Rohm and Ha un)(‘fe T#'&n@%ihi&aﬁi&e% vga.m;. Qéee?#b‘igabé/%‘ﬁ t he

absor ption capaci usage con sorben St ruct'ures
p

when used as absbeHernden QﬂﬂﬁiQﬂsaﬂér@" Aissidbloed . %ﬂu@%e‘éqwgr doadsde by

.-
—

et ering predet empien umt Aued vingy hefﬁgnmbescﬁ somtien’ bpWROte0l
cont ai ni ng sout d sl as jbers; . the mxture was alr |ai
on a wire nesh sb‘?«é t "r ég'ﬁ ‘1"‘55 %NS?)" HH F? ef‘\?éeaﬁf'dg‘eé‘nder

rolls to the reqmﬂédd&enslqny Witlthe st rMD&i%as:ﬂmd astyiphiesoxyi poivetifoxy. 04

g/cne.  On the sgigyddfiusdiRRtant'orifdn SRLI0IS" FraR| RoNRC G a5hadi 66, 1.1 bers

were nade, also- hl%\l/; n(tgest ‘has been found to be predlctxve of the absorption
capacity under typscal usage conditions of absorbent structures
when used as absorbent cores in diapers. _

Absorbent structures were made by metering predetermined
amounts of hydrogel partides into a flow of air containing south-
ern soft wood slash pine ﬂbers' the mixture was air laud on a
wire mesh screen and the resultmg web was densified between
calender rolls to the required d_ensxty. The structures had a
basis weight of 0.04 g/cm?, On the same equipment, webs of
southern soft wobd slash pine f}b_ers were made, also having a
basis weight of 0.04 glcm2 and calendered to a density of 0.1
g/em3, No hydrogel particles were added to the latter webs.
The latter web served as the reference in all tests. Round
samples of 6 cm diameter were punched out of the sheets of
absorbent material for partitioning testmg
The partltxomng tests were carrled out as follows. A piece

of polyethylene sheet (the kind of material generally used as a
bécksheet in disposable diapers) was placed on a flat, nonabsor-
bent surface. A round sample (6 cm diameter) of the absorbent
structure to be tested was placed on top of this backsheet. On
'top of that was placed a piece of paper tissue of the type gener-
ally used as envel_ope_tissue in disposable diapers. On top of the
envelope tissue was placed a sampie of the reference material



basi s weight of 0.04 g/cn2 and cal endered to a density of 0.1 g/cnm8. No
hydrogel partickes were added to the latter webs. The latter wep &€
the reference in.all tests. Round sanples of- 6 cm dianeteér ﬁf
out of the.sheets of absorbent material for Ppartitioning testi g_ii-
partitioning.tests were carried out as follows. A piece of polyethylene
sheet (the kind of- material generally used as a backsheet in di sposabl e

di apes) was placed on a flat, nonabsor- bent surface. A round sanple (6 cm
di aneter) of the absorbent structure to be tested-was placed on top of this
backstreet. On top of that was placed a 'pi_e'cse_of paper tissue of the typer
gener- ally used as envel ope tissue In disposable diapers. On top of the ¥

envel ope tissue Wegouthafs Soft WdRl Slash bl THraLS Wb TR #7 & Adm? de‘nlﬁ?). b=
(sout hern soft vvo?_afslasg i ne fibrous wep, O. 1r£8/cr'r_8 gensﬁoy@ The 0{3
sanpl e was wetted @Pt¥Pa f}ﬁ@ oas wefited With A Rregstarmined nfahoutc
urine, covered wigh aehsyhthetic arine/ dowekexhearith anuthemhpiebe cofvbagisheet, 4. 4
PSS of 1 pst oK MNIEE SRGERR o Il 901 =XEEL Rl G HACHE, |,
tinme, the weiyht Thls maighb@xents theonfiving pressune efbdopstrlt nat S6AP® wer e
wei ghed separat el N/mTfie "ARedli fige, mikltesc@qanibratioA Rimé, OfheSWEigRE | was!l | ne
(1, Srare) absor egoic ShATMY sHBSSUNSRY, OF B dbent oo Bets ighed
synthetic urine, stRaratelpackThedlpading”codéfinediag) thei gmountqof |syimthetid,
310"t o) sg 1 ek ey (RPOaRis) > AbSortied shar Graln YF StarkeRt! hpterfl fhs
material over'® wfgulated;forseach spmpla. I% &i ﬁ%&"'\ﬁ/a!‘a%biha“né'&s_ed THRh| 8adi ng
of the bottom teadditiopal doss dfhepnthetic entirs pldcedcback) utiderhthe @aAfing in
test layer ai ¢ helShyight, EhuiiBrktedy Sha WsEhaS, PMfis Ugs Fifsaldf Bhel 10
4.5 20 g/ g respetdli times. (typicallyo98i tlae sirdencofi 8st0 times) se that thef eelence
| oadi ng of 4.5 g/ @iveaibsepstioh Petdormarite of ¢Hé Qest/ hatérithevéPadiwide range
15 of total loadings was obtained; - The loading of the bottom test
' layer was then plotted as a function of the loading in the refer-
ence top layer. '
of particulaf interest are the Idadings of the test layer at
the points where the loading of the reference is 2.0 g/g and 4.5
20 g/g respectively. The loading of the test layer at the reference
loading of 4.5 g/g has been found to be predictive of the loading
at failure in normal use when the tesf material is used as a core
in a disposable diaper. The loading of the test layer at a loading
of the reference layer of 2.0 g/q is representative of the loading
25 of the diaper under typical usage conditions. All experimental
results reported herein are average results of duplicate or trip-
licate experiments. . . |
B. Absorption/Desorption Test
The absorption prbherties of absorbent structures were
30 determined by their "synthetic urine" absorption'and desorption
' behavior. The basic procedure and the design of the apparatus
are described b'y Burgeni and Kapur, "Capillary Sorption Equili-
bria in Fiber Masses", Textile Research Journal, 37 (1967) 362. -
e The test
35 is particularly useful for determining absorption kinetics.




at failure in normal use when the test material is used as a core in a

di sposabl e di aper. The | oading of the test layer at a | oading of the
reference layer of 2.0 g/q is representative of the loading 25 of the

di aper under typical usage conditions. All experinental results-reported

her ei n average results of duplicate or trip- licate experinments. B.
Absor p Desorption Test The absorption properties of absorbent

st ructu were 30 determned by their "synthetic urine" absorption and
desorption behavior. The basic procedure and the design of the apparat us- .
are described. by Burgeni and Kapur, "CapilFlHy Sorption Equili- bria i

Fi ber Masses", Textike Research Journal, 37 (1967) 3?2 The test 35 Is
particul arly useful fdihedabienation,JPRACHNS FQﬂF'ﬁ'HeP & horizontal gaRilapyi 3n
appar at us consj st egbef apphaximatelyyal20cemi lonay,y conriected iy @X ivabiecly aliﬂlaidm

|ong, connected DieeVBlete TRadedd WrdheIGHOkhs colliRcfll! gl dliEn iy

connected by tygon con

frit on which thet®a gliésofrtmﬂ cﬂetﬁiglm)pe MEMpfvak@dcronrﬁétgqrhwwmthe
funnel was nogint eBbggrbany CwebC2bmpRl Swas Tdsuacéusl ghthefglabe fmtf@hﬁxewhbe

| t ube det d the .h t t t
canpl e i ot yproaptebs of RHHEEE e ot Lfi’%ﬁﬁné‘fg e T L the
absor bed synt het i capitlare tube deleeminelbmasiwdrmtu suctiéh beingyeckeotsdabinc

suction, startin m r t e of
gfﬁé %IG (ﬁ-pg ?ﬂ Ebﬁerm eé’ﬁ%eq?rﬁ caﬂamt

-100 cn) A si I ed test s dev P
of an absorbent’ \M‘-,‘ﬂ ume of ;alfsor %‘étsy’ltné Sb’éb‘PﬁeHa§o‘l’?}ﬁﬁmﬁle 25 3 ""Ct'°"-
hydrostatic pressof cyadrestatics suetion, "farting abs00pem1feoriresponding Nakth, at he

frit containing t e o) ro hydrostatlc pressure and the
t cont Rgaradine GMS%FLP %l €k 0 Oc ergﬁ ¢

equi | i brirum val ue measur -void volune"). Then
the frit was rai sed afai simplifiede test cm&amvameﬂhéoammﬂevdhamélsan' 25

cmin the desor pt ggse %fVEﬁS WRbAEHt WAL " AR Bils €KEOItRE] SBSorbedOvolume  C.
Gurley Stiffness IgshyTie Hydrbfte HreSbidl Wl mbblisld fds 25, Igbghpned
using a.

15 tion“). _Next, the frit contai_ning the sample was lowered to zero
hydrostatic pressure and the equilibrium value of sorbed volume
measured ("0 cm, - -void volume"). Then the fnt was raised again
to the 25 cm mark and the absorbed volume at -25 cm in the
desorption mode was determined ("25 cm, desorption").

20 ~ .C. Gurley Stiffness Test .

o The stiffness of absorbent structures was determined using a
" Gurley Stiffness Tester (manufactured by W. and L.E. Gurley of
'Troy, New York). The use of this tester is disclosed in U.S. |
Patent 4,354,901, issued October 19, 1982 to Kopolow.

5 _ : o . In essence, this
instrument measures the externaily applied force required to
produce a given deflectioh_of a strip of material of specific di-
mensions, fixed at one end and having a load applied to the other
end. The results were obtained as "Gurley Stiffness" values in

30 units of grams. Each strip of ab_soi'bent material was 3.5 inches
by one inch ( + 8.9 cm x 2.5 cm). o |

The absorbent étructures of the present invention have a
Curley Stiffness value of less than 2 g, preferably less than
1 g, when measured on a strip having a basis weight of
35 0.03 g/cm?, |




Qurley Stiffness Tester (manufactured by W and L. E. Gurley of Troy,
. {grk) The, use-of this tester is disclosed in U S. Patent. 4,354, 9

kSsued Cctober 19, 1982 to Kopolow 25
In essence, t:his instrument neasures the externally appl i ed force ed
to produce a given deflection of a strip of material of specific di- .
nmensi ons, fixed at one end and having a | oad applled to the ot her end. The
resultg‘mere obtained as "@irley Stiffness" values in 30 wunits of grams.,
Each stirip of .absorbent nmaterial was 3.5 inches by one inch ( 8.9 cm_x
2.5 cda). The absorbent structures of the prgqgemt invention have a GQurley :
Stiffness value of less than 2 g, preferably l'ess than 1 g, when neasured;
on a strip having a basis weight of 35 Exathpls dnt. Exanple | In order¥”

to test the effect of jq Q?Hepyfq 68 tﬁé‘t gcgg%ft ﬁBePﬁ{jdAQQF'HQQoQGBEOE@”CG

of absorbent structures | 'ow ng ent wer e fgre ared
5 Sout her rPaf8Htionjpg dPer f&sﬁaﬁﬁ\@ﬁ |§§§P§bﬁﬂ$r Stoygturegedths tfellawing
acrylic acid graf téﬂioﬁbﬁﬁ&btﬂwﬂﬂ&ehehe\bmﬁaaedw ght average particle size

i bor- “hydrogdl ‘rat i osSBRALEy. 54 5o, aiash G Agesers dry mixBH Jihn b,
80:20. \Webs havi r@rullnensid)r@radtedlmtanqh xhgdragel hadinga\@ nyeightasiverags ght

of 390 g/n2, were ;smrcw%r.féi o'fnatfbtﬁaiﬁ”' dl&%sa'(“SQrﬁVétnweﬁwoF”BﬂBm dhyaebs
wer e conpressed to

préss, correspondlg‘b"t&xg terrl’lsagﬂ%&@ S‘Peigé‘%%sg ?’8§ ‘% Qégr'\??/glﬂ{!dﬁ\%re

subj ected to the ajpdype-BeScriobéol, B5:15 pand 8020, ngwehsthawﬁ'gledihmhIsMsngf
results were ofy aije a oQi 98f $ 0T, -
structures as a fudr?cg(l 0;‘1- g’#‘ JIB %'&#oge #gﬂ%’ai‘m% Q‘h ! pre
Loadi ng (g/g) at .Pared inoadi 5"’( gt\gae aﬁ"’Z!?Yi"Q equipmest. The Jwebs were
Ref erence: = 2. 0 g/ ébmprieeééd a6C# dryt density d100.9 g/cm?, using a flat hyd?adlic
3.6 _ .
press, corresponding to a thickness of 1.3 mm.
Samples of these webs were subjected to the above-described
15 partitioning test. The following results were obtamed
Table | .
Partltlonmg performance of absorbent structures as a funct:on of
‘fiber:hydrogel ratio. : )
Fiber:Hydrogel Loading (g/g) at Loading [g/g) at

20 Ratio - Reference = 2.0 g/g Reference = 4.5 g/g
100:0 ' 2,0 : 3.6
95:5 2.4 4.5
90:10 3.4 - 5.9
_ © 85:15 3.7 : 6.5
25 80:20 4.0 7.2
| - Table |1 '
Absorption/desorption data”.as a function of fiber:hydrogel ratio
Fiber:Hydrogel 25 cm 0 cm 25 cm
Ratio Absorption Void Desorption
30 100:0 : 2.5 - 3.0 2.9
95:5 2.9 3.8 3.5
.90:10 3.8 4,9 4.5
85:15 4.3 5.9 5.3
80:20 8,8 6.2 5.8

35 Yin ml/g, after 10 min. equilibration time



95:5 2.4 : 4.5 90:10

3.4 - 5.9 85:15 - 3.7 6.5
25 7. 80: 20 4.0 . 72Tab|e|| '
Ab' 'btl on/ desorption datal) as a function of fi ber: hydrogel ratio

Fi drogel . 25 cm 0 cm 25 cm Ratio .

AbXogpYi on Voi d Desorption 30. ' 100: 0 2.5

3.0 2.9 95:5 2.9 - 3.8 3.5 90:10

3.8 4.9 4.5 85:15 ' 4.3 5.9

80: 20 4.8 6. 2 . =-¥8 35 1) in.nmug, after lo%n
equilibration time ; - ' The data denonstrate the dramatic |ncrease..

in absorption capaci ‘Thes déﬁardMﬁEa‘i‘arfge gramatia; IncrRasahin: rabserptien ed
by the absor bent csgaciiés!'veros with P jen&f icBH@Ttidna" whieh CIaNBBEAtRed Cby

I1-fib f.th d
Bcarpl o 11 For  cHb APPSRt SERFIERS & o ASPEent vengion, 7% 59mBErest © ne

wet - | ayi ng procedi-f'Mstl‘@G@ulres QISheramndemtyA 354,901 (issued Cctober
19, 1982 to opol ow) as follows: A mxtEt*raﬁ, jpout hern sl ash pine wood pulp
fibers and an acrylig 10 aci

d St arch dro mat er i ( Sanwet
| M 1000, from Sanyo %ﬂ?”“g'apﬁ%ﬁ"'ﬁpbe?t'ﬂﬁm%ﬁew 'r'%lt'?'i?pa"%‘g' MHPP%as
slurried in wat etheatwa-!myrhg Speoaess OteserTBed Ainvwdl, SvaPateritmeNb.b W, 354,300 ng
the slurry on a Emﬁ o) was such as to
result in a basi gggs o?&,f q83 9#% R%%‘}' ;s %lEJ V\%S dried in an oven
at 100[err]C. Thembensstgf E?UmﬂdﬂPé'd Ries mmdamdat fibers gndnén acrylicweb
~was then conyy essdid igraftedy dStarth Chpdprsgelt tateflans{Sanvdt ANBS1@ocNFromhe

e R L e T e Lo TR
test. The. resuslugriedein water at a consistency of 0.7%, A web was formed by
straining the slurry on a wire mesh screen. The amount of
slurry was such as to result in a basis weight of 0.034 g/cm?,
15 The web was dried in an oven at 100°C, The density of the
dried web was about 0.2 g/cm3. The web was.then compressed
in a hydraulic press to a density of 0.38 g/cm3. The resulting
structure was stiff and board-like.
The absorption performance of this sample was determined
20 with the above-described partitioning test. The. results are
 compared with -tho.se_ obtained wfth an air-laid structure prepared
according to the process of the present invention. (Table 1II)
Table 111
Partxtnonmg performance of absorbent structures as affected by
25 the process of making.

Fiber:Hydrogel Process Loading (g/g) at Loading (g/g) at
| Ratio |} . _Ref.=2.0glg Ref..= 4.5 gig
S 80:20 Air-laying 9 4.0 7.2
80:20 Wet-laying ) 3.4 8.5

30 N density of both structures was 0.3 g/cm?
2) according to the process of the present invention
3) process as described in U.S. Patent 4,354,901
The data demonstrate that the process of the present inven-
tion resuits in absorbent structures héving absorbent properties
35 which are far superior to those made by a wet-laying process.



conpared with those obtained with an air-laid structure prepared accordi ng'
50, .the process of the present invention. (Table 1l1) Table 1l Partiti gf~Q
perfornancwf,,ab,s.orbent structures as affected by 25 the process of .

maki ng. - _._,"gel Process Loadi ng- (gi g) at  Loading (g/9)
Rati o 1) :v== : Ref. = 2.0 9d/¢g Ref.= 4.5 g/ g 80:20
A|r-Iay|ng w®, 4.0 7.2 80:20 Wet - | ayi ng 3)

4.5 30- 1) de‘1=1$|ty of both structures was 0.3 g/cnR 2) according to the
process of t he present invention 3) process as described In U S. Patent
4,3548-901 The data .dgmonstrate that the pLozfs.s of the present inven- tion
results i.n absorbent structures having absorbent properties 35 which are®
far superi-or to thosé made by a wet-| ayERampleOfHSS. - 20- Exanpl e 111 Bhe
foll owi ng structures o€ red usi t he above- de cr| r-Ialng
techni que: an all-fi b\g‘?‘é fgﬁf 9, SHud 'Hgﬁf n¥FreBrerps P’T? 1thy abe

(sanple A); an al Hesqried @innlayiogntechniques arpiatiefi bnedsodthm slaéh Jpigkdns

Efs?gre)lr_eh%;r 03 }‘i b%bcsaéﬁéiﬁim $'g ﬂ(lasa,btww)og% SR ?outhernh§lar B el
was the same gs u§ ql ne qzﬁg?s&té’ ﬁnilﬂﬁl:ﬁ'? %pﬁgethﬁtr]? gg' puthesn Slagh
flexible. The parpindléhydepgetr structuree (fiber Hivgdrogairativ was0cEl)cr deddity

m ned using the a ch pantit cant

equilibration ti boyafrigpor(lgmrﬁlﬁu?) T@Pen?q}ﬁﬁtl %(oﬁ"lgn ssggr?%rlffaeﬁcé"of
Vari ous Absor bent EXgPates t @adstyp| All ;structures werggsoefy and gbexékle

Loading (g/g) at 15 The partltiomng peFbAHSRE of Zhésd)i hmpl&ef REENGEteT-4- 5

g/ 8 g 10 minecé lg?ing the above descrubéd1p§rg$ipﬁig&rtgs%rcce&c89€; th[a(s t he
present |nventi onequilibration times were one minute.
3 Table 1V
Partitioning Performance of Various Absorbent Structures
- . Sample # _ Loading (g/g) at Loading (g/g) at
15 . Reference = 2.0 g/g  Reference = 4.5 g/g
A 1.1 4.4
B 2.1 ' 3.9
c* ' 3.4 ' 7.1
* structure according to the present invention
20 The partitioning data illustrate that densifying an all-fiber

structure .(A-B) results in a higher partitioning capacity at low

loading (due to better wicking), but a lower capacity at high

loading (due to reduced void volume). An 80:20 fiber:hydrogel

- mixture at high density (0.3 g/cm?®, sample C) possesses vastly

25 superior partitioning properties, both at low and at high load-
ings.

Example 1V

Absorbent structures containing different types of hydrogel

were made by in-line metering of dry hydrogel particles into a

30 flow of southern softwood slash pine fibers. All hydrogel samples

had a weight. average particle size in the range. of from 100

microns to 1 mm. The mixtures were formed into sheets, basis

weight of - 0.035 g/cm?, on a wire screen. The sheets were

compressed to a dry density of 0.3 g/cm3.

35 - ' '



20 The partitioning data Illustrate that densifying an all-fiber
ure (A-B) results in a higher partitioning capacity at |low | pading,

r &dtcad void vol urre) An 80:20 fiber:hydrogel mi-xture at high density (0.3 "
/sanpl e:C)".possesses vastly 25 superior partitioning propertles

both at |ow and at high | oad- ings. Exanple |V Absorbent structures.-’
containing different types of hydrogel were nade by in-line netering of dry-
hydrogel particles into a'30 flow of southern softwood slash pine fi be;rs
Al hydrogel sanplesshad a weight average-pdrticle size in the range of®
from100 mcrons to 1 _mMm The m xtures were formed Into sheets, basis :
wei ght of 0. 035 ThecRertitioningypeeformanee ofreach (sheet was etestnq)rvdslseé-

to a dry density eHe Qbdve-déséribed p artitlaatnggftespar Thel PedUIts Rive’ eoiferied Of
each sheet was te@} g.dbw Qr_ t he above-described partitioning test. The
results are colle A% ¥rable V. Table V 5 ' Type of

Fi ber: Hydrogel Loading at . Loadi ng at HydTabjelV Ratio
Ref.=2.0 g/ g fef g None (contr 05
3.60 Starch, ganry‘rg ?t‘ﬁlel) 81. Pit:)eé Hydrogel Lj&gi'% at %o gm at

St ar ch, acryl oni t el g4 5 15 A Ref =2.09/g Refl.=4.5'g/g

Pol yacryl at e3) None (contrdb) 0: 25.0 100:0 5 75 2,05 8. 65 PyJegacryl at e3)

O o S o il 07
6. 10 Starch, acry®tarch;iacey omtr'ls 6: 1#445 15.4 4. 002.30 55-4!@) 6) 15
Cel l ul ose, cajOxpblyacrylaté?d. 0:14.0  75,0:252095 5,75 5. 14 63,65
Polyacrylate3) . 80.8:19.2  S.10 8.10
Starch, acrylonitrile’) . 82.7:17.3 .  4.25 6.10
Starch, acrylonitrile?  78.7:21.3 3.25 6.10
Starch, acrylonitrile®)  82.6:17.4 .00 5,40
15 Cellulose, carboxyl®! 86.0:14.0 2.95 5.14
Cellulose, carboxyls) 77.9:22.1 3.20 5.40
Starch, carboxyl” 82.1:17.9 2.20 4.40
" Starch, acrylic acid®)  80.1:19.9 3.55 7.00
Starch, acrylic acid®)  77.7:22.3 4.40 7.40
20 Isobutylene/ |
maleic anhydride
_copolYmerg) 77.6:22.4 4,25 7.75
Isobutylene/
maleic anhydride _
25 copolymer’) 80.0:20.0 - . 4.25 745

1 A-100, from Grain Processing
_ 2) A-200, from Grain Processing

3) J-550, from Grain Processing

‘”_SGP 147, from Henkel, U.S.A.
5} 5GP 5025B, from Henkel, U.S.A.

6) Akucell 3019, from Enka, Germany

7 Foxorb 15, from Avebe, France

8_) Sanwet M 1000, from Sanyo, Japan

9 Kl Gel 201, from Kuraray; Japan -
35 ] As the results indicate, the presence of hydrogel particles in

a densified hydrophilic fibrous web results in a significant

30

‘better. wi.eki-ng), but a lower capacity at .high | oadi ng (due-to e



Cel | ul ose, carboxyl 77.9:22.1 - 3.20 5.40 Starch,

CQr/.boxyI 7) . r 82.1:17.9 2.20 4.40 8) Starch, acrylic |
acid ~80.1:19,9 3.55 = 7.00 Starch, acrylic acid8) _
77.7:22.3 - 4.40 7.40 20 1sobutyl ene/ mal eic anhydri .
copol ymer9) . 77.6:22. 4 4.25 7.75 | sobut WASAS/
mal ei ¢ anhydri de 25 copol yner9 ) ' 80.0:20.0 4. 25

7.45 1),~A-100, from Gain Processing 2) A-200, from Gain Processing 3)

J-550, from Gain Processing 4) SGP 147, from Henkel, U S. A 30 5) SGP -
502SB>1r om Henkel , U,S. A 6) Akucell 3019. §j@mn Enka, Germany 7) Foxorb :
15, from Avebe, France 8) Sanwet I M 1000, from Sanyo, Japan KI Gel 201, -

from Kuraray, Japahnerease in paftitionfhd c&dpacRy!, NBottntat, IdWcloBdEarRACSt High 3~
hydrogel particl es'i n, a d@g@igfi ed- hydrophilic fibrous web results in a .
si gni fi cant o 10ad qepdionsy | " nartitioning capacity, both at |ow | oad

and at high | oad condi tSimilar Sructures saneupreparedar whereipathel southenn softe

sout hern Sof t - WooGdakiraRll bl Wkts 245 (rABIRBRC it AKAAHROKSYETSulpl P

5 fibers; cheno-therno nechanl cal softwood fibers; eucal yptus Kra | p
fibers: cottongfi bdibersy fhegwrtharmo, mechanical s%ﬁﬂ??‘érf?‘?%ﬂsl: ‘é‘iairY‘Ptét'is kégél ts
-are obtained. Exampluép \fiBeesyr lmottons tfiherisyir and wpolyestare fiherishe Sabstantiafle

process 10 descri I t hern softwood Kraft pulp fibers
were used in adm x?ﬁ&ééﬁmrgﬁﬁgggaggrjgﬂt?@%géi d grafted starch hydro- gel

'("Sanwet |M 1000, from Sanyo Co., Ltd., E%a@e.VThis type
Absorbent structures were made by the batch-type process

10 described in Example |. Southern softwood Kraft pulp fibers
were used in admixture with an acrylic acid grafted starch hydro-
gel ("Sanwet IM 1000", from Sanyo Co., Ltd., Japan). This type
of hydrogel has a saturation capacity for "synthetic urine" of
about 25 X.

15 Samples of various fiber/hydrogel ratios were prepared.
The kinetics of synthetic urine absorption of these samples was
studied in the absorption/desorption apparatus’ described herein-
above. The synthetic urine used in this test was a solution of 1% . -
NaCl, 0.06% MgClz’GHZO and 0.03% CaCIz'ZHZO in distilled water;

20 the surface tension of the solution was adjusted to 45 dynes/cm
with about 0.0025% of an octy!' phenoxy polyethoxy ethanol surfac-
tant (Triton X-100, from Rohm and Haas Co.). All absorbent

- structures had a density of 0.3 g/cm?® and a basis weight of
0.04 g/cm2. All absorption kinetics were measured under a

25 confining pressure of 1 psi ( 70x 103N/m?), which closely
: épproaches real-life conditions for use in diapers.
. ~ Table V1
Absorption kinetics; hydrostatic pressure -25 cm; absorption mode
Time Absorption (ml/g)
30 (min.) Fiber/hydrogel ratio (g/g)
100:0 - 88:12 73:27". 48:52 34:66
5 . 2.8 3.8 4.9 3.8 2.7
10 2.8 8.2 5.8 4.6 3.2
30 2.8 4.8 - 6.4 5.9 4.5

35 60 : - - &S5 6.6 . 7.0 5.7
- 360 . 4.6 7.0 9.8 9.1



of hydrogel has a saturation capacity for "synthetic urine" of about 25 X
15 Sanpl es of various fiber/hydrogel ratios were prepared. The

of -.syhthetic urine absor.ption of tthese sanples was studied in the
/ desor pti on apparatus described herein- above. The synthetic

kn this test was a solution of 1% NaCd, 0.06% Mgd 2 6H20 and

12 2H20 in distilled water; 20 the surface tension of the -

sol ut.ion was..adjusted to 45 dynes/cm w t-h about 0.0025% of an octyl phenoxy
pol yet hoxy ethanol surfac- tant (Triton X-100, from Rohm and Haas Oo-lﬂl
Al'l absorbent structures had a density of 44 3 g/cnB and.a basis wei ght “of
0.04 g/cn2. Al absorptlon ki netics were nmeasured under a 25 confining’
pressure of 1 psra: : Z0x 103Nan?2), WIT]Qh cl owjn/ appnoegghes real - b e

conditi onszf50r useblgpdl ggﬁars. ch#fng‘at ui]li% ium aegsqocrsﬁmgydrgs%ﬁ‘tﬂ C
-pressure - cm abs o

Fnﬂg) 30 (nmin. ipcreases with increaslmgemm}nltmgzﬂ hysgirogel g/ Theldet® also

88: 12 73:27. déﬁoﬂrateﬁwao@@vﬁr, that thé: E|)*at36 at whieh 5h§ eéuﬁibrlum2 g 8

2.7 10 5.8 AL

4 4 6.% *absorgt:gn capacity 5is3@ppr31;:hed ecomes progressivglys slower 6.6
7.0 - 5.7 36With increasing amounts &f Bydrogel. 7.0 9.8

-23- 720 - 1 a

i ndicate that the equ 5 F'tTrlﬁma ls’g'r.l ’ngﬁgc% 'éctliutl &lrnctp'sa Qp&'ﬁ?hfﬁﬁp

| ncreasi ng anounbydesgehy sysiem undefe t&&ﬁﬁ &%U‘Qjé?ﬂﬁ\‘?ﬁ'?%% c3PRRAREY &9 behat
the rate at whi cirduma 281051 briums absor pt | on capacity Is approached

o P P1 ook et oo SAR, oftshPe ACOEBIE B, i Vord 10 gnsbl;
under these testtiog kinetigs: i but thepeare ﬁmemsﬁmg)udlffennce;s lIItabie VI . A

simlar p' Cture §c@bLAUEF dhikd NteBt WonURichs’ the WickiG droperties are less

important, the relative performance of the absorbent structures is

to a larger extent determined by the equilibrium absorption

15 éapacities of these structures. Still, a structure which has very

poor absorption kinetics (i.e., fiber/hydrogel ratio of 40:60) is

deficient at times 60 min. as compared to 61:39 and 53:47 fiber/

hydrogel samples even under 0 cm hydrosta.tic pressure condi-

- tions. _
20 : ' Table Vi
Absof-ption kinetics; hydrostatic pressure 0 cm
Time Absorption (mi/g)
(min.) Fiber/Hydrogel Ratio (g/g)
¢+ . 100:0 88:12. 78:22 61:39 53:47 40:60
25 S5 - 4,2 5.9 - 6.8 7.7 - 7.5 6.6
10 4.2 " 6.3 7.5 8.8 8.6 7.6
30. 4.2 6.5 .. 8.3 10.2 10.0 9.3
60 - 6.6 = 8.5 10.7 10.7 10.5
360 - - 6.8 8.9 1.7 12.1 13.8
30 It is expected that, when similar samples are prepared with

southern softwood Kraft pulp fibers and a hydrogel which has a
saturation capacity for "synthetic urine" of about 10X, the
absorption capacities will be lower for each fiber/hydroge!l ratio

. than those given in Table Vil. However, for these mixtures, a
35 fiber/ hydrogel ratio of 40:60 is expected to perform better than
' a fiber/hydrogel ratio of 50:50 at 5 and 10 min. equilibration

.
»



tion kinetics, but there are interesting differences (Table VI1). Since
Qr r .these .test: conditions the w cking properties are |ess inportant,
reTati ve perfornance of the absorbent structures is to a |larger extent
det erni ned by-the equi li brium absorption 15  capacities of these
structures. Still, a structure whi'ch has very poor ‘absorption ki neti.cs
(i.e., fiber/hydrogel ratio of .40:60) is deficient at times 60 nmin. as
conpared to 61:39 and 53:47 fiber/ hydrogel sanples even under ‘0 cm

hydrostatic pressure condi- tions. 20 ' ' Tabl e
VI | A&s‘orpt i on kinetigs,; hydrost'at ic pressurg Q cm Tinme

Absorption (m/g) (mn.) Fi ber/ Hydrogel Ratio (g/g)
10(23 0 8593 12 timéS, Z&ntrarﬁltﬁ%e pictd'ﬁ 6Btaine% 4\2&58&?& above5hygrogel k-
4. 5. _ 1 .. 4

6.3 7.5 “g‘éﬁ‘@ 2 saturdydn, capacity phasy,  ©° 10, 6.5

8.3 10. 2 10.0 9.3 60  Example_VI 6.6 8.5

%(23 z %g 573 20 10A553ﬁ§bnt structures were mide accordin§ ® the prokédss/ of

t
prepared with Sout Hé?r\p'é"&ﬂ‘ﬁ;)'&&e g?‘t eﬁﬁlgeﬁrﬂiﬁdgr}ﬁngmémﬁﬁfmem?ﬁ? Mhas

a saturation capabydyogéloweigtuntdte: was 80i20c" Thé Gumey Stiftnesdhevalues of

absorpLi on capac!  sdsk hudiBrb£Réd YetgAfRel COFNRRRFlsghSL i | Oley

those given in Tab ese nxtures
hydrogel ratio of SbfEEsssvalues:pPEStruchires made Lreqoeding dq she wet-laying

fiber/hydrogel rat ppodtissS8esdritdd Inay(ds.lPatent Nejull 35w, am (8ee Exafpletliyes,
cotur ot on_capl 't {etk slgiRpLE htorq) dndl aRER e BLARA . (X Y,
according to the process of 5 the preseheblenYélt i on, as described in
Example 1. The fi BSﬁlElehydroﬂﬁhsI’@' ght. ralgaig\eigive 20. GlGe\StifNess

Stiffness val ues of these st Uft yres were det rm ned. For ari son, the
Gurley Stiffness VWM&-&QMM

Wet-laid 0.1 0.037 24.4
15 Wet-laid 0.1 0.037 27.2
Wet-laid 0.3 0.033 5.4
Wet-laid 0.3 0.033 ' 3.8
Air-laid 0.3 0.032 0.24
Air-laid 0.3 70,032 0.25
20 Air-laid 0.3 ' . 0.035 0.64
Air-laid 0.3 0.035 0.56

The data confirm that the Gurley Stiffness value of a wet-
laid structure, which is initially very high, may be reduced by
compressing the structure to a higher density, as is disclosed in

25 U.S., Patent' No. 4,354,901, The data further show that the
Curley Stiffness values of the air-laid structures of the present
invention are an order of magnitude lower than. those of com-
pressed wet-laid structures, and up to 2 orders of magnitude
lower than those of uncompressed wet-laid structures.

30 Example VI

A disbosable diapei' utilizing an absorbent structure accord-
ing to this invention was prepared as follbv«'rs:

An absorbent structure prepared as in Example | was calen-
.dered to a caliper of about 0.1 c¢cm and a density of 0.3

35 g/cm3 as measured under a confining pressure of 0.1 PSI (

7 x 103 N/m?). The web was cut into pads of 12 in. x 16 in.



*

process described in U S. Patent No. 4,354,901 (see Exanple I1) 10 were .
determ ned before and after densification. _ (Table VI 1). Table Vill Sanple,

-Basi s VE|ght @urley Stiffness (g/cnB) . (glcnmR) .-
0.1 . 0.037 -~ . 24.4 15 -Wet-laid
0 -~0. 037 27.2 \Wet-laid 0.3
0 5.4 Wet-laid 0.3 0. 033
3. d. 0.3 0. 032 B 0.24 Air-laid
0.3 0. 032 0.25 20 Air-laid 0.3 ;
0. 035 20.64 Air-laid G 35 - 0. 035 ]
0.56 The data confiym that the Gurley Stiffness value of a wet- laid

structure, whicH is’| @0t kaRfycmby y Tiiegipadsnyere: enveicped liy wehmtemgthg Fe
structure to a bi&b@r 'hbihn 2 basii welghtear i n 2512 Ho§nd?

4,354,901. The data ri t rley Stif val ues f t he
air-laid struct $AY8rHrree 512 presgﬁlt *'ﬁh@enflgweéﬂséﬁ onmagnl t
| ower than. thogdindh donthepmecisioe direction caret r uct ui3e8 glanch up the mesder S

of magni tudg | oygpidawitdaen, of unconpressed wet-laid structures. 30

Exanple VI A di spo?;ﬁ‘l e diaper, utilizing an absorbent stru%ture accord-
ing to this inventidhe28velaaed: pad was giusdontena ik dnpenit /sttubture

prgpar ed asfi n B3acml % 43 om) ba?&leihee/ ﬂmfednbdssededaliypﬁgyleﬁe aftienithalirlg @n and
a density o 0 35 a u unde § ni

pressure of O. 1"?5%7 "?d 95@ %eggﬁgsggut mt%ﬁagg% %en X
16 in. -25- (ends oecxh;e baclssbeet weee pfolided\cqverec the | erpa!omﬁ vead sandengt h

tissue paperxoha\él:f&hedba&thm ghFirﬁily, thelabeatum v&soeev&waawﬁ eet (
20 g/n2), a dry tensil 700 Linch sl'TFe machi ne d| rection

"o 858V
and 300 g/inéh ?’FF'I’H& %’Jasgy rophbic, Bt water 4 REAVIAYS B ad was
glued onto a 13 rial. x(Webline No. F -6211 from the Kendall Co. of Walpole,

Massachusetts, comprised of a non-woven rayon bonded wnth an
acrylic latex). _
15 The diapers had superior water and synthetfc urine absorp-
tion, wisking and contaihment characteristics.
Example VI
Sanitary napkins employing an absorbent structure pursuant
to this invention are prepared as follows:
20 ~ An absorbent structure, prepared as in Example |, is calen-
- dered to a caliper of 0.07 cm and a density of 0.4
g/cm? as measured under a confining pressure of 0.1 PS! (
7 x 103 N/m?). The web is cut into.a pad of 8 in. x 2 in.
( 20 cm x 5 cm) with tapered ends. On top of this pad is
25 placed a second pad {rectangular) of 5 in. X 2 in. ( 13 cm
x 5 cm).  The combined pad structure is placed against a water-
_ proof backing sheet (8 in. x 2. in., tapered) of embossed hard
polyethylene having an ‘embossed caliper of 2.3 mils. The struc-
ture is covered with a top sheet of non-woven, 3 denier needle
30 punched polyester fabric having a density of 0.03 g/cm?
and a caliper of - 2.3 mm. The thus covered structure is
placed on a 9 in. x 3 in. ( 23 cm x 7.5 cm) bottom sheet of
‘hydrophobic, spinbonded non-woven polyester having a measured
weight of : 15 g/m?, The bottom sheet is prefoided upwardly
35 by means of heat and pressure which bonds the superposed
sheets together. The resuiting absorbent structure is useful as a



33 cmx 43 cm backsheet of enbossed pol yethylene filmhaving a nelt
. 3 and a density of 0.92 g/cnB. The ends of the backsh
f'/ | ded over the envel oped pad and 10.  atfachéd. with gl ue, Fi nal 'y,
absorbent pad was covered with a topsheet of ~a hydr ophob| c but wate
urine pervious mate- rial. . (Wbline No. F 6211 -from the Kendall Co." of
Wal pol e, I\/assachusetts, corrpri'-sed of a non-woven rayon bonded with an

acryl i/c | atex). 15 The di apers-had superior water and synthetic urine
absorp~ tion, w cking and containnment characteristics. Exanple VIII T
Sani tey napki ns errplpyi ng an absorbent sty ggture pursuant to this IS
invention are prepared as follows: 20 An. absor bent structure, N

prepared as in Exaapifary. napkiralad hiy astpesior prbpertiesofof absorptivh. @andank’

a density of a eunder a confining pressure of 0.1
PSI ( 7 X 103 |\Vn1f)°."93'$ﬁ'§“gxﬁ fignglsextdite, pad of 8 in. x 2 in. 20

cmx 5 cm wth tapered ends. On top of E’Fﬂ'@ﬁaﬁ(ls 25 placed a second pad
‘(rectangular) of 5 in. D%p@ri rl:on&alnlng l¢heC @b¥orbenit) str'[hmmﬂbfnﬂfé prdsent

t t | d f

hper o) Cof " eRboodBuenEpa- afs A asDuREnb@r " BAREEL YT, bartrdl

mls. The struc- tpers of thevsamel design werepmadectusing nweedvprtn, fiberavehs

needl e 30 punched,mgl ye@t&p fd%hﬁit? ffothdd oF 9R@SIB6rBént structuPedDfyo B

and a caliper of thus covered structure is placed on a 9
In. x 3 In. ( 2/ o densitycny bott om sheet of hydrophobic, spi nbonded
non-woven pol yester ha‘Vhélgjiapmwednm byt nofmal infatts.g/ The imifiantisoweren

oot e et el S i) in°) 5y Cletier efii AT etbial DPRES

t he superposed “she Tesul t ng absorbent st ucture I's useful
as a sani tary ndiprers arerehiet sppthe infapts ntll leakage esur iﬁ‘*on Thifgder
cont ai nment of rrenﬁessﬁaégda‘g@ tﬁgamt@ |tXeD|d':[§§é@, Cwakell pm-gosduu awsthy bgnt
structures of the v[eedse%grtmlged amoun symal'\eeiic uan as described in Exanple
VII. Control dia-
_ After leakage occurred, the diapers were taken off and
15 weighed to determine the amount of absorbed fluid. The loading
X, defined as the amount of fluid (in gramé) absorbed at the
point that failure occurred per gram of absorbent material, was
calculated. The resuits a’re'presented in Table IX.
The absorbent core of conventional diapers (samples A, C
20 and 1) contain about 5 times their own weight of fluid at the
point of leakage. The absorbent structures of the present inven-
tion contain from 8.0 to 12,7 times their own weight of fluid at
the point where leakage occurs. The data further show that the
present invention makes it possible to reduce the volume of a
25 diaper core by a factor 7 (as compared to conventional airfelt
diaper cores) while maintaining the absorption capacity of the

diaper {compare sample J with samples A, G and 1),

30

35



'pers of the same design were made, using wood. pulp fiber webs of 0.1 g/cnB

deng& ¥\ nstead of the absorbent structures of 0.3 g/cnB density. The \
di ape ere worn by normal infants. The infants were 10 .allowed to pl ay
in & ery school setting during the-®8st. The di apers were left on the
| nf ands—nti’l | eakage occurred. In order to speed up the test, the diapers

were pre-|loaded with a predeterm ned anmount of synthetic urine. After

| eakage occurred, the diapers were taken off and 15 weighed to determ ne

t he anount of absor be®f Muinl. STIR Poadigg™X, defimed as the anount of fluid
(in grans) absorbed™at2t fe PoPnin tRat A Pure n:calrred: per gram of \v*
absorbent material, wag¥ cal cul ated® The results are presented in Table IX
The absorbent core of conventional diapers (sanmples A, G20 and 1) cont&in
about- 5 tinmes their ovwp wyei ghg Qj fluid a, the pgint of |-eakage. The
absorbent structureg Ishel pges_en} i nvgng tiop ¢pntaihn froms8.0 to 12.7
times their own wei ght2o™ f1uid=at'the "point where | eekage occurs. The data
further show that the present invention makes it possible to reduce the
volune of a 25 di aper_core by a factor 7 (as conpared to conventional
airfelt diaper cores) qvhr»l el n|i o a@ni ngt ke abeonption capacity of the

di aper (conpare san®l nglﬂvmﬂ hwsmes A e and-l)e 30v85 [err] -

- [err] [err] [err] ~- 28- Alterfatively, one may reduce the bul k of the
di aper core by less than a factor 7, (e.g. by a factor 4, sanples B, C and
D, by a -
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factor 5, sample F; or by a factor 6, sanples E and H) and yet achieve a
ggpspantiaL gain in absorbent capacity as conpared to 5 convent i onal
sposabl e di apers. Exanple X A diaper is prepared as described In U S.
Patent 3,860,003, Buell, issued January 14, 1975, except that, in addy
to the absorbent body dislcosed therein 10 (e.g., made fron1a|r-la|o
pul p) there i's inserted between said absorbent body and the backsheet
hour gl ass- shaped absorbent structure of. the present invention. The
absorGént structure is nmade:as described in Exanpl e 1. The basis weight i-s
0. 035~¢/ cn2; the density is 0.3 g/cnB, resultlng in a thlckness of 15 1.17
nm Exanple Xl Diapers mere prepared as- 28ezcribed in Patent -

3, 860, 003, Buell 14, 5 t i
reference. Tﬁg hOLA@S'ue gg? s'B?Yv!ié%“&ﬂ"gC@Bﬁ‘o f tg'g @%é%g:"w&” (%‘\?vlssng‘v
di mensi ons: | engt ithan5aSfacter 7, (e.g40byny, fagtart A, aamplies &ir & 2nd. B:iby 3

27 cm), and wdth faEtJrhg C@dﬁhﬂé F3-ofobyNa factor 69 ghni-‘:ﬂl mmntand yet

structures of th e sen ent i e od fibers
acrylic acid gr aft ‘fearacﬁ E’? g% 92@ iﬂa&?#&"ﬁe’?’@?&!v@?a Fg Be

si ze of p. 5} mwmatnbhsamspusab[él\/um% from Sanyo Co. Japan) in a
fiber:hydrogel ratio of 85:15, using the gy s,§of Exarrpl e |. The
cn?) and a

absorbent struc- tures had a basis wei ht 0
cali per of 0.03 in. (0AoFi@ren)is Wﬁﬂ?ﬁego?sr deperibed ¢ B Q ﬁerPsth?tgfa%W?) 25
g/cnB. The struct.uens w@g@dcoymﬁaﬁy \m;hgasﬁheet of enve- .| ope tissue, and
cut to a size of 3. Xx.,15.5 e

i nserted | engt hwi s%?‘qeﬁttotrﬁ%e '&89@“"%}: tgrltlﬁe égaﬁg%éenrtsggjﬁ %{s;'l&tsga ?'Fl

hour gl ass- shaped cte.g.anaadaefrosi pin-igide wootapkiply theeetis tm"eﬁ/é?eépee"
tissue against thesa?ﬁ JBQUFQA&S%WP%CQHE backsheel- atldhbliRfiass-dhapeds

were prepared b e sane
prep . y absorbent structure of- the present invention. The absorbent

structure is made as described in Example |. The basis weight is
0.035 g/cm?; the denslty is 0.3 g/cm3, resulting in a thickness of
15 1.17 mm.

Example Xl .
Diapers were prepared as described in U.S. Patent
3,860,003, Buell, issued January 14, 1975, incor‘porated herein by
reference. The hourglass-shaped softwood pulp cores had the

20 following dimensions: length: 15.5 in. ( 40 cm), width at the
ears: 10.5 in. ( 27 cm), and width in the center: 3.75 in,
( 9.5 cm). '

Absorbent structures of the present invention were made
with so.ftwo_od fibers and acrylic acid grafted starch hydrogel
25 - having a weight average particle size of . 25 microns ("San-
wet 1M 1000", from Sanyo Co., -Japan) in a fiber:hydrogel ratio
of 85:15, using the process of Example |I. The absorbent struc-
tures had a basis weight of 0.12 g/in. (0.019 g/cm?) and a
caliper of 0.03 in. (0.076 cm), which corresponds to a density of
30 0.25 g/cm?. The structures were covered with a sheet of enve-
lope tissue, and cut to a size of 3.5 in. x 15.5 in. ( 3 x 40
cm). The structures were inserted lengthwise into the above-
‘described diapers, in between the hourglass-shaped core and the
poiyethylene backing sheet, the envelope tissue against the

35 hourglass-shaped core.



except that the dinensions of the absorbent structure insert were 2.25 X
15.5in. ( 6 x 40 cn). The inserts greatly increased the absorbent . _;
capai+ty for 5 urine of the diapers. EXAMPLE XI'1 A soft 'wood fiber drylap »
as gk Red from a conventional paper nmaking process was sprayed-with a 10%
"sol | V' pf a quaternary ammoni um conpound of the fornmula 10 [err] _
wher's and mare integers from2 to 10, Rl is alkylaryl, and R2 is al kyl
having from1 to 6 carbon atons (Berocell 579, from 15 Ber ol Cheni cal s,

Inc..,” Metarie, LA). The drylap was sprayed at a rate of 10 g solution gEI

kg dry fi ber, correspondlng to 0.1% quat er ggry ammoni um conpound on the™;
fiber. The drylap was then disintegrated, and the fibers mxed with an *

acrylic acid grafted Aiidﬂiﬁhahydfa%% vayan r%p&cbd Wsygmea\/ﬁ:memeﬂw clye-
size of - 25 mcr from Ltd., Japan)

in a fiber:hydr o@éFeP’att Bt 6" 8‘%"‘20""?3@?0“6%@%96‘? é/"lll'I‘:;(‘t"l'fr é“ﬁﬁﬁ weered
into an air-I|ai d2uweb asifhidgna (basi s 6weighemdf. 0. 13 g/| n2 . 200 g/ nR) .

Th b 25 I t
a teh:Ngkness 2/?5 Ca enﬂgﬁr OgmgfePtsa éj&gﬁv yigeﬁe sed *ﬂ Eé%gnt S ructur e'n?hug

obt ai ned had 5excél'F%PfafB§oﬁ"'BBﬁfs-propert i es and sof tness. Simlar
structures are prepar ed repl aci ng EXIMPRLEADHI NAry anmoni um corrpound

Wi th nonionic and ani gen ures
substantially simil ?’?ﬁi b8P BPyaY 44 Botainsd troht 4 a‘?°ﬁ"’§8£'?ﬁ%'
quat er nary arrrmninapeconmnuml naocesst was cspragedoiwith 31830% salution [of a 30

Xx-41 cm. The p gﬁfﬁyu%,qoﬁ@m Eaﬁpmf@cgﬂg fortfuldi sposabl e di apers as
described 35 in

flexible, tantially
unbonded, abd8rbent dF@zEHnﬁr’h nﬁﬁgﬁéan\ a©d}1'§2u e of hydr ophi lic

fibers and

-o-(cnzcu 0),,CH,CHOHCH, .~ \R

wherein n and m are integers from 2 to 10, R is alkylaryl and
R, is alkyl having from 1 to 6 carbon atoms (Berocell 579, 'fr-om'
Berol Chemicals, Inc., Metarie, LA).

The drylap was sprayed at a rate of 10 g solution per kg
dry fiber, corresponding to 0.1% quatérnary ammonium compound
on the fiber. The drylap was then 'diSIntegrated, and the fibers
mixed with an acrylic acid grafted starch hydrogel having a
weight average particle size of 250 microns ("Sanwet 1M
1000", from Sanyo Co., Ltd., Japan) in a fiber:hydrogel ratio of
80:20.

The fiber:hydrogel mixture was formed into an air-laid web
having a basis weight of 0.13 g/in2 ( . 200 g/m?). The web
was calendered to a density of 0.2 g/cm?, corresponding to
a thickness of 0.038 in ( "2 mm). The absorbent
structure thus obtained had excellent absorbent properties and
softness. Similar structures are prepared, replacing the
quaternary ammonium compound with nonionic and anionic
softening agents. Structures having substantially similar
properties are obtained. o

The web containing the quaternary ammonium compound was
cut into pads of 11 7/8 x 16 in ( 30 x 41 cm). The pads
were used in the manufacture of disposable diapers as described
in Example VII.
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discrete particles of a water-insoluble hydrogel, in a fiber/hydrogel
wei,ght ratio of -from30:70 to 98:2; said havi ng a

d‘é?lSlty of -fromQ.15 to 3 I g/cnB andam)lsturec | ess t bgNN\10% by
wei ght of the dry absorbent structure. J ll E'Wi cture Aug i mg,
to Caim1, which has a Gurley Stiffness Ap

absor bent structure according to either one of clalns 1 and 2 hav g~ a
fi ber/ hydrogel weight ratio of fromb50:50 to 95:5. 4. An absorbent
structure according.to Caim3 having a £i3pget hydrogel ratio of from 75:25
to 90+10. 5. An absorbent structure according to any of Clains 1-4 having a
density of fromO0.15 to 0.6g/cnB. 6. An absorbent structure according to
Cl'ai m 5 having actkmsi ty of from0.25 to 0.4g/cnB. 7. An absorbent
structure according.t To any one of Cains 1-6 wherein the hydrophilic fibers

are wood pulp fibers. 8. An absorbent structure according to any one of
clai ms 1-7 whereiln #hELSHDLS.- pHRRRBIALLY; aberded., | abscehent: BFUEEFR hydr ol yzed

acrylonitrile graft dmpiisifd anogivslaia ﬁmﬂ:rer@n‘ hyai—oghﬂnehﬁwbmryl ates,
copol yners of |sobut Ien and L‘%EI c. anh dr.l_%l%@é ures.thereof.

-31 - 9. Anabsorbent So?ﬁan %5 m’;nf-8 wherein
t he hydr ogel partlclﬁbetm&oudamqhgeaphbfcfm%m(ﬁo 8812 &idni crons to
4. 10. An absorbent JppbiehtfracGretadng %Qﬂg%ﬂ"@f‘&?b&ﬂ gg hydrogel

particles have an average particle size of fromS0 mcrons to |pm 11. An
absorbent structure ]ﬁé%rag‘?@ pRistige cratent of Jeas £haw 108 bwt Welahtonpri sing
fromO0.01%to O. 5%mmmmtweuc fibers of a quaternary
anmoni um conmpound of the formula

. 2. An absorbent structure aocordirxj to Claim 1, which has a
Gurley Stiffness value of less than 2g.

3. An absorbent structure according to either one of claims 1
and 2 having a fiber/hydrogel weight ratio of from 50:50 to
95:5. |

4. "An absorbent structure according to Claim 3 having a fiber -
hydrogel ratio of from 75:25 to 90:10.

S. An absorbent structure according to any of Claims 1-4 having
a density of from 0.15 to 0.6g/cuC.

6. An abscrbent structure accarding to Claim 5 having a density
of from 0.25 to 0.4g/cm.

7. An absarbent structure according to any cne of Claims 1-6
wherein the hydrophilic fibers are wood pulp fibers.

8. An absorbent structure according to any one of claims 1-7
wherein the water-insoluble hydrogel is selected from
hydrolyzed acrylonitrile grafted starch, acrylic acid
grafted starch, polyacrylates, copolymers of iscbutylene and
maleic anhydride, and mixtures thereof.



[err] wherein Rl and R2 are hydrocarbyl groups taining from8 to 22

car bon atonsmal kyl groups having from1l to 6 carbon .
at gfigg \N and tegers from2 to 10, and x is halogen. 12. A process
for{ lgakN\ng a E!Mi m nt structure, having a conposition in
accpridhnce w # ainms 1-11 conprising the follow ng steps: (a)
ng into a vveb a ry mxture of the hydrophilic fibers and

wat er =T nsol ubl e hydrogel particles; (b) conpressing the web to a density of
fromO.15 to 13. A disposable absor bent &loduct conprising: (a) a liquyt

i npervi ous backi ng sheet; (b) a hydrophobfc top sheet; and (c) an absor¥ent
structure according to any one of clains 1-11, said structure bei ng pl aced

bet ween t he backj NGies Qﬁ%ﬁ: %ﬁt&t gag&%g 4a1a8meli s_gosabl e.
absor bent producf” aco to m1l3 1n tﬁ% t?oa%g&?ag%dl spos Ie di aper,

wher ei n t he absor béher ddraged parsicles have MR ayerage PRty

0.05g/cnferr] 15. wfmpmmie:&:gaasmmccordr ng to Caim1l3 V\/nerer n the
absorbent structure has a thickness of fromO0.3nmto 2mm 16. A di sposable
di aper according to Caim 15 wherein the absorbent structure has a

t hi ckness of frdmmmmm%MwWhmp%MMMQ to any

one of Caims 14- 1Gyabddengdre gnq,‘)égé% Battticié ke IS erdaesy core
which is placed betmeen the &drophoblc top sheet (b) and the absorbent

structure (c). 18. di aper according to Claim17 wherein the
wood pul p fiber absorbent core I s hour gl ass shaped and ‘the absorbent

structure (c) i ST twgﬁagru lgl:l): ag&&g Gl 18, any one
of clainms 13-18 Wh?e absor enéj ruc%re | gil rhtﬂgln\}gf ope .
ti ssue. msugernOOI%toOS%bywe

hydrophilic fibers of a quaternary ammonium ccnpourrl of the
formla '

R1 '°“_°25 n-ml’ \6 / l!3
R, -0-(CH0), *mi-%/ TNE,

'whereinklandazarehydrocarbylgrwpscontainingfrom
8to220arbmatm,kaandk4area1kylgm\pshaving
from 1 to 6 carbon atams, n and m are integers fram 2 to 10,
and x is halogen. '

x©

12. A process for making a flexible absorbent structure, having
a composition in accordance with any one of Clams 1-11
comprising the following steps:

(a) air-laying into a web a dry mixture of the hydroghilic
fibers and water-insoluble hydrogel particles;

(b) ccirptgssing the web to a density of from 0.15 to
lg/cm”.

13. A disposable absorbent product comprising:
(a) a liquid impervious backing sheet;
(b) a hydrophobic top sheet; and
(c) an absorbent structure according to any cne of claims
1-11, said struéture being placed between the backing
sheet and the top sheet. '

+
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20. A di sposabl e di aper accor di ng to any one of clainms 13-19 wherein the
gbsorbent structure is hourgl ass-shaped. —23-—Anr—absorbent Struct ur g~

according to Claim1 substantially as descri ence to
1SV, 22, A di sposabl e di aper i ncorporatl @ Hm“ E ructur

according to Claim1l substantially as des rence to es
VIT afid I X-XI'l. 23. A sanitary napkin i ncorporatl ng an absorbent structure
according to Caim1l substantially as described with reference to Exanpl e
VI, -32 - ;

14. A disposable absorbent product accoridng to Claim 13 in the
form of a disposable diaper, wherein the absorbent structure
has a basis weight of from 0.01 to 0.05 g/cm .

15. A disposable diaper according to Claim 13 wherein the
absorbent structure has a thickness of fram 0.3mm to 2mm.

16. A disposable diaper according to Claim 15 wherein the
absorbent structure has a thickness of from 0.5mm to lmm.

17. A disposable diaper according to any one of Claims 14-16,
further comprising a wood pulp fiber absorbent core which is
placed between the hydrophcbic top sheet (b) and the
absorbent structure (c).

18. A disposable diaper according to Claim 17 wherein the wood
pulp fiber absorbent core is hourglass shaped and the
absorbent structure (c) is rectangular.

19. A disposable diaper according to any ane of claims 13-18
wherein the abscrbent structure is wrapped in envelope
tissue.

20. A disposable diaper according to any one of claims 13-19
wherein the absorbent structure is hourglass-shaped.

21. An abscrbent structure according to Claim 1 substantially as
described with reference to Examples I-VI.

22. A disposable diaper 'imorécrating an absorbent structure
according to Claim 1 substantially as described with
reference to Examples VII and IX-XII.

23. A sanitary napkin incorporating an absorbent structure
according to Claim 1 substantially as described with
reference to Example VIII.




