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(57) ABSTRACT 

The present invention relates to a nonWoven substrate suit 
able for use as a cleaning sheet having density of no more 
than 0.15 g/cm3 and comprising at least one ?brous Web, 
said substrate comprising at least one ?rst region and at least 
one second region Wherein said second region comprises 
protruding elements and is capable of greater geometric 
deformation than said ?rst region. The present invention also 
relates to the use of said substrates as cleaning sheets, a 
process of cleaning soiled surfaces With said substrates and 
a method of making said substrates. 
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LOW DENSITY, HIGH LOFT NONWOVEN 
SUBSTRATES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/406,855 ?led Aug. 29, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention relates to nonWoven sub 
strates, having loW density, preferably high loft and Which 
comprise at least one ?brous Web, at least a ?rst region and 
at least a second region Wherein the second region comprises 
at least one protruding element and is capable of greater 
geometric deformation than the ?rst region. The second 
region preferably comprises protruding rib-like and/or fold 
ing elements Within or on the surface of the substrate. The 
present invention also relates to a process capable of pro 
ducing substrates having the described ?rst and second 
regions and preferably protruding rib-like and/or folding 
elements Within or on the surface of the substrate. 

[0003] The substrates of the present invention have a Wide 
range of potential uses, but are particularly Well suited for 
use as disposable surface care products such as dry dusting 
sheets, Wet and dry ?oor cleaning Wipes/pads, Wet and dry 
counter Wipes, and the like. 

BACKGROUND OF THE INVENTION 

[0004] The use of nonWoven sheets for cleaning surfaces 
are knoWn in the art. Such sheets typically utiliZe a com 
posite of ?bers Where the ?bers are bonded via adhesive, 
entangling or other forces. See, for example, US. Pat. No. 
3,629,047 and US. Pat. No. 5,144,729. To provide a durable 
Wiping sheet, reinforcement means have been combined 
With the staple ?bers in the form of a continuous ?lament or 
netWork structure. See, for example, US. Pat. No. 4,808, 
467, US. Pat. No. 3,494,821 and US. Pat. No. 4,144,370. 
Also, to provide a product capable of Withstanding the rigors 
of the Wiping process, prior nonWoven sheets have 
employed strongly bonded ?bers via one or more of the 
forces mentioned above. While durable materials are 
obtained, such strong bonding may adversely impact the 
materials’ ability to pick up and retain particulate dirt. In an 
effort to address this concern, US. Pat. No. 5,525,397 to 
ShiZuno et al. describes a cleaning sheet comprising a 
polymeric netWork layer and at least one nonWoven layer, 
Wherein the tWo layers are lightly hydroentangled so as to 
provide a sheet having a loW entanglement coef?cient. The 
resulting sheet is said to provide strength and durability, as 
Well as improved dust collecting performance because the 
composite ?bers are lightly hydroentangled. Sheets having a 
loW entanglement coef?cient (i.e., not more than 500 m) are 
said to offer better cleaning performance because a greater 
degree of ?bers are available for contact With dirt. 

[0005] While the sheets described in the ’397 patent are 
alleged to address some of the problems With prior non 
Woven cleaning sheets, those sheets appear to be generally 
uniform, at least on a macroscopic level and are essentially 
of a uniform caliper, again on a macroscopic level. HoWever 
a sheet having such uniformity is not particularly suitable for 
collecting and entrapping soil of a diverse siZe, shape, etc. 
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[0006] As such, there is a continuing need to provide 
cleaning sheets that offer improved soil removal, collection 
and entrapment. Accordingly, it is an object of this invention 
to overcome the problems of the prior art and particularly to 
provide a structure more capable of removing, collecting and 
entrapping various types of soil. Speci?cally, it is an object 
of the present invention to provide a nonWoven substrate 
having signi?cant three-dimensionality and thus provide a 
cleaning sheet exhibiting enhanced soil removal, collection 
and entrapment. 

SUMMARY OF THE INVENTION 

[0007] The present invention relates to a nonWoven sub 
strate suitable for use as a cleaning sheet having density of 
no more than 0.15 g/cm3 and comprising at least one ?brous 
Web, said substrate further comprising at least one ?rst 
region and at least one second region Wherein said second 
region comprises protruding elements and is capable of 
greater geometric deformation than said ?rst region. 

[0008] In a preferred embodiment the present invention 
relates to a nonWoven substrate Wherein the second regions 
comprise protruding rib-like structures and/or folding ele 
ments Within or on the surface of the sheet. 

[0009] The present invention also relates to a process of 
forming the above substrate Wherein the substrate is fed 
through a pair of corresponding rolls (502 and 504) at least 
one of said pair of rolls (502) comprising at least one, 
preferably a plurality of toothed (506) and grooved (508) 
regions about the circumference of the rolls, said grooved 
regions forming the ?rst regions of the substrate and said 
toothed regions forming the second regions of the substrate. 

BRIEF DESCRIPTION OF THE DIAGRAMS 

[0010] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming the present 
invention, it is believed that the present invention Will be 
better understood from the folloWing description in conjunc 
tion With the accompanying draWings, in Which like refer 
ence numerals identify like elements and Wherein: 

[0011] FIG. 1 is a simpli?ed perspective vieW of a pre 
ferred apparatus used to form substrates of the present 
invention With a portion of the apparatus being tilted to 
eXpose the teeth. 

[0012] FIG. 2 is a simpli?ed side elevation vieW of a static 
press used to form the substrate of the present invention. 

[0013] FIG. 3 is a is a simpli?ed side elevation vieW of a 
continuous, dynamic press used to form the substrates of the 
present invention. 

[0014] FIG. 4. is a simpli?ed illustration of another appa 
ratus used to form the substrates of the present invention. 

[0015] FIG. 4a. is a bloWn up illustration of the boXed 
area in FIG. 4, shoWing the distance of depth of engagement 
(DOE) of tWo corresponding rolls. 

[0016] FIG. 5. is another simpli?ed illustration of another 
apparatus used to form the substrates of the present inven 
tion. 

[0017] FIG. 6. is a plan vieW illustration of a preferred 
embodiment of the substrate of the present invention shoW 
ing the diamond shaped second regions. 
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[0018] FIG. 7. is a plan vieW illustration of a preferred 
embodiment of the substrate of the present inventions shoW 
ing tWo patterns of second regions; diamond shaped and 
roWs. The diamond shapes comprise folding protruding 
elements and are found toWard the center of the substrate 
Whereas the roWs comprise rib-like protruding elements and 
are found toWard the outer limits of the substrate. 

[0019] FIG. 8. is a plan vieW illustration of a preferred 
embodiment of the substrate of the present inventions shoW 
ing tWo patterns of second regions; diamond shaped and 
roWs. The diamond shapes comprise folding protruding 
elements and are found toWard the outer limits of the 
substrate Whereas the roWs comprise rib-like protruding 
elements and are found toWard the center of the substrate. 

[0020] FIG. 9. is a plan vieW illustration of a preferred 
embodiment of the substrate of the present inventions shoW 
ing rib-like roWs of protruding elements. 

[0021] FIG. 10. is a plan vieW illustration of a preferred 
embodiment of the substrate of the present inventions shoW 
ing tWo patterns of second regions arranged in Waves. 

[0022] FIG. 11. is a plan vieW illustration of a preferred 
embodiment of the substrate of the present inventions shoW 
ing diamond shaped protruding elements. 

[0023] FIG. 12. is a cross sectional illustration of the 
substrate shoWing the pro?le of the protruding elements. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The present invention relates to substrates suitable 
for use as cleaning sheets in the removal of dust, lint, hair, 
grass, sand, food crumbs, dirt, soil and other matter of 
various siZe, shape, consistency, etc., from a variety of 
surfaces. 

[0025] As a result of the ability of the substrates When 
used as cleaning sheets to reduce, or eliminate, by various 
means, including removal, collection and entrapment of 
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 materials on surfaces and in the atmosphere, 
relative to other products and practices for similar cleaning 
purposes. The use of a loW level of additive, uniformly 
attached on at least one area of the substrate in an effective 
amount to improve the adherence of soil, especially particu 
lates, and especially those particulates that provoke an 
allergic reaction, provides a surprising level of control over 
soil adherence. At least in those areas Where the additive is 
present on the substrate, the loW level is important for such 
use, since, unlike traditional dusting operations Where oils 
are applied as liquids, or as sprays, there is much less danger 
of creating a visible stain, especially on such non-traditional 
surfaces, When the substrate is used. The preferred structures 
also provide bene?ts by trapping larger particles rather than 
abrading them to smaller siZes. 

[0026] Consumers With allergies especially bene?t from 
the use of the substrates herein, since allergens are typically 
in dust form and it is especially desirable to reduce the level 
of small particles that are respirable. For this bene?t, it is 
important to use the substrates on a regular basis, and not 
just When the soil becomes visually apparent, as in prior art 
procedures. 

Jun. 24, 2004 

[0027] The substrates of the present invention are suitable 
for use as preferably disposable dry dusting sheets. The term 
“disposable” is used herein to describe articles Which are not 
intended to be laundered or otherWise restored or reused 
(i.e., they are intended to be discarded after a single use, and, 
preferably, to be recycled, composted or otherWise disposed 
of in an environmentally compatible manner). Because of 
their single use nature, loW cost materials and methods of 
construction are highly desirable in disposable articles. 

[0028] As used herein, the term “Z-dimension” refers to 
the dimension orthogonal to the length and Width of the 
substrate of the present invention. The Z-dimension usually 
corresponds to the thickness of the substrate. The term “X-Y 
dimension” thus refers to the plane orthogonal to the thick 
ness of the substrate and thus usually corresponds to the 
length and Width, respectively, of the substrate. 

[0029] As used herein, the term “layer” refers to a com 
ponent of a substrate Whose primary dimension is X-Y, i.e., 
along its length and Width. It should be understood that the 
term layer is not necessarily limited to single layers or sheets 
of material. Thus the layer can comprise laminates or 
combinations of several Webs of the requisite type of mate 
rials. Accordingly, the term “layer” includes the terms 
“layers” and “layered.” 

[0030] For purposes of the present invention, an “upper” 
layer of a substrate 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 
substrate 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). The term 
“inner” layer means a layer sandWiched betWeen upper and 
loWer layers. 

[0031] By the term substrate it is meant a single ?brous 
Web or a laminate of tWo or more Webs, at least one of Which 
being a ?brous Web. And by the term Web it is meant a 
?brous Web or a ?lm (perforated, apertured, homogeneous, 
co-eXtruded or laminated). 

[0032] By starting substrate it is meant the unformed 
substrate prior to mechanical manipulation thereof. 

[0033] All percentages, ratios and proportions used herein 
are by Weight unless otherWise speci?ed. 

[0034] The First and Second Regions 

[0035] The substrates of the present invention comprise at 
least a ?rst region and at least a second region. Preferably 
said substrates comprise a plurality of ?rst and second 
regions. The substrates are designed such that said second 
regions are capable of greater geometric deformation than 
said ?rst regions. As used herein the term “geometric 
deformation” refers to deformations of the substrate Which 
are generally discernible to the normal naked eye When the 
substrate or articles embodying the substrate are subjected to 
an applied elongation force. This is in contrast to “molecu 
lar-level deformation” Which refers to deformation Which 
occurs on a molecular level and is not discernible to the 
normal naked eye. That is, even though one may be able to 
discern the effect of molecular-level deformation, e.g., elon 
gation of the substrate, one is not able to discern the 
deformation Which alloWs or causes it to happen. 
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[0036] The protruding elements of the second region per 
mit greater “geometric deformation” Which results in sig 
ni?cantly less resistive forces to an applied elongation than 
that exhibited by the ?rst region. Types of geometric defor 
mation include, but are not limited to bending, folding, 
unfolding, and rotating. The second regions of the substrates 
comprise protruding elements. As used herein, the term 
“protruding element” refers to an area of formation of ridges 
and/or furroWs on the surface of the substrate. The formation 
may be above or beloW the plane of the substrate and may 
be convex and/or concave. The protruding elements may 
consists of only slight formation of the substrate, producing 
a mildly undulating surface. Preferably, the protruding ele 
ments are more pronounced hoWever and can be described 
as rib-like and/or folding elements. Rib-like elements com 
prise a major axis and a minor axis de?ning an elongated 
cuboidal, ellipsoidal or other similar rib-like shape. The 
major axis and the minor axis of the protruding rib-like 
elements may each be linear, curvilinear or a combination of 
linear and curvilinear. Folding elements are greater in height 
than the rib-like elements and tend to fold over partially or 
completely obscuring an adjacent ?rst region. In some 
instances the folding elements may even partially obscure an 
adjacent protruding element. Each second region of the 
substrate preferably comprises a plurality of protruding 
elements. More preferably the protruding elements in each 
second region are contiguous With no unformed or ?rst 
regions betWeen them. 

[0037] The ?rst regions are preferably and most typically 
visually distinct from the second regions. As used herein, the 
term “visually distinct” refers to features of the substrate 
Which are readily discernible to the normal naked eye When 
the substrate or objects embodying the substrate are sub 
jected to normal use. 

[0038] The ?rst regions, When compared to the second 
regions, are substantially planar and unformed, comprising 
no protruding elements. The function of such areas is to 
provide integrity and strength to the substrate, especially 
during use. In comparison to the second regions, the ?rst 
regions are less extensible and less deformable. Hence 
Whilst they may undergo geometric deformation, it is less 
than What is discernible With respect to the second regions 
of the substrate. The ?rst regions typically undergoes a 
molecular-level deformation only and thus the main role of 
the ?rst regions of the substrate of the present invention is 
to limit the degree of extensibility of the substrate per se. 
The second regions by contrast comprise protruding ele 
ments Which are formed during the manipulation process 
described beloW. The protruding elements may appear visu 
ally like a region of corrugation comprising ridges and 
furroWs. Said protruding elements are capable of greater 
geometric deformation than the ?rst regions oWing to the 
existence of the corrugated areas. When a force is applied to 
the second region of the substrate the protruding areas are 
stretched, extended or deformed, becoming more planar, to 
the point of being substantially planar like the ?rst regions. 
Generally, the greater the siZe of formation of the protruding 
element the greater the level of geometric deformation 
available. The increased three dimensionality provided by 
the protruding elements of the second region provide a more 
ef?cient surface for removal of dirt from a surface When 
compared to a uniform substrate. The elements conform 
more easily to irregularities in a substantially planar surface 
(e.g. cracks, crevices, grout lines in tile ?oors, etc.) thereby 
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improving soil removal. The rib-like and/or folding protrud 
ing elements of the substrates provide further improved 
conformity to irregularities, especially the deeper irregulari 
ties. 

[0039] The protruding elements in addition to bene?ts 
discussed above also provide a system for collection and 
entrapment of the soils. In a preferred execution, the pro 
truding elements are folding elements as described above, 
Wherein the height of the protruding element is greater than 
the Width. In a particularly preferred embodiment the second 
region comprises a plurality of contiguous folding protrud 
ing elements. In this embodiment the protruding elements 
fold from the base of the element, covering or at least 
partially covering, the adjacent folding protruding element, 
thereby forming a closed or partially closed pocket betWeen 
the folding elements. In an alternative embodiment, the 
height of the folding protruding element is greater than the 
Width of an adjacent ?rst region such that When the pro 
truding element bends at the base thereof (i.e., fold over), it 
Will cover, or at least partially cover, the adjacent ?rst 
region, thereby forming a closed or partially closed pocket 
betWeen the folding elements and the adjacent ?rst region. 
In another execution, the height of the protruding element 
may cover, or at least partially cover, the adjacent ?rst region 
as Well as a portion of the next protruding element. In this 
embodiment as With the preceding embodiment, the folded 
protruding element forms a closed or partially closed pocket 
betWeen the protruding elements and the adjacent protruding 
element. With current “planar” dusting substrates, soil can 
be lost from the substrate and/or redeposited When the user 
changes Wiping direction (Where potentially the most loss 
occurs When the Wiping direction is changed 180 degrees 
from previous Wiping direction). The bene?t of such folding 
elements in any of the above described embodiments is that, 
during Wiping, soil can be caught in the pockets produced by 
the folded protruding elements. When the user, changes or 
reverses the direction of cleaning, the protruding element 
?ips direction or fold over to cover up the soil, thereby 
forming a substrate pocket in Which the soil can be protected 
from further possible loss and/or redeposition onto the ?oor. 
Additionally, When the substrate protruding elements fold 
over to prevent soil loss, the other side of the protruding 
element and adjacent ?rst region is exposed for further soil 
capture. An additional bene?t of the above execution is that 
the soil (e.g., dirt, small stones, etc.) is protected from 
potentially damaging (i.e., scratching) the surface that is 
being Wiped since the folded protruding element is noW 
covering up the soil. 

[0040] The ?rst and second regions may be of any suitable 
shape and arranged in any desirable pattern. Examples of 
shapes may include strips (FIGS. 7 and 8), Waves (FIG. 10) 
or blocks of ?rst and second regions intermittently spaced or 
islands of second regions in ?rst regions or vice versa (FIG. 
6). In one preferred embodiment strips of the ?rst regions are 
intermittently spaced betWeen strips of second regions. In 
another preferred embodiment a portion of the ?rst regions 
extend in a ?rst direction While the remainder of the ?rst 
regions extend in a second direction such that the ?rst 
regions extending in different directions intersect one 
another at intervals. The second direction is preferably 
substantially perpendicular to the ?rst direction. In this 
embodiment the ?rst regions form a boundary completely 
surrounding the second regions, such that the overall pattern 
of ?rst and second regions formed resembles a plurality of 
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diamonds (FIGS. 6 and 11). The percentage surface area 
coverage of the substrate of ?rst and second regions may 
vary according to the intended use and pattern desired. 
HoWever, for the purpose of soil removal and collection, it 
is preferred that the substrate comprises a greater surface 
area of second regions than ?rst regions. The pattern of ?rst 
and second regions may in fact provide a performance 
bene?t. And so it is also envisaged that a substrate for use 
as a cleaning sheet may comprise tWo or more different 
patterns across the surface of the substrate. In one example 
it may be envisaged that a cleaning sheet substrate according 
to the present invention comprises folding protruding ele 
ments, preferably high and/or large folding protruding ele 
ments toWard the center of the substrate Where larger dirt 
particulates can collect (instead of soil building up in the 
leading edges of the mop) and less pronounced ridge or 
rib-like protruding elements in the outer limits of the sub 
strate (FIG. 7). This design of substrate offers (1) more 
ef?cient sheet utiliZation since more of the sheet is exposed 
for soil capture, (2) less opportunity for large particulate soil 
and/or soil agglomerates to collect (in piles) at/on the 
leading edges of the mop, and (3) less opportunity for a pile 
of dirt on the ?oor, since more of the soil is captured by the 
sheet. 

[0041] Whilst the substrates of the present invention 
clearly comprise both ?rst and second regions, the substrates 
also comprise transitional regions Which are located at the 
interface betWeen the ?rst and second regions. The transi 
tional regions Will exhibit complex combinations of the 
behavior of both the ?rst region and the second region. It is 
recogniZed that every embodiment of the present invention 
Will have transitional regions, hoWever, the present inven 
tion is largely de?ned by the behavior of the substrate in 
distinctive regions. Therefore, the description of the present 
invention Will be concerned With the behavior of the sub 
strate in the ?rst and second regions only since the present 
invention is not signi?cantly dependent upon the complex 
behavior of the substrate in the transitional regions 

[0042] Method of Making the Substrates 

[0043] The substrates of the present invention comprise 
?rst and second regions. As discussed above the ?rst regions 
are substantially unformed or planar, Whereas the second 
regions are formed, comprising protruding elements. The 
?rst and second regions of the substrate are formed from a 
starting substrate that is substantially planar. Said starting 
substrate is fed through a specially designed machinery 
Which forms the protruding elements of the substrate in 
prede?ned areas resulting in the second regions of the 
substrate. The processes beloW are described With respect to 
manipulation of a starting substrate. Said substrate once 
formed may be used as a cleaning sheet as is or may be a 
component of a more complex laminate cleaning sheet. In 
the present description, by the term “formed” substrate (eg 
the substrate is formed) it is meant that the starting substrate 
has been fed through the machinery described and the 
protruding elements of the second regions of the substrate 
have been formed. 

[0044] Referring noW to FIG. 1, there is shoWn an appa 
ratus 400 used to form the substrate 52 shoWn in FIG. 6. 
Apparatus 400, includes intermeshing plates 401, 402. 
Plates 401, 402 include a plurality of intermeshing teeth 403, 
404, respectively. Plates 401, 402 are brought together under 
pressure to form the substrate of the present invention. 

Jun. 24, 2004 

[0045] Plate 402 includes toothed regions 407 and 
grooved regions 408 both of Which extend substantially 
parallel to the longitudinal axis of the plate 401. Within 
toothed regions 407 of plate 402 there are a plurality of teeth 
404. Plate 401 includes teeth 403 Which mesh With teeth 404 
of plate 402. When a substrate is formed betWeen plates 401, 
402 the portions of the starting substrate Which are posi 
tioned Within grooved regions 408 of plate 402 and teeth 403 
on plate 401 remain undeformed. These regions correspond 
With the ?rst regions 60 of the substrate 52 shoWn in FIG. 
6. The portions of the starting substrate positioned betWeen 
toothed regions 407 of plate 402, (Which comprise teeth 
404), and teeth 403 of plate 401 are incrementally formed 
creating the second regions and/or the protruding elements 
74 in the second regions 66 of the substrate 52. 

[0046] The method of formation can be accomplished in a 
static mode, Where one discrete portion of a substrate is 
formed at a time. An example of such a method is shoW in 
FIG. 2. Astatic press indicated generally as 415 includes an 
axially moveable plate or member 420 and a stationary plate 
422. Plates 401 and 402 are attached to members 420 and 
422, respectively. While plates 401 and 402 are separated, 
the starting substrate is introduced betWeen the plates 401 
and 402. The plates are then brought together under a 
pressure indicated generally as “P”. The upper plate 401 is 
then lifted axially aWay from the plate 402 alloWing the 
formed substrate to be removed from betWeen the plates 401 
and 402. 

[0047] Alternatively, the method of formation can be 
accomplished using a continuous, dynamic press (FIG. 3) 
for intermittently contacting the moving starting substrate 
and forming the starting substrate into the formed substrate 
of the present invention. The starting substrate 406 is fed 
betWeen plates 401 and 402 in a direction generally indi 
cated by arroW 430. Plate 401 is secured to a pair of rotatably 
mounted arms 432, 434 Which travel in a clockWise direction 
and Which move plate 401 in a clockWise motion. Plate 402 
is connected to a pair of rotary arms 436, 438 Which travel 
in a counter clockWise direction moving plate 402 in a 
counter clockWise motion. Thus, as the starting substrate 
406 moves betWeen plates 401 and 402 in the direction 
indicated by the arroW 430 a portion of the starting substrate 
betWeen the plates is formed and then released such that the 
plates 401 and 402 may come together and form another 
section of starting substrate 406. This method has the bene?t 
of alloWing virtually any pattern of any complexity to be 
formed in a continuous process eg unidirectional, bi 
directional and multi-directional patterns. 

[0048] FIG. 4 shoWs another apparatus generally indi 
cated as 500 for continuously forming the substrate of the 
present invention. Apparatus 500 includes a pair of rolls 502, 
504. Roll 502 includes a plurality of toothed regions 506 and 
a plurality of grooved regions 508 that extend substantially 
parallel to a longitudinal axis running through the center of 
the cylindrical roll 502. Toothed regions 506 include a 
plurality of teeth 507. Roll 504 includes a plurality of teeth 
510 Which mesh With teeth 507 on roll 502. As a starting 
substrate is passed betWeen intermeshing rolls 502 and 504, 
the grooved regions 508 Will leave portions of the starting 
substrate unformed producing the ?rst regions of the sub 
strate of the present invention. The portion of the starting 
substrate passing betWeen toothed regions 506 and 510 Will 
be formed by teeth 507 and 510, respectively, producing the 



US 2004/0121686 A1 

second regions of the substrates of the present invention, and 
more speci?cally the protruding elements of the present 
invention. 

[0049] Alternatively roll 504 may consist of soft rubber. 
As the starting substrate is passed betWeen toothed roll 502 
and rubber roll 504 the starting substrate is mechanically 
formed into the pattern provided by toothed roll 502. The 
substrate Within the grooved regions 508 Will remain 
unformed, While the starting substrate Within the toothed 
regions 506 Will be formed producing the second regions of 
the substrate of the present invention, and more speci?cally 
the protruding elements of the present invention. 

[0050] Referring noW to FIG. 5 there is shoWn an alter 
native apparatus generally indicated as 550 for forming the 
starting substrate into a formed substrate. Apparatus 550 
includes a pair of rolls 552, 554. Rolls 552 and 554 each 
have a plurality of toothed regions 556 and grooved regions 
558 extending about the circumference of rolls 552, 554 
respectively. As the starting substrate passes betWeen 552, 
554 the grooved regions 558 Will leave portions of the 
starting substrate unformed, While the portions of the start 
ing substrate passing betWeen toothed regions 556 Will be 
formed producing the second regions of the substrates of the 
present invention, and more speci?cally the protruding 
elements of the present invention. 

[0051] The height and frequency of the protruding ele 
ments of the substrate is dependent on: (1) tooth pitch 
meaning the distance from tooth tip to tooth tip; (2) depth of 
engagement (see distance DOE, FIG. 4a) meaning the 
extent to Which the toothed and grooved regions of the tWo 
rolls overlap; and (3) substrate properties (e.g., basis Weight, 
caliper, number of ?bers, ?ber diameter, ?ber types, etc.). 
During the mechanical manipulation process, the starting 
substrate is traveling betWeen the upper and loWer rolls. 
While the starting substrate travels betWeen the rolls 
described, the starting substrate becomes “locked” betWeen 
the tips of teeth on either roll (i.e., When the starting 
substrate cannot move in the direction perpendicular to 
movement of starting substrate through the rolls). From a 
hardWare point of vieW, the point When starting substrate 
“lock up” occurs depends on (1) the tooth pitch and (2) depth 
of engagement. Typically, the smaller the tooth pitch and 
larger the depth of engagement, yields an earlier starting 
substrate “lock” occurrence and thus taller and more fre 
quent protruding elements. The greater height and frequency 
of the protruding elements results in a substrate With greater 
potential for substrate geometric deformation. From a start 
ing substrate point of vieW, the thicker the starting substrate, 
the more ?bers, and the greater the basis Weight, also, yields 
an earlier starting substrate “lock” occurrence and thus as 
above, results in a substrate With greater potential for 
substrate geometric deformation. Hence in order to produce 
a substrate With protruding elements, but not being bound to 
a speci?c tooth pitch and starting substrate, the depth of 
engagement of the toothed and grooved regions is preferably 
in excess of 0.01 inches. 

[0052] It is clear from the above process that the ?rst 
regions result from contact With the grooved regions of the 
roll and are thus unformed and substantially planar. HoW 
ever it may also be envisaged that the ?rst regions comprise 
a comparatively minor level of formation. In this case, the 
grooves of the roll may be shalloW or comprise an irregular 
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surface such that When the starting substrate is fed through 
the machinery, the ?rst regions comprise a corresponding 
irregular surface. Alternatively it may be envisaged that the 
starting substrate may be fed through a series of manipula 
tion processes. In at least one of these processes the ?rst 
regions are manipulated so as to be minorly formed. Sub 
jecting the starting substrate to a series of formation manipu 
lation processes alloWs the manufacturer to produce a sub 
strate comprising more than one pattern. Thus in a ?rst 
pattern is formed during a ?rst manipulation step and a 
second pattern is formed during a second manipulation step. 
It is also conceivable that more than tWo patterns are applied 
to the substrate. 

[0053] As discussed above the use of more than one 
pattern can provide a performance as Well as aesthetic 
bene?t. In addition minor deformation of the ?rst regions 
may in fact provide a further performance bene?t in that said 
?rst regions Will have even loWer density, thus be even more 
suitable for capturing soil. In all such situations hoWever, 
said second regions are alWays visually distinct from said 
?rst regions. 

[0054] In order to make the process feasible for mass 
production of commercial interest the process must run at a 
minimum speed of approximately 50 feet/minute. Suitable 
starting substrates for use in such high speed manipulation 
of the Web(s) are those that can be manipulated at said 
minimum speed Without tearing, perforating, creating holes 
and/or substantially unacceptable thin regions (i.e. less 
opaque, loWer ?ber concentration) in the substrate. 

[0055] The Substrate Composition 

[0056] The ?rst and second regions are preferably com 
prised of the same material composition. The substrate of the 
present invention is made from at least one ?brous Web. It 
is envisaged that the substrate according to the present 
invention may be a single ?brous Web that has undergone the 
mechanical manipulation to form the ?rst and second 
regions of the substrate. Alternatively it can equally be 
envisaged that the substrate may be composed of a laminate 
of at least tWo, more preferably at least three or even more 
Webs, Wherein at least one Web is a ?brous Web. The 
laminate of Webs may be compiled prior to being subjected 
to the mechanical manipulation to form the ?rst and second 
regions of the substrate as above. Alternatively the laminate 
of Webs may be compiled at the point Where the Webs are fed 
into the machinery. Further still, it can be envisaged that the 
substrate composed of a single ?brous Web or a laminate of 
tWo or more Webs is subjected to the mechanical manipu 
lation above, and is then used as a component of a more 
complex cleaning sheet structure. 

[0057] The substrates of the present invention have loW 
density, meaning that the density of the substrate is no more 
than 0.15 g/cm3, more preferably no more than 0.12 g/cm3, 
more preferably no more than 0.1 g/cm3 and most preferably 
no more than 0.09 g/cm3. LoWer density substrates have 
greater pore volume and are therefore more suitable for 
collection and entrapment of soil. In addition to the increase 
in volume for storing said soil, the loWer density substrate 
also results in the ?bers entangling With soil particles, etc., 
further prohibiting redeposition of the soil on the surface 
cleaned. 

[0058] The substrates of the present invention are prefer 
ably lofty meaning that they have caliper of no less than 0.7 
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mm, more preferably no less than 0.8 mm and most pref 
erably no less than 0.9 mm. The substrates of the present 
invention are also preferably resilient, meaning that the 
substrate substantially reforms its original shape and caliper 
once a force has been applied to the substrate and then 
released. One measure of substrate resiliency is the amount 
of thickness recovery (caliper rebound) exhibited by the 
substrate once a pressure load (0.066 psi) is removed (mea 
sured after 3 min). The substrates of the present invention 
preferably exhibit caliper rebound of greater than 65%, more 
preferably greater than 70%, and most preferably greater 
than 75% of its original caliper. The test methodology for 
measuring caliper rebound is detailed hereafter. It is also 
preferable that the protruding elements of the regions of the 
substrate are resilient, not only so that the substrate can be 
used to full capacity, but also so as to ensure that the 
protruding elements can rebound after having been com 
pressed during packaging and storage. 

[0059] The substrates of the present invention are prefer 
ably made using lightly bonded/entangled Webs made by 
various nonWovens processes including, but not limited to 
air laid, carded, carded thermal bonded, carded chemical 
bonded, carded through air bonded, melt bloWn, spunbond, 
spunlace, and combinations thereof. By ‘lightly bonded/ 
entangled’ it is meant that (1) the ?bers are loosely or not 
bonded/entangled together throughout the thickness (Z-plane 
of the Web) of the Web and/or (2) the distance betWeen 
bond/entanglement points are Widely spaced apart from each 
other. The substrates of the present invention preferably 
have a basis Weight of from 10 to 120 grams/meter2, more 
preferably from 15 to 100 grams/meter2 and most preferably 
from 20 to 90 grams/meter2. 

[0060] To determine Which starting substrates are capable 
of being manipulated using the above described process, the 
starting substrates are subjected to the above process of 
manipulation to determine Whether the process Will tear, 
perforate, create holes and/or substantially unacceptable thin 
regions (i.e., less opaque, loWer ?ber concentration) in the 
substrate. The mechanical manipulation process parameters, 
meaning speed of mechanical manipulation, depth of 
engagement betWeen tWo corresponding rolls, tooth pitch, 
in?uences the ability of the starting substrate to Withstand 
the rigors of the mechanical manipulation. Due to this 
complexity, the method of selecting starting substrates is to 
subject the starting substrate of interest to the mechanical 
manipulation process to determine if the formed substrate 
delivers the desired results. Depending on the results of 
these experiments, various mechanical manipulation process 
parameters can be adjusted to aid in making a selected 
starting substrate useful in this process. 

[0061] Preferred starting substrates comprise Webs that 
can extend or elongate quickly Without tearing, perforating, 
creating holes and/or substantially unacceptable thin 
regions. Typically the preferred Webs should be able to 
extend about 200% in about 0.01 seconds or less. 

[0062] Preferred substrate of the present invention com 
prising at least tWo different ?ber types. By that it is meant 
that the substrate comprises at least tWo ?ber types that differ 
from one another by ?ber length, ?ber diameter (denier), 
?ber chemistry, ?ber ?nish and mixtures thereof. 

[0063] Fibers suitable for forming the Webs used in the 
production of the substrates of the present invention are 
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selected from the group consisting of: Wood pulp, cotton, 
Wool, and the like, as Well as biodegradable ?bers, such as 
polylactic acid ?bers, and synthetic ?bers such as polyole 
?ns (e.g., polyethylene and polypropylene), polyesters, 
polyamides, synthetic cellulosics (e.g., RAYON®, Lyocell), 
cellulose acetate, bicomponent ?bers meaning ?bers com 
prising a sheath/core or side by side construction of at least 
tWo different materials; and blends thereof and ?lms selected 
from the group consisting of polyole?n (e.g., polyethylene 
and polypropylene), polyesters, polyamides, cellulose 
acetate, glycine, ethyl vinyl acetate, biodegradable ?lms 
such as polylactic acid and laminates of ?lms (co-extruded 
?lms) and mixtures thereof. Preferred ?bers for making the 
substrates of the present invention are synthetic and bicom 
ponent materials, Which can be in the form of carded, carded 
thermal bonded, carded chemical bonded, carded through air 
bonded, hydroentangled, spunbond, meltbloWn, airlaid, or 
other structures. 

[0064] In a particularly ?rst preferred embodiment, the 
substrate is composed of a single ?brous Web made from a 
spunbond Web. HoWever currently available spunbond Webs 
are often not suitable to Withstand the rigors of the mechani 
cal forces imparted to the Web during the mechanical 
manipulation to produce the second region(s) and speci? 
cally the protruding elements Without the Web tearing or 
perforating. In typical spunbond Webs, the ?bers are bonded 
throughout the Z dimension of the Web. Hence, in a pre 
ferred aspect of the present invention the substrate is made 
from a single ?brous Web made by the spunbond process 
Which has been ‘lightly bonded’ only. With regard to spun 
bond Webs this speci?cally means that only a portion of the 
outer surface ?bers of the Web is bonded, leaving the interior 
Web ?bers substantially not bonded. Typically, these bonds 
are imparted to the ?brous Web by passing the Web through 
heated embossed calendar rolls. The extent of Web bonding 
can be adjusted using a number of variables; for example 
emboss pattern and embossed surface area, temperature, nip 
pressure, and residence time in the embossed calendar rolls. 
Amethod for determining Whether a spunbond Web is lightly 
bonded is to rub the Web betWeen thumb and ?nger using 
average pressure for about 30 seconds. If the Web begins to 
shoW signs of piling, then it is suitably lightly bonded. 

[0065] A preferred spunbond Web is made using bicom 
ponent ?bers. Preferably said bicomponent ?bers are 
selected from the group consisting of polyethylene/ 
polyproylene, polyethylene/polyethylene terephthalate, 
polyethylene/nylon and combinations thereof. A preferred 
spunbond Web Was sourced from BBA NonWovens, Wash 
ougal, Wash. The Web Was a modi?ed Softspan (tradename) 
spunbond Web, With increased basis Weight (range of 30-80 
gsm), reduced embossing parameters (nip pressure, emboss 
temperature) such that the starting substrate When rubbed 
Will readily pill, modi?ed ?ber denier (in the range of 1.8 to 
5.8 dpf; and mixtures thereof), and modi?ed core/sheath 
bicomponent ratio in the range of 50/50 to 30/70 PE/PP. 

[0066] The basis Weight of such spunbond substrates is 
preferably from about 10 to about 120 grams/meter2, more 
preferably from about 15 to about 100 grams/meter2, and 
most preferably from about 20 to about 90 grams/meter2. 

[0067] In another preferred second embodiment the sub 
strate is a laminate of at least tWo ?brous Webs. The Webs are 
layered one on top of the other forming upper, loWer and 














