i~ 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. 5 Background of the Invention The assignee of the present invention
previ ously proposed in US 5,525,397 a sheet having a network sheet and a
nonwoven fabric-1like fiber aggregate on Oﬂg or both sides of the network
sheet. The fiber aggregate is fornmed by t ent angl enent of fibers of a

fi ber web. The fibers constituting the fiber aggregate are in entangl enent
10 not only qu?g gl ves but with the network sheet to forma unitary
sheet. The surface the sheet is substantially flat. Were the degree of
fiber entangl ement |s reduced enough to increase freedomof the constituent
fibers to give_ the sheet inproved dust and debris (e.g., hair) trapping
per f or mance, ##dd ehibednyeqtipRap| e to fuzz or shed fibers due to the | oose

entangl ement of thegpbiQest mb&mﬁ@ﬂQeﬁ%’é'tS'&%l@ ﬁﬁe@hﬁ@@ﬁﬁﬁlm{ Bf y%bﬁr ﬁﬁ@réﬁ?» a
bul ky sheet having a network sheet and a fiber aggregate Torned

hydr oent angl ang arresesyofnrpdycingthe same-havi ng a |arge nunber of protru5| ons
and depressions forned of the fiber aggregate. The fibers of the fiber
aggregate are in entangl enent not only anong thensel ves but with the
networ k sheetgj.p ﬁnd’@fﬂl@ﬁﬂve‘ﬁhéﬁ' the network sheet. The sheet is different
fromthat of 20 525,397 in that it has protrusions and depressions all
over its area. The ﬂxpraéslmu ofribe presefapyationaieviansdy peepgpadsings 5,525,397 a

hydroent angl gEAtaliigh defvdik's g@ét '&ﬁ‘&'a%n&zﬁ@e fa J?@hké‘ﬁgé e’bnséiﬁ*br%o'ﬂ?””er
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a fiber aggr eehiced Emougbdo increase freedom of the constltuent fibers to glve the sheet improved
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 |arger thickness than the first
region. The second region is surrounded by a closed figure defined by the
first region. The second region has protrusions and depressions. 5 The
present invention also provides a processzof produci ng the bul ky sheet. The
process includes the steps of entangling fibers of a fiber web with each
other to fo b ef
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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-11.
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 bul ky sheet 10 incorporating an
enbodi mrent of the present invention. Fig. is a cross-section of the bul ky

sheet 10, taken along line 11-11 in Fig. 31 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 aggregate ?Pg et
sheet 12 di sposed ?gllmpd%gﬁgmg%(m ?&’ggg% gg%%g&%th fgf%rgrrlésé %f{hte%go gﬁlgn
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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
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| ower fi ber fSity 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 nakes 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

N 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 regi ons 22 have an uneven surface as a whole.
The protrusions 31 are substantially equal in size and provided in a regul ar
pattern, e a c h havingt h e shape of amount ai nwhi chisl on
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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/em’, more preferably 0.01 to 0.40 g/em’, 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 fiber aggregate 11 contains two or
nore kinds of fibers, it is preferred tha? an average fiber length be in
that range. The fiber density of the first region 21 and the second regions
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preterably 1.2 to 4.0 mm 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
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capabi llist i ©Ssurface 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 neasured 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 a_ 30 thickness of the region. 6
The first region 21 to second region 22 afea ratio has an influence on the
frictional resistance in wiping, particularly in applications as a
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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 3] 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 mnimzed. 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 l e avoi din i ber distriRutiagn by, for exanple, controlling the
energy 7 gig}‘g ghetﬁléerfag%tégatﬁagr‘% t}g%i%nraﬂg{eﬂ’&nhydroent angl ement. The
first region 21 has a great nunber of small protrusions 41. Each small
protrusion 41 is donme-shaped and hollow. The small protrusions 41 are
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first regi orfirdlretion 20 ¥mpov8@he dusbtrepmnetaabhitigss. 10 15% to 70% The fi ber

aggregate 11 and the net sheet 12 that conpose the bul ky sheet 10 wll be
descri bed. The fiber aggregate 11 is a nonwoven fabric-like sheet forned by

I nterm ngling the constltuent | bers of a.fiher web by . hydroentangl ement.
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capabilities. The fibers nmaking up the fiber aggregate 11 include those
recited in commonly 20 assigned US 5,525,397, col. 4, 11. 3-10. The fiber

sagreqat e 11 prelchatin, comlahns oy, beal SO PR AS O L BEr S e 0 @
fibers havi ngillebd dezenegls The Jiter d@sgeé 11 683 .nowvoedh fabrieflike chestdoied 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
bul ki ness, and which is also effective in exhibiting high capabilities of
trappi ng and hol di ng hair when 25 used as a cl eaning sheet. The basis wei ght
of the fiber aggregate 11 and the length of the fibers are decided as
appropriate to the intended use of the bul ky sheet taking into
conprehensi ve consideration the fabricabiBity, cost, and the |ike. For use
as a cleaning sheet, for exanple, the fiber aggregate 11 preferably weighs
30 to 100 g/ nR2, nore eferably 40 to 80 g/nR2, to prevent boring and to
devel op and PHpPaiti§s gradf&Pépgﬁtapnmgmpahlh%gnambesmlagp he fiboeageaesdte. or a

| ubricant that can inprove the physical surface 8 properties and the dust
trappi ng capabilities may be applied to the fiber aggregate. In applications

as a wet cl eani ng ghgslichfidsegnated cWahjhgashEéﬂHhﬁe%ﬂahﬁl hithey hq@iﬁgﬁﬂgﬁ%& 11
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shaker, dried, and tested in the same manner as described above to determine 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).

g

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 B-shaped cross-section or a hollow

30 cross-section.

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



et e A5

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 performance,
maneuverability, and texture or 25 feel. Useful synthetic fibers include
pol yester fibers, polypropylene fibers, polyamde fibers, acetate fibers,
pol yvi nyl al cohol fiber, and polyvinyl c®oride fibers. The synthetic

fi bers can be used either individually or as a conbination of two or nore

t hereof The synthetic fibers y have circul ar, cross-secti gn, or nodi fi ed
cross-sect i 6#%@”1‘] laftice, net. I:[ggé’ﬁt ghF-eé ﬁ%;?é"cfe@L’ﬁ’nh§ha&‘p%‘H PE%?EH%@EC ?)olnt%r a
hol ow 30 qoE§sm¥eshi-p). Thadditibn $eakt, A8nwWoveRsSager, perfetatet Timk] Q€ may
aggregate 11 is a resi négade 9 rectangular lattice ng . The net sheet 12
preferably H&¥eAs e nshshegialh pF dongops dher recifed @i perdiag @M%éﬁ‘)"?e“'n Léfdition

to a net, neREY&that helers dTahé Abet RGrdgateEl behdt-onlP¥ntaSAEd Vitheaditheet
sheet 12 as long as the recited air pernmeability is s

d. |
preferred t k4t alSpeentanglsdsandfor; Hised jwi th&g&r‘é@é@elzllwb‘gg&gheoh‘lﬂiﬂ Ié?l?‘?in]gﬂ ed

wi th each othgibit® iﬁh#ov%ﬂst@ns‘ﬂ@t anrab®d ARG 4 UsBite Wet Bs tthe nRekhehae! W,
whereby the bul ky sheet 10 exhibrts inproved tensile strength. In using a

| atti ce net menofitamengdiameter; ofithe nehds prednably | niene0timnetose pesferably Heto i s
fer abl i dt h
e r o 03 30 8 R, B0 0l 4 20308, Bl SRS

is preferably 2 ) _ 0 nr terials making the
net sheet 1Materalsaeakingothe nascheasdl? inclydeshesesregded i dlS 53525897, ad. 39ll46.

Heat shri nkagl ' r - e . al s fon-mki ng
the nots sheat 2. Hiayar e dAehE A NG R bl e flaf By vl 1
have heat gl hetksbiset 12.y Nevertbelnssy ét isedesiratile ifoik thisi net tsheeti ¥2 notyto hverhgat nor e

t han 3% on I { . ' e .
preferably Eg}sla%bgngog%mg%h%ég&fgg?lgt%gi %n&prg?% [ 3%:12} eerlr;%ﬁ/atq:fjo to
100 g/ n2, t at MO?€ fonderinwtes.bul ki ness, inproved fabricability, and
sufficient inpregnability with liquid. Fig. 3 is a perspective of a bul ky
sheet 10 incorporating another enbodi nent of the present invention. The
difference fromt mgd t | ; | [ 2
configuration of t gea“ s'%ﬁgrégg}l()g;r{e fi‘laq’?nggtst %gggéc‘gﬁgﬁ{r ég?'gntg sz?@x&’hrenro\r/ﬁ
the 15 preferably 50 to 100 g/m°, to have moderate bulkiness, improved fabricability, and

se

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.

e 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
rhonbic lattice are discontinued at their intersections. That is, there is
formed the first region 21 between every adjacent pieces of the rhonbic

| attice bars, i.e., the second regions 220 The first region 21 25 incl udes
rhonbi c parts 2la each surrounded by a rhonbic unit of the lattice of the

second regions 22 and parfis 21b positioned between every_adjace ce of
the lattice eggpe! ﬁr&ﬁ Eaéb%\ﬁaot PRftio ofthe %rs?rrﬂr&aloaﬁ@heAmqrgmgrt% dn 21,
i.e., the paarﬁb%daﬁanaﬂré bilRe shestt 0 SHHib® ihpRvEd lcBhvenRGice 'or Zhancbverabilit e
first region 21 co t nglously extends in the planar direction of the bul ky

sheet 10, t HEheads §HERESEESt ar e each delineated by 30 the first region
21 and therefore separated fromeach other. In the bul ky sheet 10 of the
enbodi nent of Fig. 3, the area ratio of the first 10 region 21 is higher

than the total arera feiéxrrai procéROf R6dItthd eI kulley ket ACGhSWH G Figs. hind 2

enbodi nent , 10 exhibits roved co ni ence
maneuve? abi w@ esagﬁfait by way eP E%r ng'TgE eacess/apra?@ﬁ%m thg &seéé%e gep
produci ng t by sipd rgrﬁﬂipfépﬁsm 113 Jnt @9owdr A web 19 bWnl the FRPELLNE sides

descri bed by way of rocess proceeds in the order of the step

of super posioic Bt &hsfﬁ , fthey glep \raérsnrang SRt 18 Whiche ther filess copstitytingithe fibene
respective Si&gs|1a%hdd IB%e %9@1%ten1£1glédh@1tﬁte§&1 Q{he{afﬁ a8 £1BBL agdrBoathiagd t he

fibers constituting the f | a and are hydr o- entang%ed W th

each ot her tasofwitlhihg et ﬁ@pt b?ggrl@geévryéheamee rar@berﬁmqvmm tgmake p damminate 13,
wher eby, t he ah@"ﬂ?ees Etén&’r{gem%l&l?ﬁletlé}nﬂﬁ&elﬁs:pét%rﬂéér?lréﬁef 10 and the step

of\patternrng in the 'amnate 13 1s patterned 1n relief. Apparatus 50
illustrated in Frg 4 has a super posi ng part 60, an entangling part 70, a

patterning part 80, and a dewatering part 90. The superposing ggrt, 60 has
cardi ng machi nes @Prariisel Hlystratedin Fgt 4 hes 2 Mepernaseie Rash0, en snigagling past

respectivel yio of pabriink &ﬁnglﬁ(l)f&}{d h €RNaBingNgar i90eT THERGP bs?ing?lfiirin' 6d hhas

respectively, and a fee 64 for 15 feeding the net eet

ent angl i ng r?&fdlng?maﬁlalﬁesa(shﬁB%@fOI/\Af%bﬁlC@fﬂ%ﬁ’érﬁhﬁéM@éﬂllé anéelrlbpfﬁép%ﬂtwg]ryr face
and a 11 1St fGdis 8 Pelink Mo fMRF 4eBS 1 TZaREIPRY, FebpbQively>ahd RIEHA roRGASBH @
wat er jets agalinst the peripheral surface o rum he patterning
part 15 feeding the net sheet 12. The entangling part 70 has a drum 71 w1th a water-permeable
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
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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 tenplate 83 having a nunber of
projections and depressions is disposed dllong the peripheral surface of the
drum 81, and a second pattern tenplate 84 having a nunber of openings is

di sposed on the.first pattern tenplate 83 in rallel with the peripheral

o5 B T ace. GIALEML i 238 paverh gtlR ab ellipie h Al Srossieiorand e AFAR4 A ng
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a) Is aitragnentary an view of, t .1 rst, tte .t rrpate ; 1 g.
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IS a cross- sgidefin 8traightt Wited kEFa. al djscehnt MRli€al Cwirts BBB. hfeathe Jdhge findihg 30

pattern tenplate 83 i s conposed of straight w.res 83a_and helical w res 84b.
The st r ai ghtdiffcheR and he, syae aweiilpsmﬂ&h gRe él\rql?aitwe géb hpyvRdnfigs8a dvat i on

and are arr balir oPRUBWIr& of theCRARR QFANRE AbssReltRAUAINgEA iR AVade-by-Sile
straight wires 83a are preferably _arranged on the sane plane. Each heli cal

wire 83b is deafigumtipy. ipployRyirenemay dajreniaasd vgth aigsle Wire e wEtRry set
Adj acent hel o Cfee i e tabwiiey ® THhRAPwi Boh 1Y wahlh §iP Slchod npiifler! it B

w nding pitch. The helical wire 83b shown in Fig. 6ais a unitary pair of
subwi res of lingeconapgting the genterscaf dbe twe sehvaresap kepigaddarallel tos theestigighs wdees
configypati [ e i o, r i i i or a
uni tar ;638'[ %gfé[{% ﬁ?@gdoglrt B&ﬁﬁe s_u%i\?c\nélr‘ggfx 8;'_?_ﬁ,e Elg% ?@gﬁrex&rl %‘é’% ain(g}c%tl)a\aﬁr?é%?n
such a mannesllipticagectiore  Both ghecwhierci3aiang 88 herecnadegfanedtl arfacsynthstic tasiti.res i s
kept in parallel to the straight wires 10 83a at every position in the
helical wre 83b. The subwires may have a circular or an elliptic section.

Both the wires 83 : S ot I H; :
Tlustrated in B g %5?%?%%%%%@%@?@% %”eﬁ’%@gﬁé‘fﬁ{ ?ﬁe&#?e(ﬁ?()l(alaxi al
di rection, ddpsctior, depicts pn gHwsevidose majasraxiscissparallepavithl the|plaget on whichpthane on
which the s J - M e I L es . ict a
circle or a %t{a?%%gﬁ r.eewgi@g%l\(ﬁ%?]a)%g'en?lh%ﬁfxﬁ%i We{é&ﬁ%?g?é%yréeg%&g%r %a{gﬁgm in
Fig. 6£b), tWweernsgen buthehekxexigbiresiemt e a great number of peaks 83d and

val | eys 83e about a base plane (the plane 83c formed of the straight wires
83a). In

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 by and the winding pitch b, of the helical wire



short, the first pattern tenpl ate 83 has a | arge nunber of projections and
depressions. The term "projection"” denotes the peak 83d and its vicinity,
mhrch are inclusively 20 represented by synbol 83f, while the term

"depression” means the portion in the nmddle of two adjacent peaks 83d
which is represented by synbol 83g. The center-to-center distance ap between
adj acent straight wires 83a determ nes tlRe |length of the protrusions 31 of
the bul ky sheet 10. The winding pitch by of the helical wire 83b governs
the pitch of__the praotruysi 31 of the bul ky sheet 10. The 25 mndth bd of
the bross Scbian PIACTRE Gartp AL moTe S5 Eaky dot SREMFR h (ol SHE. more

protrusions r&'érab EthV mah, Mlb&tlbélyOf Thé&iklihg BRhete M, (inder MindrhRishel thx of

t he heli cal glul at e8§P g@ ag)ieglt t hi ckness of _t second regr ons
22 of the b él& heftoal wife BAPLBHPralsadlY ¢ e 18 gRte piefesatiya tps!>
preferably Qvﬁhttae Swikd® 83 hAd sr%eéaeg@mfymﬂesé 9re”feﬁ§a cOhfitibhs Ghe aRstOpattche

straight wires 83a is preferably 2 to nore preferably 3 to 15 nm
The w di h bdemplater B3 i sepRblg ¢fi BBENGWR erhef rpéttrrer r%éhe fegeof] the daminateel3
preferably Qoﬁeéﬁanwr Y tHO5& R %gbaplm to gfb‘@deﬁm bRy shediC16:2 PHNored®F ©
preferably 2 to nn1 respectively. The w nding dianeter b" (inner m nor
axis of the suﬁ”rqlcrqgsléﬂl@nessr@dhm incaqasqienergg fficiencyp i fee aqdrsj Rtteming ims nore
preferably rc%fgrréds f6Mhe th$ F}aﬁaﬁ t@fn?f%?e §§% EI'B‘J %3&@%{ hEEIe8d AR Eerred
preferred c tirons, the rst pattern 'S capable of giving a
relief pattéhlnkaSStSh’ethZrSelam;)anMErefqablﬁéttelimrm:orrespondr ng to the second
regions 22 to provide a bulky sheet 10. To create sufficient bulkiness and
to increase energy efficiency in the relief patterning, it is preferred for

(he IEst patLern BEnPRk el int Ol cRRERRIA: SILGKNRA: phdfBETRas

t hisxekness is 3 to nore prefer

t he second ﬂalerseeqndtmﬁtpnatemme 84 dga irhpntlbre lq;metrelmr n@qyiprrracmhombwéat@eeond
pattern t eMUALE SthohibidoblfiPsfal Al difi: rrb@gethe'ga&&ﬂre patrﬂlg zgenp tice

unit is a rhonbrc openi n B% I'n ot her wor the sech ate
84 is a pl alae havingg nbérhoptbi¢ pparings %pecguigéy Mgeégmhahmblarlatanged in
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metal such aséco?-rtdada%ﬁst%mﬂa?g R4 ?Jm@de’sgpﬁlgﬁf élﬁ:hrag %tannless steel or a synthetic resin.

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

%

s 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 aresult. 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



Metal is preferred for durability. Fig. 8 illustrates a second pattern
tenplate 84 that is wused to produce the bul ky sheet 10 shown in Fig. 3. In
t he superposing part 60 of the apparatus 50, the fiber webs 11 a and 11 b
are 20 fed fromthe respective cardi ng nmachi nes 61 and 62 by neans of the
respective feed rolls 63, while the net sheet 12 is unrolled froma net
sheet roll 12a positioned between the cdBding machines 61 and 62 and fed by
the feed roll 64. The fiber webs 1la and 11 b are superposed on the
respective sj he r fal S In
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ent angl enent of the fiber aggregate is preferably such that an entangl enent
coefficient is in-the r e of,from,0.05 to N nore pref.erably 0.2 to
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divided by the width of a specinen clanped in a tensile tester and the
basis weight of the fiber aggregate 11, and the "strain" neans an anmount of

el Ongatlé on. While, in Fig. 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.
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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

J 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



15 While, in Fig. 4, the stack 65 is hydroentangled fromonly one side
thereof, high pressure water jets nay 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 83 wapped around the
pernmeabl e drum 81 and the second pattern tenplate 84 w apped around the
first pattern tenplate 83. Wiile the 20 ham nate 13 is noving with the
relief patterning unit, high pressure water jets are spouted fromthe
second group of water jet nozzles 82 against the lamnate 13 to patternw se
press the | anptiegiensd and\ihe denressionsBeer kiompatedi with referefhe applicatigmphweter 13
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| ami nate 13 [ ocated directly on the first pattérn tenplate 83 throuéﬁ t he
openi ngs 84@reftuding 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 depressions 83g of the first pattern tenplate
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second regi diter? Aobutvaal protwading ¢ estattedde downward in the parts positioned
on the holes 84b (see Fig. 7) of the second pattern tenplate 84. There is
thus forned the first region 21 having a great nunmber of small protrusions
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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



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 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

wat er jet nozzles, the alignnment of the adzzles (the pitch, the nunber of
rows and the nunber of nozzles), the water pressure, the |line speed, and so

forth. The resu]ting bul ky sheet 10 is dewatered by suction in the suction
box 91, 20°¢ heet dPRkARHIAS me&"ikx Sert i imprsenatad ?Y“Hé‘ﬁ@ﬂH%o.“sﬂﬁ@r%qnber
aggregate 11 in the second regions 22 of the bul ky sheet 10 preferably has
substantially an equal entanglenment coefficient to the fiber aggregate
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coefficient in.t range of fromQ.05 to 2. , e eferably 0.2 to 1.2
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by the selection of the first and sec&gd pattern kenplates to be conbi ned.
The bulky s Dgc BB Aoy (Tthey Frlegss efethe daicrennt snkeRt edistrahifenme 1the J€BY as a

wet or a drYbeginBgith ISR adlshntheSepetdtRny &) THel eabiifpshst s ISHpkr-RistifRuUZe.
In wet 15 cl eaning sheet applications, the bulky sheet is _ inpregnated with
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Taking these tendencies 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
m 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.



is lower than 20 nPa-s, it tends to be difficult to control the anount of
the detergent released in the beginning of a cl eaning operation. An agueous
detergent having a 15 viscosity exceeding 30000 nPas tends to be difficult
toinfiltrate into the sheet. Taking these tendencies into consideration,
the viscosity of the aqueous detergent is nore preferably 100 to 1000 nPas,
even nore preferably 300 to 800 nPas. Thé&6é viscosity is neasured with a
Brookfiel d visconeter. The rotor and the number of revolutions are sel ected
as appropriate to_the viscosity of the agueous detergent. 20 It is desirable
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aqueous det e&ggent preferably contains a surface active agent, an al kali
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conponents  BhddniftiIUeRUS), d6fhRAYTRLCRI SatBf £4i8 (SPliyhtHARL SNblagbied) esters, _
wat er - sol ubl'e. The residual nonvolatile Content of the aqueous detergent is

preferably B0do®ArCRRialk (sfraightschainmer brangied) atyesro) oty photeric peess,
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str.ai ght - chald. .0 a [.de r e
condonaat onttiee BB ARRFI B0 WERENSTR B BIAGPRIILT B B Whiche, more
branched) egrefemply GO @s0022bwnimeight.( st rai ght - chain or branched) gl ycer ol

et hers; and anphoteric ones, such as al kyl carboxybet ai nes,
al kyl sul f obet ai nes, al kyl hydroxysul f obet ai nes, al kyl am docar boxybet ai nes,

B 1o 24 carbon at Sanprs, fthe P SEATERACHREEUL, 20F) RbRGR MRl O
det er gecy aatbohatns,shg., dogiuef earbedateonlkeline ghlfatese e.g., sodium hydrogensulfate,
phosphates, 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.



surface active agent in the aqueous detergent is 0.01%to 1.0% by wei ght,
nore preferably 0.05%to 0.5% by wei ght. Exanples of the al kali agent

i ncl ude hydroxides, e.g., sodium hydroxide, 15 carbonates, e.g., sodium
carbonate, alkaline sulfates, e.g., sodium hydrogensul fate, phosphates,
e.g., sodiumprimry phosphate organic alkali metal salts, e.g., sodium
acetate and sodi um succi nate, anmoni a, alkanol anines, e.g., nono-, di- or
tri et hanol am ne, R-am noal kanols, e.g., 2-am no-2-nethyl-|- propanol and
nor phol i ne. Al kanel Mo,
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These acrylic acid-based thickeners preferably devel op 30 viscosity in their
sodiumsalt form The thickener is preferably used in an anobunt of 0.01%to
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agent |n addi tion
g content o tge antnmcroblal agent in the aqueous detergent is 0.005% to 2% by weight,

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%
to 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



above-descri bed conponents thereby to endow the detergent with an
antimcrobial .10 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, sodium benzoate, sodium

p- hydr oxybenzoate, and natural antim crobials. Quaternary anmoniumsalts
and pol yl ysine (natural antimcrobial agelt), etc. are particularly
preferred in view of their conpounding stability and antim crobial activity.
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according to necessity. 20 The proportion of water, a nedium of the aqueous

detergent, is preferably 50% to 99.9% by weight, nore preferably 80%to 99%
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sufficient cleaning performance to w pe off stains or dust. Wth an

i npregnati on percentage nore than 500% too nuch detergent nay be rel eased
to a floor SE{%H@ q It can follow that dust and debris remains on the
floor. Too nuc etergent can adversely affect sone kinds of wooden
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had a viscosity of 500 mPa-s at 25°C. The nonvolatile content of the aqueous

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



A bul ky sheet illustrated in Fig. 1 was fabricated fromthe materials shown
in Table 1 below using the apparatus of Fig. 4. The bul ky sheet was
inmpregnated with io 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 (Carbopol ETD2020, an acrylic acid-C10. 30
al kyl met hacryl ate copol yner avail able fd8m Ni kko Chemical 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 nmPas at 25 T Y i te q S te t was
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was evenly spread on a 100 cm x 100 cm area of a wooden fl oor (Woodytil e
MI613T, frorfappinguatif €4)-El ectric Works, Ltd.) with a brush. The dusted area

of the s floor was cleaned by giving four side-by-side forward and backward
sweeps of Quickie Wper. The sane operation was conducted six tines in

total using (8Rlaf@iRrablity DRS®Eeper
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
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The soil ed sheet was dried and weighed to obtain the total weight of the
sheet, the nonvolatile content of the detergent, and the dust trapped by
the sheet. The dry weight of the sheet nmeasured before inpregnation and the
theoretical weight of 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
spread (0.6 g =6 x 0.1 g), and the quotient was nultiplied by 100 to give a

dust trapping ratjio (% 3) Maneuverabi]i of .sweeper .is The wet sheet
was attached to t es‘&)?t\ﬁé‘Féth dnes aﬁ“’%@éé{&‘é&g@’? Eﬁﬁlf&&’aﬁ?mgﬁlﬁsm’&a e&or p. )
\ll(\liE}? gotl hef rel ﬂomeﬂadiiﬁ;ﬂgoee% lﬁséxfempwhg b&eﬂ@ﬁ?ﬁ@arﬁbm rof_é}\wdqmeg st Ihet L ype E
, from S ita Electri rks, : Wi ped w e sweeper

having the 4et s e%P@E@H@Gﬁgﬁggﬁgipg?ﬁgnéﬁggiﬁ% was noved forward and
backward wi t@: oneribagshed Sightlgneuverabi lity of the sweeper at the beginning
of cleaning was rated 20 as fol]Jows. A The sweeper is snoothly nmaneuvered
with ong harfer wi t Habars shed<opgjdembly. swi vel head edge of the sweeper to |ift

on changi ng the sweeping direction from forward to backward. B: The sweeper
is snoothly maneuvered wi th one hand, but the sw vel head edge 25 of the

sweeper SOoNgl) BRw ddtérzénttlegBabiliyy on changi ng the sweeping direction from
forward to backward. C. The sweeper i s snoot hl ,%euver d wi.ith one hand,

but the head edge 0 W¢isheed ye gtiacherl {¢ 8 syrenreh Wipgs (BREprnGom )y ik i on

from forwar did @liérasattu@med sidPouf 074 §0-tstath £ (0RE tdt8mBdids torfdspsHdado b red WEEPET
forward. The swi vel head of the 30 sweeper sonetines turns upside down on

changi ng t hkwmrdyi HY ant soeien flppp s ook dthy e paesengrr i thegyaRdsscsibetice to
fiber fyzzi ngandaheddhicint &f tﬁ@%ﬂﬁ‘&tusﬁﬁ?e@éen‘ﬁﬁféle&%ﬁhﬁp!e@g{yl Mt @AEd 0N it

relief patterned side and rated for the resfstance to fibef sheddi ng based
on t he anpurineaspredhedhe physt was removed o the sweeper eyery tignef orgdatagih 8@8 viRedand no

probl em and the wet sheet thus removed was weighed to measure the amount of the aqueous
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.

N 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.
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B: Fibers shed slightly. 5 C Fibers shed considerably. (5) Slow detergent
rel easability The wet sheet was attached to a sweeper Quickie Wper (from
Kao Corp.) with its relief patterned side out. A 10-tatam size (one tatam
size corresponds to an area of 90 cm by 180 cnm) wooden floor was swept with
the sweeper in the way described 10 bel ow, and the anobunt of the aqueous
detergent released for every tatam size was neasured. The sheet was
renoved fromthe sweeper every tine one tatam was w ped, and the wet sheet
t hus renoved was wei ghed to neasure the anount of the aqueous detergent

rel eased. One tatam area was divided into two in the |ongitudinal direction

and four in the wwdth direct] t o e 8 sect] in total. A forward and
backward 15 stroke Wasugiveaner sgctli on. | Ef ght |stirokes ¢tonpl et ed cl eani ng
one tatam area. E}a@@kg 2 A \yet] huliky| shee m#s obtajned in the sanme
manner as in Exanrl? 1£ except| Afjor dhang ng he ijmpfr egnati on percentage to
250% The resul tincglshtet WAs™ é*t%d in othj arre |mejnner | as in Exanple 1.
The results obtai#éﬁ arg shown{in Tabl e ﬁg EJaane 3 A wet bul ky sheet
illustrated in Fig%&?\/a@gbtaingedgw theSsame | naidies| @5 (n Exanple 1,
except for changi g |ttheSi BpRean@| iR eI cent age | @506 and usi ng t he
second pattern te ate i1justrated ijn Fi g. [8] Ihg respliting sheet was
tested in the samg |mag@ner|as iin|EXanple {L.|The rgsults bbt ai ned are shown
in Table 2. 25 Cbnmaraérge Exa lle |1 IA Wwet bullky ghelet| was obtained in the
same manner as in [Exanpl Al Bx&gpt forg:hangiqg the | npregnation
percentage to 250%-ANdUS] gIno sedond pattern |tenpl ate] The resulting
sheet did not have-ihe,éirst r e¢gijon 21. | Fhe| shest maﬁﬂfe‘ted in the sane
manner as in Exarrplég.g?TEe es;ultﬁ onaEﬂgﬂblgarﬁlqug) ‘i:oﬁ Table 2. 0 Qh N
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As is apparent from the results in Table 2, the sheets of Examples prove

.z
00 C
000
000

N

N

- m
Qd.
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

St

releases the cleaning liquid slowly.



23 As is apparent fromthe results in Table 2, the sheets of Exanpl es prove
superior to the conparative sheet in terns of hair trapping capabilities,
maneuverability in working with a sweeper, resistance to fiber fuzzing and
sheddi ng, and equalized release of the detergent. 5 As fully descri bed,
havi ng a denser and thinner first region and | ess dense and thicker second
regi ons, the bul ky sheet of the present iZdvent i on hardl y undergoes fuzzing
and shedding. In applications as a cl eaning sheet, the bul ky sheet of the
invention exWiPdt $s CIRATMES 1! eani ng performance includi ng dust trapping

capabilities. en, 1n particular, inpregnated with a cleaning liquid to
provide a wet cleaning sheet, 10 the bul ky sheet of the invention provides a
user with an ease of w ping operation_and releases the cleaning liquid

slowy. 24 WMHAT 14belkx shesy comprising & fibar pgerepate formmddy lydaee gyeant of a
aggregat e fqmﬁgqmgy hydr oent angl enent of a fiber web, the fiber aggregate
conprising a first region having a high fiber density and a 5 snall

t hi ckness and a sdbofifier aggregateneamprtping & Husregiphbavide adiighy fiberddensity pedp

t hi ckness t %Q%n g reql ! | j

cl osed fi gur%ﬁdgle [ negdgsbf/lhtahsgg(?rlgiprs?gf()?1 2‘5?‘2”%%&%5% ﬁrgde?gi o%ld‘fj ?iedgrgﬁﬁhﬁgr\#?\g
protrusi ons th!nd'.thdé'pstesglbons. 10 2. The bulky sheet according to claiml,
frtper compr ! N2 05k RS bhBE A By o Lied KK ASIEERTYR nRAdES
sheet accordindg to claim1 or 2, wherein the first region has a fiber
density of 0.020 t G [ S.0f to 1.5 mm and the
second region 15 tﬁ%gecgg?‘?ﬁ{ém&% 9*’@%‘%%@??%“@9 g/ cnB and a thickness

of 1.0 to 5.0 nm 4. The bul ky sheet according to any one of clains 1 to 3,
having a basis weight of 40 to 200 g/nR2, the fibers of the fiber aggregate
havi ngia | endyt h ofThetbulky sieet apeprding to claim 1, further comprising a net sheet located in

the fiber aggregate, the fibers of the fiber aggregate being entangled around the net

sheet.

3. The bulky sheet 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
15 has a fiber density of 0.005 to 0.65 g/cm® and a thickness of 1.0 to 5.0 mm.

4, The bulky sheet according to any one of claims 1 to 3, having a basis weight of
40 to 200 g/m?, the fibers of the fiber aggregate having a length of 20 to 100 mm.

Tt

5. The bulky sheet according to any one of claims 1 to 4, wherein the first region

has an area ratio of 20% to 90%, and the second region has an area ratio of 10% to 80%.

20 6. The bulky sheet according to any one of claims 1 to 5, wherein the first region

has a large number of small protrusions.

7. A process of producing the bulky sheet of claim 1, comprising 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

25 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



5. The bul ky sheet according to any one of clains 1 to 4, wherein the first
region has an area ratio of 20%to 90% and the second region has an area
ratio of 10%to 80% 20 6. The bul ky sheet according to any one of clains 1
to 5, wherein the first region has a |large nunber of small protrusions. 7.
A process of producing the bul ky sheet of claim1, conprising the steps of.
entangling fibers of a fiber web with ead® other to forma fiber aggregate,
putting the fiber aggregate on a relief patterning unit having a first
pattern 25 tenpl at | RG.: pLoj ect | d [ession a
second pattern tenagjpi;}'tﬂéé Qﬁlé |ﬁ%ég%?%t%eérjegkgag%%gtﬁggasal.%zér%gesg%&gg b?@efi rst
pattern tenplehefe pattaroing Sunit e | opiiseg part fgthepfibers aggregate ¢o pretrudeg owesd thée

fi ber aggregate b hg relief pa rpin njt.to S he

fi ber aggr eg‘geé’é“%@ﬁge%g??eﬁ :él ﬁlgmcé*ehﬁ]tgh{e% Fotcli-‘g‘pgesg(gqngn*eékoﬁolslag& % ’?ﬂg B%Jéeﬁ'ltl ng to
form a seconmneggindinghta\therdemressedn efpopat inethe oparing ehjie fatingg tdirsthregion in

d ' d.j h [ ple f ' first [ [ th
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