WD 02/ 00085 PCT/ US01/ 19842 PARTI CLE ENTRAPMENT SYSTEM BACKGROUND Dust
cloths for renoving dust froma surface to be cleaned, such as a table, are
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relates to a cleaning sheet for collecting and retaining dust, |arger
parti cl edartipdely grotleardlebritiebris. A particle entrapnent system or cl eaning
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to provide a cleaning sheet that attracts debris without the use of an oily spray. It would
also be advantageous to provide a cleaning sheet that retains relatively large and/or denser
20 particles of debris. These and other advantages of the present invention will become
apparent to those who review this disclosure and appended claims.
SUMMARY

The present invention relates generally to the field of cleaning sheets, such as for

use in cleaning surfaces (e.g., in the home or work environment). More particularly, the
25 invention relates to a cleaning sheet for collecting and retaining dust, larger particles
and/or other debris.

A particle entrapment system or cleaning sheet is provided. The cleaning sheet is
useful for cleaning and removing particles and other debris from a surface such as a table,
floor, article of furniture or the like, The cleaning sheet may include a number of layers or

30 sheets to increase debris retention and/or strength. The sheet may include a particle
retention layer (e.g., base layer) including electret material for collecting and retaining the

particles. The sheet may also include an outer layer (e.g., cover layer) covering at least a

portion of the particle retention layer. The cover layer generally includes a plurality of



portion of the particle retention |layer. The cover |ayer generally includes
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used int

20 disclosure means the value of a load (i.e., the first peak value during the measurement of
the tensile strength) at which the cleaning sheet begins to break when a tensile load is
applied to the cleaning sheet. The breaking strength of the sheet should, however, be high
enough to prevent “shedding” or tearing of the cleaning sheet during use. The breaking
strength of the cleaning sheet is typically at least about 500 g/30 cm and cleaning sheets

25 with breaking strengths of 1,500 g/30 c¢m to 4,000 g/30 cm are quite suitable for use with
the cleaning implements described herein.

When intended to be used with a cleaning utensil, mounting structure or the like,
the cleaning sheet typically has a relatively low overall elongation to assist in resisting
“bunching” or “puckering” of the cleaning sheet. The term “elongation” as used in this

30 disclosure means the elongation percentage (%) of the cleaning sheet when a tensile load
of 500 g/30 mm is applied. For example, when designed to be used in conjunction with a
mop or similar cleaning implement where the cleaning sheet is fixedly mounted, the

present cleaning sheets typically have an elongation of no more than about 25% and,

preferably, no more than about 15%.



30 di sclosure neans the el ongation percentage (% of the cleaning sheet
when a tensile load of 500 g/30 nmis applied. For exanple, when designed
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Throughout this disclosure, the text refers to various enbodi nents of the
cl edhi ng eremiedhan ahopt | fimolish andsees-wes drty QP?’B@&PSa?rém%ﬁi@Hd%a@dt Btor ovi de
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descriptions o ernative species. The descriptions of t vari ous
enbodi nentgs, pmyelhes diist aué pthepfineiparticdpie maftee vari ous enbodi nents di scussed

are nerely illystrative.and are not neapt to limt 1he scope of .the
present 1 nvent] Brichan B Biealisforthecalie o ke erlel b SRR RENE clpading
per spect i etV TaWvRfiowd hiRRANh&Hs BERABE arB GReHEINg Fmi@a PRI Bill Mistrative
enbodinent. FIGURE 2 is a cross-sectional view of a cleaning sheet taken

al ong | i resamples ehd shRuBUmRSEt be cansitredian descoiptionseodantipinatiye speisisdi dbat . FI GURE 3
is afra nt ar tially exploded sectional yiew of a cleaning sheet 25
accor di ngfé?%ipgﬁgfﬁ% ﬁét&w Jan eﬁ(}g)dgﬁ%rga%?% _orf' overYappmg scope. c’l‘he \r{dds
embodiments discussed are merely illustrative and are not meant to limit the scope of the
present invention.
BRIEF DESCRIPTION OF THE FIGURES
20 FIGURE 1 is a perspective view of a cleaning utensil according to an exemplary
embodiment.
FIGURE 2 is a cross-sectional view of a cleaning sheet taken along line 2-2 of
FIGURE 1 according to an exemplary embodiment.
FIGURE 3 is a fragmentary partially exploded sectional view of a cleaning sheet
25 according to another exemplary embodiment.
FIGURE 4 is a fragmentary partially exploded sectional view of a cleaning sheet
according to another exemplary embodiment.
FIGURE 5 is a fragmentary partially exploded sectional view of a cleaning sheet
according to another exemplary embodiment.
30 FIGURE 6 is a top plan view of a scrim according to a suitable embodiment.
FIGURE 7 is a fragmentary top plan view of the cleaning sheet according to a

suitable embodiment.



FIGURE 4 is a fragnentary partially expl oded sectional view of a cleaning
sheet according to another exenplary embodinment. FIGURE 5 is a fragnmentary
partial | wexpbwsed sectional view of a cleaning sheet aceOT/@sogog4r anot her
exenpl ary enmbodi ment. 30 FIGURE 6 is a-4op plan view of a scrim according
to a suitable enbodinent. FIGURE 7 is a fragnentary top plan view of the
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with an electrostatic force for attracting 10 (e.g ol I ecting)
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col'l ecr @iyt ok SERA G TEE Mo Borer G desrraes WS Ersrs gt he
core, so atn%r%ﬁfrﬁﬁ'd‘éﬁn§6'§ faes 20iRk 309y psd t@yer 20 remmins substantially
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pol ytetraf | uor o I pi he cI »Sh con red to
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nor e t hanmakyh thk dieetBt hfial. Cover layer 20 may be made of a material that has a

relatively low debris retention capacity (i.e., that does not significantly attract or collect
the debris), and generally has a lower debris retention than the core, so the exterior surface

20 of cover layer 20 remains substantially free of debris 68. Examples of exemplary
materials that do not significantly collect dust include perforated sheets formed from .
polytetrafluoroethylene. Typically, the cleaning sheet is configured to retain no more than
about 10 g/m? of particulate matter, more suitably no more than about 1 to 5 g/m?.
PARTICLE RETENTION LAYER

25 Core 30 includes a particle retention surface 32 located within pad 10 adjacent
cover layer 20. Cavities 34 of particle retention surface 32 trap, collect and retain a
significant amount of debris 68. For example, the debris may be embedded against a wall
of the cavity. According to suitable embodiments, the particle retention layer may be a
shaped fabric, a continuous sheet of flexible material, or multiple sheets of material.

30 Referring to FIGURE 2, cavities 34 can be formed from pores randomly distributed in
core 30. Cavities 34 may be any shape or conbination of shapes such as rounded, jagged,
irregular, etc. as shown in FIGURE 2. For example, the cavities may be rectangular, star,
oval, or irregular shaped. The cavities may be disposed in a regular pattern, as depicted in

FIGURE 3 and may be randomly arranged.



PARTI CLE RETENTI ON LAYER 25 Core 30 includes a particle retention surface
32 located within pad 10 adjacent cover layer 20. Cavities 34 of particle
retenti ow@urémee 32 trap, collect and retain a significhet/uaemoesd2 of
debris 68. For- exanple, the debris may-be enbedded against a wall of the
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in FIGURE 2.° For exanple, the cavities may be rectangul ar, star, oval, or
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depicted | RE random .00085
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The cavities_ typically have an average depth in the range of about 0.1 to
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function 110 shown in FI GJ S subst al | he s pad 10,
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20 68 is substantially prevented from escaping the interior of pad 110 by cover layer 20.
FIGURE 4 shows a pad 210, another exemplary embodiment of the cleaning sheet.
Pad 210 differs substantially from pad 10 in two respects: the structure of core 30 is
changed, and the material of core 30 is changed. Other than these modifications, the
construction, performance and function of pad 210 is substantially the same as pad 10, and
25 like reference numerals are used to identify like elements. A core 230 of pad 210 is
shaped (e.g., as a sinusoidal wave) to form the pores (shown as depressions 234) for
retaining debris 68. A top cover layer 20 “sandwiches” or presses core 230 against a
bottom cover layer 20. Protrusions (shown as projections 236) extend from core 230 to
form depressions 234. Projections 236 are generally blunt shaped and include an inclined
30 or sloping wall 240. The sloping shape of projections 236 provides additional surface area
in depressions 234 for collecting and retaining debris 68. As shown in FIGURE 4,
projections 236 are arranged in a row-like or corrugated pattern. Projections 236 of a top

particle retention surface 232 are shown arranged in an alternating pattern, such that

projections 236 of surface 232 correspond to depressions 234 of a bottom particle



20 68 is substantially prevented fromescaping the interior of pad 110 by
cover layer 20. FIGURE 4 shows a pad 210, another exenplary enbodi nent of
the cl eawog2/eieet. Pad 210 differs substantially from pRAI/US0T/ 1984200
respects: the structure of core 30 is “GChanged, and the material of core 30
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that projections 236 of surface 232 correspond to depressions 234 of a
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Accordi ng,to qther,suitable.enbodi nents, it rotrusions . (J.ge.

proj&ct i %hgl}ge nﬁldtthg“&%ﬁr@i °f?9f83,8|_a£?e°6%%eé’r gﬁtg?r tﬁ'ﬁ@ﬂ‘ﬁ’@? @loflg]r‘fﬁté%isi Wea vari ety
of other BalthRIiBS, peﬁ%rrﬁance%_@tfﬁﬂéﬁbﬁﬂﬁ{)élﬁltd"i@ stis¥aridially kigd SAndeek §ad 10 ungur f ace
correspondi ng to the protrusions of he bottom particle retenti on surface

and ar r ariFedeferenge nemeraisiase vyediaidentifiidikaddementy.. CorefB0n i vedgle & ewar
sui t abl e _enbodi ment h I I 4.-an Kclie - ention
Caver (1 AR e Ak e RR el et B8 Borth b1 ol g ufhrid

cavi ti es)forfi&l byathe sp@esibeveentie eatadgled fibehei.pathei debss fsatitied batweay eic

FIGURE 5 shows a pad 310, another exenplary errbodi_rrentsv\glf t he cl eani ng
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reference nuperals _are used to identify |ike elenents. Core 330 of pad 310
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(i.e., the debris is retained between the 15 fibers that formthe core).
Accelr di ngtrandspydres ostomtsals veelleastioatnnandt fiimstthas heve beamaljbrijlated, apertured, or

otherwise treated to impart fabric-like properties. Nonwoven fabrics or webs have been

formed from many processes such as for example, meltblowing processes, spunbonding
processes, and bonded carded web processes. The basis weight of nonwoven fabrics is
usually expressed in ounces of material per square yard (“osy”) or grams per square meter
25 (“gsm”) and the fiber diameters useful are usually expressed in microns. Basis weights
can be converted from osy to gsm simply by multiplying the value in osy by 33.91.
(According to another suitable embodiment, the fibers may be woven.)
According to an exemplary embodiment, a web or lattice (shown as a scrim 50 in
FIGURE 6) may support the fibers of a non-woven sheet. This allows the production of
30 sheets which have a relatively low entanglement coefficient (e.g., no more than about
800 m) while retaining sufficient strength to be used for cleaning. As shown in FIGURE
5, scrim may be integrally embedded within the fibers to form a unitary support structure.
In FIGURE 6 scrim 50 includes a net having horizontal members 52 attached to vertical

members 54 arranged in a “network™ configuration. Spaces (shown as holes 56) are



made froma variety of conbinations of materials formed in a variety of
structures. The term "nonwoven" as used in this disclosure includes a web
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20 web (i.e., scrim) is described in U.S. Patent No. 5,525,397, the disclosure of which is

hereby incorporated by reference.
The degree of entanglement of the fibers in the core can be measured by an
“entanglement coefficient”. The entanglement coefficient is also referred to as the “CD
initial modulus.” The term “entanglement coefficient™ as used in this disclosure refers to
25 the initial gradient of the stress-strain curve measured with respect to the direction
perpendicular to the fiber orientation in the fiber aggregate (cross machine direction).
(The term “stress” as used in this disclosure means a value which is obtained by dividing
the tensile load value by the chucking width (i.e., the width of the test strip during the
measurement of the tensile strength) and the basis weight of the nonwoven fiber
30 aggregate. The term “strain” as used in this disclosure is a measure of the elongation of
the cleaning sheet material.)
Suitable nonwoven fiber aggregates for use in forming the present cleaning sheets
have an entanglement coefficient in the range of about 20 to 500 m (as measured after any

reinforcing filaments or network has been removed from the nonwoven fibrous web) and,
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20 nonwoven aggregate with a very low degree of entanglement.

A suitable nonwoven aggregate for use in producing the present cleaning sheet can
be formed by hydroentangling a fiber web (with or without embedded supporting
filaments or a network sheet) under relatively low pressure. For example, the fibers in a
carded polyester nonwoven web can be sufficiently entangled with a network sheet by

25 processing the nonwoven fiber webs with water jetted at high speed under 25-50 kg/cm®
of pressure. The water can be jetted from orifices positioned above the web as it passes
over substantially smooth non-porous supporting drum or belt. The orifices typically have
a diameter ranging between 0.05 and 0.2 mm and can be suitably arranged in rows beneath
a water supply pipe at intervals of 2 meters or less.

30 In cases where the entanglement coefficient of the fiber aggregate is to be set at a
value not greater than 800 m, it may be difficult for a sheet, which is constituted only of a
fiber aggregate, to achieve the values of sufficient breaking strength and the elongation.
By entangling the fibers to scrim 50 into a unitary body, and the elongation of this layer is
kept low and its processability can be enhanced. Shedding of the fibers from the cleaning
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20 nonwoven fiber aggregate can worsen, and shedding of the fibers from the cleaning sheet
may occur more frequently. The denier of the fibers in the nonwoven fiber aggregate, the
length, the cross-sectional shape and the strength of the fibers used in the nonwoven fiber
aggregate are generally determined with an eye toward processability and cost, in addition
to factors relating to performance.

25 The cleaning sheet typically includes an outer nonwoven fiber layer or net/web
which has a relatively low basis weight as an outer fabric layer (i.e., the material on the
cleaning surface of the sheet). According to a particularly suitable embodiment, the
nonwoven layer or net has a basis weight in the range of about 20 to 150 g/m?, preferably
30 to 75 g/m?. A low basis weight can assist in providing a “stream-line” or compact look

30 and feel to the cleaning sheet. The basis weight of the cleaning sheet may be about 50 to

250 g/m” (or greater or lesser depending on the intended use for the cleaning sheet).
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t hi 30 di sadrizateden b prefefreddicection’t)hSuak polatizationgaaim olve heterocharges,

homocharges, or both, depending on the material used and the method of preparation. For
additional information on electret materials, see Bernard Gross, “Electret Devices for
Pollution Control”, State of the Art Review, Vol. 6, Optosonic Press 1972 (discussing the
properties of electret materials), U.S. Patent No. 5,057,710 issued to Nishiura et al.

25 (discussing a method for preparing electret materials), U.S. Patent No. 5,429,848 issued to
Ando et al. (disclosing electret tubular nonwoven fabric formed by catching the fibers
carried by a fluid in a DC field), U.S. Patent No. 5,726,107 (discussing a nonwoven
electret fiber mixture including at least two types of electret fibers made from different
materials), U.S. Patent No. 4,486,365 (discussing a

30 process and apparatus for the preparation of electret filaments, textile fibers and similar
articles), the disclosure of each which is hereby incorporated by reference.

Materials of the Particle Retention Layer.
The fibers used in the core are typically formed from thermoplastic materials.

Thermoplastics materials are believed to retain an electrostatic charge for long periods,



of a 9000 neter length of fiber. The denier of the fibers of the particle
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ret &l n arfhegteracerséneatol ap exrmplsy pobodisiegt peshpyadn FigIBE H0bsstabriq may be
PCT/ USO1/ v}o%%ﬁ,zsuch as those traditional textile fabrics made by weaving (i.e., the interlacing of

two or more yarn sets at right angles on a loom), or by knitting (i.e., the interlooping of
one or more yarns upon itself or themselves). According to a suitable embodiment as
shown in FIGURE 4, the fabric may be nonwoven. Nonwoven fabrics may be made by
25 mechanically (such as by hydroentanglement), chemically or thermally interlocking layers
or networks of fibers (or filaments or yarns). Nonwoven fabrics may also be made by
interlocking fibers or ﬁléments concurrent with their extrusion and/or by perforating
relatively thin films.
The materials of the core may be rendered electret by any variety of known
30 methods. For example, the core materials can be rendered electret by coating them with
an electret material such as a wax. The core materials may also be rendered electret by
spinning them in a strong electrostatic filed. The core materials may also be rendered
electret by using triboelectret effects (i.e., inducing a charge by rubbing the fibers with

other media). According to a suitable embodiment, at least 20% of the core materials are
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film which permts continuous charging techniques. The fibers may al so
i ncl ude ¥eo2/e0p8t hetic fibers (such ai acetate fibers), repeRerased fibers
(such as cupra and rayon), natural fib 35 (such as cotton and bl ends of

cotton), and other fibers or conbinations of natural or synthetic 5 fibers.
The base dlegjtst (byiweight ‘ebmegfershly 3-89 %e Thaerre ataterisdohaigs desguitehly imam as
shown i i -a h-n y t ex
Foans. SuipiTEa g oo B R E L Ca DALY L MR PR Bt
reacts wiloh @ubhstyae. Tie genenatiel iBay ks thecgpacite arionin déexihdeng awidech i s
trapped as, bubbl es during a pol yneri zation process, 10 thereby form ng the

foam Ot it astehprelG gahs The dprify of rersriidle miended to hagollesifdani®e resin

f oa ar iical . i h ; ) N the

br estnae o B O e i Py o, gy P VRl

hydr oxi denatural dreyetiietiy fibere i matdagd thg btdakingalrangth and aldngatstn dfithewgpref f wat er .

Such ion is beljeved to. L (i.e. st i
el uth oo Bop Rl TRLENGE m? SBSIE B idhumhea GatortruatioRy SEISE bk by
reacting ﬂogyﬁéyﬁﬂé&r, pbRel)Rnb/ R3RRGE RiytatafRfife (RTBY, ¥§lonaRGon, ac&gg, fe.esence

of a blow'ng ‘agent” to forma phenolic resin. (Duri'ng curing, so
f or mal derapdsombthalienstherpoé typically |iberated.) The reactive nethol

groQQS of ErAS t Sj an react further to enlarge the polyneric
chain le ) - k to forma three-dinensional network. The
base | ayer (i .Rsferr@t6 FIGBRHE coRd® i9khdwi adveted dratgbindled (b6 @ver layer
continuous 20 sheet) according to an exenplary enbodi mrent as shown in
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coating thesywk dyer 8MaGégCt ret material such as a wax. The core materials
may al so be rendered electret by spinning themin a strong electrostatic
filed. The corkherhackingdaysr may beineere bigid rhetle a greater basis weight than the

core or the cover layer to provide support and structure to the cleaning sheet. According

to other suitable embodiments, a space or other intermediate layers may be positioned
between the backing layer and the outer fabric layer. A variety of materials are suitable
for use as a backing layer, as this layer has the desired degree of flexibility and is capable

25 of providing sufficient support to the sheet as a whole. Examples of suitable materials for
use as a backing layer include a wide variety of lightweight (e.g., having a basis weight of
about 10 to 75 g/m?), flexible materials capable of providing the sheet with sufficient
strength to resist tearing or stretching during use. The backing layer is typically relatively
thin, e.g., has a thickness of about 0.05 mm to about 0.5 mm, and can be relatively non-

30 porous. Examples of suitable materials include spunbond and thermal bond nonwovens
sheets formed from synthetic and/or natural polymers. Other backing materials which can
be utilized to produce the present cleaning sheets include relatively non-porous, flexible
layers formed from polyester, polyamide, polyolefin or mixtures thereof. The backing

layer could also be made of hydroentangled nonwoven fibers if it meets the performance
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of about mmto a mm an ere atrve
20 cross-sectional dimension = (D; + D,)/2). The average cross-sectional d1mens1on of each

of the holes is typically at least about 1 mm?, more typically in the range of about 1 to
100 mm?, most suitably in the range of about 5 to about 25 mm?*. According to a suitable
embodiment, the cross-sectional dimension of all the holes relative to the total surface area
of the exterior surface of the cover layer is typically about 30% to 95% and more suitably
25 70% to 90%. The number of holes and the average cross-sectional dimension of the holes
is selected to allow maximum amount of debris through the holes, while separating the
core from the surface to be cleaned and maintaining the debris in the core.
The cover layer may be made of a material that has a low debris retention (i.e., that
does not significantly attract or collect the debris) and generally has a lower debris
30 retention than the core. According to a suitable embodiment, the cover layer may be made
of a thermoplastic material. Thermoplastic materials or fibers may include, without
limitation polyesters, polyamides and polyolefins, polypropylene, polyethylene,
polystyrene, polycarbonate, nylon, rayon, acrylic, etc. and combinations thereof. The

thermoplastic materials may be produced by a melt blown process. Other materials that do
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20 apertures of the cover layer and should not substantiality retain the debris. The adhesive

may be applied as a solid layer, a continuous pattern (e.g., a circle or serpentine pattern), a
discontinuous pattern (e.g., a series of lines of a matrix of dots), or any other desired
pattern such as checkerboard, cross, crisscross, etc. The adhesive material may be applied
to the cover layer, the core, or to any other suitable intermediary surface (if any) or
25 backing layer. According to other suitable embodiments, the cover layer, in whole or in
part, and the core may be welded together (e.g., ultrasonic, infrared, melt bonding of
thermoplastic in localized locations, spot welding, etc.). According to still other suitable
embodiments, the cover layer may be attached to the core by entanglement (e.g., hydro-
entanglement) or by other fasteners (e.g., construction adhesives, clips, embossing, etc.).
30 DIMENSIONS OF THE CLEANING SHEET
The physical dimensions of the cover layer and the core are generally not thought
to be critical. The outer perimeter of cover layer 20 is typically larger than the outer
perimeter of core 30, as shown in the FIGURES, so that debris 68 may pass through holes

22 of cover layer 20 before being retained in core 30. Cover layer 20, as shown in
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64. According to suitable embodiments, the cleaning utensil may be a broom, brush,
polisher, handle or the like adapted to secure the cleaning sheet. The cleaning sheet may
be attached to the cleaning utensil by any of a variety of fasteners (e.g., friction clips,
screws, adhesives, retaining fingers, etc.). According to other suitable embodiments, the
25 cleaning sheet may be attached as a single unit, or as a plurality of sheets (e.g., strips or
“hairs” of a mop).
The components of the cleaning utensil, namely the mounting structure, adapter
and handle, may be provided individually or in combinations (e.g., as a kit or package).
The components of the cleaning utensil may be readily, easily and quickly assembled and

30 disassembled in the field (e.g., work site, home, office, etc.) or at the point of sale for
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includes a y()klserom each of the cleaning sheets, samples having a width of 30 mm may be cut out

20 in the direction perpendicular to the fiber orientation in the sheet (i.e., in the cross machine
direction). The sample may be chucked with a chuck-to-chuck distance of 100 mm in a
tensile testing machine and elongated at a rate of 300 mm/min in the direction
perpendicular to the fiber orientation. The value of load at which the sheet began to break
(the first peak value of the continuous curve obtained by the stress/strain measurement)

25 may be taken as the breaking strength.

Elongation at a load of 500 g/30 mm

The elongation of a sample, at a load of 500 g in the measurement of the breaking
strength in the cross machine direction described above, may be measured. For the
purposes of this test, “elongation” is defined as the relative increase in length

30 (in %) of a 30 mm strip of cleaning sheet material when a tensile load of 500 g is applied

to the strip.
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20 axis represents the strain, and O represents the origin), the limit of straight-line

relationship is represented by P, the stress at P is represented by S;, and the strain at P is
represented by 7. In such cases, the entanglement coefficient is calculated as E=Sy/,.
For example, when S,=60 m and %=86%, E is calculated as E=60/0.86=70 m. It should
be noted that the line OP is not always strictly straight. In such cases, the line OP is
25 approximated by a straight line.
Although only a few exemplary embodiments have been described, the present
invention is not limited to one particular embodiment. Indeed, to practice the invention in
a given context, those skilled in the art may conceive of variants to the embodiments
described herein (e.g., variations in sizes, structures, shapes and proportions of the various
30 elements, values of parameters, mounting arrangements, or use of materials) without
materially departing from the true spirit and scope of the invention. Various modifications
may be made to the details of the disclosure without departing from the spirit of the

invention.



20 in the direction perpendicular to the fiber orientation in the sheet
(i.e., in the cross machine direction). The sanple may be chucked with a
chuck-t owdozhoosd st ance of 100 mmin a tensile testing NMBRCHURE/ B84

el ongated at a rate of 300 mmnmin in t#& direction perpendicular to the
fiber orientation. The value of |oad at which the sheet began to break
(the first peak val ue of thelNIDUSTRIALUARMIACABIOTE ned by the stress/strain
measurenent) 25 may_be taken_ as the breaking strength. | pngati.on at a
Toad of 500/ g 30" THRCRIEIHGEI! P BFSea SHApral CDegn R (IR B2 g1 n ¢ he
measur emeiin bt o PAiRBle t8hnidies &@ighdnp ahdBiafeHiaB SinHRG N Sthe lelofl ka9 Be
descri bed above, may be neasured. or the purposes of this test,

" el ongat iused on 8 ety oé durfiases hieshras pdestiv,evoade caastefabric) gagstand e ke %9 of a
30 strip of.cl eaning sheet teri.al en a tensile | gad,of.50 i S
appiTed to ¢ rCufRe EReBeas mTBiskiootsr AenEiak Hioutns Bl dhiptatied ok
Coef fi ci aido ptbeids®hérginTBlheREeahRIFAMBIEN O Mal/ bR pheueay edar inbRt irglemegiaire.

Where the scrim has a lattice-like net structure, this is typically

acconpl i SAdk Toymefiercleagingeemsilkély Jntapfi ipmwlenpkeingiyde glovabdnsiets g sellcrat

their jung; [ : ts of the 5 network sheet
fron1theqﬁ%ﬁﬁgé%@ﬂg?ggg8%%%#éa§@ga§j dgggﬂééggggabi sanple having a wdth
of 15 mMmuyey fdrelcating@uifaéds, édmemanlyendludea glespenhdadiundra denidyeshbétber
orientation _in the sheet (i.e., I1.n the croii_nachi e direg}ion). The

sanpf e meépPHEe ehbring eoumledhtodhe plgening Beade iy afdigipaiths ki cot msBidgdvioke a tensil e
testing | : e I i on

per pendi capaye PLinfRla AP Sfhaing RokPht Al e et BB ot on)
The t ensitokel dctthealprw/ided(dsr aprpiadlywsicmbiasgdeating mpilbrmerlcwngatkitptheof t he

sanpl e be .measured. The val ue, ich is qgbtai.n by. dividing th

Lonsi | o |QEHBATRIERor] piafFablydnsHfss %‘?ﬁffﬁﬁnwg(l?%g Hier @f%%he PSR i ght
of the napweyelatly ReLched e @ERlBnAEHeR. 9/ M), is taken as the stress, S (in
nmeters). A stress-strain curve is obtained by plotting stress ("S")

agai nst the elongation ("strain" in % (i.e., stress S[n]=(F/0.015)/W. 15
For a nonwoven fiber aggregate, which is held together only through the

ent angl enent of the fibers, a straight-line relationship is generally
obtained at the initial stage of the stress-strain (elongation) curve. The
gradient of the straight |line is calculated as the entangl enent
coefficient E (in neters). For exanple, in the illustrative stress-strain
curve shown in FIGURE 9 (where the vertical axis represents the stress, the

hori zont al



20 axis represents the strain, and O represents the origin), the limt of
straight-line relationship is represented by P, the stress at Pis

repr esentve@ 0b9008p, and the strain at P is represented byPgpUSOm1o84ech
cases, the entangl ement coefficient islalculated as E=Sp/yp. For exanpl e,
when Sp 60 in and yp 86% E is calculated as E=60/0.86=70 in. It should be
not ed t haWHATRIS ChATNIED ES:not al ways strictly straight. In such cases, the

line OPis 25 r oxi mat by a.stragight line.. Although anly a few

exonpl ar - e daEIREE e oriteaiird Aok Pl BB E St bapbRtes not
limted to one Rafdb sib@lonaFRGhdRIhg ant BIREERS mdt&id F@cdolieSidhdirBiMBiig ON i N
a given context, those skilled in the art may conceive of variants to the
enmbodi nerthgpartielssiranded herein (e.g., variations in sizes, structures,
shapges and praportioen f th I.1,0uUs n I f r ters,
rmunfi ng arr anagleo#éeﬁ?@?er gcr)veﬁlsn %fe aﬁtaat%orrgg §§t%g\n'% F"f%%betr\é%rr%g&z%aggﬁ’l y departing
from t he lhydd@omptisin adow desiapRnidn e rianyeIihelading danifactshavixdl 4 ploadlitpos  may
be made to the details of the disclosure without departing fromthe spirit
of the ianodwes snmepthasthowgBs PCT/ US01/ 19842 -18 | NDUSTRI AL APPLI CABI LTY
The cl eaning sheet of the present invention can be manufactured using
commercially avail abl e techni ques, equi pnent and nmaterial. In addition, the
cloth may2.be Tisadeanimgsheardfdilyinot whurdmthespatabs Rsvepl asdsiectiomabd, car pet,
fabric, g].ass.and tge |ike. 5 ¢ eaning inplements and net hods of cl eaning
sur f%ces njon peatdeashihony ! dHBet are al so provided herein. The cl eaning

i npl ement may be produced as an intact inplenment or in the formof a

cl eaning utensil kit. Intact inplenents include gloves, dusters and

rol l ers. 3.Kit sSTtecdemndigrpectofitainpt sbherein thevapertirehhavieta dimeateeotonyhéd to be
used for col eani ng surfaces, commonly include a cleaning head and a cl eani ng
sheet 1d bl e of being coupled to the cleaning head. In addition, the
kit can include a yoke capable of installation on the cleaning head and an
el ongate handle for attachnent to the yoke. Wiether provided as a

compf et eldy asskheivlesing shaeti of¢-lrinp| stherein e pagicke tefention fayer egrapiifich g

i npl ementel‘gcr %{gora%bl y includes a cl eaning head which allows the cleaning
sheet to g novably attached to the cleaning head. WO 02/ 00085

PCT/ USO1/ 19842 -19- -

5. The cleaning sheet of Claim 1 wherein the particle retention layer includes a
flexible polymeric sheet with at least one dust retention surface that includes a plurality of

20 depressions and is covered by the outer layer.

6. The cleaning sheet of Claim 5 wherein the flexible polymeric sheet includes the

electret material.

25 7. The cleaning sheet of Claim 1 wherein the particle retention layer includes an

electret fabric.

8. The cleaning sheet of Claim 7 wherein the electret fabric comprises a nonwoven
fabric.

30
9. The cleaning sheet of Claim 7 wherein the electret fabric layer includes a woven

fabric.



WHAT IS CLAIMED 1S: 1. A cleaning sheet for cleaning and renoving particles
froma surface conprising: a particle retention |ayer including an

el ectret wabzewsd for collecting and retaining the partiBCBPESO1ZN98425 an
outer |layer covering at |east a portioR0of the particle retention |ayer,
the outer |layer conprising a | ow dust retention material and including a
surface hdvi nglte qdé¢amireg sheyt affClaiape mheregsthe etactret fabiee etchwdes gtieas? ond thest

cl eaning sheet of .Claim1 erei n_ the apertures have a cross-sectional 10
di mensi orfe%fl&%q Sﬁféaﬁgﬁa‘gaéa\tf”?%alﬁhyﬁéde@?s ‘¢l eani ng sheet of Claim1

wherein the apertures have a dianeter of about 1 to 10 mm 15 4. The
cl eaning sheet of Claim1 wherein the particle retention |ayer conprises
el ectret ¥loamTI® clemingsheeimigdaishbathersin e pericie sateation has heelgiively gl

et ot ontebfy PPy o i B85 B PG e DB Rlss Wi eP e Rl 70”1

covered by the outer layer. 6. The cleaning sheet of Cdaimb5 wherein the
flexible polyneric sheet includes the electret material. 25 7. The

cl eani ng PheetThsrclemingsheet gfdrlamm] complekion mpwntingistpe®en | ayer i ncl udes an
el ectret fabric. 8. The cleaning sheet of Claim?7 wherein the el ectret
fabric conprises a nonwoven fabric. 30 9. The cleaning sheet of Claim7
wherei n tl3e elBotdeifgdheetaflGEyiar 7 ivheteirdihs ekectweiviadbric fnehidecat Wit AUHA085
PCT/ USQL/ 19842 = -20 10. The cleani ng sheet of Claim7 wherein the electret
fabtf c i nesiglfed ofeleretdibebne dust retention surface having a plurality of
depressions. 11. The cleaning sheet of Caim1 wherein the particle
retention has a relatively high 5 debris retention capacity and is capabl e
of retainlidng riheslpaitg sheetofttHam t hwhewinghe benedayer iRludehe thokmaplastiy sheet
of C ai méatglgléipl ed to a nounting structure.

15 15.  The cleaning sheet of Claim 1 having a breaking strength of at least about
500 g/ 30 mm.

16.  The cleaning sheet of Claim 1 having an elongation of no more than about 25 % at
- aload of 500 g/30 mm.
20

17.  The cleaning sheet of Claim 1 having a basis weight of about 50 to 250 g/m>,

18.  The cleaning sheet of Claim 1 wherein the particle retention layer comprises
electret fibers having a denier about 0.1 to 6.

25
19.  The cleaning sheet of Claim 1 wherein the particle retention layer includes a

plurality of pores.

20.  The cleaning sheet of Claim 1 wherein the apertures have a combined surface area

30 that is at least about 20% of the exterior surface area of the outer layer.

21.  The cleaning sheet of Claim 1 wherein the outer layer includes a plurality of

apertures with an average cross-sectional dimension of at least about 1 mm®.



13. The cl eaning sheet of Claim7 wherein the electret fabric includes at

| east about 20 10 weight % of electret fibers. 14. The cl eaning sheet of
Cl ai m 13 w#ereioss t he cover | ayer incl udgs a t hernopl asti cPCvEBEriosd2. 15 15.
The cl eaning sheet of Claim 1 having a2br eaki ng strength of at |east about
5009/ 30mm 16. The cl eaning sheet of Claim21 having an el ongation of no
nor e t har22aboukhexieaging: sheet df §deimot wheBirgths partiele regntion laypehas| aprlidle sheet

ofCIalmlhwn a. basi o 250 g/n2. 18. The cl eaning
sheet of fﬁﬁeg a%v\ﬂ@? err%%t Clleg&tatt?galsgat%gg{Z&gP%n | ayer conprises electret
fibers having a deni er about 0 1 to 6. 25 19. The cleaning sheet of Caim1l
wherein the particle retention_layer includes a plurality of pores. 20.
The cl earddng hekeniag ubgngil forcollpding and reiainygedebris §QMAHYBE a conbi ned surface
areas; 30 thatzd @ﬁéﬁ%t about 20% of the exterior surface area of the

out er | ayer 1. eani ng sheet of aim1 wherein the outer |ayer

i ncludes a pl uarcaéanmg sifeet aﬂaptredlfasmuplimgnoahe hamlriadedimgoss- secti onal

di mensi on of at |east about %l/ 00 85 PCT/ US01/ 19842 -21 22. The
cl eani ng sheet® RFUEP 5§ ?qun\/W@Fé‘? udtl%a‘b P ion layer has a

particle reteptd,pn 1&%?@8‘!751% faPleadt a%‘fﬁér%ﬁh@f)aﬁ&lel BeatioRRobt tloudém2. 23.

A cleaning utensil for ectlng d retaining debris conprising 5 a
cl eani ng lhgadycladicg &ahr&i@yylﬁeﬁrwa@aimvm & wossessopdriah dimensioneflabledstiahettudi ng:

a particle.rete nt| I includin n el et material; and an outer
layé? covel Py %‘f%%{m&}f”fvl(@ﬁtr %n %Pf‘{cl e retention layer, the

out er Iayer i ncI ud| ng a plurality of apertures having a cross-sectional
di mension of at |east about 10 1.0 m® and formed froma | ow dust

ret ent i ord4mat eFhiexdleaning utgndl of | (@aim Hyfugtheneqmprising ¥el alapted feriastallaiopr i si ng
a yoke adartlpthgﬁ fdpr installation on the head.

15 25.  The cleaning utensil of Claim 24 further comprising an elongate handle adapted for
attachment to the yoke.

26.  AKit for cleaning surfaces and collecting and retaining debris comprising
a cleaning head;
20 a cleaning sheet adapted for coupling to the head including:
a particle retention layer including an electret material; and .
an outer layer covering at least a portion of the particle retention layer;
wherein the outer layer includes a plurality of apertures therethrough and is formed from a
low dust retention material.
25
27.  The cleaning utensil of Claim 26 further comprising a yoke adapted for installation
on the head.

28.  The cleaning utensil of Claim 27 further comprising an elongate handle adapted for
30 attachment to the yoke.



15 25. The cleaning utensil of Claim24 further conprising an el ongate
handl e adapted for attachnment to the yoke. 26. A kit for cleaning surfaces
and col | axobugpoghd retai ning debris cogprising a cleani npCh&aey1922 a
cl eani ng sheet adapted for coupling to“the head including: a particle
retention layer including an electret material; and an outer |ayer covering
at | east 2. pord msthasfoficipanpigra Juslees e@RIMRHN | ayer; wherein the outer |ayer

i ncl udes a pl ucroﬁlaaitcfei%{% g{e_Sﬂg\g&tz‘%ﬁ%ﬁfegﬁﬁgw&?ﬂ%&%i : s formed froma |ow

dust retention e cl'8aning of Claim 26 further
conprising a ypketicldaftmibnllayer imdidihg slectet maeridljwndnead. 28. The cl eani ng
utensil of Caim27 further conprising_an elongate handl e adapted for 30
attachnment to a0atsdReeT coysTing b rags: noybon eicthe pajgislergtsadion Jayer; A et hod of

cl eani ng a sur LSl Qg | 1 i sheet
T o B S sl P R e
out er | ayfeom adave dustgei@htibremsaterial. porti on of the particle retention layer; 5
wherein the outer layer includes a plurality of apertures therethrough and
is formed froma |low dust retention material. 30. The nethod of C aim 29

wher ei n dgPITR h&h&d 88M01atN rlzg YeterdiR GelRAE HHFAShAREhitBe ARRAFRQHd iWdtdilda t he

particle retention |ayer.
within the particle retention layer.

10



