1 BULKY SHEET Field of the Invention The present invention relates to a
bul ky sheet made mainly of a fiber material and a process of producing the
sanme. s Background of the Invention The assi ghee of the present invention
previously proposed in US 5,525,397 a sheet having a network sheet and a
nonwoven fabric-1ike fiber aggregate on bne or both sides of the network
sheet. The fiber aggregate is forned by the entanglenent of fibers of a
fi ber web. §H§¥%§Tconstltutlng the fi ber aggregate are in entangl enent
10 not only anong ensel ves but with the network sheet to forma unitary
sheet. The surface of the sheet is substantially flat. Were the degree of
fiber entanglement is reduced enough to increase freedomof the constituent
fibers to gitiedd pfithednesntionnproved dust and debris (e.g., hair) trapping
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bul ky sheetandayrogssofimbdcikg thelseme. and a fi ber aggregate formed by
hydr oent angl enent of a fiber web and having a |arge nunber of protrusions
and depressions forned of the fiber aggregate. The fibers of the fiber
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a fiber aggregate forned
dust and debris (e.g., hair) trapping performance, the sheet is liable to fuzz or shed

fibers due to the loose entanglement of the fibers.

15 The assignee also proposed in US 6,936,333 a bulky sheet having a network
sheet and a fiber aggregate formed by hydroentanglement of a fiber web and having a
large number of protrusions and depressions formed of the fiber aggregate. The fibers
of the fiber aggregate are in entanglement not only among themselves but with the
network sheet to be unitary with the network sheet. The sheet is different from that of

20 US 5,525,397 in that it has protrusions and depressions all over its area. The
protrusions and depressions are results of hydroentanglement that is performed on the
fiber aggregate in such a manner that the fibers are rearranged to make the fiber
aggregate bend zigzag in its thickness direction. The protrusions and depressions per
se exhibit shape retention. Compared with the sheet of US 5,525,397, this sheet is less

25 liable to fuzz or shed fibers. When the sheet is used as a wet sheet as impregnated
with a liquid, however, it tends to meet a high frictional resistance against a surface to

be wiped and release the liquid at once.

Summary of the Invention
The present invention provides a bulky sheet having a fiber aggregate formed

30 by hydroentanglement of a fiber web. The fiber aggregate has a first region having a



30 by hydroentangl enent of a fiber web. The fiber aggregate has a first
region having a 2 high fiber density and a snmall thickness and a second
region having a lower fiber density and a |larger thickness than the first
region. The second region is surrounded by a closed figure defined by the
first region. The second region has protgusions and depressions. 5 The
present invention also provides a process of producing the bul ky sheet. The
process includes the steps of entan ng fibers of a fiber web with each
other to flighnfiber idpesityagnsh agunaldl thy &nesmgnd lBesepisk regiepy havagea dower fiksarj ef
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projections an resSions and a secon ttern tenplate having a nunber
of openi ngsbysaplosgbfgere slefinerd by ithesfirspagion. n ’El@nspp@nderegm lmmrtatp‘mwswda hi gh
pressure maﬁg&sg?hsagalnst the fi ber aggregate backed by the relief
patterning u TS cause part of the fiber aggregate to protrude toward the
depression exposed in the opening to forma second region having a relief
pattern corresponding to the depression exposed in the opening while
forming a first rBigipmesdnh im\reatipmaisooprovides afprbeass an@gxrmgairg the dadled shmet.t he
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Fig. 4. the depression exposed in the opening while forming a first region in the part of the

fiber aggregate located on the second pattern template.

15 Brief Description of the Drawings
Fig. 1 is a perspective of a bulky sheet incorporating an embodiment of the
present invention.
Fig. 2 is a cross-section of the bulky sheet of Fig. 1 taken along line II-II.
Fig. 3 is a perspective of a bulky sheet incorporating another embodiment of
20 the present invention (corresponding to Fig. 1).
Fig. 4 is a schematic view of an apparatus suitable to produce the bulky sheet
of Fig. 1.
Fig. 5 is a schematic view of a relief patterning unit in Fig. 4.
Fig. 6(a), Fig. 6(b), and Fig. 6(c) illustrate a first pattern template of the relief
25 patterning unit in Fig. 4.
Fig. 7 illustrates a second pattern template of the relief patterning unit in Fig. 4.
Fig. 8 illustrates another second pattern template of the relief patterning unit in
Fig. 4.
Fig. 9 illustrates a fiber aggregate being patterned in relief on the relief
30 patterning unit of Fig. 5.

Detailed Description of the Invention



Fig. 9 illustrates a fiber aggregate being patterned in relief on the relief
30 patterning unit of Fig. 5. Detailed Description of the Invention 3 The
present invention will be described with reference to the acconpanying
drawings. Fig. 1 is a perspective of a bulky sheet 10 incorporating an
enbodi nent of the present invention. Fig. 2 is a cross-section of the bulky
sheet 10, taken along line 1I-11 in Fig. 1. The bul ky sheet 10 is a fi ber
sheet made mainly of a fibrous material. s The bul ky sheet 10 i s conposed of
a fiber aggregat eTHelpresantinvention wdll dendesagbehwith refdrereftolthe aveimpangling net
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surrounded by t irst region 21, lustrated in Fig. t he rst

regi on 21 |@W§lﬁ?§?¢g@?ﬁrﬁ§g@%§§¢él@Fﬂﬁ@@bﬂ@eﬂﬁtl ce which is continuous in the
pl anar direction of the bul ky sheet 10. Each of the second regions 22 is
surrounded by a rhonbic unit of the lattice. Because the first region 21

defines closed fiTHy fBer dgbt Qi‘éulsleﬁ) refef'h%bs?diﬁféd dn?;gtlﬁ‘ éntaH exﬁé}ﬁ*bf its
del i neated by the closed Tigure of the ITst 20 region 21 and therefore

separ aPed feopstitanttibernae thahthebulky gheet 1t0h%el@qu0dr?é1dowhe@¢1ned e-‘é@@lmnmegu ons
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The first region he sécon ns 22 are distin

density andcalphblbkcﬁemhke'l'&lﬁbﬂl a&rega@gbmdegﬁhmlgh 4hé, ifeghar o th@HnOIdeﬁE:l lte§mand a
smal | er thi ‘?? ss than the second regions 22. The second regions 22 have a
| ower fiber density and a 25 larger thickness than the first region 21.
Thus, the bul ky sheet 10 has the thicker second regions 22 and the thinner

first region 21 on one side thereof, which makes the
The bulky sheet 10 has a first region 21 and second regions 22. The second

15 regions 22 are each surrounded by the first region 21.  As illustrated in Fig. 1, the first
region 21 is arranged to depict a rhombic lattice which is continuous in the planar
direction of the bulky sheet 10. Each of the second regions 22 is surrounded by a
rhombic unit of the lattice. Because the first region 21 defines closed figures
(rhombuses), the second regions 22 are each delineated by the closed figure of the first

20 region 21 and therefore separated from each other. Accordingly, the outline of each

second regions 22 corresponds to the rhombic unit of the lattice of the first region 21.

The first region 21 and the second regions 22 are distinguished by fiber density
and thickness. The first region 21 has a higher fiber density and a smaller thickness
than the second regions 22. The second regions 22 have a lower fiber density and a
25 larger thickness than the first region 21. Thus, the bulky sheet 10 has the thicker
second regions 22 and the thinner first region 21 on one side thereof, which makes the
bulky sheet 10 bulky.

The thicker second regions 22 have protrusions 31 and depressions 32. The
protrusions 31 result from the fiber aggregate’s protruding from one side to the other

30 side thereof within the second regions 22. Between the protrusions 31 are positioned



bul ky sheet 10 bul ky. The thicker second regions 22 have protrusions 31 and
depressions 32. The protrusions 31 result fromthe fiber aggregate's
protruding fromone side to the other 30 side thereof within the second
regions 22. Between the protrusions 31 are positioned 4 the depressions 32.
Under st andabl y, the second regions 22 haye an uneven surface as a whol e.
The protrusions 31 are substantially equal in size and provided in a regul ar
pattern, each having the shape of a nmountain which is long and narrow in
its plan vithevdefressiors 32 ofUndsistandaldy, thel sédond degigng 22 haleparcarsiven swdde aar e
spaced apar} E m each ot her, but sone of them adjacent in the w dth and/or
| ength di r €ePPON of the sheet 10 may be connected. As described, the bul ky
sheet 10 has the thick, raised second regions 22 and the thin, depressed
first region 21, and the second regions 22 further have the protrusions 31
10 and t he depr esEieqretr@2onsridnart yubs&amiallljob@ml axsive aw ovidedtinia mguleaﬂlem,uch a
doubl e-textured structure en the b y. sheet 10 is used as a. dry eanlng
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wet cl eani ngpnpb@ed. containing a liquid, it is convenient to use because it
has reduced frictional resistance in wiping and slowy rel eases the |iquid.
Since the | ess dense second regions 22 are defined by the closed figure of

the denser first region 2 fibers in th econ regions, 22
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capabilities o shee
such as bread crumbs but hairs and dirt particles such as fine dust. When the bulky

15 sheet 10 is used as a wet cleaning sheet containing a liquid, it is convenient to use

because it has reduced frictional resistance in wiping and slowly releases the liquid.

Since the less dense second regions 22 are defined by the closed figure of the
denser first region 21, the fibers in the second regions 22 are effectively prevented from

fuzzing and shedding while having sufficient freedom of movement.

20 The first region 21, which is denser than the second regions 22, preferably has
a fiber density of 0.020 to 0.65 g/cm’, more preferably 0.035 to 0.50 g/cm?, to securely
prevent fuzzing and shredding of the fibers in the second regions 22 having high fiber
freedom. On the other hand, the fiber density of the second regions 22 are preferably
0.005 to 0.65 g/cm’®, more preferably 0.01 to 0.40 g/cm®, provided that it is smaller than

25 that of the first region 21, to secure dust trapping capabilities of the bulky sheet 10 for

use as a cleaning sheet.

In connection with the fuzzing and shedding tendencies and the freedom of the
fibers, it is preferred for the fibers constituting the fiber aggregate 11 to have a length of

20 to 100 mm, more preferably 30 to 70 mm, so as to prevent fuzzing and shedding



use as a cleaning sheet. In connection with the fuzzing and sheddi ng
tendenci es and the freedomof the fibers, it is preferred for the fibers
constituting the fiber aggregate 11 to have a length of 20 to 100 nm nore
preferably 30 to 70 nm so as to prevent fuzzing and shedding 5 while
securing freedom of novenent. Wen the fgber aggregate 11 contains two or
nore kinds of fibers, it is preferred that an average fiber length be in
that range. The fiber density of the first region 21 and the second regi ons
22 can be whiks secacng SrekbddinmfsmovemEne c eWhbn phice fibéreaggrepate At eantains towotorof

each of the first.regi.on .s 21.an e _second.feqgio 22 are weighed. The
Ehi ckness. oPotiihal AR, i Bb3Rd daldnaFERRE shETRas nf i febetBiinor over a
|l ength of 50 nm An average of ten nmaxi mum points of the thickness profile

is obtained as a thickness of the piece. The weight of the piece is divided
by the area to giTe fibeadéemsitweofothe . firSheegiorb2l ahdnthetsecarid tdpdorsi 22 eah be
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first region, 21. \Wep the bul ky sheet 10 is used as a cleaning sheet, it is
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cl eaned. Thgoihts/oFtthé BEEIGRsProfits Bl obtAHiREESs h Milkife8 b e pi¥de h THeav&pht gice. In
ot her words, the contact area of the bulky sheet 10 with the is surface to

be cl eaned the pigegng divided by theare tox give abass weighhe Theclaher densiyofshe pieggis t he
bul ky sheet i Clol it St i LR [ teakshdused
cfa.:l&ﬂé’té’éﬁ‘b H&ﬁﬁ’cl&egs%u;mggk Vv\fet S mﬁﬁue\g?@ %\%ﬁ& drisedchd

as a wet ¢ e_anl.ng sheet | npregna . I'S viewpol nt, the
t hi ckri@ss ofegionds definedrid be epiaveragerof the thup caltelated|fiben density values.mm nore

preferably 1.2 to 4.0 nm and that of the first region 21 is preferably 0.1
to 1.5 mMm 20 The first region 21 does not cone into contact wwth a surface

to be cl eaned so ' : EGhR j do t hat
the first region qua?iéo&e%{d 2%%16&325??3?%5& [ nrﬂ?ﬁ §§sﬁir§%{)€?flfe ?thregﬁh? ggl n 21
has an i ncr#wsietl is wed adangl¢anjngashgety aft is mostlyithe seapnd tregionpp? that capgbntoi t i es
because it | I ?Iﬁfj an t t i st, a
depressed r&e(gllt%(rel or ?r;%gk%%ebg)ué‘? glﬁ t(()i'ndiqilllg rfﬁﬁtereg{ogeirllgh%@ﬂyﬁgé{ﬁes k@o ?B%Eta
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capab I1|5I U1 €Surface to be cleaned is smaller than the total area of the sheet 10. As a result, the
bulky sheet 10 has reduced frictional resistance in wiping when it is used as a wet
cleaning sheet impregnated with a liquid. From this viewpoint, the thickness of the
second regions 22 are preferably 1.0 to 5.0 mm, more preferably 1.2 to 4.0 mm, and that

of the first region 21 is preferably 0.1 to 1.5 mm.

20 The first region 21 does not come into contact with a surface to be cleaned so
easily as the second regions 22, which does not mean that the first region 21 does not
participate in cleaning. The first region 21 has an increased fiber density and yet
exhibits dust trapping capabilities because it is formed only by the entanglement of the
fibers. In contrast, a depressed region formed by fusion bonding the fibers by heat

25 application, such as heat embossing, does not have dust trapping capabilities.

The thickness of the first region 21 and the second regions 22 can be measured
as follows. A piece of predetermined area of each of the first region 21 and the second
regions 22 are measured for thickness with a laser thickness sensor over a length of
50 mm. An average of ten maximum points of the thickness profile is obtained as a

30 thickness of the region.



The thickness of the first region 21 and the second regions 22 can be
neasured as follows. A piece of predeterm ned area of each of the first
region 21 and the second regions 22 are nmeasured for thickness with a | aser
t hi ckness sensor over a length of 50 mm An average of ten maxi mum points
of the thickness profile is obtained as g 30 thickness of the region. 6
The first region 21 to second region 22 area ratio has an influence on the
frictional resistance in wiping, particularly in applications as a
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correspond thickness over that before the formation.

What is meant by the expression “rearrangement and reentanglement of the
fibers” as referred to here is that a fiber aggregate having had its fibers weakly
entangled by first hydroentanglement is subjected to second hydroentanglement on a

20 relief patterning unit. By the second hydroentanglement, the fibers are rearranged and

reentangled in conformity to the uneven contour of the relief patterning unit.

The protrusions 31 and the depressions 32 are formed as a result of zigzag

bending of the fiber aggregate 11 in the thickness direction in its cross-sectional view.

A large number of the bends of the zigzag extending in the planar direction correspond

25 to the protrusions 31 and the depressions 32. While the fibers are being rearranged by
hydroentanglement, the high pressure water jets cause the fibers that are forming the
protrusions 31 to move toward the parts where the depressions 32 are being formed,
resulting in a fiber distribution. Such a fiber distribution should preferably be
extremely minimized. If the fiber distribution proceeds, a hole will be bored in the

30 areas where the protrusions 31 are to be formed. The fiber aggregate 11 can be bent
zigzag while avoiding such a fiber distribution by, for example, controlling the energy



25 to the protrusions 31 and the depressions 32. Wile the fibers are being
rearranged by hydroentangl enent, the high pressure water jets cause the
fibers that are forming the protrusions 31 to nove toward the parts where
the depressions 32 are being forned, resulting in a fiber distribution.
Such a fiber distribution should preferably be extrenely minimzed. If the
fiber distribution proceeds, a hole will be bored in the 30 areas where the
protrusions 31 are to be fornmed. The fiber aggregate 11 can be bent zigzag
whi | e avoi dginen wuhd fiberfdghegatdi 1dtinitha hydooenitangléneent.exanpl e, control ling the
energy 7 given to the fiber aggregate 11 in the hydroentangl enent. The
first region 21 has a great nunber of small protrusions 41. Each small

protrusion 41 is .donme-shaped,and hol | gw. e I EUSI gNs
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Wi th aspref Rrshpfledinanen of t1ef sddofd te@idnsQ2MTheBIAllretesicHl 41 forPed ¢h thed MM
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first regi ofirsbregion 2 olustirapping SpRALHHISS. 10 15%to 70% The fi ber
aggregate 11 and the net sheet 12 that conpose the bulky sheet 10 wll be
descri bed. The fiber aggregate 11 is a nonwoven fabric-like sheet forned by
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affords hig reedomto the fibers. result, the bulky sheet 10 feels
good afd exhiite €0%i gh hair- and fine dust-trapping and hol di ng
capabilities. The fibers nmaking up the fiber aggregate 11 include those
recited in coomonly 20 assigned US 5,525,397, col. 4, 11. 3-10. The fi ber

aggregate 11 prefepalbe £Hniatel ahd tﬂeeﬁe'itshé@g@%at"\@dn%gse e Bﬁ]ﬁ&?rsﬁeélal‘()i ng a
fineness of 5 dtex or less, nore preferably at [|east 70% by wef ght of
fibers havi Wil he tessaibed s Bre fibey aggrogatsr 11| isssnongraven fabyricshikesgheet, formed by
intermingling the constituent fibers of a fiber web by hydroentanglement. Compared
with a fiber aggregate formed through fusion bonding or adhesion of the constituent
15 fibers, the fiber aggregate 11 which is formed through, preferably only through,
entanglement of its constituent fibers affords higher freedom to the fibers. As a
result, the bulky sheet 10 feels good and exhibits high hair- and fine dust-trapping and

holding capabilities.

The fibers making up the fiber aggregate 11 include those recited in commonly

20 assigned US 5,525,397, col. 4, 1l. 3-10. The fiber aggregate 11 preferably contains at
least 50% by weight of fibers having a fineness of 5 dtex or less, more preferably at

least 70% by weight of fibers having a fineness of 3.5 dtex or less, which is effective to
prevent boring at the protrusions 31 and to develop and retain sufficient bulkiness, and

which is also effective in exhibiting high capabilities of trapping and holding hair when

25 used as a cleaning sheet. The basis weight of the fiber aggregate 11 and the length of
the fibers are decided as appropriate to the intended use of the bulky sheet taking into
comprehensive consideration the fabricability, cost, and the like. For use as a cleaning

sheet, for example, the fiber aggregate 11 preferably weighs 30 to 100 g/m?, more
preferably 40 to 80 g/m®, to prevent boring and to develop and retain sufficient

30 bulkiness. A surface active agent or a lubricant that can improve the physical surface



prevent boring at the protrusions 31 and to devel op and retain sufficient
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appropriate to the intended use of the bgl ky sheet taking into

conpr ehensi ve consi deration the fabricability, cost, and the |ike. For use
as a cleaning sheet, for exanple, the fiber aggregate 1 | preferably wei ghs
30 to 100 gpropertiemamd thpdestarapping c4pattilitic3Onay beapplied pr the diber dggregate.and t o
develop and retain sufficient 30 bul kiness. A surface active agent or a

| ubricant that can inprove t he physical surface 8 properties and the dust

trappi ng capabili | €52 t tions
a5 o et ol ani ngsARiERIoB asCR R Sechihe dRed LnieoRRR GAR £ tighid, AREELEET ) 0
preferably mggne@tmsllhpcbfemhlyl iconthinb elysirophilidh ﬁhers;esdchl es eeflulose febed and
polyacrylonltrlleflb Ex | es of .t he | | ul.ose fiber .are cel |,
Fenter . anabavasiopiiefihet caprnes b oot HiRE R o g ogl 2RGe, ¢
ﬁogbi nﬁt : Onccgfont WThey fcailir‘te uieﬂleffi&ﬁf -lnﬁylﬂtlﬁﬁf of ab IdJecBrﬁblhacé(bm of hee rbrdmgre
ydrophi liz are u .as : r ophi | at i an be achj eve :
exampl e, appelRohy a%ﬁﬁiﬁhiﬁ i ntbav};%e hy, Fﬂfhﬁ ér Ayr ofs well.

i ncor por at I A9 drsphiiZa@Rtdd B Aéhiaady, ifor @caiﬂp@@ rapb%mg ﬁ'%yﬂi%bﬁilh'zﬁig agefofgoNnl y
used surface active agents for textile cap be use S ydrophilizin

agent. 10 THE BOJArvEReS Py incgTRosme ¢ hydrophilizmg agent #ﬁarftberré@mw ynaterial; g

hydr ophi I i CCBMm*iBHh{ used BtBEARIt e aﬁéﬁt& %rﬂ@ﬁhl@ﬁégﬁ Be ﬂkéd‘ &id N er);S}hﬁilﬁﬁ %&ﬁ
sust ai ned hydrophilicity can be evaluated by what we ca Il

net hodl0as f dhe dwdromllnzmg gepBrisi rsAuissd 0 dmpars chot f o rinifieb hvérqnhd@éu R i nto
a7 cmdia | 1 f IS t t f ter.
The initi aIrrB e?%-?@ hlsﬁt(a:;?tg?/ }}@?é g%l?ééigentmgp% éxiﬁh@‘d%tla%gd (%ﬁ%& S%ﬁq%%\?ed
until the ba‘i’dluaiﬁ k}é“d‘letfwb @aléla;ﬂhwelb@l\}vmdﬂ@dmtfe}lows;r f Ade0 g pepwnanfal sardedhot her

fiber ball h 30
| ber ba éngﬁklg% Jva r| e Sfiﬁ?&‘ &g ‘?ér lt T%Q(ﬁbgr 851(13?&'%?1%@%1@? bee(rj

m nutes on a teste
above to detafatenef thater. sJ&lBamrt&dI h}ﬁdm}ﬂmllrmm (%] tgpres‘éh’edtbwsthdetime rtsevedd)

Lol oGP AR L, S YIE PSSP SEBLSe oy
sheet 10 pr ﬁbelrlaibll weighing 1oz isashakdretogetbarswitle 200 g lvf gpnreplvater fort39 minutdseon 4 i ber
aggregate 1s V@xe%r ag S[esté)ci3 W e fsanzle HAnNer as%scnbeg Jb%vcren t u&e?esrrr{url]e l%l%[ h the

sustained hydrophilicity. The thus determined initial and sustained hydrophilicities of

the fiber aggregate 11 are preferably 0.1 to 20 seconds and 0.2 to 30 seconds,

20 respectively. The sheet 10 preferably has, as another measure of hydrophilicity of the
fiber aggregate 11, a water absorbency of 2 mm or higher in 10 minutes in both the
machine and transverse directions when tested by the Byreck method (JIS L1907 5.1.2).

The fiber aggregate 11 may contain other synthetic fibers in addition to the

cellulose fiber to have improved cleaning performance, maneuverability, and texture or

25 feel. Useful synthetic fibers include polyester fibers, polypropylene fibers, polyamide
fibers, acetate fibers, polyvinyl alcohol fiber, and polyvinyl chloride fibers. The
synthetic fibers can be used either individually or as a combination of two or more
thereof. The synthetic fibers may have a circular cross-section or a modified
cross-section, such as a C-shaped, Y-shaped or P-shaped cross-section or a hollow

30 cross-section.

The net sheet 12 disposed inside the fiber aggregate 11 is a resin-made,



machi ne and transverse directions when tested by the Byreck nethod (JIS
L1907 5.1.2). The fiber aggregate 11 may contain other synthetic fibers in
addition to the cellulose fiber to have inproved cl eani ng perfornmance,
maneuverability, and texture or 25 feel. Useful synthetic fibers include
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m nutes. The gbgéﬁ/ §heet 10 preferably has a basis weight of 40 to 200 g/ n2,
nore 15 pr"éf1 gBnpi§s1 00 g/ n2, to have noderate bul ki ness, inproved
fabricability, and sufficient inpregnability with liquid. Fig. 3is a
perspective of a bulky sheet 10 incorporating another enbodiment of the
present inventi orTheThdkylishéetri@npefdratim Havea basiohieiphintofof0 & @60 g/in ‘amibre
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sufficient impregnability with liquid.

Fig. 3 is a perspective of a bulky sheet 10 incorporating another embodiment of
the present invention. The difference from the embodiment of Figs. 1 and 2 consists in
the configuration of the first region 21 and the second regions 22. Otherwise the

20 description on the bulky sheet shown in Figs. 1 and 2 applies to the embodiment of Fig.
3. More specifically, the second regions 22 are arranged to make a rhombic lattice
pattern as a whole. The intersecting bars of the rhombic lattice are discontinued at
their intersections. That is, there is formed the first region 21 between every adjacent
pieces of the rhombic lattice bars, i.e., the second regions 22. The first region 21

25 includes rhombic parts 21a each surrounded by a rhombic unit of the lattice of the
second regions 22 and parts 21b positioned between every adjacent piece of the lattice
bars. Every second region 22 is defined by the first region 21, i.e., the parts 21a and
the parts 21b of the first region 21. Since the first region 21 continuously extends in
the planar direction of the bulky sheet 10, the second regions 22 are each delineated by

30 the first region 21 and therefore separated from each other.

In the bulky sheet 10 of the embodiment of Fig. 3, the area ratio of the first



20 description on the bul ky sheet shown in Figs. 1 and 2 applies to the
enbodi nent of Fig. 3. Mre specifically, the second regions 22 are arranged
to make a rhonbic lattice pattern as a whole. The intersecting bars of the
rhombic lattice are discontinued at their intersections. That is, there is
formed the first region 21 between everyjpadj acent pieces of the rhonbic

| attice bars, i.e., the second regions 22. The first region 21 25 incl udes
rhombic parts 2la each surrounded by a rhonbic unit of the lattice of the
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of patterning in which the lamnate 13 is patterned in relief. Apparatus 50
illustrated in Fig. 4 has a superposing part 60, an entangling part 70, a
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peripheral surface and a first group of water jet nozzles 72 adapted to eject high

pressure water jets against the peripheral surface of the drum 71. The patterning part

80 has a drum 81 with a water-permeable peripheral surface and a second group of

water jet nozzles 82 adapted to eject high pressure water jets against the peripheral
20 surface of the drum 81. The dewatering part 90 has a suction box 91.

Fig. 5 illustrates the essential part of the patterning part 80. A first pattern
template 83 having a number of projections and depressions is disposed along the
peripheral surface of the drum 81, and a second pattern template 84 having a number of
openings is disposed on the first pattern template 83 in parallel with the peripheral

25 surface of the drum 81.

The first pattern template 83 of the patterning part 80 will be explained with
reference to Figs. 6(a) through 6(c). Fig. 6(a) is a fragmentary plan view of the first
pattern template 83; Fig. 6(b) is a cross-sectional view taken along line b-b in Fig. 6(a);
and Fig. 6(c) is a cross-sectional view taken along line c-c in Fig. 6(a). The first

30 pattern template 83 is composed of straight wires 83a and helical wires 84b. The



80 has a drum 81 with a water-perneabl e peripheral surface and a second
group of water jet nozzles 82 adapted to eject high pressure water jets
agai nst the peripheral 20 surface of the drum 81. The dewatering part 90
has a suction box 91. Fig. 5 illustrates the essential part of the
patterning part 80. Afirst pattern temal ate 83 having a nunber of
projections and depressions is disposed along the peripheral surface of the
drum 81, and a second pattern tenplate 84 having a nunber of openings is
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helical wre 83b. The subw res nnébhave a circular or an elliptic section.
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Fi g. W res create a great nunber of peaks 83d

As shown in Fig. 6(b), the helical wires 83b create a great number of peaks 83d
and valleys 83e about a base plane (the plane 83c formed of the straight wires 83a). In
short, the first pattern template 83 has a large number of projections and depressions.
The term “projection” denotes the peak 83d and its vicinity, which are inclusively

20 represented by symbol 83f, while the term “depression” means the portion in the middle
of two adjacent peaks 83d which is represented by symbol 83g.

The center-to-center distance a, between adjacent straight wires 83a determines
the length of the protrusions 31 of the bulky sheet 10. The winding pitch b, of the
helical wire 83b governs the pitch of the protrusions 31 of the bulky sheet 10. The

25 width by of the cross section of the helical wire 83b decides the width of the protrusions
31. The minor axis by of the ellipse depicted by the helix of the helical wire 83b
regulates the apparent thickness of the second regions 22 of the bulky sheet 10.

The width a4 of the straight wire 83a is preferably 0.5 to 5 mm, more
preferably 1 to 3 mm. The pitch a, of the straight wires 83a is preferably 2 to 20 mm,
30 more preferably 3 to 15 mm. The width byq and the winding pitch b, of the helical wire



and val |l eys 83e about a base plane (the plane 83c formed of the straight
wires 83a). In short, the first pattern tenplate 83 has a | arge nunber of
proj ections and depressions. The term "projection” denotes the peak 83d and
its vicinity, which are inclusively 20 represented by synbol 83f, while the
term "depression” means the portion in tpe mddle of two adjacent peaks 83d
which is represented by synbol 83g. The center-to-center distance ap between
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preferred con lons, the first pattern s tenplate 83 is capable of giving a
relief pattern to the area of the lamnate 13 corresponding to the second
regions 22 to provide a bul ky sheet 10. To create sufficient bulkiness and
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Metal is preferred for durability. Fig. 8 illustrates a second pattern template 84 that is

used to produce the bulky sheet 10 shown in Fig. 3.

In the superposing part 60 of the apparatus 50, the fiber webs 11a and 11b are
20 fed from the respective carding machines 61 and 62 by means of the respective feed
rolls 63, while the net sheet 12 is unrolled from a net sheet roll 12a positioned between
the carding machines 61 and 62 and fed by the feed roll 64. The fiber webs 11a and
11b are superposed on the respective sides of the net sheet 12 to form a stack of layers
65.

25 In the entanglement part 70, high pressure water jets are ejected from the first
group of water jet nozzles 72 against the stack 65 wrapping around the permeable drum
71. Thus, the fibers of the fiber webs 11a and 11b in the stack 65 are entangled with
each other to form a fiber aggregate, and at the same time, the fibers are entangled
around the net sheet 12. A unitary laminate 13 is formed as a result. The laminate 13
30 is hydroentangled (spunlace) nonwoven fabric with the net sheet 12 inside. It is

preferred for the fibers constituting the fiber aggregate in the laminate 13 to have a low



second pattern tenplate 84 is made of netal such as stainless steel or a
synthetic resin. Metal is preferred for durability. Fig. 8 illustrates a
second pattern tenplate 84 that is used to produce the bul ky sheet 10 shown
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"fiber ori exgga¢gatnl Igiand thei"stndin{ meanshinr adund of elongdtionh t he naxi num | oad | n a
tensile test is the highest, the "stress" is the quotient of a tensile |oad
divided by the width of a specinen clanped in a tensile tester and the

basi s 1\Q'ei ght of t%ilg,i f?lef“ig. 4, the stack 65 is hydroentangled from only one side thereof,
high pressure water jets may be applied from both sides of the stack 65.

In patterning part 80, the laminate 13 is transferred to a relief patterning unit
having the first pattern template 83 wrapped around the permeable drum 81 and the
second pattern template 84 wrapped around the first pattern template 83. While the

20 laminate 13 is moving with the relief patterning unit, high pressure water jets are
spouted from the second group of water jet nozzles 82 against the laminate 13 to
patternwise press the laminate 13 toward the patterning unit. The way the laminate 13
is patternwise pressed is illustrated in Fig. 9. The portions of the laminate 13 located
directly on the first pattern template 83 through the openings 84a of the second pattern

25 template 84 (see Fig. 7) are pressed against the first pattern template 83. As a result,
the parts of the laminate 13 positioned on the depressions 83g of the first pattern
template 83 (see Fig. 6b) are pressed down (toward the drum 81) and made to protrude
downward to the depressions 83g to form depressions 32 (see Figs. 1 and 2). On the
other hand, the other parts of the laminate 13 that are positioned on the projections 83f

30 of the first pattern template 83 (see Fig. 6b), not being allowed to protrude downward,

become protrusions 31. There is thus formed the second regions 22 having the



aggregate 11, and the "strain" means an anount of elongation. 15 Wile, in
Fig. 4, the stack 65 is hydroentangled fromonly one side thereof, high
pressure water jets nmay be applied fromboth sides of the stack 65. In
patterning part 80, the lamnate 13 is transferred to a relief patterning
unit having the first pattern tenplate 1%3 wr apped around the perneable drum
81 and the second pattern tenplate 84 wapped around the first pattern
tenplate 83. Wiile the 20 lamnate 13 is noving with the relief patterning

unit, high poasivhe3 MedEihe jdepressio 325 P Qonfishrdd With beforé HepPlieHtdARLfavatéat er
j et nozzles 82 against the | atternw se the lam nate 13
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on the first pattern tenplate 83 through the openings 84a of the second
pattern 25 tenplate 84 (see Fig. 7) are pressed against the first pattern
tenplate 83. As a result, the parts of the |am nate 13 positioned on the
depr essi ons 83g oPnpemgrsirael by avates jeis, the pprtigneofghe faminateilgd thagys logsatednessed
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t he second Hgtt,e({n ten@I att[gl 84 .is H'gi% |l owed to protrude downward in the
sane way as!O%R VG ROUBMES FS “rﬁ‘é to the second regions 22 but all owed

to protrude downward in the parts positioned on the holes 84b (see Fig. 7)
of the second pattern tenplate 84. There is thus fornmed the first region 21
havi ng a great nuAtreliefefattemed [bulkyasheetsiOois thukl formdd ehrbugtethedibose-imentibnddhe

Tt 1o chanBiPHistoe ERhETRIaILieh Sh earoPwichsytlndhet RbpPdReeiiho 27 if rddBbcause
the fi ber sby thewonfigiratierobdf thel ifing pasterh erhplaet83cand the entangling energy applied to
15 the fiber aggregate by the high-pressure water jets in the entangling part 70 and the
patterning part 80. The entangling energy is controlled by such conditions as the shape
of the water jet nozzles, the alignment of the nozzles (the pitch, the number of rows and

the number of nozzles), the water pressure, the line speed, and so forth.

The resulting bulky sheet 10 is dewatered by suction in the suction box 91,
20 dried, and wound into a roll or cut into lengths. The fiber aggregate 11 in the second
regions 22 of the bulky sheet 10 preferably has substantially an equal entanglement
coefficient to the fiber aggregate before the relief patterning (the laminate 13), i.e., an
entanglement coefficient in the range of from 0.05 to 2 N-m/g, more preferably 0.2 to

1.2 N-m/g.

25 According to the process of the present invention, a bulky sheet having a relief
pattern in a desired configuration can easily be obtained by the selection of the first and

second pattern templates to be combined.

The bulky sheet according to the present invention is conveniently used as a

wet or a dry cleaning sheet and a sanitary article such as a mask or gauze. In wet



A relief-patterned bul ky sheet 10 is thus forned through the above-nenti oned
operations. The configuration of the protrusions 31 in the second regions 22
is decided by the configuration of the first pattern tenplate 83 and the
entangling energy applied to is the fiber aggregate by the high-pressure
water jets in the entangling part 70 angsthe patterning part 80. The
entangling energy is controlled by such conditions as the shape of the
water jet nozzles, the alignnent of the nozzles (the pitch, the nunber of
rows and tdieanimgndheet applicationt,ahg bulichshawtisamppegnated ivath arhayueousedesgrged, and so
forth. The resulting bul ky sheet 10 is dewatered by suction in the suction
box 91, 20 dried, and wound into a roll or cut into lengths. The fiber
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an aqueous HSHEna)ciepistanee it YDIE @ Sudacsein bﬁaﬁmﬂgd £Vvor de dbe thpgmingoof @ 30000
nPas at 25Cc1ba§m£6ﬁér§ﬁ&%¥c %?@Qf H{é QAG&J r‘eieﬁé’é"bﬁﬂles&‘%@rg ertPP| Cﬁééa §5of theof fer

the followi ng a ent 1s prev nted rom eln

rel eased exsiewsele@ewfﬂhmdnt@rgmtb@g ifrbatsrap the cleasing isheet surfacohevea ihigh degm

rel ease of e t r he
end of a cl %Qﬁ?%gho%‘%ﬁab dé% bgé%l g e (ﬁ%g;fgégrﬁeet %a%e |ﬂg°§gfé’ ?@F%P %en%ft

cl eani ng petrippingarckhadimgdhairtay fhiféadusa wWiere the evascosiy) of dneaqicowes détergenteduced

frictional fqslsi nged Apyhnl 9t 5 el @8l o REnEbERESHEHERE U MdiEcent

begi nning o ning operation because o ow re ease
det er gent . elb)as&imﬂmebcgmmhge ofa sllemwngeipemenof Antmludensedgengbnt hinang iaber s

on the_cl eapi ng shee u fr ven i he

begi g o Wil B 0P8 FRAS.Rathl B eiERup dooibRERE R e ed:
Taking these tendenc1es into consideration, the viscosity of the aqueous detergent is
more preferably 100 to 1000 mPa-s, even more preferably 300 to 800 mPa-s. The
viscosity is measured with a Brookfield viscometer. The rotor and the number of

revolutions are selected as appropriate to the viscosity of the aqueous detergent.

20 It is desirable for the aqueous detergent to contain substantially no
water-insoluble solid particles. Water-insoluble solid particles, if present in the
impregnating aqueous detergent, remain on the surface wiped with the wet cleaning
sheet and may need another wipe. Existence of preferably up to about 0.1% by weight

of solid particles as impurities is acceptable, nevertheless.

25 The aqueous detergent preferably contains a surface active agent, an alkali
agent, a thickener, and a water-soluble solvent in water (medium). All the components
of the aqueous detergent are preferably substantially water-soluble. The residual
nonvolatile content of the aqueous detergent is preferably 10% by weight or less, more
preferably 5% by weight or less, even more preferably 1% by weight or less, to give a

30 better finish after cleaning.



trappi ng and hol ding hair or fluffy dust. Where the viscosity of an aqueous
detergent is lower than 20 nPas, it tends to be difficult to control the
anount of the detergent released in the beginning of a cleaning operation.
An aqueous detergent having a 15 viscosity exceedi ng 30000 nPas tends to be
difficult to infiltrate into the sheet. ;gTaking these tendencies into
consideration, the viscosity of the aqueous detergent is nore preferably
100 to 1000 nPas, even nore preferably 300 to 800 nPas. The viscosity is
measured with a Bxagipldsedfitheisacfacehétive ddeat usddoin thecagubsusdétbrgentoinclude
revol utions are sel ected as.ap%od%i ate.to the_vis ossh%ﬁ/ of B)Re aeﬂueous

det er gent . 23¢PNiG NoRIoRIcs icAUNIG and Amphoterif RsSs ERa: Migetirridpoint g idgiergency
subst ant i alan¥l fiifish, $aited ark Mook Rirfed hétiveaigehs! ffth a¥doBfoxly Ak PleH® (RS i d
particles, if present in the inpregnating aqueous detergent, renpain on the
Surface w ganoles At elkalene oxidechio AD) Corical alkndSraighineesn S Sriaehed)iegirs,

Exi st epce _ppef I { bout Oaiby. | |} rdd as

i nmpur i ?i esqlf;ss@ggcgl%?gb(%%#ﬁge@gﬁl t %gl glglsléhégg %%‘ggdsg{ﬁe(oﬁ%{%gt gg%gﬁtéﬂp?llé erably
contai ns a %ound¢nsatéonad: tove), sgditan GC3P atty acidgswnghtachakn ek branchediragtess,

wat er - sol u )| I [ i I C n . ueous
det er gent girng %?g?g;waﬁly%sug@{%wg* P}%&g@grg ‘%??}b‘?gag*rﬁ@ ?lggﬁ%tﬁg %n@ﬂ
nonvol ati | esuclont ant alkylcdrboxgdpetaines, dedlieylgdfrbetamepy efakydbydrotysdfobetmmeght or
| ess, nore nef e 0% wei ght or | . en [ referably 1% Dby

wei ght or I%@égm{dég%%’g%ﬁ%?%’ better fi nlglzkﬁlagﬁgoes}ﬂ%?eetglﬂ%ng. 16 Exar?‘B es of
t he suof acelladamidehpdrerysulfobetaines, ttheh hayie® 830 A4tcarbgaatomninl the alkyh nwidte

noni oni ¢, cati O’?igf an&ﬁanphot.e{i E q%nes. From hhe standgegri& t of (tietfeﬁlgency
and fini sh,DEEPk e dTGMeMROHPBRYIR! O FLRIBONGY t 14 [IRI§En A SPTELE cpRtent ©

?olt yoxyﬁlt kyduefah Ree (@btivedagent Gh tlh'@![ﬁfile@lis gétgéeﬁcggs Of(ilgd’ieit? 11t.0%_ Bﬁzw&%ﬂ%@' kyl
strai ght-chajin or nched) . et hers, - al kyl (straight-chain or

br anched) g}?@%@fﬁ%@gg’%gr%éyd@%e of sugar condensation: | to 5),
sorbitan C8-C22 fatty acid (straight-chain or branched) esters, and C6-C22

al kyl (straight-chain or branched) glycerol ethers; and anphoteric ones,

Silﬁhl as gl kyl car iExaptptdsabnelse aldakyagent findladerhp@oxideb kylohysbdiugy shyldtedigd, ai nes,
al kyl am do

21 K1 371 dorFARBAYSF BonRMhSI<BaEn AR GUAIED 55-CHh BRI he
al kyl  noi etphosphates, e.g., sodium primary phosphate, organic alkali metal salts, e.g., sodium
acetate and sodium succinate, ammonia, alkanolamines, e.g., mono-, di- or
triethanolamine, B-aminoalkanols, e.g., 2-amino-2-methyl-1-propanol, and morpholine.
Alkanolamines, e.g., mono-, di- or triethanolamine, [-aminoalkanols, e.g.,
20 2-amino-2-methyl-1-propanol, and morpholine are preferred in view of the feel and pH
buffering action. A suitable content of the alkali agent in the aqueous detergent is
0.01% to 1% by weight, preferably 0.05% to 0.5% by weight, from the standpoint of

detergency and feel.

Examples of the thickener include water-soluble polymers such as natural

25 polysaccharides, semisynthetic polymers such as cellulosic polymers and starch
derivatives, synthetic polymers such as vinyl polymers and polyethylene oxide, and clay
minerals. A polyacrylic acid thickener or an acrylic acid-alkyl methacrylate
copolymer thickener, which are less sticky and less slimy, or a mixture thereof is
particularly preferred.  These acrylic acid-based thickeners preferably develop

30 viscosity in their sodium salt form. The thickener is preferably used in an amount of
0.01% to 2% by weight, more preferably 0.02% to 1% by weight, in view of the finish

of cleaning.



thereof. Fromthe viewpoint of detergency and finish, a preferred content of
the surface active agent in the agueous detergent is 0.01%to 1.0% by

wei ght, nore preferably 0.05%to 0.5% by wei ght. Exanples of the alkali
agent include hydroxides, e.g., sodium hydroxide, 15 carbonates, e.g.,

sodi um carbonate, alkaline sulfates, e.gs; sodium hydrogensulfate,
phosphates, e.g., sodiumprimary phosphate organic alkali netal salts,
e.g., sodium acetate and sodi um succi nate, anmoni a, al kanol am nes, e.g.,
mono-, di- or trmhaﬂaﬁlscﬁiﬁblﬂeolvéﬁt wed iothl laqueolus deterggnt is suitably one or more
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particularly 0.01% to 1% by weight, taking into consideration the balance between the

antimicrobial effect and low skin irritation.

The aqueous detergent can further contain perfumes, antifungals, colorants

(dyes and pigments), chelating agents, waxes, and so forth according to necessity.

20 The proportion of water, a medium of the aqueous detergent, is preferably 50%
to0 99.9% by weight, more preferably 80% to 99% by weight, in view of the finish of the

cleaned surface.

The aqueous detergent is infiltrated into the bulky sheet in an amount of 150%

to 500% by weight based on the dry weight of the sheet. With an impregnation

25 percentage less than 150%, the wet cleaning sheet can fail to exhibit sufficient cleaning
performance to wipe off stains or dust. With an impregnation percentage more than

500%, too much detergent may be released to a floor surface. It can follow that dust

and debris remains on the floor. Too much detergent can adversely affect some kinds

of wooden flooring. To ensure cleaning performance, a more preferred impregnation

30 percentage is 200% to 400% by weight. The impregnation percentage of an aqueous



The aqueous detergent can contain an antim crobial agent in addition to the
above- descri bed conponents thereby to endow the detergent with an
antimcrobial 1o effect in addition to the cleaning effect. Useful

antim crobi al agents include hydrogen peroxi de, hypochl orous acid, sodium
hypochl orite, quaternary ammoni um salts,;gsodi um benzoate, sodium

p- hydr oxybenzoate, and natural antimcrobials. Quaternary ammonium salts
and polylysine (natural antimcrobial agent), etc. are particularly
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irritation. The aqueous detergent can further contain perfunes, antifungals,
colorants (dyes and pignents), chelating agents, waxes, and so forth
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15 detergent was 0.17%.

The resulting wet sheet was evaluated for hair trapping capabilities,
maneuverability (of a sweeper having the sheet attached thereto), dust trapping
capabilities, resistance to fiber fuzzing and shedding, and slow detergent releasability in

accordance with the following methods. The results obtained are shown in Table 2.

20 (1) Hair trapping capabilities
The sheet was attached to a sweeper Quickle Wiper (available from Kao Corp.)
with the relief patterned side out. Five human hairs of about 10 cm in length were
scattered over a 30 cm by 60 cm area of a wooden floor (Woodytile MT613T, from
Matsushita Electric Works, Ltd.). The area was cleaned by giving two forward and
25 backward sweeps over a given length (60 cm), and the number of hairs caught on the
sheet was counted. The same operation was carried out six times in total to count how
many hairs out of 30 were caught up by the sheet. The total number of hairs caught up
was divided by 30, and the quotient was multiplied by 100 to give a hair trapping ratio
(%).

30 (2) Dust trapping capabilities



Example | A bulky sheet illustrated in Fig. 1 was fabricated fromthe
materials shown in Table 1 bel ow using the apparatus of Fig. 4. The bul ky
“sheet was inpregnated with 10 350% of an aqueous detergent consisting of
wat er / et hanol / 2- am no- 2- net hyl -1 propanol / dodecyl gl ucosi de (average degree
of condensation: 1.4)/thickener (Carbop?b ETD2020, an acrylic acid-d o-30
al kyl nethacryl ate copol yner available from N kko Chemcal Co., Ltd.) in a
wei ght ratio of 93.73/6/0.1/0.1/0.07. The aqueous detergent had a viscosity
of 500 nPas at 23Ge Wétesheanwad aitidhed aord ewéepef Quitkl@dviper girdh Kigt €ogENt Was
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detergent rel éasability in _ accordance with the follow ng nethods.
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with the relief patterned side out. human hairs of about” 10 ¢cmin
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was evenly spread gn 9% 100 cm x 100 cm area of a wooden floor (Wodytile
MI613T, fr oFAPREESAUR (%Y El ectric Works, Ltd.) with a brush. The dusted area
of the 5 floor was cleaned by giving four side-by-side forward and backward
sweeps of Quickie

(3) Maneuverability of sweeper

15 The wet sheet was attached to the swivel head of a sweeper Quickle Wiper
(from Kao Corp.) with the relief patterned side out. A wooden floor (Woodytile type
E KERS501, from Matsushita Electric Works, Ltd.) was wiped with the sweeper having
the wet sheet attached thereto. The sweeper was moved forward and backward with
one hand. The maneuverability of the sweeper at the beginning of cleaning was rated
20 as follows.
A: The sweeper is smoothly maneuvered with one hand without causing the
swivel head edge of the sweeper to lift on changing the sweeping direction from
forward to backward.
B: The sweeper is smoothly maneuvered with one hand, but the swivel head edge
25 of the sweeper sometimes lifts slightly on changing the sweeping direction from
forward to backward.
C: The sweeper is smoothly maneuvered with one hand, but the head edge of the
sweeper lifts on changing the sweeping direction from forward to backward.
D: Force is required to start sliding the sweeper forward. The swivel head of the
30 sweeper sometimes turns upside down on changing the sweeping direction from
forward to backward.

(4) Resistance to fiber fuzzing and shedding



W per. The sane operation was conducted six tinmes in total using the sane
wet sheet. The soiled sheet was dried and wei ghed to obtain the total

“wei ght of the sheet, the nonvolatile content of the detergent, and the dust
trapped by the sheet. The dry weight of the sheet neasured before

i npregnation and the theoretical weight o9f the nonvolatile 10 content of the
detergent were subtracted fromthe total weight to give the weight of the
trapped dust. The wei ght of the trapped dust was divided by the total weight
of the dust spreH we shegt wassmeclginically abraded ohdtsqaliefi patterngd sidedndi npteded by
100 to give . | | N3 il ity of sweeper is
The wet she%)?l ﬂ%&égl%@éggﬁ%g‘tgso}{e?{lu%gg\%\nﬁ\%qn tﬁé%‘%% gﬁ%ﬁé@vﬁgiﬁ)‘%&% Qui cki e W per
(from Kao CaArp.) Therdistveey litleifiber gletdimgraad neipdeblemt . A wooden f | oor
(Wodytile type ]5 KE Odl .Wg{lom Mat sushita Electric Wrks, Ltd.) was w ped
with the swBeper BVP%C P48htYet sheet attached thereto. The sweeper was
moved fsorwaCd andFibaskhet ¢bngidefablyone hand. The nmaneuverability of the
sweeper at the beginning of cleaning was rated 20 as follows. A: The
sweeper is snoothly maneuvered with one hand wi t hout causing the sw vel

head edge o e eper 1o lLift on changing the sweeping direction from
forward to {?Agt‘%a%@r .tr?f‘?ésagﬁeg%per is snoothly nmaneuvered with one hand,
but the swi vel hegik weldbeetbasQiitatitd t6\WaOREper TRHEKIE Veipet (ffdnS Kab iCHap.) withn
changi ng t he %ﬁfpi ngegir ction from forward to backward. C, The sweeper is
smoot hl y maltetrier Raitefied s1ds it n A d 0-talami sre (onedatap gize GerrespendsiRaBesa of 1 t s

on changi ngot B8 BYVeEPLMY whddes tideR WasOswdpe Wit the SwlekRkik way degédised S
required to start” sliding the sweeper forward. The swi vel head of the 30

sweepédl® sonbelpeand thenamapri ofethadieds atensgmtnislaaped Eweisrn tptami sigeiwas from
forward to hagway d-m@%hTéﬁ%s %éxﬂaga fidin iﬂe%eef)&z&bxgﬂirﬂé‘gnéﬁ%qw& ed,The
y abrade ef pat

wet sheet was nechani cal onits rel terned side and rated
for the reshnd thecwet dheeti thas remhescedi Wep watghed ¢o measurg the amonnt efhthe dgupeyss.

detergent released. One tatami area was divided into two in the longitudinal direction

and four in the width direction to make 8 sections in total. A forward and backward

15 stroke was given per section. Eight strokes completed cleaning one tatami area.

Example 2
A wet bulky sheet was obtained in the same manner as in Example 1, except
for changing the impregnation percentage to 250%. The resulting sheet was tested in

the same manner as in Example 1. The results obtained are shown in Table 2.

20 Example 3
A wet bulky sheet illustrated in Fig 3 was obtained in the same manner as in
Example 1, except for changing the impregnation percentage to 250% and using the
second pattern template illustrated in Fig. 8. The resulting sheet was tested in the same

manner as in Example 1. The results obtained are shown in Table 2.

25 Comparative Example 1
A wet bulky sheet was obtained in the same manner as in Example 1, except
for changing the impregnation percentage to 250% and using no second pattern
template. The resulting sheet did not have the first region 21. The sheet was tested in

the same manner as in Example 1. The results obtained are shown in Table 2.



A. There is very little fiber shedding and no problem B: Fibers shed
slightly. 5 C Fibers shed considerably. (5) Slow detergent releasability
The wet sheet was attached to a sweeper Quickie Wper (fromKao Corp.) with
its relief patterned side out. A 10-tatam size (one tatam size corresponds
to an area of 90 cmby 180 cm wooden fl oor was swept with the sweeper in
the way described 10 bel ow, and the anmount of the aqueous detergent rel eased
for every tatam size was neasured. The sheet was renoved fromthe sweeper
every tinme one tatam was w ped, and the wet sheet thus renoved was wei ghed
to measure the anmount of the aqueous detergent rel eased. One tatam area

was divided into in tpelrongi tudi nal [difrgctian | apd]four in the width
direction to makg -8 sectipns injtdtal.| A forward land bagkward is stroke was
gi ven per sectiorn.g|Ei ghf 5trokeg do Iegéd cliedni|ng| ohe|tatam area.
Exanple 2 A wet l:Lgkye:sﬁeaﬁ Wafi|obt aj ned|in tthg sla mampner as in Exanple 1,
except for chandifiigthe regnat|i on p@Lcentade to| 2p0% The resulting
sheet was tested ig wtBe-sale | manner QSE n|BExanpile_[L. | The resul ts obtai ned
are shown in Tabl|e§[28 205»&@&@&&@ bil Ky |SHeBtg| | lustrated in Fig 3
was obtained in tlhe &4 ‘Wﬁ1ﬁhr ay T Bxdnpll &£ BkTefdq] for changing the
i npregnati on percenhag tb 250%|and us| ng the |second|{pattern tenplate
illustrated in Fi|g.| 88 ghe regulitijng sheet |was tested|in the sane nmanner as
in Exanple 1. The resgl‘i;s ghtaidled are| shown i n Tabl el 2| 25 Conparative
Exanple 1 A wet bul ky~steef| @S obt al ned|in tlhe slane tamner as in Exanpl e 1,
except for changﬂ@g t he | nmpregnat|i on p&rcentjage o] 250% and usi ng no second
pattern tenplate.“Tbe“rﬂsultlng sheqL %IQ nat (hayvel the(first region 21. The
sheet was tested i% 2t BeSsame.|mdnmes| 25 8l B| B a8 eR Ly I#e resul ts obtai ned
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As is apparent from the results in Table 2, the sheets of Examples prove
superior to the comparative sheet in terms of hair trapping capabilities, maneuverability
in working with a sweeper, resistance to fiber fuzzing and shedding, and equalized

release of the detergent.

5 As fully described, having a denser and thinner first region and less dense and
thicker second regions, the bulky sheet of the present invention hardly undergoes
fuzzing and shedding. In applications as a cleaning sheet, the bulky sheet of the
invention exhibits improved cleaning performance including dust trapping capabilities.
When, in particular, impregnated with a cleaning liquid to provide a wet cleaning sheet,

10 the bulky sheet of the invention provides a user with an ease of wiping operation and

releases the cleaning liquid slowly.



NE.5.5Wa'a) aa0 b"~ HgWx AGCO0OaQa?23 As is apparent from
the results in Table 2, the sheets of Exanpl es prove superior to the
conparative sheet in terns of hair trapping capabilities, nmaneuverability
in working with a sweeper, resistance to fiber fuzzing and sheddi ng, and
equal i zed release of the detergent. 5 A@ifully descri bed, having a denser
and thinner first region and | ess dense @nd thicker second regions, the
bul ky sheet of the present invention hardly undergoes fuzzing and sheddi ng.
In applications as a cl eaning sheet, the bul ky sheet of the invention

exhi bits i nfltdAxEdS lledMIBg IPer f or mance i ncl udi ng dust trapping capabilities.
When, in particular, inpregnated with a cleaning liquid to provide a wet

cl eaning sheet, io the bul ky sheet of the invention provides a user with an
ease of wi ping opBroatisonf arducing| mdke shedtecopipeiamigng fibienudggregawiorme@ 4y WHAT
| S CLAI MED | S o) f ci ng bul ky sheet conprising a fiber
aggregat e fié d&%@tgyff;]e[ﬁéﬁ)ggrﬁbg{]gggmnt of a fiber web, the fiber aggregate
conprising a firstherfégr apgregate mgmarikingh firstegiondnyirtgya hrpth feber slomdily dnldiackness

and a second_r.eqgi.gn havi a lower fiber density and | ar.ger thi,ckness
than the fi el puginss andigsEeng RebionlBhe nEMRY Tef Mt 2 Taraso MIOHRER o
defined by thae tid fist reg@, on, and the second regi on having protrusions and
depressions, the process, conprisin t he steps . entangl.ing fibers. of a
T ber v i t h calh SGEE RaR s ie bR By gBiee e Qe Gt onhe hd eBioh
aggregate oand relief patterning unit having a first pattern tenplate

havi ng a nunber of projections and depressions. and a second pattern. tenplate
havi ng a number ofeGEEGEI0BERMSREHTATS 18 4Pressiops: e PrOCa PRSI nd

the steps of:

entangling fibers of a fiber web with each other to form a fiber aggregate,

putting the fiber aggregate on a relief patterning unit having a first pattern
template having a number of projections and depressions and a second pattern template
having a number of openings superposed on the first pattern template, and

applying a high pressure water jet against the fiber aggregate backed by the
relief patterning unit to cause part of the fiber aggregate to protrude toward the
depression exposed in the opening to form a second region having a relief pattern
corresponding to the depression exposed in the opening while forming a first region in

the part of the fiber aggregate located on the second pattern template.

2. The process according to claim 1, further comprising providing a net sheet
located in the fiber aggregate, the fibers of the fiber aggregate being entangled around
the net sheet.

3. The process according to claim 1 or 2, wherein the first region has a fiber
density of 0.020 to 0.65 g/cm’ and a thickness of 0.1 to 1.5 mm, and the second region
has a fiber density of 0.005 to 0.65 g/cm’ and a thickness of 1.0 to 5.0 mm.

4. The process according to any one of claims 1 to 3, wherein the bulky sheet has
a basis weight of 40 to 200 g/mz, the fibers of the fiber aggregate having a length of 20

to 100 mm.



applying a high pressure water jet against the fiber aggregate backed by the
relief patterning unit to cause part of the fiber aggregate to protrude
toward the depression exposed in the opening to forma second regi on havi ng
a relief pattern corresponding to the depression exposed in the opening
while formng a first region in the pary; of the fiber aggregate |ocated on
the second pattern tenplate. 2. The process according to claim11, further
conprising providing a net sheet |ocated in the fiber aggregate, the fibers
of the fiber aggregate being entangled around the net sheet. 3. The process
accordi ng t® cl ai Fhelpigeess acogidingita anpeng pf elpimsehicoh Wagren the bett regiehbas y of
0.020 to O. o Ldto g d region
has a fiberggg%éﬁgé 0 6?68§L?§ﬁg§%%§%?%%%ggﬁ gg?%ﬁ%gﬁgggfggé%?g@%b 5.0 mm
4. The process according to any one of clains 1 to 3, wherein the bul ky
sheet has a basis weight of 40 to 200 g/nR, the fibers of the fibher

aggr egat e h@wvi ng Ahe piogess aseordme tp gny 0o¢ phelamss 1 & 5;Twkerpingbe §isst egion Bing t o
any one of i i he first region has an area ratio of 20%
to 90% andgkﬁ @E%%%%8ﬁ§g€p@%h §§H§h area ratio of 10%to 80% 6. The
process according to any one of clains 1 to 5, wherein the first region has
a | arge nunber of small protrusions.





