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FIBROUS STRUCTURE AND PROCESS FOR MAKING THE SAME

FIELD OF THE INVENTION
The present invention is related to processes for making strong, soft,
absbrbent fiborous webs. More particularly, the bresent' invention is
concerned with fibrous webs having micro-regibns formed by fibers

inte}connected by a fiber-binding substance.

| | BACKGROUND OF THE INVENTION
. Fibrous products are used for a variety of purposes. Paper towels,
| fac:al tissues, toilet tissues, and the like. are in constant use in modem
- ind'ustrialized societies. The large demand for such fibrous products,
... .. including paper products, has created a demand for improved versions of |
.. the products.. If the paper products such as paper towels, facial tissues,
... toilet tissues, and the like are to perform their intended tasks and to find
. wide acceptance, they must possess certain physical characteristics.
..Among the more important of these characteristics are strength, softness,
-and absorbency _ _
- Strength is the ability of a ﬂbrous web to refain its physucal integrity
dunng use. - _
- Softness is the pleasmg tactlle sensation consumers perceive when
they use the fibrous product for its intended purposes.

: ; ' h Absorbency is the characteristic of the fibrous product that aliows the

product to take up and retain fluids, particularly water and aqueous

03T so!ytlons and suspensions. Important not only is the absolute quantity of
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fluid a given amount of the product will hold, but also the rate at which the
product will absorb the fluid.

Fibrous structures currently made by the present assighee contain
multiple micro-regions defined by differences in density and/or basis
weight. The more typical differential density cellulosic structures are
created by first, an application of vacuum pressure to the wet web
associated with a molding belt thereby deﬂectirig a portion of the
pape}making fibers -- to generate the low density regions, and second,
pressing portions of the web comprising the non-deflected papermaking
ﬁbérs against a hard surface, such as a surface of a Yankee dryer drum, -

- to produce the high density regions. High density micro-regions of such
.. cellulosic structures generate strength, while low density micro-regions
=+ contribute softness, bulk and absorbency. "

-7 Such differential density cellulosic structures may be produced using '
.=+ through-air drying papermaking belts comprising a reinforcing structure
" -and' a resinous framework, which belts are described in commonly
. éssigned U.S. Patent 4,514,345 issued to Johnson et al. on Apr. 30, 1985;
.. U.S. Patent 4,528,239 issued to Trokhan on July 9, 1985; U.S. Patent
4,529,480 issued to Trokhan on July 16, 1985; U.S. Patent 4,637,859
o issued to Trokhan on Jan. 20, :1987; U.S. Patent 5,334,289 issued fo
Trokhan et al on Aug. 2, 1994. The foregoing patents are incorporated

o+ herein by reference. " '
There is a well-established relationship between strength and
=1~ density. of a fibrous web. Therefore, the efforts have been made to

R ‘produce highly densified fibrous webs. One of such methods, known as

CONDEBELT@itechnology,‘ is disclosed in the U.S. Patent 4,112,586
issued Sep. 12, 1978; the U.S. Patents 4,506,456 and 4,506,457 both
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issued Mar. 26, 1985; U.S. Patent 4,899,461 issued Feb. 13, 1990; u.s.
Patent 4,932,139 issued Jun. 12, 1990; U.S. Patent 5,594,997 issued Jan.
21, 1997, all foregoing patents issued to Lehtinen; and U.S. Patent
4,622,758 issued Nov. 18, 1986 to Lehtinen et al.; U.S. Patent 4,958,444
issued Sep. 25, 1990 to Rautakorpi et al. All the foregoing patents are
assigned to Valmet Corporation of Finland and incorporated by reference
herein. The CONDEBELT® technology uses a péir of moving endless
band; to dry the web which is préSsed and moves between and in parallel
~ with the bands. The bands have different temperatures. A thermal
- grai_dient drives water from the relatively heated side, and the water
- condenses into a fabric on the relatively cold side. A combination of
... temperature, pressure, moisture content of the web, and residence time
1~ .causes the hemicelluloses and lignin contained in the papermaking fibers
_.+: ;0f the web to soften and flow, thereby interconnecting and "welding" the
- papermaking fibers together.
+- ..~ - While the CONDEBELT® technology allows production of a highly-
- densified strong paper suitable for packaging needs, this method is not
. - adequate to produce a strong and -- at the same time -- soft fibrous
~ products such as facial tissue, paper towel, napkins, toilet tissué, and the
- like. _
| Therefore, it is a purpose of the present invention to provide a novel
. . process for making a strong, soft, and absorbent fibrous structures
comprising at least two micro-regions: micro-regions formed by the fibers

: whlch are interconnected by the fiber-binding substance, and micro-

i+~ regions which are not interconnected by the fiber-binding substance. It is

¢, still another object of the present invention to provide a fibrous structure
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having a plurality of micro-regions comprising fibers interconnected by the
fiber-binding substance.

It is another object of the present invention to provide an apparatus
for making s'u_ch a fibrous web. |

SUMMARY OF THE INVENTION

A single lamina fibrous web comprises at Ieast two pluralities of
micre-regions preferably disposed in a non-random and repeating pattern:
a first plurality of micro-regions and a second plurality of micro-regions.
The first plurality of micro-regions comprises fibers which are
- interconnected with a fiber-binding substance in the first plurality of micro-
regions. The second plurality of micro-regions comprises fibers which are
not 'in'terconnected with a fiber-binding substance in the second plutality of

~ micro-regions. The fiber-binding substance is preferably selected from the .
group consisting of hemicelluloses, lignin, extractives, and any
_~..combination- thereof. The fiber-binding substance may be inherently
- . contained in the fibers. Alternatively or additionally, the fiber-binding
- substance may be added to the fibers or the fibrous web as part of a
* . process for making the web of the present invention. The fibers in the first
plurality of micro-regions are fiber-bonded, i. e., bonded together by a
B process of softening, flowing, and then immobilization of the fiber-binding
5% substance in_the web's: selected portions comprising the first pi'urality of

&+ ~Tnicro-regions. |

'. ks Lain one preferred embodiment, the first plurality of micro-regions
= .COrnprises an essentially continuous, macroscopically monoplanar and
i patterned network area; and the second plurality of micro-regions

comprises a. plurality of diecrete domes dispersed throughout,
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encompassed by, and isolated one from another by the network area. The
second plurality of micro-regions may comprises an essentially continuous
and patterned network area; and the first plurality of micro-regions may
comprise a plurality of discrete knuckles circumscribed by and dispersed
throughout the network area.

in the process aspect of the present invention, the process for
making a single lamina fibrous web comprises the follbwing steps:

7 providing a fibrous web comprising a fiber-binding substance and
water; '
| pfoviding a macroscopically monoplanar belt having a web-side
surface and a backside surface opposite the web-side surface; depositing
the fibrous web on the belt;

.-~ ;- heating at least selected portions of the web for a period of time and
to a temperature sufficient to cause the fiber-binding substance contained '
- ; in the selected portions. 6f the web to soften;

. <. -.-applying pressure to at least the. selected portions of the web,

. thereby causing the fiber-binding substance in fhe selected portions to flow
..and, interconnect those cellulosic fibers which are mutually juxtaposed in
. the selected portions; e '

-~ immobilizing the fiber-binding substance thereby creating fiber-
.. bonds between the fibers which are interconnected in the selected
- pprtions, thus forming the first plurality of micro-regions from the selected
portions of the web.

~ The step. of immobilizing the fiber-binding substance may be
v z.accomplished by either one or combination of the following: drying at least
_tbe;se_lected portions of the web; cooling at Ieést the selected portions of

the web; releasing the selected portions of the web from the pressure.



WO 99/09248 PCT/NB98/01179

The step of applying the pressure may be accomplished by
pressurizing the web in association with the papermaking belt between a
mutually opposed first press member and a second press member, the first
and second press members being pressed toward each other. The first
press member has a first press surface; and the second press member
has a second press surface. The press surfaces are p'arallel to each other
and mutually opposed. The web and the papermakirig belt are interposed

_between the first and second press surfaces such that the first press
surface contacts the web, and the second press surface contacts the
t;a'éksidé surface  of the papermaking belt. The first press surface

- - preferably comprises an essentially continuous network area.
The process may include the step of depositing the fiber-binding
= substance in/on at least the selected portions of the web, or infon the fibers
- -, from,which the web is formed. -
In case a ﬂuid-permeable belt having deflection conduits is utilized in
.. the process of the present invention, the process may further compﬁse the
.. .Step of _apblying a fluid pressure differential to the web such as to leave a
.. first portion of the web on the web-side surface of the belt while deflecting
a second portion of the web into the deflection conduits. In the latter case,
...the. web-side surface of the beli preferably comprises an essentially

" -~ continuous web-side network which defines web-side openings of the
-+, deflection conduits.

~ . BRIEF DESCRIPTION OF THE DRAWINGS

Lizes e FIG. 1 is a schematic side elevational view of one exemplary

.- ~embodiment of a continuous papermaking process of the present
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invention, showing a web being heated by a heating wire and pressurized

between a pair of press members.
~ FIG. 1A is a schematic side elevational view of another exemplary

embodiment of a continuous papermaking process of the present
invention, showing a web being heated by a Yankee drying drum and
pressurized between the Yankee drying drum and a pressing belt.
| FIG. 1B is a schematic fragmental side elévational view of the
procéss of the present invention, showing a web being pressurized
between a Yankee drying drum and pressing rolls.

" FIG. 2is a schematic top plan view of a papermaking belt utilized in

. the process of the present invention, having an essentially continuous

. _:..,._web-side network and discrete deflection conduits.

- - FIG. 2A is a schematic -fragmentary. cross-sectional view of the
-papermakmg belt taken along lines 2A-2A of FIG. 2, and showing a ‘-
.. cellulosic web in association with the papermaking belt being pressurized

bé,_tyﬁeen a  first press member and a second press member.

... .. FIG. 3 is a schematic top plan view of the papermaking belt
_....comprising a framework formed by discrete protuberances encompassed
... by.an essentially continuous area of. deflection conduits, the discrete

- pg_&qtuberances having a plurality of discrete deflection conduits therein.

e FIG. 3A is a schematic fragmentary cross-sectional view of the

:' papermakmg belt taken along lines 3A-3A of FIG. 3 and showing a

| cellulosm web in association with the papermaking belt being pressurized

. :between a first press member and a second press member.

| . 4+~ FIG. 4 is a schematic top plan view of a prophetic paper web of the
ity .gljggent invention.
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FIG. 4A is a schematic fragmentary cross-sectional view of the
paper web taken along lines 4-4 of FIG. 4.

FIG. 5 is a schematic fragmentary cross-sectional view of the
papermaking belt having a fibrous web thereon, the web and the belt being
pressurized between a first press member and a second press member.

FIG. 5A is a schematic plan view of the first press member, taken
along lines 5A-5A of FIG. 5 and showing one embodifnent of the first press

surface comprising an essentially continuous network area.

DETAILED DESCRIPTION OF THE INVENTION

- The papermaking process of the present invention comprises a
number of steps or operations which occur in the general time sequence
. as noted below. It is to be understood, however, that the stép's described
. below are intended to assist a reader in understanding the process of the ‘
. .. present invention, and that the invention is not limited to processes with
only a certain number or arrangement of steps. In this regard, it is noted
=2 that it is possible, and in some cases even preferable, to combine at least
«- some of the following steps so that they are performed concurrently.
~.. Likewise, it is possible to sebar’ate_ at least some of the following steps into
two .or more st_eps. without departing from the scope of this invention.

.+ FIGs:-1-and 1A are simplified, schematic representations of two

= r:embodiments of a continuous papermaking process of the present
ey invention.

The first step of the process of the present mventlon is providing a

.+ fibrous web 10 comprising a fiber-binding substance. As used herein, the

term "fibrous web" includes any web comprising cellulosic fibers, synthetic

fibers, or any combination thereof. The fibrous web 10 may be made by
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any papermaking process known in the art, including, but not limited to, a
conventional process and a through-air drying process. As used herein,
the fibrous web designated by the reference numeral 10 is the web which
_is subjected to the process of the present invention; and the fibrous web
‘designated by the reference numeral 10* is a finished product made by the
- process of the present invention. As used herein, any and all fibers
comprising the fibrous web 10 and the fibrous web 1 0* are designated by
the réference numeral 100. Suitable fibers 100 may include recycled, or
secondary, papermaking fibers, as well as virgin papermaking fibers. Such
- ﬁbérs may comprise hardwood fibers, softwood fibers, and non-wood
- fibers. _ _ S
ST The step of providing a fibrous-web 10 may be preceded by the steps
-of forming such a fibrous:web 10. One skilled in the art will readily
- . recognize that forming the fibrous web 10 may include the steps of )
' .,,.._-._.:._p_r.QZ\(iding' a plurality of fibers 100. In a typical process, the plurality of the
... fibers 100 are preferably suspended in a fluid carrier. More preferably, the
. plprél_ity of the fibers . 100 comprises an aqueous dispersion of the fibers
100. The eduipment for preparing the aqueous dispersion of the fibers 100
- . is well-known in the art and is therefore not shown in FIGs. 1 and 2. The
- aqueous dispersion of the fibers 100 may be provided to a headbox 15. A
. singlé headbox is shown in FIGs. 1 and 2. However, it is to be understood

that there may be multiple _headbdxes'in alternative arrangements of the

| - vic Process of the present invention. The headbox(es) and the equipment for
... preparing . the aqueous dispersion of fibers are typically of the type
... disclosed in U.S. Patent No. 3,994,771, issued to Morgan and Rich on

o Np_vember 30, 1976, which is incorporated by reference herein. The

- preparation of the aqueous dispersion of the papermaking fibers and the
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characteristics of such an aqueous dispersion are described in greater
detail in U.S. Patent 4,529,480 issued to Trokhan on July 16, 1985, which

is incorporated herein by reference. |
According to the present invention, the fibrous web 10 comprises a
fiber-binding 'substance. As used herein, the term "fiber-binding
substance” designates a matter capable of interconnecting the fibers 100
of the web 10 under certain conditions of moisture femperature pressure
and fime, as to create fiber-bonds therebetween. Selected portions of the
web 10, in which the fibers 100 are interconnected with the fiber-binding
su"bstance, will form a first plurality of distinct m'icro-regions of the web 10*,
different from the rest of the web 10* in that the rest of the web 10* will
...~ comprise the fibers 100 which are not interconnected with the fiber-binding
~ substance. The preferred fiber-binding substance of the present invention
-is:selected from the group comprising lignin, hemiéelluloses, extractives, |
- and any combination thereof. Other types of the fiber-binding substance
may also be utilized if desired. European Patent Application EP 0 616 074
- ..At discloses a paper sheet formed by a wet pressing process and adding

- a wet strength resin to the papermaking fibers.

~- As well known in the papermaking art, typically, wood used in
‘papermaking inherently comprises cellulose (about 45%), hemicelluloses
(about 25-35%), lignin (about 21-25%) and extractives (about 2-8%). G. A.
'« *Smook; Handbook for Pulp & Paper Technologists, TAPPI, 4th printing,

-y ..1987, pages® 6-7, which book is incorporated by reference herein.

;.. Hemicelluloses are polymers of hexoses (glucose, mannose, and
s galactose) and pentoses (xylose and arabinose). /d., at 5. Lignin is an
«;* amorphous, highly polymerized substance which comprises an outer layer

.~ ofafiber. /d, at 6. Extractives are a variety of diverse substances present
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in native fibers, such as resin acids, fatty acids, turpenoid compounds, and
alcohols. /d. Hemicelluloses, lignin, and extractives are typically a part of
cellulosic fibers, but may be added independently to a plurality of
- papermaking cellulosic fibers, or web, if desired, as part of a web-making
process.
As a result of mechanical and/or chemical treatment of wood to
produce pulp, porfions of hemicelluloses, lignin, 'and extractives are
removed from the papermaking fibers. It is believed that when the fibers
are bro_ught together during a papermaking process, cellulose hydroxyl
gro:ups are linked together by hydrogen bonds. Smook, infra, at 8.
~ Therefore, the removal. of most of the lignin, while retaining substantial

~amounts of hemicelluloses, is generally viewed as a desirable occurrence,
b_gcause the removal of lignin increases ability of fibers 100 to form inter-

fiber bonds as well as increases absorbency of the resulting web. A
- - process of "beating" or "refining" which causes removal of primary fiber
.. walls also helps to increase fiber absorbency (Id., at 7), as well as increase
. ﬁbe_r_s' flexibility. Although some portion of the fiber-binding substance
- inherently contained in the pulp is removed from the papermaking fibers
- during- mechanical and/or chemical treatment of the wood, the

papermaking fibers still retain a portion 6f the fiber-binding substance even

.. after the chemical treatment.- '_The claimed invention allows advantageous

- -, use. of the fiber-binding substance which is inherently contained in the

. --wood pulp and which has traditionally been viewed as undesirable in the

: pggermaking process.

" . - - Alternatively or additionally, the fiber-binding substance may be
L supp_lied independently of the fibers 100 and added to the web 10, or to the

- fibers 100 before the web 10 has been formed, during the papermaking
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process of the present invention. Independent deposition of the fiber-
binding substance infon the web 10 or infon the fibers 100 may be
preferred, and even necessary, in the process of making the web 10
comprising the fibers 100 which do not inherently contain a sufficient
amount of the fiber-binding substance, or which do not inherently contain
the fiber-binding substance at all, such as, for example, synthetic fibers.
 The fiber-binding substance may be deposited infon the web 10 or the
_ ﬁbers-' 100 in the form of substantially pure chemical compounds.
- Alternatively, the fiber-binding substance may be deposited in the form of
cellulosic fibers containing the fiber-binding substance.
The next step is providing a macroscopically monoplanar web-making
- belt 20. As used herein, the term "web-making belt 20," or simply, "beit
20," is a generic term including both a forming belt 20a and a molding belt
20b::both belts shown in the preferred form of an endless belt in FiGs. 1
o and 2, The' present invention may utiliié.the single belt 20 functioning as
=+ both the forming belt 20a and the molding belt 20b (this embddiment is not
- shown in the figures of the present invention but may easily be visualized
. by one skilled in the art). However, the use of the separate belts 20a and
" 20b is preferred. One skilled in the art will understand that the present
-« invention may utilize more than twd belts; for example, a drying belt (not' |
S showh), separate from the formihg belt 20a and the molding belt 20b, may
<-4 be used. As schematically shown in FIGs. 1-3A and 5, the belt 20 has a
=:: web-side surface 21 defining én X-Y plane, a backside 22 surface opposite
- to the web-side surface, and a Z-direction perpendicular to the X-Y plane.

- =7 vz The belt 20 may be made according to the fol!owing’ commonly

éssigned and incorporated herein U.S. Patents: 4,514,345 issued to
.-Johnson et al. on Apr. 30, 1985; 4,528,239 issued to Trokhan on July 9,



WO 99/09248 PCT/IB98/01179

13

- 1985; 4,529,480 issued to Trokhan on July 16, 1985; 4,637,859 issued to
Trokhan on Jan. 20, 1987; 5,334,289 issued to Trokhan et al. on Aug. 2,
| 1-994; 5,628,876 issued to Ayers et al. on May, 13, 1997.
One embodiment of the belt 20 is schematically shown in FIG. 5. The
commonly assigned U.S. Patent 4,239,065 issued Dec. 16, 1980 in the
-name of Trokhan and incorporated by reference herein, discloses this type
of the belt 20 that can be utilized in the present invention. The foregoing
belt éD has no resinous framework, and the web-side surface 21 of the
~ foregoing belt 20 is defined by co-planar crossovers distributed in a
) ,.:pfé_determined pattern throughout the belt 20. Another type of the belt
._ _ which can be utilized _és the belt 20 in the process of the present invention
: |s disclosed in the European Patent Application having- Publication
.. .. Number: 0 677.6.12 A2, filed 12.04.95.
... . While in the present invention a woven element is preferred for the |
reinforcing structure 25 of the belt 20, the belt 20 can be made using a felt
. .as.a reinforcing structure, as set forth in U.S. Patent 5,556,509 issued
. . September 17, 1996 to Trokhan et al. and the patent applications: Serial
— No 08/391,372 filed 2/15/95 in the name of Trokhan et al. and entitled:
- "Method of Applying a Curable Resin to a Substrate for Use in
. :._Eape_'rmaking"; Serial No. 08/461,832 filed 06/05/95 ‘in the name of
'[(gkhan et al. and entitled: "Web Patterning Apparatus Comprising a Felt
Layer and a Photosensitive Resin Layer." These patent and applications
., .are assigned to The Procter & Gamble Company and are incorpbrated
hereln by reference. - |

5. n:; - Inthe embodiments illustrated in FIGs. 1, 1A and 1B, the molding belt

___'2_,()._b travels in the direction indicated by the directional arrow B. In FIG. 1,

- the molding belt 20b passes around return rolls 29¢, 29d, an impression
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nip roll 29e, return rolls 295, and 28b. In FIG. 1A, the molding belt 20b
passes around return rolls 29a, 29b, 290', 29d, and 29g. In both FIGs. 1
and 1A, an emulsion-distributing roll 29f distributes an emulsion onto the
molding belt 20b from an emulsion bath. If desired, the loop around which
the molding belt 20b travels may also includes a means for applying a fluid
pressure differential to the web 10, such as, for example, a vacuum pick-
up shoe 27a and/or a vacuum box 27b. The loop méy also include a pre-
dryef (not shown). In addition, water showers (not shown) are preferably
-utilized in the papermaking process of the present invention to clean the
e mdlding belt 20b of any paper fibers, adhesives, and the like, which may

- ‘remain attached to the molding belt 20b after it has traveled through the
~.-:final step of the process. Associated with the molding belt 20b, and also
| not shown in FIGs. 1 and 1A, are various additional sUpport rolls, return
roll‘s*:ss'-cleaning' means, drive means, and the like commonly used in )
-* - papermaking machines and all well known to those skilled in the art.

oL The next step is debositing the fibrous web 10 on the web-side
-+ surface 21 of the belt 20. If the web 10 is transferred from the forming belt
: ..20a to the molding belt 20b, conventional equipment, such as vacuum
-pick-up shoe 27a (FIGs. 1 and 1A), may be utilizéd fo accomplish the
- transferal. As has been pointed out abové, in at least one embodiment of
2 the hrocess of the present invention, the single belt 20 may be utilized as
+ = both the forming belt 20a and the molding belt 20b. In the latter case, the
i - step of transferal is not applicable, as one skilled in the art will readily

appreciate. Also, one skilled in the art will understand that the vacuum

- i pick-up shoe 27a shown in FIGs. 1 and 1A is the one preferred means of

'.fransferring the web 10 from the forming belt 20a to the molding belt 20b.

. Other equipment, such as interme'diate belt or the like (not shown) may be
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utilized for the purpose of transferring the web 10 from the forming belt 20a

to the molding belt 20b. The commonly assigned U.S. Patent 4,440,579
issued April 3, 1984 to Wells et al. is incorporated by reference herein.

The next step in the process of the présent invention compriseé

- heating the fibrous web 10, or at least selected portions 11 of the web 10.

It is believed that heating the web 10 to a sufficient temperature and for a

sufficient period of time will cause the fiber-binding sﬁbstance contained in

. the Web 10 to soften. Then, under pressure applied to the selected

p’oytjon__s 11 of the web 10 contained the fiber-binding substance, the

softened fiber-binding substance becomes flowable and capable of

~_interconnecting those papermaking fibers 100 which are mutually

.+ juxtaposed in the selected portions 11.

.. - The step of heating the web 10 can be accomplished by a variety of

- ...means known in the art. For example, as schematically shown in FIG. 1, |

..., the.web 10 may be heated by a heating wire 80. The heating wire 80

.- -travels around return rolls 85a, 85b, 85c, and 85d in the direction indicated

- by the directional arrow C. The heating wire 80 is in contact with the web

.. .10. The heating wire 80 is heated by a heating apparatus 85. Such

principal arrangement is disclosed in U.S. Patent 5,594,997 issued to

j_._,l:u,kka Lehtinen on Jan. 21, 1997 and assignéd to Valmet Corporation (of

g Ein_la-nd). Alternatively or additionally, the web 10 can be heated by steam,

as disclosed in U.S. Patent 5,506,456 issued to Jukka Lehtinen on Mar.

. 26, 1985 and assigned to Valmet Corporation (of Finland). Both foregoing

Y _patents are incorporated by reference herein.
. - - The heating wire 80 may comprise a first pressing surface 61* shown
" in FIGs. 5 and 5A, as will be explained in greater detail below. The first

-~ - press surface 61* shown in FIGs. 5 and 5A comprises an essentially
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continuous network area 66 defining discrete dépressions 67 in the first
- press sufface 61*. Then, thé selected portions of the web 10 comprise the
portions of the web 10 corresponding to the network area 66 in Z-d_jrection.
One skilled in the art will readily understand that the first press surface 61*
comprising an essentially continuous network area 66 shown in FIG. 5A is
one embodiment of the first presé surface 61*, and other patterns of the

first press surface 61* may be utilized or even preferréd.
The applicétion of temperature to the web 10 may be zoned (not
shown). For example, as the web 10 in association with the belt 20 passes
-befvveen pressing members 61 and 62 (which are defined herein below) as
~~.shown in FIG. 5, in a first zone A the web 10 is fast-heated o a
temperature T sufﬁcient to cause the fiber-binding substance contained in
i -'-;-fthe- selected portions 11 of the web 10 to soften and flow; and in a second
~zone' B the web 10 is merely maintained at the temperature T. Such
.+ "zoned" application of temperature allows-one to better control the time
.. during which the fiber-binding substancé is in- a softened and flowable
- = condition, and may provide energy-related savings. PCT Application WO
...~ 97119223 shows one of the possible principal arrangements suitable for

.. - the process of the present invention.

¢ ... w.The next step is applying pressure to the selected portions 11 of the
- webr 10 - The step of applying pressure is preferably accomplished by
subjecting- the. web 10 associated wfth the belt 20 and the belt 20 to a
pressure: between two mutually opposed press members: a first press
: inem_ber 61 and a second press member 62, as best shown in FIGs. 2A
= and 3A. The first press member 61 has the first press-surface 61* referred
e fo'hereinabove,.and the second press member 62 has a second press

-+ surface 62*. The first and the second press surfaces 61* and 62* are
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parallel to the X-Y plane and mutually opposed in the Z-direction. The web
10 and the belt 20 are interposed between the first press surface 61* and
the second press surface 62* such that the first press surface 61* contacts
the selected portions 11 of the web 10, and the second press surface 62*
contacts the backside surface 22 of the belt 20.
The first press member 61 and the second press member 62 are
pressed toward each other in the Z-direction (in FIGs. 2A and 3A, the
| presshre is schematically indicated by the directional arrows P). The first
} press snrface 61* pressurizes the selected portions 11 against the web-
_. '_'fao'rn“g surface 21 of the belt 20 thereby causing the fibers 100 which are
B ::mutually juxtaposed in the selected portrons 11 to conform to each other
:n_munder the pressure P. As a result of the application of the pressure P, a
resultmg area of contact between the fibers 100 in the selected portions 11
' mcreases and the softened f ber—bmdmg substance becomes flowable and
. lnterconnects the ad)acent and mutually juxtaposed fibers 100 in the
_ selected portrons 11.
_In an altemnative embodiment shown in FIGs. 1A and 1B, the step of
| '_“a__pplylng_pressur‘e is accomphshed at the Yankee drying drum 14. In the
Iatter ca.se the surface of the Yankee drying drum 14 comprises the first
" press surface 61, Under the traditional paper-making conditions, when
| ‘ the web 10 is transferred to the Yankee drying drum 14 using the

| '|mpressron nlp roll 29e (FIG. 1), the resrdence time during which the web

'10"|s_ under pressure between the surface of the Yankee drum 14 and the

s
ERSIR 4 i IR

- . rmpressron roII 29e is too short to provrde full advantage of the application

of 'the pressure and effectlvely densrfy the fi bers 100 of the selected
___portlons 11, even if the selected portions 11 contains the softened fiber-
'bmdmg substance. The embodrments shown in FiGs. 1A and 1B alliow
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one to pressurize the web 10 for a much longer period of time and to
receive full advantage of the softened and flowable fiber-binding
substance.

In FIG. 1A, the web 10 and the molding belt 20b are pressurized
between the surface of the Yankee dryer drum 14 and a pressing belt 90
having a first side 91 and a second side 92 opposite to the first side 91.
The surface of the Yankee drum 14 comprises the first press surface 61*

| eohtacting the selected portions 11 of the web 10; and the first side 91 of
| the pressmg belt 90 comprises the second press surface 62* contacting
o the backside surface 21 of the moldmg belt 20b. The pressing belt 90 is
T_i.preferabty an endless belt schematlcally shown in FIG. 1A as traveling
’around return rolls 95a 95b, 95¢, and 95d in the direction indicated by the

- "dlrectlona! arrow D.
" FIG 1B shows a variation of the embodiment shown in FIG. 1A In
. FIG._1B, the web 10 and the molding belt 20b are pressunzed between the
surface of the Yankee drum 14 and a series of pressing rolis 60. Similarly
tothe embodiment shown in FIG. 1A, in the embodiment shown in FIG. 1B
.the surface of the Yankee drum 14 is the first press surface 61* contacting
the selected portlons 11 of the web 10. Surfaces of pressing rolls 60
:.'comprlse the second press surface 62* contactmg the backside surface 21

of the moldmg belt 20b. Each of the pressing rolls 60 is preferably a

fslhent roII elastlcally deformable under the pressure applled towards the

st;rfece of the Yankee drylng drum’ 14 Each of the pressing rolls 60 is

- 'ret___awg in th_e dlrectlon indicated by the dlrectlonel arrow E. Preferably,

the pressure at each of the pressing rolls 60 is applied normally to the

sﬁrfaceof the Yankee drying drum 14, i. e., towards the center of rotation
" “of the Yankee drying drum 14.
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FIG. 1B shows the second press surface 62* comprised of three

consecutive pressing rolls 60 applying pressure to the backside surface 21

of the molding belt 20b: a first pressing roll 60a applying a pressure P1, a

second pressing roll 60b applying a pressure P2, and a third pressing roll

60c applying a pressure P3. The use of a plurality of the pressing rolls 60

allows application of different pressure in discrete stages (FIG. 1B), for

example P1<P2<P3, or P1>P2>P3, or any other desirable combination of

P1, l;‘z, P3. One skilled in the art will understand that the number of

pressing rolls 60 may differ from that shown in FIG. 1B as an illustration of

ené possible embodiment of the process of the present invention.

.- Similarly to the "zoned" application of the temperature explained above,

.. the use of a plurality of the pressing rolls 60 applying differential pressure

... in: discrete stages enhances fiexibility in- optimizing the condmons that

.. cause the fiber-binding substance to soften and flow. |

<-r The steps of heating and pressurizing the web 10 may be performed

: c__o_hcu_rrenﬂy. - In the latter case, the first press surface 61* preferably

... - comprises or is associated with a heating element. In FIGs. 2A and 3A, for

- example, the first press surface 61* comprises the heating wire 80 -- in

- accordance with the embodiment of the process shown in FIG. 1. In FiGs.

o 1A and 1B, the first press surface.6'1* comprises the heated surface of the

}(_ankée drying drum 14. It is believed that simultaneous pressurizing and

e ;:,_.,_hera:ting of the selected portions 11 of the web 10 facilitates softening and
ﬂoﬁyability of the fiber-binding substance in the selected portions 11.

| Ashas been pointed out above, under the traditional paper-making

;- ._conditions, when the web 10 is transferred to the Yankee drying drum 14,

i _-__the residence time during which the web 10 is under pressure between the

..-- surface of the Yankee dmm 14 and the impressing nip roll 2%e (FIG. 1) is
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too short to effectively cause the fiber-binding substance to soften and
flow. Although some densification does occur at the transfer of the web 10
to the Yankee dryer’s surface at the nip between the surface of the Yankee
drum 14 and the surface of the impression nip roll 29e, the traditional
papermaking conditions do not allow to maintain the web 10 under
pressure for more than about 2-5 milliseconds. At the same time, it is
. believed that for the purposes of causing the sbftened fiber-binding
subsfénce to flow and interconnect the fibers in the selected portions 11,
fhe- preferred residence time should be at least about 0.1 second (100
milliseconds). | |
In contrast with the traditional papermaking process, the
.. -embodiments shown in FIGs. 1A and 1B provide a significant increase in
.- the~residence time during which the web 10 is subjected to the
" combination of the. temperature and the pressure sufficient to cause the
- fiber-binding - substance to. become flowable and interconnect the
¢ papermaking fibers in the selected (pressurized) portions 11 of the web 10.
- According to the process of the present invention, the more preferred
residence time is greater than about 1.0 second. The most preferred
- - residence time is in the range of between about 2 seconds and about 10
. "seconds. One skilled in the art will readily appret:iate that at a given
e yelocity of the belt 20, the residence time is directly proportional to the
s+« length of a path at which the selected portions 11 of the web 10 are under
pressure. _ '
i While. the selected portions 11 of the web 10 is subjected to the
- -pressure between the first press member 61 and the web-side surface 21
-6f_the belt 20, the rest of the web 10 (designated herein as portions 12) is

- not subjected to the pressure, thereby retaining the absorbency and
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softness characteristics of essentially undensified web. To be sure, the
first press surface 61* may in some cases contact both the selected
portions 11 and the portions 12 of the web 10. Still, even in the latter case,
~the portions 12 are not subjected to the process of flowing,
interconnecting, and immobilization of the fiber-binding substance as the
selected portions 11 are.

Prophetically, the preferred exemplary conditidns that cause fiber-
bindiﬁg substance to soften and become flowable as to interconnedt the
adjacent papermaking fibers 100 in the selected portions 11 include

. :hgéting the first portion 11 of the web 10 having a moisture content of
.. about 30% of greater (i.e., 'consistency of about 70% or less) to a
... temperature of at least 70°C for the period of time of at least 0.5 sec. and
preferably under the pressure of at least 1 bar (14.7 PSl). More preferably,
f;_,,:..'; the moisture content is. at least about 50%, the residence time is at Ieasf )
... about 1.0 sec., and the pressure is at least about 5 bar (73.5 PSI). If the
..web 10 is heated by the first press surface 61*, the preferred temperature
_... of the first press surface 61* is at least about 150°C.
 The next step involves immobilization of the flowable fiber-binding
.+ : substance and creating fiber-bonds between the cellulosic fibers 100 which
.- are interconnected in the selected portions 11 of the web 10. The step of
_jr_nmdbilizétio_n of thé fiber-binding substance may be accomplished by
..., €ither cooling of the first portion 11 of the web 10, or drying of the first
portion 11 of the web 10, or releasing the pressure to which the first portion

11of the web 10 has been subjected. The three foregoing steps may be

o 1z, Performed - either in the altemative, or in combination, concurrently or

e, é;dnsecutively. For example, in one embodiment of the process, the step

- of drying alone, or alternatively the step of cooling alone, may be sufficient
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to immobilize the fiber-binding substance. In another embodiment, for
example, the step of cooling may be combined with the step of releasing
the pressure. Of course, all three steps may be combined to be performed
concurrently, or consecutively in any order. If desired, the resulting web
could be -crebed from the apparatus. A creping blade could be made
according to commonly assigned U.S. Patent No. 4 919,756, issued to
g -'Sawdal which patent is mcorporated herein by reference
FIGs 4 and 4A show one prophetic embodiment of the finished
i brous web 10* which is made by the process of the present invention.
The web 10* shown in FIGs. 4 and 4A comprises a first plurality of micro-
* regions 11* and a second plurality of micro-regions 12*. The first plurality
. of micro-regions 11* is formed by the fibers 100 interconnected with the
| fiber-binding substance in the selected portions 11 of the web 10. The
. second plurality of micro-regions is formed by the ﬁbers 100 which are not
- interconnected with the fiber-binding substance in the rest of the web 10.
.~ One skilled in the art will appreciate that in some cases, the same
individual fibers 100 may comprise both the ﬁrst plurality of micro-regions
- 11* and the second plurality of micro-regions 12*.
- One method of determining if the fiber-bonds have been formed is
. described in an article by Leena Kunnas, et al., "The Effect of Condebelt .
L '.Drying on the Structure of Fiber Bonds," TAPPI Journal, Vol. 76, No. 4,

R Apnl 1993, which article is incorporated by reference herein and attached
e hereto as an Appendix.

== FIG. 4 shows the first plurality of micro-regions 11* comprising an

i -'éssentially continuous, macroscopically monoplanar, and patterned

e het'work area. This pattern reflects the pattern of the network 66 of the first

- press surface 61*. The second pl_urality of micro-regions 12* comprises a
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plurality of discrete domes, reflecting the pattern of the depressions 67
defined by the network 66 in the first press surface 61*. Essentially all the
domes are. dispersed throughout, ‘isolated one from another, and
encompassed by the network area formed by the first plurality of micro-
regions 11*. The domes extend in the Z-direction from the general plane

of the network area.
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What is claimed is: | I/Il////l//lll// //I/I///[I/\

4. A single lamina fibrous web having at least two pluralities of micro-
regions, which web comprises:

a first plurality of micro-regions formed by fibers interconnected with a
fiber-binding substance in said first plurality of micro-regions;
and | |

a.' second plurality of micro-regions formed by fibers not

_ interconnected with said fiber-binding substance in said second
plurality of micro-regions, said fiber-binding substance being
selected preferably from the group consisting of hemiceiiuloses,

S lignin, polymeric extractives, and any combination thereof.

2. =The web according to Claim 1, wherein said fibers interconnected
with said fiber-binding. substance inherently comprise said fiber-

binding substance.

3. The web according to Claims 1 and 2, Wheréin said first plurality of
| micro-regions comprises an essentially continuous, macroscopically
monoplanar, and patterned network area; and said second piurality

. .of micrd-regibns comprises a plurality of discrete domes, essentially

| all of said domes being dispersed throughout, encompassed by, and

| _ié_bléted one from another by said network area.

[ THIS SHEET RAs Bre:

RED! anER



WO 99/09248 ———RCT/IB98/01179

—

s Iy

A f [
4. The web according to Claims 1, 2 and 3, wherein said first plurality
of micro-regions comprises a patterned plurality of protuberances,

and said second plurality of micro-regions comprises an essentially

continuous and patterned area.

5. A process for making a single lamina fibrous web having at least a
first plurality of micro-regions formed by fibers fnterconnected with a -
7ﬁber—binding substance, and a second plurality of micro-regions,
said process comprising the steps of:

: . .. .(a) providing a fibrous web comprising a ﬂber—binding'substance

.. . andwater; _
.. .... (b) providing a macroscopically monoplanar papermaking belt
... ... having a'web-side surface defining an X-Y plane, a backside
. ... -.. surface opposite said web-side surface, and -a Z-direction
.. perpendicular to said X-Y plane;
(c) depositing said fibrous web on said .web-side surface of said
. .. papermaking belt;

. . .. ..(d) heating at least selected portions of said fibrous web thereby
.. .. .causing softening of said fiber-binding substance in said
..+~ selected portions;

. - (e) applying pressure to at least said selected portions, thereby

o . causing said fiber-binding substance in said selected portions to

. cin o flOW and__interconne.ct said fibers which are mutually juxtaposed

A m said _selec_fed portions; and

- ...~ (f) immobilizing said fiber-binding substance and creating fiber-

. bonds between said fibers which are interconnected in said
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selected portions thereby forming said first plurality of micro-

regions from said selected portions of said fibrous web.

6. The process according to Claim 5, further comprising the step of
depositing said fiber-binding substance to at least said selected
portions of said fibrous web, said step being performed prior to the

- step of heating at least said selected portions of said web.

7. The process according to Claim 6, wherein said step of immobilizing
; said fiber-binding substance and creating said fiber-bonds in said

. selected portions comprises drying at least said selected portions of

-/ said fibrous web, preferably to a consistency of at least about 70%
~ezilat a temperature less than about 70°C, cooling at least said selected
- wsiportions of said fibrous web, releasing said selected portiohs'of said

fibrous web from said pressure, or any combination thereof.

8. = The process according to Claim 7, wherein said step of applying.
.pressure to at least said selected portions of said fibrous web
:comprises pressurizing said fibrous web and said papermaking belt
between a first press member and a second press member opposite
T said first press member, said first and second press members
havmg a first press surface and a second press surface,
=7+ respectively, said first and second press surfaces being parallel to

} '_'_s"_aid X-Y plane and mutually opposed in'said Z-direction, said fibrous
1t 7+ web ‘and said papermaking belt being interposed between said first

= r:and second press surfaces, said first press surface contacting said

fibrous web, and said second press surface contacting said backside
—
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- surface of said papermaking belt, said first and second press
members being pressed toward each other in said Z-direction, said
first press surface preferably comprising a macroscopically
monoplanar and patterned area, and more preferably an essentially

continuous network area.

9. . The process according to Claim 8, wherein said first press surface

. comprises a pressing belt.

. 10... The process according-to Claim 8, wherein said first press surface

. .- comprises a surface of a Yankee drying drum.

. 11 .. A-process for making a. single lamina fibrous web comprising fibers
qnq_ having at least a first pIura_Iify of micro-regions comprisihg said
. .. - fibers interconnected with a fiber-binding - substance in said first
. plurality. of micro-regions, and a second plurality of micro-regions
. comprising said fibers not.interconnected with said fiber-binding
§ut§stance in said second plurality of micro-regions, said process

comprising the steps of:

-+ .- (@) providing said fibers;

e - (b) providing a macroscopically monoplanar papermaking belt
- havmg a web-side surface defining an X-Y plane, a backside

.., Surface opposite said- web-side surface, and a Z-direction
pf-:_rp_endi_cular to..said X-Y planes, said - papermaking beit

preferably comprising deflection conduits extending between
- . .said web-side surface and said backside surface of said

—//
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papermaking belt, said deflection conduits having web-side
openings.

(c) providing said fiber-binding subsfance;

(d) depositing said fibers and said fiber-binding substance to said
web-side surface of said papermaking belt to form a fibrous
web comprising_ said fiber-binding substanqe;

(e) heating at least selected portions of said fibrous web to cause
softening of said fiber-binding substance in said- selected
portions;

-« 7 (f) applying pressure to said selected portions of said fibrous web
in said Z-direction, thereby densifying said selected portions of
said fibrous web and causing said fiber-binding substance in

2o el said selected portions to flow and interconnect said fibers which

.- are mutually juxtaposed in said selected portions; and’

** (g) immobilizing said fiber-binding substance and creating fiber-

.. bonds in said selected portions between said fibers which are
- “interconnected in said selected portions thereby forming said

. first plurality of micro-regions from said selected portions.

12. The process accordi_ng to Claim 11, further comprising the step of
-~:-applying a fluid pressure differential to said web such as to leave
120 said first portion of said fibrous web on said web-side surface of said

=i *b-"belt while deflecting said second portion of said fibrous web into said

Mt af-;f;"sz:?ffdeﬂ_ection conduits, said step of applying a fluid pressure differential
s to'said web being performed prior to the step of heating.
w243 “The process according to Claims 5, 11, and 12, wherein said fiber-

binding substance is selected from the group consisting of
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hemicelluloses, ligr;in, polym'eric extractives, or any combination

. thereof.

14. An apparatus for making a single lamina fibrous web comprising
differential micro-regions, which apparatus comprises:
a first press member having a first press surface;
a second press member having a second préss surface, said first
- and second press surfaces being mutually parallel and
opposed, said first and second press surfaces being capable of
receiving a fibrous web in association with a papermaking belt,
.. said fibrous web compriéing a fiber-binding substance, said
fiborous web and said papermaking belt being interposed
between said first and second press surfaces such that said
Lo ﬁr__st_ press surface is capable of contacting said fibrous web,
;,a.nd_ said second press surface is capable of contacting said
.- papermaking belt; -
a means for applying heat to at least selected portions of said
. fibrous web to cause softening of said fiber-bonding substance
in said selected portions; |
a means for pressurizing said fibrous web in association with said
'.pa'permaking belt between said first and second press members for
a predétermined period of time to cause said fiber-binding substance
- to flow in said selected portions of said fibrous web, thereby
' fﬁfgr(;onnecting fibers of said fibrous web in said selected portions to
. form at least a first plurality of micro-regions and a second plurality
of micro-regions, said first plurality of micro-regions comprising said

fibers interconnected with said fiber-binding substance in said first
—_—
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plurality of. micro-regions, and said second plurality of micro-regions
comprising said fibers not interconnected with said fiber-binding
substance in said second plurality of micro-regions, said first press
surface preferably comprising a macroscopically monoplanar and
patterned area, and more preferably an essentially continuous
network area.

15. - "The apparatus according to Claim 14, further comprising a means
for creating a temperature differential between said first press
surface and said second press surface, the temperature of said first

.. press surface being greater than the temperature of said second

- .- press surface.

16*The apparatus according to Claims 14 and 15, wherein said fiber-
1 g binding substance is selected from the group consisting of
hemicelluloses, lignin, polymeric extractives, or any combination
- thereof.

Tlus Sheet Has Been Repl

TN

[ THiS SHEET HAS BEE!

—_



