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This invention relates to cleaning sheets particularly suitable for renoval
and entrapnent of dust, lint, hair, s&nd, food crunbs, grass and the
li ke. BACKGROUND OF THE | NVENTI ON

The use of nonwoven sheets for dry dust-type cleaning are known in the art.
Such sheets typically util r[zmmnmopm)jsfkbeu'gmsere the fibers
are bonded vi a adhesi ve, See, for exanple,
U.S. Patent No. 3,629,047 and W?%AME@% 29. To provi de a
durabl e wi pi ng sheet, reinforcenment neans have been conbi ned with the
staple fibers in the formof a Wor networ k structure.
See, for exanple, U S. Pate S. Patent 3,494,821 and
U S. Patent No. m&%@x&n rela’ces%o'S Cleardif} BERY! AfticIRLOHiGhle CRP ABhEvaP and

wi t hstanding the ri Ing process, prior nonwoven sheets
have enpl oye(fmﬁﬂ“l?ﬁg‘? f"ﬁo‘ﬁﬁ’éﬁ"f ?aﬂgrf%"d\ﬁ“é{“}?fngaﬁranﬁﬁ’feé‘k%f the forces

nment i oned above. While durable -materials are obtained, such strong bondi ng
may adversely I mpact theg&%@g@iﬁﬁmk up and retain
particulate dirt. In an effo cern, U S. Patent
5,525,397 to Shiz r Lng sheet .co LN :

pol yneri c networ kﬂﬁgl)?gtrbf g‘#\"(}mggéﬁleé&?()%oaﬁéﬁus‘? e&%ﬁan%are km% %‘ A/ ?Fém{’vm
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strength and d as || rove dust col T’ecting
per f or mance Be@é&gé' %wepre‘aﬁfmévﬁable ipas §h°5'r deipforcameny "P??'éfr}é?é’ﬁtba%’g‘?%@me@heet s
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sai d to of fer. behi 61 ¢ heankng, ses 4 hehkOBIBNGERSFRUSR,R ALCaNer  degrae of

fibers are av I'e”for conta
descri bed i n Al$veto BOVidg atpeeductacapabit bégehkt@dmgdhhr Bgss sibthe wiing precess, goioobl ens
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a uni form basi s_wel
essential |y &fentongg P‘PQYF mWhl]e éallablp@ratenaljaremwed Wﬁb stenne dphding mabeadvemt is,

ordi nary and ispRett ﬂﬁteﬁaﬁ"aﬁllﬂﬁbgﬂ'@( up'Eld retaife fArtiBRte BiktU G WAL 288HEss this

vari ations may occw a r%?gﬁ ) result of fluid pressure
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than zero. Such
entanglement coefficient (i.c., not more than 500 m) are said to offer better cleaning

performance because a greater degree of fibers are available for contact with dirt.

While the sheets described in the 397 patent are alleged to address some of the
problems with prior nonwoven cleaning sheets, those sheets appear to be generally of a
uniform basis weight, at least on a macroscopic level; and are essentially of a uniform
caliper, again on a macroscopic level. That is, ordinary and expected basis weight and
caliper fluctuations and variations may occur on a random basis, as a result of fluid pressure
differentials during hydroentanglement. However, the structure would not be deemed to
comprise discrete regions that differ with regard to basis weight. For example, if on a
microscopic level, the basis weight of an interstice between fibers were measured, an
apparent basis weight of zero would result when, in fact, unless an aperture in the nonwoven

structure was being measured, the basis weight of such region is greater than zero. Such



2 fluctuations and variations are a-normal and expected result of the
hydr oent angl i ng process. The skilled artisan woul d |nterpret nonwovens
havi ng such vari ati ons, ’ITustSiieeIdﬂia en Replseeddescri bed in the ' 397 patent

havi ng essV® B8i534§8 a un|f ht and caliper, in th%cﬁﬁﬁ?%@%pl c
sense. The result of a s nlform basis weight is that the
material is not particul ar y sw ta e for 2ol lecting and entrapping soil of
a diverse size, shape, etc. As such, there is a continuing need to
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ect to vi de_i nproved esses
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perforat i ons evagpar ating sheets, or neans for separating the sheets into
useful lengths, and packagi ng them i n packages that informthe consuner of
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the outward sifogthsaad packaging there Inpckasesibatiipfome i consumennl Siedmprpved Rigessses. nm

and a Surface al@HomE dedttits! hekeeant HeOsBtAlnddl e§p@ct§l@r those benefits th%ﬁ QR st mﬁuﬁlﬁhlsa
second aspect,  the invention provides a tgosabl macros %Cvg% %mves
;
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mat eri al s i n tespecialyt thospthatr mprmlﬁhermetoﬁ smbm/ehetsubmmte dois espeaattyvial those
processes. 0, |
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the | evel of Seacal mnfoat@csbﬁnp@s,@nd smfca@blgatlons providing lmproved benefits.

SUMMARY OF THE INVENTION

The present invention relates to a cleaning sheet having substantial macroscopic
three-dimensionality. As used herein, the term "macroscopic three-dimensionality”, when
used to describe three-dimensional cleaning sheets, means the three-dimensional pattern is
readily visible to the naked eye when the perpendicular distance between the viewer's eye and
the plane of the sheet is about 12 inches. In other words, the three-dimensional structures of
the present invention are cleaning sheets that are non-planar, in that one or both surfaces of
the sheet exist in multiple planes, where the distance between those planes is observable to
the naked eye when the structure is observed from about 12 inches. By way of contrast, the
term "planar” refers to cleaning sheets having fine-scale surface aberrations on one or both
sides, the surface aberrations not being readily visible to the naked eye when the
perpendicular distance between the viewer's eye and the plane of the web is about 12 inches
or greater. In other words, on a macroscale, the observer would not observe that one or both

surfaces of the sheet exist in multiple planes so as to be three-dimensional.
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rel ative to conventional dust renoval processes.
REPLACEMENT SHEET This Sheet Has Been Replaced 3

Accordi ng &89@/5&1&3” h asﬂlmumuﬂlmﬂlmel ogngrovi des a cl eawgt§9§pgdsggent

conpri si ng:

renmovabl e cl eani ng sheet According to a fifth aspect, the
I nvention provides a process for cleani ng’3'a surface conprising contacting
the surface with a macroscopically three-di mensional cleaning sheet having
a first outward suftearasrosenmicallystbeesriimensiongh stauckuesofdhe pPreseefipyeption optienallyi t hat

at | east one @hplife LHfn¥Rdisa$Uii@CWien WeRePdhdANG' REIBd, RetkactsGoRS 3k piblias ance
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t hr ee- di nensi NSV e} ' e ali ' I ean|
sheet s, neanség%é% %?%“é%?%@%??o?\&aefagg?? @é&r ﬁﬁ‘l"%‘u{*‘g@éﬂ@q giﬁé@%ﬁé‘ e‘[glc')'l ﬁglggaked
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i%gr%ntkarl] is not critical, at least one outward surface will preferably have an Average
Height Differential of at least about 0.5 mm, more preferably at least about 1 mm, and still
more preferably at least about 1.5 mm. The Average Height Differential of at least one
outward surface will typically be from about 0.5 to about 6 mm, more typically from about 1
to about 3 mm.

The sheets of this invention and similar sheets, especially those that contain additives
at low levels, as described herein, and especially those where the additive is substantially
uniformly attached over at least one continuous area, can be used in improved processes for
cleaning and to provide desirable benefits for the consumer and user of the sheets, some of
those benefits being ones that are not intuitively obvious to a consumer, as detailed
hereinafter. It is therefore desirable to package the sheets, either in roll form, with
perforations for aiding in separating sheets, or with means for separating the sheets into
useful lengths, and/or packaging them in packages that inform the consumer of the improved
processes and/or the benefits that can be obtained, especially those benefits that are not
intuitively obvious to the consumer. The cleaning sheets with additives, including those with

desirable low levels of such additives, preferably substantially uniformly attached, at least in
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terms of the "Surface Topography |Index" of the outward surface(s) of the
cl eani ng sheet; Surface Topography Index is the ratio obtained by dividing
t he Averaqg Itjﬁ)?‘gé Differential of a surface by the Average_ Peak to_Peak
Di stance of °PRa urface. In one enbodi ment, both of the shBETUSI¢ar d
surfaces wll have the described Average Peak to Peak Di stance and Surface
Topogr aphy properties. Mthods for neasurdng Average Peak to Peak Distance

and Average Height Differential are described in detail in the Test Method
section, bel ®Rg. or more areas, provide, in combination, special performance benefits, and sw@h

The Average %&ﬂ&nitﬁm? Qﬁkpl@/tﬂé W@ve@fbeﬁetf ts, @é%%&al%@heﬂ%é’\@egs %ﬁef tﬂgﬁ bt De
nor e preferabl at 6‘5} about 2 nm and still "nore preferably at east
about 3 mm hFFE’Ht t he Average Peak to Peak Distance is from
about 1 to about 20 nm particul arly fromabout 3 to about 16 mm nore
particularly from about 4 BRIEHDESCRIPTION OMEHBDRAWING®pogr aphy | ndex of
at | east one outward surface will be from about 0.01 to about 10,
preferably from aldugure @.i8 at plam viowt schematioriluspatidneofad thred tayen eidimefit 3f 1o
about 3, sti lcleafiRy &e&r&fﬂ%rﬁ@eﬁft ihve Pﬁar@%%m%es%e&&dmp% nﬁmsé@a bind rrﬂgtfevﬁl ue

of the Average He ferentla not cri one o
surface wil| haying élﬁamtslwt*fstt/@naﬁratwéq the side-pidgnd edpes gf dhecsheet, avhersin aportianeaft
about 0.5 mnthermaaayw%f@bab kit aNay) SRASTheRROMHade ﬂamreélefithé tﬁHt layBP4e omjtted.
preferably at F: t about 1.5 mm The Average Height D fferential of
| east one oulf%ﬁ‘ﬁ’ urface will typically be fromabout 0.5 to about 6 rrm
more typically f rd‘ngwé:)@tis ad ilstrativa wif tBe type shown in Fxguthed@hﬁﬁg an Qfterhdtive
i nvention an ' cont |n addi.t |

q, §6 oﬁ&%ﬁﬁg&t mﬁo;.sn? g%!erelx the%arpen (%'t é}ée Sec rl%ye{ RIS ing hm%[sa}tv e s

| ow | evel s, scrl especi
subst ant i al | y"nali*ﬁlﬁf frahpyy 4éﬁ?3§%°h@mmmthatldd z@dstld wiges ocfdntcleamugjshcar ea, can be

used in inproved ﬂ‘*ié%?@i?%%liﬁle\@ E&@Hatwllmqtlénoof% l’dgﬁ%f F%PJ S MGRRE! LS

for the cons of the sheets, sonme of ene S ber ng”ones

that are not Ltkf"n't"'t“}l“’t"’l of i’? msTPseoRisaliso thieerdimensions! °“§§ Sw&“'aquéblﬂ fiest ddyamfandr . | t

i s thereforepdmsmm.@gbtheemaaaﬁdgag@m@anatseﬂacsofabtmra éen roll form with
perforations for qul ng.in se gtl ngl]ls heet s, ﬁ nmeans_for separatl ng
-SCC

the sheets into usegf"ﬁﬁ IBATRE ustratiop ft S}teﬁetﬁt“?“npaﬁ%u?k&bé%e? the
i nform t he cditrnentsof the sedond lamraod'dubwnrgqmtsmesf maﬁtamnttelmndi@mfermahdt&mb can

be obt ai ned, ﬁmﬁﬁht@}skéﬁoﬁﬁﬁé%onﬁﬂseét*tﬂiﬁl g {h@{ &tre &tbo{lrpittg Ilel & tl/r?tﬁélep % sto

the consumer. The cleanin eets
desi rabl e | off PRAgtssofdhe & taa’&Frtftlnsegte"md@teethaﬁtawegtub@tsemmsawtnyh arei lioér my
attached, at bb@dsd the fthird layer.

Figure 5 is a photomicrograph showing the texture of the macroscopically three
dimensional surface of the first layer, and in particular the elongated ridges of the surface.
The scale in Figure 5 is in inches.

nﬂ

Figure 6 is a enlarged photomicrograph of the type shown in Figure 5 showing an
elongated ridge having branches extending in different directions.

Figure 7 is a Scanning Electron Micrograph providing a perspective view of the
macroscopically three dimensional surface of the first layer.

Figure 8 is a Scanning Electron Micrograph of a cross-section of the cleaning sheet
showing portions of filaments extending intermediate filament intersections, which portions of
the filaments are unbonded to the first layer. |

Figure 9 is a Scanning Electron Micrograph showing bonding of the first and third
layers to the second layer at the filament intersections.

DETAILED DESCRIPTION OF THE INVENTION

I Definitions



-4- one, or nore areas, provide, in conbination, special performance
benefits, and such conbinations can provide inproved benefits, especially
when the spee have the desirable structures set forth hergj

BRI EF DESC%#?S&?%O: THE DRAW NGS Figure 1 is a pl gﬂrg*\ﬁseg\zf\fw“z
schematic illustration of a three | ayer erg‘oodi ment of a cl eaning sheet of
the present invention, wherein the second~Tayer conprises a scrimmateri al
having filaments which run parallel to the sjde and end edges of the sheet,
wherein a portion 0f uskd herengithe fomn "roamprisign regaps 4ty the aYamowh CPBPIRERSY f ace
features of tiigreditdtstod S¢S, cafi ©eOBBnjdiME Efifloyetiaini priicticing the presehtJinvéntién S an
Il lustration R t he tytge shoywn in.Figure 1 deﬁgcti n aﬁ.&cglt rnat, ve. .

embodi ment  of AP % £ FRRPTISRE " FRSPBIATSCE HR® fofe FERIFE Ve formy, e SIS HIRY

| ayer are i ncéssentiallyadf” and "aovgistingxdf'.about 45 degrees relative to the side and
end edges of the ¢ i h " ' ' ' ' tic
T ust rati on of -t Het GRaRael BEterm “hydrocnanglSith rudel frofrafl) 2Proth M AR
macr oscopi cal # yatenipbwherPinenlayesref] loesq tirous unateriab (8., peleester)r istsuppoyied on and
particul arly $faguedbaiefth hémt@eendal sdbtiiRted w8 WiterSishe Biffefentdlesubficichtl er.

Figure 4 is a cross-sectional illustration of the sheet ken_parallel to
one of the f i dmsiLe BAVdE Tersddnigeme “’%lh'ot\%ﬂﬁ%j’l%oar teftis 16 apsrred

filament extepuliemmghg nidntbendadibafemed) e.gf, iffomendven Bdrech Sepsdrforited metd) plapepétti ons  of

the filanent that are t bound to.he first lLayer s wel | ortigns of

Lhe filaments ext cAiRHg ToRver el : &maspl i vreldler olivebh i B3, o

not bound to lehgh arid widthl ofylercleaning sheet of fheppresentSnvestian, phatammionsnd themph Bitowi ng

the texture of_ithe.. ' I | ' | surface of the first
¥-dihisiR %Bﬁfﬁﬁeg%&% e éﬁam s%?ﬁéf%?ﬁe

| ayer, and in particu ) ongated ridges o surface. The scale in
Figure 5 is in incAedsed herein, the torygiXeYodimgasions sefers de dhepplancopithogenst 4p Hheof
the type showhickies$bOthe Rlenifd)ShaktN6r 2 Borfpcatd ML THIR HAW dBneRsidRGIEAly
extending in different djrection . Figure 7 i§ a Scanning El ectron
M crogr aph. pr SRCEREAG o spetl nd WG, Trmssiivel. oHHe thet PER TSHIPRPIY™ hr ec

di mensi onal sur f acAs afedthbreinf the &km I'layee' refers to a memblet groompéhentsofa chasingishees

El ectron Mcr o) f - $66t.i 0 R I |- how

or t1 ons of f M Bhrdhy SpEhRle SO ie ikl ib e SEMAR, 1G60 $pUcocg,
portions of tthat th¢ leamdayesis aptenegestasiiyl buditedgo tsingleflayerstor shegisrof material. Thufthgure 9

IS a Scanni N0jafd&ad Eaprivt RLAARN caitNiidRs STABEHN Ohells of Webs' defife reifihe itfile’ d

|l ayers to the Second layer. at the filanment intersections. .
DETAI LED DESCRITA cFeoqriipelynietemm Cryer| includes thedgrmslpyeg gnd "layered.

For purposes of the present invention, an "upper" layer of a cleaning sheet is a layer

that is relatively further away from the surface that is to be cleaned (i.e., in the implement
context, relatively closer to the implement handle during use). The term "lower" layer
conversely means a layer of a cleaning sheet that is relatively closer to the surface that is to
be cleaned (i.e., in the implement context, relatively further away from the implement handle
during use).

All percentages, ratios and proportions used herein are by weight unless otherwise

specified.

II. Cleaning Sheets
The present invention relates to a cleaning sheet useful for removing dust, lint, hair,

grass, sand, food crumbs and other matter of various size, shape, consistency, etc., from a
variety of surfaces. Preferably, the cleaning sheets will demonstrate improved cleaning
performance in consumer panel testing.

As a result of the ability of the cleaning sheets to reduce, or eliminate, by various
means, including contacting and holding, dust, lint and other airborne matter from surfaces,

as well as from the air, the sheets will provide greater reduction in the levels of such



- 5- As used herein, the term "conprising"” nmeans that the various
conmponents, ingredients, or steps, can be conjointly enpl oyed in practicing
the present invention. Accordingly, the term™ corrprl si ng t he
nore rest rVOBFEBerns "consisting essentially of' and "congﬁg{&ﬁéf@%

As used herein, the term "hydroentangl enent” means generally a process for
maki ng a materi al wherein a layer of |oos® fibrous material (e.g.,
polyester) is supported on an apertured patterning menber and is subjected
to water preswatenniglon figfagest angl ig theudtiiosphenst felatiye ¢mdtheroprodustseandnpraétiess fardual
fibers to entﬁxﬂﬂdr%le%ﬁ%gxﬂ?&% | il Qb.ﬁ{yqy F%@cxaﬁl fﬁgékﬁt in Iﬁeasacemmg%ddms

patterni ng nmenber can or ned Screen, perforated

netal plate, ¥Wtdsscribed herein. ,Eg%%dhqﬁ@r@ﬂhs Fatat S S2om9%- ‘Eﬁ°ﬁ9‘§?"o‘i‘f”°"|‘t?§f°é‘?’s to
the di nensi orbaﬁrptrdswaqnﬁlbeﬁdﬁttmxtlteragmexaa&nv\mh hhd)f:refehed Sin@hiteseréihemt  of

borr beponds RIS i Riminades BIPRR B inladflR on b hRees oL RRRRRIR R 1 (o,
"X-Y di mensi opitkageferas to endohegpiharse of thh chpstsaincluding those bf thi said 3% fpatent
cl eani ng shee ésPcﬁ:pa'ilY gﬁ g&ﬂﬁ%ﬁrﬁﬂh s&hﬁ&?ﬂfce w;mece?im?@ qxpx?lgérﬁemh&nﬁlgy %m

correspond to resgfctlve eet
conponent. etc., whergydustingsheste have mot nommalivehepn usedy dhe “#eéaf@rlgwtl%)'elaOfrﬁéﬂ*Bé?s or
conponent of @ifetnd ramecﬁb.eattxeamﬁee pRIFHBY Yorftinfidts Skédbfi the Q&ea/t, mlaneeffec:%ong
its length and wd It s der,st ood }hat t‘pe ter I s not

oul
necessarily I?‘?ﬁ“f‘%&’ {1BPreYen dgea’?é’Fsg}o%m s pRpegialivo Parfigniales, aﬂ“ °FH ?‘Y O ayer
can conprise panidulateseiet ﬁfovd&rmlana‘gﬂcemnm p&@Méd’ﬁkurﬁﬁb&@tl&/ebéf mm o0ér sIohe
,[ g(rqlri:s S| ][ gyte?/gedhgr%%fg?‘t giegs%lm thoéca(l:'e%rs QNhQrglﬁ%e ad&xtx?[e is é)éesscné
i nvent i on, animporsng for sudyéc, saxfce,ambkeetaﬁdntwgalshm operations aghere qﬂh are applied as
relatively f Uﬂc{uﬂﬁrora‘x\é@;ﬁa‘;s” fHdie @Fméﬂjl@;s%ﬁger Qfa&ﬁ txﬁg EthstB‘i‘e ﬁi&@aégﬁ'eg?ﬁ or?such' n

the inplement context, relatively closer | ement during

use). The t erMtradifignal SP%“@F’ whsiihe ket isnsaths Bm Eiﬁfé‘f“doﬁt“é’t‘b'?seéﬁﬂ ﬁ@vgiﬁeet
Eﬂat i sI rel at béﬁéﬁt%/bﬁirﬂﬁ»ﬁfgllzir@crbbx@tcl&?faﬁ?ﬁ&aﬁ Mdlﬁg&hé@tMaﬂéﬁ%Qd (It : h- , d: n
e 1 enen con rel aLl v ur n all e
duri ngp use). °n355\‘f“frs p"?gb1 aegspeqxaglgl %\é%n% T)é’Fet i gﬁié gﬁge S B
are by wei ghtespuieﬂysh@mte&rmdmapms,l §incechallergens. are tyﬂl:aﬂbmmn@xssmmt and it is
The present | g&&ﬁxw& zéﬁl: fo @;ck Ble%gll o?g@hli‘?zhrﬁags%%t‘ﬁeexfe%ﬁfuaélgr FoARbEARE: dust,

lint, hair, san I ous SI ze,
shape, consi slt dnigmportantdto usq thershects o paeglastbagisr ndonos juspivie thenioll, begamees

cl eani ng sheeyisuaWy hppaftBiTROMpFBE £t proveed cl eani ng perfor mance i n consumner
panel testing. of the abhilit he. cl eani n&ﬂsheets to

reduce, or elininal¥ CIW"’ﬁéP‘?eE?Léy‘i‘l%%%"m MO e NSIB R R VABP AT g,
dust, |int ansbnebiearpredess)or be fmﬁﬁgeopefatnam wsitigf meled, maﬂﬂ'iaWE‘lhid dvsvnf snoforthd) e

air, the Shee&sﬁec‘:’glllylin letg,vai.n ?oa}}nmg op raHonE ImQ/glvmg eQEanEcgf/z?cltigns%md?ﬁéggons

carried out on films. The structures are made by any number of methods, once the essential

Torexl % sheeI; e mvel\evef

three dimensional requirements are known. However, the preferred structures are nonwoven,
and especially those formed by hydroentanglement as is well known in the art, since they
provide highly desirable open structures. Therefore, preferred cleaning sheets useful herein
are nonwoven structures having the characteristics described herein. Materials particularly
suitable for forming the preferred nonwoven cleaning sheet of the present invention include,
for example, natural cellulosics as well as synthetics such as polyolefins (e.g., polyethylene
and polypropylene), polyesters, polyamides, synthetic cellulosics (e.g., RAYON®), and
blends thereof. Also useful are natural fibers, such as cotton or blends thereof and those
derived from various cellulosic sources. Preferred starting materials for making the
hydroentangled fibrous sheets of the present invention are synthetic materials, which can be
in the form of carded, spunbonded, meltblown, airlaid, or other structures. Particularly

preferred are polyesters, especially carded polyester fibers. The degree of hydrophobicity or



-6- materials on surfaces and in the atnosphere, relative to other
products and practices for simlar cleaning purposes. This ability is
especially t in sheets containing additives as descri 0.
Even the sﬁﬁ’g%o“?z% U. S. Patent 5,525,397, incorporated hereinbe go§r§[é§g6?:an
provide this benefit, albeit to a | esser extent than the preferred
structures herein, and therefore it is in‘ﬁ'ortant to provide this

i nformati on on the package, or in association with the package, so as to
encour age t hehydephilifityt ofshedfiheestis optimieed dencnding wroa dhesiesited goal of the shpgty eithsr iant |
especi al |y OneRbfityRGF bdiB dk rénbvEd @R3ypd dfaddiel that iCrolidét) Whed @ wadRive sy ,

dr apes, rugs,_clothing, £., Wher.e dusting sheet ve not .nornal | een

ised. The. e Pt odradEfi: aYHIakifiv, T9SOmHRRHRG: B b FosORetogn B eimo,

one, pr ef er abthy morerttiodegradableamaterialy are hpdrophéies bt theamore tffeetvs matedatotend totbs

| nprove the aﬂa% ﬁ&ﬁﬁ of soil, especially particulates, and especially
ulat &s 1 fia

those partic t provoke an aIIer?ic reaction, provides a surprising
| evel of control oVes-clensing shestsenan he formpqd irpm gosinglerfibronsdeyen rhuppreforrblicare 3e

additive is pigipeife g7t feh® tR6 Sphratel 1BfRrd. OMYefeRYB! the SheblIRRY AARbven® nadd Gl aUse,
since, unlike traditional dus& ng oper at.i onjll ere Qi Icgﬁ?re agg%éghd as

li quids, or a&dEgspiapalingproyss. Mnsthinresard. paar tg dydrarotanpling disersisigy ) &
stain, especimhy YeadksifedCio sliphtly emahdld @avhl ofSthe fiay@as privhenjdidisg seeRyers byused.
The pref erred%%rpct yres al so provide benefits by trapping |arger particles
rather than aBraging themto smaller sizes. Consumers with

al l ergi es especi al Inyalparisalatly fpraferred embodimnensf oft the psdsewtisventiongito enpmpe thieal | y
the preferred . LOCE : t. VR ' nd it
o copac al |y gt ledinl S i rpBh RIS o B . (B3 b B 3T
respirabl e. Foerimhmatengdhbay is arpaged with gheofbrensimatesial; §&. tthrueh fastnation jia Jieat

regul ar basi Ser eHaghicADneird SsuchVaE AdHieBiPesS irbugh 15 AFBRangletidal lede. APErH QidkeriaRS 1 N
ALA

prior art procegdures. . ,dh l.e sheets aof {he .present ntion
can be made u%%°ﬁ'5["‘é?f‘ ﬁéerdeécr\kﬁ‘éll%‘r&ﬁﬁ %M@ﬁ@?-é‘é&gé} 6’o"?e’}“ si"lff’Wf’ﬁ‘&d%y
oper ati ons ustefegenoehdreid. Mht edringsl cn lbaifetmad ditecdy af the RRtrusionpdie biatanybeideritad t S,
and/ or by forpgi rahi ' [ hani c ' i fi.cald.ons
carried out ol RRIHLE B ahlllol o3y BiRdaler Bofet 6f PR b BlkfE
once the essefhd atrim arebedilerivedifmala pdypiifinesnshtas polystiviroarer pulypsomylenet he
preferred strypbmes thdés PRGN At 149 uﬁ&&ﬁicﬂoﬁjeﬂhyleﬁeﬂ&%ﬁhtﬂﬂt&ﬁwm6, Nylon

hydr oent angl enent as i.s well”. known 1n the _art, since they provide highly

desirabl e opefP-<Ad Bt dikes Scrifefaterple arg, pwilable dpny: varigns sgmERiel soyfesst |t
herei n are nopvefyed sGint afetilagefinini the pieket Midakiad ised plypregylcie serim, kesildbrr ei n.
Material s parji c;tJ arlqy sgi t@%l e f@rl}ggﬁm ng the preferred nonwoven cl eani ng
sheet of the PPBsEAY® Eﬁl??s‘ﬁ? R /" for exanple, natural cellulosics as
wel | as synt het i cslrsanothemaspnt lof the gkdsers iventipn, Apmicants hayk alse disnalered that the

pol ypr opyl ene; S , I ' S thC.C ' . .
RAYON), and b gonrgés&at{ eétg%l?. e | s')c()&%lsags lﬁ? aa%‘ié(;%{“tr?\1 tgtk}%é’l Bp!l"géél?g}% (ﬁgatﬁlcg’ %g“g_%t ton
or bl ends t hemawpscapielthresctiraengionsl ghatadtyr dmihe sheeti diis reasrasenpissthise-dimensienglity

Preferred st adsiveéh f6Ride6 bRkt dnfisincoBlkinitg delSmiANEY B eielcRAsihe sheftl BVl Whers AREL S
of the present |nven |0ﬁé€re smsthetlc rratefrsl als, which can be in the form

of carded, spPAfSoNaEH ohthe Shestuis essentfally qunifgm. o Jfe Particylar ¢ FlpGEescopic  three-
Particul arly dimefistonaktgl iaraehipel wegh ahes scrid@filet i cdinboysite ds eljeatsd! weldathig, fthdner s.

The degree of cJMS'gr OQ‘H@ %ir&i:é[syregxlits in shrinkage (in the X-Y dimension) of the scrim and, as a
result of its being attached with the fibers, provides a sheet with greater three-dimensionality.

The degree of added three-dimensionality is controlled by the level of heating applied to the

scrim/cleaning combination. The inclusion of a scrim is particularly beneficial when the

fiber aspect of the structure is a nonwoven, particularly when the structure is hydroentangled.

In this aspect, the invention relates to macroscopically three-dimensional cleaning

sheets. These sheets are preferably relatively open structures compared to, e.g., paper

towels. In one preferred embodiment, the macroscopically three-dimensional cleaning sheets

have a first surface and a second surface and comprise a scrim material. In one such



-7- hydrophilicity of the fibers is optim zed dependi ng upon the desired
goal of the sheet, either in terns of type of soil to be renoved, the type
of additive that is provided, when an additive is present,

bi odegr ada¥@ $¥52458avai | abi | i ty, and conbi nations of such corRGTEI8MPWRAs. | n
general, the nore biodegradable materials are hydrophilic, but the nore
effective materials tend to be hydrophobi-8- The cl eani ng sheets can
be formed froma single fibrous |ayer, but preferably are a conposite of at
| east two Sepﬁ’éﬁh&i ¢nabodingnt, Brcecieamﬁbkl;egt habe firbtaitvard serfae muemndmﬁhvaw aa
hydroentanglin ess. .l n thi ar h ent rete
| ayers of fi N E ant comyn%asa 35 reg"% lIe'% ?’ ng élgeﬂetgelﬁac %OF ayers
prior to joi nieasy 0@#@“&%{9@?@09}8 %#ﬂaarvgb@rﬂemm and the SurfaC¢ moppgpaphy Im,igx of that

preferred enbagfaggwt,sggm; ?t‘pbpt%eaggutgnventlon to enhance the integrity of
t he final sheet S erred to include a polyneric net (referred to

herein as a "scri nReQ?ﬁ’cl@F Pfthf configuratign of theneleaming; shepts, the Avespan Beakde &eaky) |
tehg ) L hﬁugh bﬁ{ﬁhébadflapllas‘v’bﬁb iﬂmtrd ﬁfrfasmmuéa;k IelE@QB&xtEIUﬁh Are wf&ﬁlyﬁcseast bed

rough hydroen ene etc i al.s us I n_are ,describe
in detail in %’ af%ﬁ'f SthOT%Pfgfg@u;'fg ["E}ﬁ 3jmm; Hﬁ&?ﬁ‘&“tb?e AYFB8%nce
herein. The sEesaklusPeahmstaacefmfrmadbmhtrleu‘altoptmmhi”ugammlm;sﬁ‘rm abbue 3 oo aboanl e
derived from r I y
atr et oni ng aniis BEGichlalis ok dbblt'4 o Bbis o, Tie SIRER Bl P aLY
as pol yet hyl el¢ast one guovarg susfage witkbe %@pewhﬁﬁé tq thout i, preferpbly BigmygbentcD.1 to

t er epht hal at eAbouPS)lrMﬁé Pk itr&ﬁ ﬁmﬁ le t8aBout B tfliMmébre phbfdr@Bly &@m A0 dfﬂﬁ)
like. Scrimmaterials are ayali| fromvarj ous comvercial Sources.

preferred scripPht &Yhilgnot,erdical aI Iﬁasf [9Be B‘I‘é’é@n%“”?‘?ﬁ/\é"r‘\‘t prefsraply have an WF'&&yI ene
scrim a¥al Lanbxghtfnxﬁ%f’e:manmd ldakm,bmmlss fod, mwpeth eta%ly d¥Mast about 1 mm, kfid anDL her
aspect of the_pres i nyent : p|c ts, have SC t the

i ncor por ati on g %graglzr Y?ﬁaﬁvﬁ 8y Q? %‘Ieéa% |lﬁ@§‘g Pé%?en?‘fag?f%v\éﬁ?
heating, pr ovomudmwﬁceszdbqypmalb/memmmj treoutchramambertypically Iﬁenatbeﬂtl

Thi's macroscopi.g.ltRaf- di mensional ity has been found to greatly enhance

cl eani ng performance of the cleaning sheet, even where the basis wei %ht of
the sheet is essenfaid |Withuresard tm the maciesqopicciiFesrdimensionad sdesping shertscef

di mensi onal i t yredeit imedntish BtseiRidtukdd Qviff Grdvite fehiitedCgHRAFdnt sarhanawbm&ﬁé €D to

heat , th I I t h k
AR A T TR A S o R AL Y
fibers, providbs wed ime@imbitatién gitle atoteanihg) irgglerdintre fis IthS’l&Igntkiythe Taerostepically of
added three- diy P&Qj%e%@i al %P(eeissxmﬁ%%fw&ﬁqvm éﬁ‘%IoI,%YBII VQILe IAF%(I B%f%?@éakt]ed to

the scrinicleaning
benefi ci al mebvuﬂrifé mq:rbmefemqbe@tleagﬁabpwé‘ygmqy@pqgfegabbsataeammmvlé)%, still more

particul arly phenbiieiealthbsk ¥5%, dnd shlY foRGBa8N, 96%. In this aspect,
the invention rel ates to, macroscopically three-dinensional cleaning sheets.

These sheets are pri¥ @?aawsyer.fmqewé ROy efpféﬁc‘gwdhmgf the Risssnb HRvention gany
paper towels. bd ﬂnmenmebﬁcw 1@ sling HRGibe AR the shdte emenm,saﬁﬁwﬁéalnyg, with any of

three: di rensi QUakerrbEARNY, SHSELSsHRYSHE of LRl HRETaRl dofes Bl 8PSt T 200

the sheet. When utilized, such additives are added to the cleaning sheet at a level sufficient to
enhance the ability of the sheet to adhere soils. Such additives are preferably applied to the
cleaning sheet at an add-on level of at least about 0.01%, more preferably at least about
0.1%, more preferably at least about 0.5%, more preferably at least about 1%, still more
preferably at least about 3%, still more preferably at least about 4%, by weight. Typically,
the add-on level is from about 0.1 to about 25%, more preferably from about 0.5 to about
20%, more preferably from about 1 to about 15%, still more preferably from about 3 to
about 10%, still more preferably from about 4 to about 8%, and most preferably from about
4 to about 6%, by weight. A preferred additive is a wax or a mixture of an oil (e.g., mineral
oil, petroleum jelly, etc.) and a wax. Suitable waxes include various types of hydrocarbons,
as well as esters of certain fatty acids (e.g., saturated triglycerides) and fatty alcohols.



-8- preferred enbodi nent, the cl eaning sheet has a first outward surface
and a second outward surface and conprises a scrimmaterial, wherein the
Aver age P é ak Distance of at |east one outward surfa ast
about 1 me?? r?ég%‘ﬁ Surface Topography | ndex of that surface?’%’l‘h&@éozSLif
about 0.01 to about 5. Regardl ess of the configuration of the

cl eani ng sheets, the Average Peak to Peak®Di stance of at |east one outward

surface will be at |east about 1 nm nore preferably at |east about 2 nm
and still norl&eprear be desivipd drom sateral soyengs (i3 nenimaly vegetablengromingeaht or qapcde

Aver age Peak g ﬂh?ﬁ% MXRRECEE ihSsel variduahakks chn ta&oamkaedZOsm répRéskitaitlear | y
from about 3 wgp%gt 16 nore particularly from about to.about 12 mMm

The Surface P8 KsBetah ‘Xa"ﬁ‘fm&f c3ncbg; ised 1R PW%FI“H"E’GF‘P%’Q“W? CBE2%:r om

abolcht 0b|01 ]EQa@bﬁhgt s;ﬂe&naqéﬁelfammbkbﬁellﬁd‘ Wﬁit aiammlﬂ ahdttlﬁzf m&owepﬁsenmwewaxes 0 3
refera r.om abou t re era m ahbout,

Do about 5. A Bt soides Ra e e B s, prfSRlrcinfo L itk el iF ARy
preferably hamesasucbk\aema@ﬁid—kpmydﬂamm dnfl enierociystalliot vak, hmbhfassibbo garth) wixesm
mor e pref eralg{l#lhgst whit@ ke 80 Wax 1yéﬁ3}vf @é?éim%%# \?H{e zPEé‘rit@rv@an )én@tthé ﬁﬁét

about 1.5 mm Aver age Hei g erenti east. one outward
surface wil | Repissengativeg SH@‘#'FW%BMtca'Db%“% iny e presgntripyentipn include etylepi from
?Eout é to atpelyfmleﬁs lrgmh as polyﬁth&&ﬁé N2, t&hldrﬁﬂl%ﬂ dnarpmhmb@etsnthﬁoma@wax,"

ree-di nensi ona eani ng she nt i.nvent.i ese
11 ot ur oo wIWBIOEHEO B BN Aatos FSHSAT N FAME L Aa S Ken (e o
di rection, that vmWheniarmmmwaaftxﬂmrxl ofland waxrialutilizetlythe wdneglohents uﬂ;quﬂefmblgbst and
al one pr oducyely WASHREH RS SFRLASEAN.Y ol LA AR ok 0

this regard the nmacr osco nensi ona &rah
have a CD el diRfatoi abnuwhllusslllamorﬁ(]@efgaw feom hleout tl:98 0 1aboBY%3: 7.y @eqahtef brabl y

at | east abo%nﬁdfhrlﬂfe?ern‘é&%fnﬁéd?x?&b( i rdt:%%?%xl@@%i xslﬁxﬁxt £ by wBBKtCand the
preferably at |east” about Qﬁd nd still nore preferably 20% The

cl eani ng per fR98H¥EE @PRired éh?“ "’E‘H‘é"el:‘l’ é’&ﬁ‘i“rﬁg{‘”%é@%“ of* Rr¢ferrss raixiisg 'Slanlvént i on
can be furtheﬁlxﬁf&mmﬁklbyaﬁdmﬁmmgmi he fibers of the sheet, especi aI ly
surface treati ng ny ari et f additives, i,ncl ud| ng su act ants
or |ubricants, Jw Hﬁ%é&‘?ﬁ&ﬁe‘ﬁ?ﬂ% %ffo gesis 13ghipyed %W&éfm"ﬁﬁ i zed,
such additi veimaxslenadﬂdeadd taglditibe acd eaovided mheemnga cham@/shees uf As cdigmssed o
enhance the 0 t %;m?r

%@*eln'bd%re {he{]ehgwqglgﬁ aré % e a@su%gfrc] a énﬁ 9%5]’% }ﬁﬁﬁheﬁ a

preferably applie e cl eanlng
about 0.01% cHgstive Jevst andyipraferahly |l@$§ubamlymn1ﬁwm Wet%ﬁéfeéﬁtaﬂ}eydléﬁfetf’ east

about 0.5% nRBhBuBIOLre sHthy/ stdtt, [RBF RN el Towsttidvels, eggef.%upr&faed@hk Yhatt

| east about 3% sti ef erably at | east .about
Typically, t H@%Qﬁﬁa%‘ﬁrei‘??\f’gf’g{ 10 the; ?ﬁ%%%‘tﬂes e“fﬂﬂw?%%‘%?df'é%% dﬁgrsgpp&sgxpgr ably

from about O0.if tHecni peaférred Gnsumier inppsssibs] adpeyialfyr tactilabquissibng, andylin utditdf/o
0,
still nore prtﬁ:fg&%btgfl yca}‘lr%r‘}l ebao%te 3 o abf%grtlaﬂnl,ﬁO/ 42 n%grrﬂgmé;gr$g&gﬁd from

about 4 to abou nost out
wei ght. A pr eﬂmdmts anmmcnoblels; mcladxmﬁmymdes, phdce lhpss odifotbanb@nﬁm(lengjedlemq, ner al

oi |, petrol eudecilly thosethdt-ate s%fﬁgleaorvlﬁs?ersxﬁlé' AR RAPX EBhekdGnLELS ad By ivRily DT Y PES
of hydr ocar bons, as vvel | as esters . of certain fatty acids, (e saf ur at ed
triglycerid es‘)""ﬁﬂﬂ onply4 g.ywdpv(gb'mg additives are especially desirable where the additive can have

adverse effects on the substrate, the packaging, and/or the surfaces that are treated.

The application means for these additives preferably applies at least a substantial
amount of the additive at points on the sheet that are "inside" the sheet structure. It is an
especial advantage of the three dimensional structures that the amount of additive that is in
contact with surface to be treated, and/or the package, is limited, so that materials that would
otherwise cause damage, or interfere with the function of the other surface, can only cause
limited, or no, adverse effects. The presence of the additive inside the structure is very
beneficial in that soil that adheres inside the structure is much less likely to be removed by

subsequent wiping action.



-9- They can be derived fromnatural sources (i.e., aninmal, vegetable or
m neral) or can be synthesized. M xtures of these various waxes can al so be
used. Sone representative ani mal and vegetabl e waxes that can_be u

the presenWQ9(R48i on i ncl ude beeswax, carnauba, spernaceti  FEHEHA {lﬁ

shel l ac wax, candelilla, and the |like. Representative waxes fromm ner al
sources that can be used in the present i-HWvention include petrol eum based
waxes such as paraffin, petrolatumand mcrocrystalline wax, and fossil or
earth waxes such aRigwmhilt dlusteatessa maultiple layge cleming: shieets 20 excevading Wi ithieepresent

ozokeri te Waxy, Anth A€ clehdiy B RD FREALAe elﬁ%éiﬁatagc?{addce PR b The 38 2P

used in the present T nvention inclu such

pol yet hyl ene <sterd genarally paratied o the fangthof éh?é eeg @%Wéﬁhe‘ o ledgen X4 e"‘ﬁ‘;ﬁﬂeﬁ@a\%on
type waxes we,s&eaulavam@ wm ofm&e& sa Aaj? &he @u&@t 2dﬂeanl inkiade an edge sealn a
i Z

m xture of mner oi | e nent S r.ef erabl y
e i xed i n EeRPe ST per el o Sher i 008 S0 26 St imer B herre

preferably frignsabfadhesives)dr bpa &’ﬂﬂuhatnbn ﬂafheaﬁngldndlaﬂﬂeav@r ef erably from about
1:99 to about 3 7’Th9/cleamggkﬁeetli0qnggc§) gL ttJlrsCtlf y%lt 5l¥0 GBidhe c ng%ylgx\[ﬁe)(fbldlsﬂrgfg%}alyt he

ratio of oil to waX 1S a td at
an add- on | evib¢ cledninghshext afs%mdquewaltym layﬂ -’gﬂOef'Brerasebnm Iaoter 280 ican be disposed

m xture of mneLah ﬂfa'drstqmr@@dﬁi‘dfth@mmxayer 300. In Figiit U] £ Pbiibh Yr MBI ¢5e:
cl eani ng performance i s achi eved when macroscopi c_three- di nensi onal | t(}/ and

addi tive are {H0dyshpsd quhayasiongyeal erdeelyip gortiprserf the sesond; laye 28R gnd the thir

her ei nbef or e, 1aydnge® | ow | evel s are espeC| ally desirable when the additives.
are applied at an ff ctlve %n Erfeferabl X'fll n@a subst ant i al ] y uni form
way to at |east on %té?yéf ‘(“f’ﬁtqe PIOITE MRPKOVER TPiTER S ieBYOVepIateTipls; Rper
preferred | ovwetbs| foamb, shattingpemi ahd likeofuchdsliakd ingsvnt inathe iartpr Pardicudatlyeprefaned of
Soll o the shfGhs BOthiSRa LR ShD Bhits 39 Yt R0LAG PaboRN PR o510 1 1
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A suitable web is available from PGI Nonwovens of Benson, N.C. under the designation PGI

9936.

The second layer 200 is joined in a discontinuous manner to the first layer 100 (and

to third layer 300 when present), and provides gathering of the first layer by contraction of
the second layer. Contraction mechanisms include, but are not limited to, heat contraction
and elastic properties of the second layer. As discussed above, in one such embodiment, the
second layer 200 comprises a net-like arrangement of filaments having openings defined by
adjacent filaments. Alternatively, the second layer could be in the form of a polymeric film,
which can optionally have openings therethrough; to provide the requisite contraction
mechanism, such films must have sufficient elasticity to provide the gathering function that

results in surface three dimensionality. The film can be embossed so as to provide surface
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according to the present invention. The cl eaning sheet 20 includes side
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contraction such as by heating. After heating, the second layer 200 can have between about

3.5 to 4.5 filaments per inch by between about 2.5 to 3.5 filaments per inch.

By "2 sided adhesive" it is meant that the EVA adhesive (Ethyl-Vinyl Acetate
adhesive) is present on both sides of the filaments. The activation temperature of the EVA is
generally about 85°C (about 185°F). During lamination of the layer 200 to the polyester
fibers of the layers 100 and 300, the EVA adhesive is activated to provide bonding between
the filaments of the layer 200 and the fibers of the layers 100 and 300. Without being limited
by theory, it is believed that pressing at a relatively low pressure (e.g. less than 50 psi and
more preferably less than 25 psi) for a relatively short time (e.g. less than about 30 seconds),
the filaments of the layer 200 are not continuously bonded to the nonwovens of layers 100

and 300. This discontinuous bonding, along with the shrinkage of the polypropylene



-11- depressions instead of or in addition to openings. |In another
alternative, the contractile effects can be generated by inclusion of
fibers that contract upon heating and recooling. In this ap tain
of the fi b@P?s%%‘ﬁs not shrink, but because they are nechani (%%Ebasgg%éi at ed
to the shrinkable fibers, the entire sheet will "pucker" on contraction of
the shrinkable fibers, so long as such fi'lers are included at a sufficient
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4.5 filanments per 1nch by between about 2.5 to 3.5 filanments per inch.
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240 intermediate the filament intersections 260 remain unbonded to the first layer 100.

As a result, the surface texture of the outer surface of the first layer 100 is not limited
by the geometry of the openings in the net-like arrangement of filaments, but rather, is
decoupled from the repeating, nonrandom geometry of the openings 250. Similarly, the third
layer 300 can be intermittently bonded to the second layer 200 to provide similar surface
texture to the outer surface of the third layer 300.

The surface texture of the first layer 100 is omitted in Figures 1 and 2 for clarity.

The surface texture is shown in Figures 3-8.
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surfaces of layers 100 and 300. In Figure 1, the filanments 220
extend gen arallel to the side edges 22 and to the I

sheet 20. ‘ﬁb%&#@g the filaments 240 extend generally parall el’ﬁﬁg%?%e end
edges 24 and to the width of the sheet 20. Alternatively, the
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shown in Fi glﬁreﬁﬁt d?ﬁ’e&entia\ with respect to a peak 105A/valley 107A pair is the distance H in Figure 4.
The peak-to-peak distance between an adjacent pair of peaks 105A and 105B is indicated as
distance D in Figure 4. The "Average Height Differential" and the "Average Peak-to-Peak
Distance" for the sheet are measured as set forth below in "Test Methods." The “Surface

Topography Index" of the outward surface is the ratio obtained by dividing the Average
Height Differential of the surface by the Average Peak to Peak Distance of the surface.

It will be apparent to one skilled in the art that there will be relatively small regions
of peaks and valleys that are not significant enough to be considered as providing
macroscopic three dimensionality. For example, such regions can exist in the element(s) that
is eventually contracted by, for example, an elastic material to provide three-dimensionality.
Again, such fluctuations and variations are a normal and expected result of the
manufacturing process and are not considered when measuring Surface Topography Index.

Without being limited by theory, it is believed that the Surface Topography Index is a

measure of the effectiveness of the macroscopically three dimensional surface in receiving



-13- Figure 3 provides a schematic illustration of the surface
texture of first layer 100 shown in the photograph of Figure 5. Figure 4
provi des a cross-sectional illustration of the surface text Fif)‘ﬁs[ /i@%}ﬂ rst
| ayer 100 V¥Rd®PH& third | ayer 300. Figure 5 is a photonicr 03’ %
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macr oscopi caldimensipg @éﬂm ?P@h@g%%ﬂ ins igpeec b (i greagasi thamghe length of the diagonal

extending across the rectangular openings 250). The length of a ridge 120 is indicated by the
letter L in Figure 3. The Length L is the straight line distance between two ends of a ridge

120, the ends of the ridge 120 being those points where a ridge 120 terminates at a valley
107.

The value of L can be at least about 1.0 centimeter, more particularly at least about
1.5 centimeter for some of the ridges 120. In one embodiment, at least some of the ridges 120
have a length L of at least about 2.0 centimeters. The length L can be at least twice the
distance between adjacent filament intersections.

For instance, in order to determine the length of ridges 120 relative to the distance

between adjacent filament intersections, the cleaning sheet 20 can be wetted and positioned on



-14- and containing material in the valleys of the surface. A relatively
hi gh val ue of Average Height Differential for a given Average Peak to Peak
Di st ance prow des deep, narrow valleys which can trap and holygiyRic84dsds S
Accor di ngl YYO&885¥F%t i vel y hi gh val ue of Surface Topography |ndex Is
believed to indicate effective capture of materials during w ping.

The cl eani ng sheets of the present inventfldn have the characteristic that
portions of the filanments 220, portions of the filanents 240, or portions
of both the fiallighttable @meandtatg(ﬁowe ©of backdighties. | Sycby bash dighiing. WrOMbBRERY t o

the first | ay%thl% in %ﬁl‘ﬁrcfehﬁl §1Qeth£1LUesté’d to@nalk® e et inferéeclichEBNihe Tader
extendi ng interne

n ers 0 t .bonded
to the first [289 é{}-SlbiQ)@rOUﬁll ed&¥°ﬁ‘8§r EPgtésr@t‘r?‘ﬂdagfszégQ?ﬁ?a@He f%&ﬁgfsggﬁ%ded
to the first |b606@énﬂl%eﬂt&xmrﬁtdtmﬁtcadbd)xylea’sméd!w&haecmrrber 220U. A gap between

the fil t 220 f

| n'? er Imeglmz;'? e the ? | ﬁ%“fl m[ffﬁ)gl 8“ %an%éd&l ahg?‘?p @%gﬁh%’téﬁ?%ﬁ}aﬁ%gﬁg?c{vlﬂons
of the fil amenf nﬁfbﬁabfxdm theti surfadertiemgraisdinglt olnfconteayi if the Filaments of ﬂ@rsscozédpyarr e
not bonded to eIPe ohﬁx’x%ﬂflgﬁ E%%qge ﬁﬁpﬁr&deée%’onﬁrl%e dih@rga@' b fé&?ﬁ@@of:’tﬁ@ﬁrst

intermedi ate t 0_an %ures
and 8 also il Iaaé thirdtlé’eter%ﬂQ:‘Pfeﬂf’a@teér‘? ﬂ‘FlaE,ea@F”t"F\'éd ?Hbélte oppings2SRiiny e sccond
el ongat ed ri dggs,3@0 and 320 are visible on the outward surfaces of both

the first and third | ayers 10 ectiv [,n Fi nt
220 is seen extenditMg %éts%"eﬂfomﬁ’l“ﬁtﬁ‘frﬂgﬁes i"f‘ff”éd> g’eacflﬁr%cﬂglggggrenﬁrgmp%rl%rrg
of the fil amen;bmex;f emcbtmg rilig¢ésweRefetring tb \Bigufd 3,athe mitigdsnt20As d20B,0and 1i28Cspelced
from and not n S n
plan view in é’ﬁr € ’Rer%f’tt qucfmﬂ %CJO% ﬁ‘yé thetSh%ef)%ﬂglftggﬁiplrl dg@{sﬁf%g\eo@%dend
across at Ieasheshnﬁls‘usmhtwememfdlffdmtdmm | ayer 200. In Figure 4, the

'1 dge 120 corr esporgling, § aupak HORAINKER i A6hOB Ak a2) cmvé braAgER

220. Because égq%s ext end. acr0ss . one r@h amentg

ridges can ha\Fétead‘P?eH’g‘i‘ﬁef@‘F‘ gtiong-n I Fighe Jraxiides i '%f VBehaB’é‘g\Hér&% o)) %ent
filament intergeal 17385 kb 0230 Berdingtin GifRreRediveasonsadjilenese] Figinesinshotis a ridge
et oS g ki Plnlen o BHE] AR AR 19, OF Lavers 100
the maxi mum di mensi The foft iayee 10pend thgshiRblydr 30Fiagusceurtly (bionded tg theeseeand tayan
the | ength of a r [ ).
e lonath of 100% HieIABRA rfetiehsts Mo d%?é%hﬂ?trit@s%@ﬂ%ﬁr@ ?fg%rﬁg AR
Length L is tHeyes&Wg

iagth80Q fortke sgpond dayeratisdilppeanintesctiond0of a ri dge' 120 t he
ends of the ridge 112&er¥1§g E&F?gh%a m@hmsm%@‘ﬂ@ 105 oF d@efird2Rydranvindgdacraly a

val | ey 107. u e at nt.i met er.
nor e %art i cul st fgm r‘}@a@gk aﬁ’étﬁf‘li g‘“@e‘?ﬁef r‘behg a\"’Sr"??ﬁrfée%fzg rcf &% 11 50,
I n one enbodi nEigre 4athe lpesks3050 o thefthitd tayer dige aotl ditectiyvadediel tha gedk LOxN bait

| east about 2..0 centinet twige :

di st ance bet Welgﬁe § df gensr r@y PI%"&%W%RQ arfle é@‘f;}{' astggcn?tgd wﬁﬁl%akFWSﬁ A{lﬁrdmgly, in
order to det erthe paaks he5 dfahgfitst bﬁerrardg@lsramﬂﬁllgned mth valleys 30hef th¢ third hever, and
bet ween adj acegt Jakg %dged}tthe Rt Elag& Gld RRSally fMgndd vitValgs 026 the BrsERPerbE

wetted and posi tPBne
The present invention also includes a method for making a multiple layer cleaning

sheets. A first nonwoven layer, a second layer comprising a net like arrangement of
filaments, and a third nonwoven layer are provided. The first layer is positioned adjacent an
upper surface of the second layer, in face to face relationship with the second layer. The third
layer is positioned adjacent a lower surface of the second layer, in face to face relationship
with the second layer.

The first layer and the third layer are then intermittently bonded to discrete, spaced
apart portions of the second layer, such that portions of the filaments extending between
filament intersections remain unbonded to the first layer, and such that portions of the
filaments extending between filament intersections remain unbonded to the third layer. The

second layer is contracted relative to the first layer and the third layer to provide a gathered,



-15- a light table or other suitable source of back lighting. Such back
lighting, in conbination with wetting of the cleaning sheet, can be used to
make the filanment intersections of the |ayer 200 visible thr ayer
100, so t WP %BFESPengths of ridges 120 relative to the di sté’g}é‘g&r?é{i%én
filament intersections can be neasured with a scale. The el ongat ed
ri dges provi de soft, deformable w ping er¥ments for enhanced renoval of
material fromthe surface being cleaned. In contrast, if the filanments of
the second | ayarosempically dhreé mirsansibnal bontwtad sufagehef fther §ist dagr,s asboadgatheyads s

then any textyfeosfGadally BReetimidiRndlichftar@ Bl bf e hAMahyer WaHL GteflCordRRdihg1ed

to the area associated with the openings 250 in the second | ayer 200.
At |east sonmeAndroRtREtng 3haceREHMEHAIERVS!YeXtIB SREVENFe-a direction different from
itz . :Beast ds (i rzrecof t'fg@ sphe&fT inteinsigently fbe@di@g the (rjsgcoh@ ldyegto’ the Cﬁ,rst'(tjll_ﬂ)er :ahd geahiingA,

, an each extend ip a.different reciiqn. cor di , 1 eet
" ot acti ve IFHET SHLSATIRGSR e e 3F PeaegrEing of e sk e, S Shnd g e
di fferent di rlegriabrasrelatively low présgure fer 3 ralatively abaD tiime| pesibd ao eavoidarelatively east
sone of the rj p f |- I.n. di fferent directions.
In Figure 3, égﬂ@ﬁ@g%@o%@@?%tﬁ%%gmmﬁl aggﬁgefﬁ{r%g%ggﬁ%ﬁsés 123A, 123B, and
123C ext endi ng i n Mdione embqdiment, teecthreg dryers| dap bgijairsd using 3rBAYXsBHfshagd presye
120 havi ng atmiRasturddvyae: m&pﬂﬁﬂiﬁbﬂgﬁﬂa&3§Melﬁ3&af@ﬂ£¥e}aﬁe@-by pressing
The first |ayer J}g{? and the third %’f%’er‘égsgi"ﬁ’re seqyre %qsb d%dc{é)r t he
second | ayer B apd PIES 2f p fempsraurs of abrwtP0TI0 L abjig 13 pregiifse e hand press bats
t h?- Ibondi ?g. Cl?(n a‘djd@ﬁr:egt fof ;ﬁggm@ tﬁei‘c&afaay%mfsd HéhOe ﬁxﬁ?re@lﬁ.@e,tp@o\ﬁdtg 115 the @as. | “ﬂ] at
a filament intersection : . ef er i i gur n e
peaks 10 of BRI B 58 o e @ P Reie W e aem oG B0 506 o
the third Iayer inThehevgatiemelsofcotmpases iraekag®0confaming wiamng eheetsn thsi gpokagest t he
peak 305A of ghe if. karogﬁali&yﬁ{ hw(?rﬂﬁrﬁlt aP afdt Wﬁdfé(ragﬁg%héuﬁmﬁ REAK ﬁ’we but

i nstead i s genera e valley 1 assoclatéd wth p

l'y al1ghe ) Y )CI ] a
105A. Accor di Higsgs t%/qﬁe'si)e%ﬂbs shegts Vgl providerqlganing (begedits whieh Helide il ¢-2alWned
with vall elyls 13ﬁ),|7_et@.\3 rﬁrh@ya'! E’ha/drl J'eﬁ)“@hfrg?&(ﬂf tmﬁ irH’@ﬁ\‘lﬁf_ $i0l3|Q:5n Qomph& tHai él@thrJhasfer
are generally aligned w al | eys r.s ayer . e
br esant 1 nverRPBIRTL S6 P AHREE Frafittholf # bielvderimyleaaHiatan fre@ariags pesrs
cl eani ng sheethsinfohmbtiangbat irdorws\tiecohayrer thaathe assosfdhd cgaming cherpprogidesgreducertt
| i ke arrange f Sy LT I | The
first |ayer ﬁg%%og%uf{)%\@g& gééjaarggﬂg "garth lﬂ%p@? rAﬁﬂr Pzgeg% 5‘?‘%%?@8%’8%%3@?, I n
face to face ¢oasumer bhadvised of thp petaatiak tacusa dbd shpess on Wenstraditiongl susfpess, inguding

posi tioned aduBE@Npetsd elcQ WS EnsBi thAGR: Rl VehSitsSSR shekt8 Yfealided ARERdiIRGy, tREE
relationship wt e second yer and the third

t l ayer,. . . The fjirst |
[ yor ! oret P e iof padkas it eiooEp itk infermarien, Bt a1l oL GO U YIS of
t he second | agndfor by Usidtured)ahatpise tof QRS cerhposifiens’ willbpinide bexdfiesn slich crshigipyaved
filament intersections ' to.the fir.s

portions of tHEFE " %ﬂ%@@(&éﬁ%ﬁ%ﬂﬁgfﬁa&n % ?%%%\’fsle?xl%il"s gg{%?%ﬁag'pr girgregit n
unbonded t o tihfermdtiondard mylede, e Ehedeasingdn bk pbthe usuat oedin.astvel] as etagtente atd t he
first layer agghsoRehelpBiiae, bPHE hebQesBEQY infSmAndahlifhdd.
The prior products which do not comprise the preferred structures herein can be used
to provide the benefits in a lesser degree, and to the extent that these benefits have not been
previously recognized, they should be included in the information provided. Otherwise, the
consumer will not obtain the full value of the improved performance relative to conventional

products or practices.

1L Cleaning Implements

In another aspect, the present invention relates to a cleaning implement comprising
the cleaning sheets discussed above. In this regard, the cleaning implement comprises:

a. ahandle; and



-16- macroscopically three dinensional outward surface of the first |ayer,
and a gat hered, nmacroscopically three dinensional outward surface of the
third | ay teps of bonding and contracting can occur iéﬁ ibdeAgRauUs! Y,
or in seqﬁ‘é’ﬁ’@y_‘l’§45§ The step of intermttently bonding the seconﬁﬁel ayer
to the first layer and the third |layer can_conprise the step of heated
pressing of the first |ayer, the second I'é{/'er, and third layer at a
relatively | ow pressure for a relatively_ short tipe period to avoid

rel atively continuous b8ndh FFyo¥adle Feaningshert havigecs fitshsurfage pnd 3 pecandsurfass g

| ayers. - | n one enbgigbrdiethe Avedage Pdak &EPdaR Pistance Brat Rastjabotad wifiafd a
BASI X B400 hand press manufagtured. by the H X Corp. of. Pittsburg, Kansas.
The three | ayers are joi ne‘geggﬁﬁggg‘?%ﬁﬁ’ﬂwq%&?%gﬁ Oﬂtroé@sm °‘§Stenperature
of about 330' F f or Thé drapleriéit smd,osepsratelh ghdr aleahing slest hfitheapresedt irsentisntaré or
varying the c NG ST Fq%g] i h [ fibfeum! N€
adj ust nent calrile%%é vaﬁeggﬁg‘gm&ﬁggﬁ%ﬁsprogf esu-tgﬁé)\{Ijl esl rge‘gooid’eﬁ?ﬂfe It he

| ayers 100 anap g®ofloors, ceramic, FGRMIGAH@, porselaipd and thedifpr i ses packages

contai ni ng cl eani NgheRMGlef the RRANAE IR PEsds An SloMkated! dupdbldnkibrial that

hat s of Ml s ERomicaYy giAetie clewane. nEReEnReh pf € dprie e o€ By
that use of t - 'n I I
(e.g., dust, thesid-useio€thy imglemeral and/or entrapment and this information can
O e o T RS Bl Pl N BAEPR D RS Sy gl 91
consuner t hat shettean bercisasablyattethednTo drciitate tasp pHuse dbs suppeitibead chebepivotalfly dust
and other air b i [g,g,r}a;;, Fbliekt AnS sVielb¥e hiRO %, igAhe t he
consuner be a%\%°§l’?&gg'§et‘t%ﬁ‘ébgé'%‘gﬁ?u a tggﬁée_ {e%-e S eselts on ngn-rﬁq%%}?tl_o%al
surfaces, i ncrleapinggshesiip ithessuppert deadean be ytibizeds sodengt asthe clsaning sheetyemains t s
of t L he fsheet tsgﬁﬁiedamtn'gmldelle_ %we{sﬂlmmmeoﬂmaa@ f@&ﬁié@gﬁb‘éréd) iﬂclﬂ%esélﬁhﬁst,i on
Wi informatj o a capsuner, b rds,. and/ or

B ctures. 1 nabois & Bies he. VERGBOR: A cielie: Tt bkt Bihdinett e mborthesd

i nproved cl eawilhgomprisd uméans rfoofgripping i thellsbdet oBoit’s uppet herfaertp ldep . thesheet
adverti sing | irapresy #RIR e 05, Ahg GELLRL of Wpdlle Weeocl, Boreripine

t he package, weanshall hdibtreleassdhiersheet foricorvenient réeovaland diseasable. The prior
products whi ch do R cleORY sheds bsefil B BE Sladith iﬁ%feHﬁBMfQﬁe PI8deRt iRven@idh 116 abised
to provide the benefits I1n a | esser degree, and to the extent that these
benefits havedsiefiibed@Reyenr evi ousl y recogni zed, they shoul d be included in
the information provided. O herw se, the consumer will not obtain the full
val ue of the Ivipr oTed Megliddor mance rel ative to conventional products or

practices. II1. Cl eaning | npl enents I n anot her aspect, the
present invention Ael at dyetage Height®ifferagtial npl enent conpri sing the cl eani ng

; hegt f\aggf g!JS ; ﬁg aBQ¥Se Hligh! DRFr&Aal f detdiintd SR I 1igHTRhiERERpe (QFPZRES:
" Axioplan, Zeiss Company, Germany) equipped with a Z-dimension measuring device (e.g.,
Microcode II, sold by Boeckeler, Instruments). This procedure involves locating a peak or
valley region of the sheet, focusing the microscope and zeroing the Z-dimension measuring
device. The microscope is then moved to an adjacent valley or peak region, respectively, and
the microscope is refocused. The display of the instrument indicates the height difference
between this peak/valley or valley/peak pair. This measurement is repeated at least 10 times,
at random locations on the sheet, and the Average Height Differential is the average of these

measurements.

B. Peak-to-Peak Distance

Simple light microscopy can be used to measure peak-to-peak distance. The
magnification used should be sufficient to readily measure the distance between two adjacent
péaks. This measurement is repeated at least 10 times, at random locations on the sheet, and

the Average Peak-to-Peak Distance is the average of these measurements.



-17- b. a renovabl e cl eaning sheet having a first surface
and a second surface, wherein the Average Peak to Peak
Di stance is_at g( ?st about 1.0 nmm and th @62
Topogr aphy WO8E4Ps from about 0.01 to about 5. The i nmplenent and,
separately, the cleaning sheet of the present invention are designed to be
conpatible with all hard surface subst rat¥s, includi ng wood, vinyl,

|l i nol eum no wax floors, ceramc, FORM CA, porcel ain, and the like

The handl e of the € ean@@%@!@cﬁé@-&omri ses any el ongated, durable

material that wl |CDreEMgadi@n & AEHSiTe eﬂdhh )zSerBd’nﬁ@lbxhgﬁﬂdm aciea&ample N vhésngt h of

hae e b1 et 8F s &' TR bhbaronsea b ired uiifie 8, SRRELReY Tror R0

cl eani ng sheeﬁnehﬂmgbke Tastvmalsabﬁyaxatpadoageadmth'aomoudoid ¢ellt ¥singdles oftruraspf, t he
support head : i own j oi nt
assenbl i es. A%@ghg &Qt«%b}’&ﬁ,a&]}v}é feg‘?&g‘t?ﬁ_g%%s%%%aﬁgﬂkgrigﬁlﬁ%\%gg‘ﬁget to the
support head can bg,id Wigded.= S8okfNg as the cleaning sheet remains affixed
during the cl eanin pr ocess Exarrpl es of suitable fastening neans include
cl anps, hooks & | o denggp  XBPER , and the like. In a preferred

enbodi ment, the suQpeshktadsped doMBIOOr:rﬁ‘r:ihlimri se neans for gripping the sheet on
it's upper surface to keep the sheet mechanically attached to the head
during the rigors Blomtheamvengnerdiedygheesoftwark ebwgins thei% §trame §rElanghtion) &tadi | y

rel ease the s as CH'R posabl e. The

cl eani ng shee{agféfssg% ﬁmy%ﬁb&cl eani néﬁg‘atﬁfﬂ 59ngtS of the present invention
are as descri bed above. Test Met hods A Average Hei ght
Differential V. me@é_mu@t Differential is deternmined using a

l'ight mcroscope (g g Zei ss Axi opl an, Zeiss Conpany, Cernmany) equi pped
with a z-di mensi onThcteliewing gredlystiative xagples pf EIF%‘&Soséeqt% of G PESBY MBEERel er

| nstrunent s) . Ediahdéed fHr@cdidensonality Blindidated @CBdblY a peak or valley region of
t he sheet, focusing the m croscope and zeroi ng the Z-dinmensi on neasuring
device. The m croscope is then noved t @&anpladj acent valley or peak region,

respectively, and
i nstrunment indicat E@gt M@ﬁﬁ,ﬁ?&g& @Fé:&;e]ﬁg ﬁﬁ'd({fm%@%d ﬂn QL‘E"/&% ‘;r\l/r}élrafe a net
val | ey/ peak pef mlmybnﬁﬁ&gwnem@mkq aclpaspgahiest ofi the|peeseat inEntipmegwo a@rdqdandom

l'ocati ons on J!Feséhﬁ@énw&@%&x@s&\&?hﬁ%&éﬁhgBPeIB e f eﬂﬁnéo‘nﬁa'inahén Bhﬁzea%r age
of these neasurenents eak Di stance Sionmpl e

i ght i cr oscH5YPIcHERs BRd thedtrim 3re e plagsdRodRR PBarba%?ktuwpsf?raﬁ%belq%So tlat
magni f i cat i onsquaey asidrel hphrbenﬁtgfeﬁ ia@d dfikd.t Thd @aet dnyanBR@Sptocesd dagses! it fibefse

bet ween two agj,acent. p i sur ene re t ed.at éast 1gt|rres

at random | OC{;?»[H%?FS‘C or ﬁed %t ng)ac%“ﬁem%%’?g}é!e &531? gmp i USPE % i s

t he average oﬁbqrhgsmomqgmmdmo\sde two distinct basis weight reglons Durmg the drying
process, the hydroentangled sheet becomes "quilted" (i.e., greater three dimensionality is

achieved) as a result of shrinkage of the polypropylene scrim relative to the polyester
nonwoven. As a preferred optional step, the nonwoven sheet is surface coated (by, e.g.,
printing, spraying, etc.) with 5%, by weight, of a 1.l mixture of mineral oil and paraffin
wax. The entangled nonwoven sheet is subjected to further heating, for example in a press
at 180°C for 10 sec, to provide a greater degree of three dimensionality. This sheet is
designated as Example 1 in Table 1. (This heating can may be performed before or after
adding the optional surface treatment, but is preferably conducted prior to application of the
additive.) This additional heating provides even further enhanced three-dimensionality.

Example 2

A cleaning sheet according to the present invention includes a first layer 100, a
second layer 200, and a third layer 300. The first layer 100 and the third layer 300 each

comprise a hydroentangled web of polyester fibers having a basis weight of about 30 grams



- 18- C. CD El ongation at 500 g CD elongation is a neasure
of the percent elongation a test sanple exhibits under a |l oad of 500 g. CD
El ongati on_can _be neasured using a Sintech Renew Instron 73 Q:Tﬁﬁﬁ%&gi ng
the Test wo¥RIBSHBware package) with a 100N | oad cell. Usiné this
instrunment, a Load vs. % Strain curve is generated. The testing paraneters
are as follows: Sanpl e width ==430 mMm Gauge Length 100
nm Crosshead speed = 300 mMmm m n "Fromt he curve generat ed,

t he soft war e pebsquaresmétére TheSecond dayersampoisesethé ahpye descrabed SEHERMADET® briind s i s
reported as GRlnfdrQRPmdtinghaihg 2 B0Ypropylene/EVARELES Gld3ahasR e, A MR IS ent count

The following are illustrativ xa es,of ¢leaning sheets of the present
Lnventi on. Bl AEReHPES Sch b RINBERNR Rt gﬂc{* Bripr1Q CETAGHON of tegspend aver. The
Exanpl e | second lal/Bi 2006 pasfriofed Uetviesih thatfies ldyerel 00D theahikdlayed 306 iy JBASKE DS

d i -3 t Of I l. filanent),t Kk i
Sheet of 1 ne BiB2andoRR, e s MEEREIGHS Py prRTRE It Pl 1 PR
scrimin bet vesting bbabonis}3af efpr alitue 1T epatridsat i on of the two carded webs and
the scrimare the \ﬁnﬁ:’ﬁg a?chlet fH3 t.gJ un%ﬁ‘%%lhé’sr GATeRoB 1Pk R8behk Dhitatlde fthét

ydroent dngl ed an grle ) I

square) and are h ( } : € wat er ~ent'angling process
causes the fi#erageHsigheRiffsentialiand therfyrface Fapagraphydndes, #ééb‘%éh m%k‘aé}etlanm ed
with the scrim while causing the fibers to nove apart and provide two

di sti-nct basis weight regions. During the drying process, the
hydr oent angl ed sheet becones "quilted" (i.e., greater three dinensionality
is achieved) as a result of shrinkage of the pol ypropylene scrimrelative
to the polyester nonwoven. As a preferred optional step, the nonwoven sheet
is surface coated (by, e.g., printing, spraying, etc.) with 5% by weight,
of a 1:1 mxture of mneral oil and paraffin wax. The entangl ed nonwoven
sheet is subjected to further heating, for exanple in a press at 180[err]
for 10 sec, to provide a greater degree of three dinensionality. This sheet
is designated as Exanple 1 in Table 1. (This heating can nmay be perforned
before or after adding the optional surface treatnment, but is preferably
conducted prior to application of the additive.) This additional heating
provi des even further enhanced three-di nensionality.

Exanpl e 2 A cl eani ng sheet according to the present invention
includes a first layer 100, a second |layer 200, and a third |ayer 300. The
first layer 100 and the third | ayer 300 each conprise a hydroentangl ed web
of polyester fibers having a basis weight of about 30 grans




-19- per square neter. The second | ayer conprises the above descri bed
THERMANET[ err] brand reinforcing netting having a pol ypropyl ene/ EVA resin,
2 sided adhesive, and a filament count of 3 filaments per inch by 2
filaments WeP83Eh prior to contraction of the second | ayer PCHNE R

| ayer 200 is positioned between the first |ayer 100 and the third [ ayer 300
in a BASI X B400 hand press. The three |l ayers are joined by pressing in the
hand press at a tenperature setting of about 330[err]F for about 13
seconds. The wi pi ng arti clCempamtivdExamplesur ed val ues of Average Peak
to Peak Di stance, the Average Height Differential, and the Surface

Topogr aphy | ndex, Gomparativé exaniplé i\ filustratesi 2 nonwoven sheet having a uniform basis

- 20- _ weight that is. ?ssentially planar. COTRATAL € B¥lERdiflly available from Kao
Conparative exanple A illustrates _a nonyoven sheet havi'ng a uniform basis

wei ght that COREYOR: Takyoy Japam#a QUICKKE sheet is comercially available

from Kao Corporation, Tokyo, Japan, as IICKLE[err].

Tabl e | Exanpl e # Aver age Average Peak to Peak Surface
Topogr aphy Drtrarentt al - pLstance
| ndex Example # Ave:;_e ight | Average Peak to ﬁ‘]“ﬁ Surface Topography 1
0.74 1.5 Differential 0.5 Distance 2 Index 1.8
3 0.6 Cangar at ijlve A (mm) (., 14 0.85
0. 16

1 0.74 L5 0.5

2 18 3 0.6

Comparative A 0.14 0.85 0.16




21 1. A macroscopi cal 'y three-dimensional cleaning sheet having a
first outward surface and a second outward surface, characterized in that

at least o f e outward surfaces has an Average Peak to f@gﬁsﬁh cance
of at Ieas?ﬁ)lﬁﬁzn%a}nd a Surface Topography Index fromO0.01 to ) gi

The cl eaning sheet of . Claim | char acterifed i n that.the -Average Hei ght
Differential of at | east one of the outvvald

surfaces i ' \ ﬂ\‘e“ “rm
preferably | t 1 re preferably at least 1.5 nmll Pliﬂ
cl eani ng shee 8?“6@}‘%' or 2 characterized in that % rage peak to
Peak Di stance of at |east one of the outward surfaces is at least 2 mm
preferably atqI|eas : | | f | r
characteri zedl'i n tﬁalfla%co ?éy%é}gegggﬁé{sgjﬂ@egga@%?}éler?geh aﬁpgaa{rhfsé%&\ggge of
the outward stwiage asdias sgond outward eurfaee. gharaeterizadyinf thatnat least omenefi the 5.

The cl eani ng &liGeid QirfRBY has anﬂﬁ?s}ei‘%elPéhkCt'&aPé’a‘kt Bistangé df%t?l&%# 1t if A Ghace
Topogr aphy I ngex of . at Ieﬁls one o bhe tward surfaces is trrom0.1 to 5,
preferably fretHas®2opersp 8"&08?% 56?3 from0.3 to 2. 6. The |

cl eani ng sheet of any of Clains 1-5 having an additive apﬁl i eﬁ at a |l ow
effective levgl t ' [ o] adhesion of. soi.l to e,sheet, .
preferably at?an grdlgé’ giréhﬂg esﬁg%tf nglql a tchﬁfaﬁ%ﬂ?‘ze‘g)}'}v%?tgh}e Hyerage Taight,
pref erabl y atDii¢rential afrat leastconeqdf the owteeasd surfdcebis atirasthd.S mimj prefesdbbeleast

preferably at) g atlte Qrertradi§lat Rhst/ ¥ 9Mnt t0 15% by weight of the sheet,
preferably an add-on Pevel gfa fr%mS to 10% by weight of the sheet. - 7.

The cl eaning sheet of Caim®6 characterized in that the additive is a
m xture of m3eral Tig dledmirh he¥®df Claim 1 or 2 characterized in that the Average Peak to

Peak Distance of at least one of the outward surfaces is at least 2 mm, preferably at
least 3 mm.

4, The cleaning sheet of Claim 1 or 2 characterized in that the Average Peak to
Peak Distance of at least one of the outward surfaces is from 1 to 20 mm, preferably
from 4 to 12 mm.

5. The cleaning sheet of any of Claims 1-4 characterized in that the Surface
Topography Index of at least one of the outward surfaces is from 0.1 to 5, preferably
from 0.2 to 3, more preferably from 0.3 to 2.

6. The cleaning sheet of any of Claims 1-5 having an additive applied at a low
effective level to provide improved adhesion of soil to the sheet, preferably at an
add-on level of at least 0.01%, by weight of the sheet, preferably at an add-on level
of at least 1%, by weight of the sheet, preferably at an add-on level of from 1 to
15%, by weight of the sheet, preferably an add-on level of from 3 to 10%, by weight
of the sheet.

7. The cleaning sheet of Claim 6 characterized in that the additive is a mixture
of mineral oil and a wax.

8. The cleaning sheet of any of Claims 1-7 characterized in that the cleaning
sheet demonstrates improved cleaning performance in consumer panel testing relative
to a cleaning sheet that is substantially planar.



cl eani ng sheet dem)nstrat--esw \ i ng performance in consuner panel
testing re ' oacleg\“ « IS substantially

22 9. ﬁ#szsgégsaabl e maamM optcally three-di nensional cl ?gﬁl‘?ﬁﬁgs% 3g"’et

that reduces the level of airborne materials in the atnosphere, relative to
conventional dust renoval processes. 1022 A di sposabl e macroscopically

t hr ee- di nensi onal cl eani ng sheet that reduces the | evel,K of particul ate
soil's on surf#ces, Ar dspasable masressaricHly; breerdiggasional plapaing psheetcthat geduces)
The cl eani ng thgewrtelobf aithor@t rhatatidls id-the® dtmospheas kelitiveVtbhednvehtional idasis to
use the sheet_on at |east one surface having particulate material on it, to
| ower the | evEMOP ‘HQFTSF%SUI ate material in the air relative to conventi onal
dust renoval processes. 12. The cl eaning sheet of any of Clains 1-10 in
a package wthqi nskr ' ‘ ek ; I 0 vi ng
particul ate mi;(%'er i é Zﬁg;%]dslﬁ?,@ I{I%r%égﬂlc%@t ﬁ'e cﬁel\r/ngﬁsxgl#al pcgér%tﬁ %ng.uﬁ’ﬁg?t?ﬁé{)?{dﬁgﬁ@t he
surface.  13the leygl of praiculatsr soisnon sutfaces, celative &0 ragnmentionalc dust cremoyal

t hr ee-di nensig,xa,agssgg_eani ng sheets, the cleaning sheets being in a package
In association with instructions to use the sheets to reduce airborne
particul ate matter. 14. The article of manufacture of Caim 13
characterizedll.n tTht cianidg ishet nf@hy ofi Claiowd~1& én & patkdget with $nstroctions tbhe
sheet on surf t r L1 ] I .culk e

article of mﬁ%ﬁg\gtsﬂgé oE%)f ﬁé? %lk.r%sgﬁwg%aér}%g{ngrﬁag{ é%tkﬁ% %éarfa i S gi‘éqga{?ng};ﬁ\eat e
matter is not levelgifipraiculaty watetiplan therdinrstative teconyentionad dust iemoval processes.
traditionally treated with sheets to renove particulate matter. 16. A

cl eani ng i npl enent _co rLsing: . a. .a handl e; and .
12.  The cleaning sheet of any of Claims 1-10 in a package with instructions to

8. The cl eani ng sheet of any____O._f. Gﬁ‘%ﬁv? characterized in that the
S

use the sheet on at least one surface having particulate material on it, to reduce the
level of particulate soil on the surface.

13. An article of manufacture comprising macroscopically three-dimensional
cleaning sheets, the cleaning sheets being in a package in association with
instructions to use the sheets to reduce airborne particulate matter.

14, The article of manufacture of Claim 13 characterized in that said instructions
comprise instructions to use the sheet on surfaces that are soiled with particulate
matter.

15.  The article of manufacture of Claim 14 characterized in that said particulate
matter is not visible and/or the surfaces are not those that are traditionally treated
with sheets to remove particulate matter.

16. A cleaning implement comprising:
a. a handle; and
b. a removable cleaning sheet, characterized in that the cleaning
sheet is the sheet of any of Claims 1-12.

17.  The cleaning implement of Claim 16 in association with instructions that the
use of it will reduce the level dust dispersed into the atmosphere relative to
conventional dust removal processes.



b. a renovabl e cl eani ng sheet TH“ t hat the cl eaning

sheet is the sheet of any of CHm“ngImHm‘ The cl eani ng i npl enent of
Caiml16 i Rygsgegsation with instraucttiofls £hat the use of it pgfiukosiasérce
the | evel dust dispersed into the atnosphere relative to conventional dust

removal processes. 23 18.
The cleaning i nplenment of Claim1l7 char acgeri zed | n t hat said dust
conprises all epgen he cl in of .Cl ai 6 in

25661 atton wibn | Wb lARing fmPBRef! GReRTL” SRark e h siai il it ohurrises
particul ate selldrgens. t he surface, relative to conventional dust renoval
processes. 20. A process for cleaning a surface conprising contacting

the surface with a _nmacroscopically three-di nensional cleaning sheet having
a first outwal® sulhacleaping impleaeahefl Glaimdpdn sssocigtien vaHainatcucsions it ithe t hat

at | east one gée éhewutremeat&uem%ﬁwhﬁ& 891 Y SHeaPra b FKlatite Poeé’dﬁv&tﬁﬁﬁnce
of at | east 1d ﬁt rface Topography |ndex of from 0 Ol to .
Gt Iremova processe

20. A process for cleaning a surface comprising contacting the surface with a
macroscopically three-dimensional cleaning sheet having a first outward surface and
a second outward surface, characterized in that at least one of the outward surfaces
has an Average Peak to Peak Distance of at least 1 mm and a Surface Topography
Index of from 0.01 to 10.



