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disposed in a non-random and repeating pattern:
substance, and a second plurality of micro-regions,

fiber-binding substance to flow and interconnect those
immobilizing the fiber-binding substance
micro-regions.

(54) Title: FIBROUS STRUCTURE AND PROCESS FOR MAKING THE SAME

- Adifferential mlcro-regton.s single lamina fibrous web is disclosed. The fibrous web comprises at least two phlralmes of niicro—reéions
a first plurality of micro-regions comprising fibers interconnected

with a fiber-bonding
substance. The fiber-binding

hemicelluloses, lignin, polymeric extractives, and any combination thereof. The fibers o?
g'y a;i proces:s.m'O of softening, flowing,
) e us web comprises the steps of heating the web containing the fiber-binding
substance to a temperature sufficient to cause the fiber-bonding substance to soften; pressurizing the fibrous web thereby causing the
tjbers which are mutually juxtaposed in the first plurality of micro-regions; and ther
thereby creating fiber-bonds between the fibers which are interconnected in the first plurality o1

and immobilization of the fiber--binding substance




toilet tiss the like are to performtheir intended ta
find mﬁdeugf%m%? nce, they nmust possess certain physical igiggag?é?lcs.

Anong the nore inportant of. these characteiistics are strength sof t ness+ -
and "absor bency. Strength is the abilfty of a fibrous web to retain
Its physical integrity during use. - Sof t ness. i s the pleasing
tactil e sensation consuners perceive when they use the fibrous product
for its intended purpoSsBROUS SIRVCOTUREUND PROCESSFORMAKING FHE §AME of t he
fibrous product that allows the product to take up and retain fluids,
particularly water and aqueous sol utions and suspensi ons. |nportant not
only is the absolute quantity of

2 fluid a given anount of the product will hold, but also the rate at
whi ch the product will absorb the fluid. Fi brous structures
currently nmade by the present asFlighBeOFonkE INVENTIONi pl e ni cro-regi ons

defined by differences in density and/or basis
The present invention is related to processes for makmg strong, soft,
absorbent fiborous webs. More particularly, the present invention is
concerned with fibrous webs having micro-regiens formed by fibers

interconnected by a fiber-binding substance.

. | BACKGROUND OF THE INVENTION
. Fibrous products are used for a variety of purposes. Paper towels,
| facral tissues,. toilet tissues, and the like. are in constant use in modern
mdustnahzed societies. The large demand for such ﬁbrous products,
mcludlng paper products, has created a demand for improved versions of |
.. the products.. If the paper products such as paper towels, facial tissues,
... oilet 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 physrcal integrity
dunng use. _
- Softness is the pleasmg tactlle sensation consumers perceive when
3 theyuse the fibrous product for its intended purposes.
... Absorbency is the characteristic of the fibrous product that allows the
B oy ;_)_rg‘dqqt_ to take up and retain fluids, particularly water and aqueous

o ;;_'so!ytions and suspensions. Important not only is the absolute quantity of




wei ght. The nore typical differential density cellulosic structures are
created byWQ9%8924%n application of vacuum pressure to the WeCTEBPB/NO01179
associated with a nolding belt thereby deflecting a portion of. the
papermaking fibers -- to generate the | ow ensity regions, and second,
pressing portions of the web conprising the non-defl ected paper maki ng
fi bers against a hard surface, such as a surface of a Yankee dryer drum -

col il o8t ¢ iﬁﬁ@%ﬁ‘xgﬁ%@lﬁtﬂtﬁﬁ%@%ﬁoﬁﬁﬂi&%&eghéﬁii ?‘fif At 8?&%@.;5@3??t
i . . t
cont 1 but e S AGSRIPApRORRRGR ST, Sueh o Frerential aensity
Praewor k. Cuii chiiols sttfufks Sui¥cHith Madé L%ttﬂéfpa%%?ﬁﬂéaﬁg"%% e
ji g%g: ggg Ii?t‘?ﬂp?é @riéolkbhgé;]gnghs?l'&if 9‘”‘3&‘1“ 85‘%&'3 at'gntdéﬁs‘ﬁ%@cg?kgas's
i ssued to Tr igight.on The Ymbfe ﬂ;gﬁéail differeritiat ndesity ‘ciflosic stAfitares care
U at ent 5, 334,289 issued to Trokhan et al

Trokhan on Jan. 20, 1987; U.S. (

on Aug. 2, lgfdatetheby dirspoiary applicatioraref ivawumrfrahure toetiee nwet web
ref erence. There is a well -established rel ationshi p between

st rengt h and assosiatedofwith f ebrrmoldingb belhdhereby, deflectihfora sportion befnthe
made to produce highly densified fibrous webs. One of such nethods,
known as paperrEing : eers-odo, generate cihes towi density wegions,t and second,
4,112,586 I ssued Sep. 12, 1978; the U S.  Patents 4, 506, 456 and

4,506, 457 bofkessing 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. "
s 2o« 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
=+ = herein by reference. . = " ' '

There is a well-established relationship between strength and
=~ density. of a fibrous web. Therefore, the efforts have been made to
o «++ 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



3 | ssued Mar.. 26, 1985; U. S. Patent 4,899,461 issued Feb. 13, 1990; U S
Pat ent 4, OWD 989248sued Jun. 12, 1990; U. S. Patent 5,594, 997 PCISBEY OGN,
21, 1997, all foregoing patents issued to Lehtinen; and U S. Patent
4,622,758 issued Nov. 18, 1986 to Lehtinen3et al.: U.S. Patent 4,958,444

I ssued Sep. 25, 1990 to Rautakorpi et al. Al the foregoing patents are
assigned to Val net Corporation of Finland and |ncorporat ed by reference

Lo ry the weauRd War 26 1085100 Balht BoBUG1 HefiBy 'with 2f8. 1RRd S,
water fromt E’%‘?‘?'ﬂ%f‘§bﬂ§§@éﬂt@ﬁe@%§¢hﬁ§a?§‘g@tﬁ%@§? isEleYf Jan.
fabric on th rellgé-er%eW fagé (?d tégfé)nigb &' 9 P_Ehhﬁ ﬁﬁ&fceﬁou eht

noi sture COﬂ ence I nNe causes SES

R T e e eégaégzaﬁﬁ:@ﬁgwgﬁf Brossies

together.  jssued Sep. 25, 1990 to Rautakorpl 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-

JES r,eglip_ns which are not interconnected by the fiber-binding substance. It is

¢, still another object of the present invention to provide a fibrous structure



VWil e the CONDEBELTO technol ogy all ows production of a highly- densified
strong papdYO8UPN24%| e for packagi ng needs, this nethod i s noPCTABYSONIZI t O
produce a strong and -- at the sane tine - soft fibrous products such as _
facial tissue, paper towel, napkins, toile# tissue, 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

i o ar o1 nhavihacilBafy S wicR font iMpHEhiL Mlele InBresting o b@léli%ns
i _ BrdH ST TRREe MERERIEFE P

Qﬂl)fﬂe?rﬁbf‘gbk’bﬁ%ﬁﬁ?%% B8 vonti on 1o provide a fibrous structure h

fibers bi hding sulkEaAngRiet GEecees B TISSEtvead b HeYREE 3t abparite"®

i nvention. tofhf M4Kitsg SUchPP fibfdus wels, meki ng

SUMMARY OF THE INVENTION

A single lamina fibrous web comprises at Ie'ast two pluralities of
micrc;-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'terconhected with a fiber-binding substance in the second plufality 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, procéss of softening, flowing, and then immobilization of thé fiber-binding
%25 substance in.the web's selected portions comprising the first pi'urality of

icro-regions. |

'. <ok nzin one preferred embodiment, the first plurality of micro-regions
' .COmprises an essentially continuous, macroscopically monoplanar and
it patterned network area; and the second plurality of micro-regions

comprises a. plurality of discrete domes dispersed throughout,

This Sheet Has Been Replaced

THIS SHEET HAS BEE
REPLACED



such a fibrous web. . . SUWARY OF THE

| NVENTI ON WO 99/09248ccording to one aspect, the invention provPCE3B/ATCESS
for making a single lanmina fibrous web having at least a first plurality of.
m cro-regions formed by fibers interconnecded with a fi ber - bi ndi ng
substance, and a second plurality of mcro- regions, said process
conprising the steps of: (a) providing a fibrous web conprising a

fi ber-bi ndi 1) [ y
ronopl anar pEREIRESSEEL BV ol ifblated orroft Bhothélod iBTIEIRHR 4Ed, Jge
X-Y pl ane, @@&k@lwﬁﬁq i Bﬁ}i’p .

Z- di Iroect i bnasper pendi cu ngﬁgﬁﬁi%@r%; ﬁ%%;&%%%‘??lﬁﬁ'y gaaféln% ¢
fibrous web hiteridd 1 r p AT c

(d) heating g’?dlsﬁé%tg? sel ?ﬂ?goéﬁngﬁ%?hsaﬁ?fﬁmuy\%bm{ r‘e’r'ﬁe@ cgug‘larYg
sof teni ng of comiptise bephuralil of dissretaieruciles dirtumbenibed B ardBpersed
(e) applying pressure to at |east said selected portions, thereby causing
sai d fhroaghbutthenetwosk @rea. i n sai d sel ected portions to flow and

I nt erconnect said fibers which are nutually juxtaposed in said

sel ect ed portionsin thelprocegs aspecbbf the prgseni iiventien; the processiier ance
and creating fiber-bonds between said fibers which are . .

i nt er connect making asingie lasinai fibtous web comprises therfollpwing stepsai d first
plurality of m cro-reg,i ons fromsaid selected portions of said fibrous
web. . Accor Bfoyjding a fibrous wepeeomprising ra diherhinging i substanoe ands

ki ng a
for ma 9 water;

providing 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; . |
- ~a-. immobilizing the fiber-binding substance thereby creating fiber-
;_bgnds ‘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.



single lamna fibrous web conprising fibers and having at least a first
plurality oWOR®PHBregi ons conprising said fibers interconnecRGHIRISONITA
fiber-binding substance in said first plurality of mcro-regions, and a _
second plurality of mcro-regions conprisifg said fibers not interconnected
wi th said fiber-binding substance in said second plurality of

m cro-regions, said process conprising the steps of: (a) providing said
fibers; tep of applying the pressure may be accomplished
REPLACEMENT SHEeT he Step pPlying P y Rlished by,

providing a pROSSiiE h 3Rk Wewnpabgaeehﬁeﬁpmtﬁatﬁél@a@gﬁnémg el \Il\ae%é%indﬁ

surface defi g an X-Y plane, a backside surface opposite Si de

surface, andpfutdally oppioset firstipress hemberaridiadsecond prdes member, the first
provi di ng said fiber-Dbinding substance; _
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
-1, deflection conduits. |

f

. BRIEF DESCRIPTION OF THE DRAWINGS
“izea e o FIG. 1 is a schematic side elevational view of one exemplary

. ~embodiment  of a continuous papermaking process of the present



(d) depositing said fibers and said fiber-binding substance to said
" web-side WO990%R48face of said papermaking belt to form a fiREHIBISHEY?

conprising said fiber- - bi ndi ng subst ance; (e) heating at |east
- sel ected portions of said fibrous web to cduse softening of sai d

fi ber-binding substance in said selected portions; (O applying pressure
- to said selected portions of said fibrous web in said Z- di recti on,

Lher eby dons o R8s e aae B34 HUA. Mt BrdlEressyyzeq
I nt er connect gﬁmgﬁgmm%sﬁgﬁggyggl |y juxtaposed in said selected

portions; an | ber - bi ndi ng substance and creating

fiber-bonds in saiglg 1A is éﬁm&iegﬁaé%lévaﬁbpﬁpm yi<§toéhaa&ér éﬁg IAH?

i nterconnected in sard sel ected portions ere rmng sal

plurality of g@?gahﬁéﬂf OBf &' WBritiubus papeﬁﬁbkﬁiqfd p?@ééé,é’”%gf the “preéent

single lamn rous web conprises at least two pluralities

i cro- r egi ongnvisRticn 2 Bhowihg Paswebi bemgmeataddb? anyYankeeadrging drumnared
first plurality of mcro- regions and a second plurality of mcro-regions.

The first pl prebsusizedl betweern thg Yankeendnying dramband apressingebelt.

I nterconnected with a fiber-binding substance in the first plurality of

m cro-regions. TheéFi&cdB ipl ar sthematic ffagmentali side elevational fview ofwtheh
are not interconnected with a fiber-binding substance in the second .
plurality of processrofi the. presenti nmention/i showingt ancwebs heing e psessurized
sel ected fromthe group consisting of hem celluyloses, lignin, extractives,
and any conbibetwesh ancarkge dryipgidnuen asnderessingdollsnce nay be inherently

Cubstance rmy be Hibdi®a SAMBUFIoh Blarviens S apapsrmaking bett ulifized o
. 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
... papermaking 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.
PR | FIG. 3A is a schematic fragmentary cross-sectional view of the
4., papermaking. belt taken along lines 3A-3A of FIG. 3 and showing a
o 6é!|ulqsic web in association with the papermaking belt being pressurized

. .b%i!ﬂle_en a first press member and a second press member.

: +i 4 FIG. 4 is a schematic top plan view of a prophetic paper web of the
4,, present invention.



as part of a process for neking the web of the present invention. The
fibers in tM@/P248 plurality of micro-regions are fiber-bondei/iBo8/OK79
bonded together by a process of softening, flow ng, and then inmobilization
of the fiber-binding substance in the web'8 sel ected portions conprising
the first plurality of mcro-regions.

4b - In one preferred enbodinent, the first plurality of

T et onS OB A, 5 ekl RGBT SRR of the
m cro-regi onaaﬁgpwé'gfa(éh Bidﬁj‘hhég £l sf e e4 e dones d| sper sed t hr oughout ,
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

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

@Hn

~ The first step of the process of the present mventlon is providing a
bt -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



5 enconpassed by, .and i sol ated one from another by the network area. The
second pl umO9%09248f mi cro-regi ons nmay conprises an essenti al IRCTIBAYPHIDuS
and patterned network area; and the first plurality of mcro-regions may _ .
conprise a plurality of discrete knuckles @ircunscribed by and di spersed

t hroughout the network area. In the process aspect of the present

I nvention, the process for making a single lamna fibrous web conprises

1 ber - bi n (AN paBermaking progaSs kit ih'EPH, My SHE bt Bt Imited jo. a
The eb. of dcaryaark] Spts:aia, a HfodstAF mﬂﬁﬁﬁéﬁ%w“é%&mﬁ )
R emmar at urDeCtipRls Bl dBSIdrcA8a By the Fefiaric nfinféial A0 & te Wel hich?

the select e%@utﬁ;b%féd % th@epig?iés{?of‘iﬁé%sent |nveﬁﬂ8h?;'§rl‘ﬂihﬂ*i§5f@¢bﬁstﬁ

| east the. sele portions thereby causi bi n

substance i ”d%egnﬁ 6%@@@% hanmér 10018 a ﬂhﬁﬁéﬂ‘bﬁé&uéﬁﬁ%ﬂe by the

cellulosic fi are nutually juxtaposed in the Selected portions;

| mrobi |1 zi nggfdbésfsl fr el iptesent uheention. t RS alised ' Rekding émbeand albrfilsers

between the Tibers which are interconnected in the sel ected
comprising the fibrous web 10 and the fibrous web 10* are designated by

the reference 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. o

... The step of prowdmg a fibrous- web 10 may be preceded by the steps
go_f-_formmg 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 muitiple _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
i Np_vember 30, 1976, which is incorporated by reference herein. The

- preparation of the aqueous dispersion of the papermaking fibers and the



portions, thus formng the first plurality of mcro-regions fromthe

sel ected [NQ 92909248 of t he web. The step of inmobilizi RETARESO1179

fi ber-binding substance may be acconplished by either one or conbi nati on_of
the following: drying at |least the selectd@® portions of the web; cooling at

| east the selected portions of the web; rel easing the selected portlons of
the web fromthe pressure.

web i n assoctRRAHICTPIFE tcﬂ*eEééﬁﬁ%”%%%%%%ﬁ%ﬁéﬂe95%?%@?%“ 'ép§2%%@‘°f
member & boi rOCBIGELEo BAAFGP ;540 AR SRR o TR Tn 30y 16718 ARED,
D eos surf acBngBipofstefticte ByIefefiteer 0 B 32??’3%8;3225“%Lé‘cﬁebTQﬁd
surf aces. such T haEo T I o e oK e O o2 21

press surfacgheppimding tS@bstance. 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.

3.+ Hemicelluloses are polymers of hexoses (glucose, mannose, and
s galactose) and pentoses (xylose and arabinose). /d., at 5. Lignin is an
i émorphous, highly polymerized substance which comprises an outer layer

.~ ofafiber. /d, at 6. Extractives are a variety of diverse substances present



backsi de surface of the papernmaking belt. The first press surface

pref er abl yWeAHM9248es an essentially continuous network area. PCT/IBI8/qH29
process may include the step of depositin% t he fiber-binding substance
in/on at |east the selected portions of th& web, or in/on the fibers from
whi ch the web is forned. ~In case a fluid-perneable belt having

defl ection conduits is utilized in the process of the present invention,
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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

L after the chemical treatment.- '_"I'he claimed invention allows advantageous

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

o --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



7 I nvention, showing a web being heated by a heating wire and pressurized
bet ween a N 99/92480r ess nenbers. FIG 1A is a schenati BCEBRS8/01179

el evational view of another exenplary enbodi nrent of a continuous —
papér maki ng process of the 'present invent2on, showing a web being heate

by a Yankee drying drum and pressurized between the Yankee drying drum and
a pressing belt. FIG 1B is a schematic fragnental side elevationa

[ f th t; : ks ty ' bgj .
Vi ew of LN rBEBSESH Hhe {BRoRAA SA0EntiHC ngBeHIBH: UerdodBnber e ey
's a schem ifidiriep tfs“?aﬁbﬁ"‘irﬂénatH@RﬁéBHHD”%rbﬁ{lanlhé'ﬂlS‘érﬁ MO0 hay Beess
of the present 1 rvention, having an essentially continuous web-side

networ k and Jtapsrréde didl leéeén e i $n the procEs& ofRinaking teeewsb c10

fragnentary "cross-sectional view of the papermaking belt taken along |ines

2A- 2A of FI %Qrﬁ?riéﬁ@ thewibers: 10¢Iwhichsido widt inherentlyi sontainvwat isufficient
paper maki ng belt being pressurized between a first press nenber and a

second presamonntof the fiber-binding substancégortwiichogo matninherently contain
papermaki ng belt conprising a framework formed by discrete protuberances
enconpassed theyfiber-birglingi stibbstancet ahally susheas pfor ekamplepsynthetic tfibenshe
di screte protuberances having a plurality of discrete deflection conduits
therein. - The fiber-bipding substaneatmayr beyAepositedcinien- e wethal 0 \oreihef
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 singlg:- 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
= 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 following 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,



paperneking, belt taken along lines 3A-3A of FIG 3 and show ng
cel | ul osi c WOPIOPR4Essoci ation with the paper maki ng belt bei ngPﬁfl'é&%QA?llli%d

bet ween a fi
schematic to
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rst press nmenber and a second press nenber. FIG 4 is a
p plan view of a prophetic papkd web of the present invention.
G 4A is a schematic fragnentary cross-sectional view of the

paper web taken along lines 4-4 of FIG 4. FIG 5is a scherratlc

fragnentary
web t hereon,
menber and a
the first pr
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net wor k ar ea.

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 20 has no resinous framework, and the web-sude surface 21 of the

foregoing belt 20 is defined by co-planar crossovers distributed in a

,.pfgdetermined 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

. ..is disclosed in the European Patent Application having: Publication
.. .. Number: 0 677 612 A2, filed 12.04.95.

- While in the present invention a woven element is preferred for the |

relnforcmg 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 mcorporated
-, herein by reference.

- - 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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The paper maki ng process of the
present i nNQIPBR4EoNpri ses a nunber of steps or operati ons WMCKIBISHTATP in
t he general tinme sequence as noted below. It is to be understood, however,
that the steps described bel ow are intendet4to assist a reader in
under st andi ng the process of the present invention, and that the invention
is not limted to processes with only a certain nunber or arrangenent of
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I nvention is providing a -fibrous we sing a fibe

conpr 1 51 g e ol oS Hek 20BARI Ay Yoy Indlados hess for dpping A fluld.
The fibrous wresdGreraifférentiati¢o 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
T 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.
... The next step is depositing 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
sk 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



9 any paper maki ng process known in the art, including, but not limted
to, a comoeneasal process and a through-air drying procesBCTABINMET
herein, the fibrous web designated by the reference nuneral 10 is the _ .
web -whi ch I's subjected to the process of§the present invention; and the
fibrous web designated by the reference nuneral 10* is a finished
product nade by the process of the present invention. As used herein,
any and all fj
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suspended in" I'tid carrier. More prefera ~ plurality of the
fibers 100 cqnarpéfsved thaluRestingitheewabot0db 4 seifficiept IemperdfureTapd for a

equi pnent for preparing the aqueous dispersion of the fibers 100 S

2’8| | - known i guffiient Peﬁod ofstireewilf caase thesfitsambinding Substance contaied in
gueous di spersion of the fibers 100 nay be provided to a headbox 15. A
si ngl e headbthei webhddntonséfieh. Then, unddrwpressure applied Ho thel esslected
portions 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 assigned 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

_pgtents are incorporated by reference herein.
. =ur - 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



that there may be nmultiple headboxes i.n alternative arrangenents of the
process of Wh@/9248ent i nventi on. The headbox(es) and the eqwqIviBes/ofias
preparing the aqueous dispersion of fibers are typically of the type
disclosed in U S. Patent No. 3,994,771, i946ued to Morgan and Ri ch on
Novenber 30, 1976, which is incorporated by reference herein. The
preparation of the aqueous dispersion of the papermaking fibers and the
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fibers 100 agempfisfig amnessentialy bohﬂﬁububﬁﬁeth}ﬂ' dYéa 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 fo a
temperature T sufﬁcient to cause the fiber-binding substance contained in
e "-;-Ethe- 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. '
- . 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
i 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



substance, will forma first plurality of distinct mcro-regions of the web
10*, diffemempodazesn t he rest of the web 10* in that the rest RETABIS/OMA? 10*
will conprise the fibers 100 which are not interconnected with the

fi ber-bindi ng substance. The preferred fibér-binding substance of the
present invention is selected fromthe group conprising |ignin,

hem cel | ul oses, extractives, and any conbi nation thereof. O her types of

Patent  appl PRI OIREORRE PIgHY A ﬁ?‘@@?ﬂﬁ@dﬁ%‘%@? i Z:fftecfiing Ege web,
s el | ko aRdHE BER W afe fite @ngﬁyp. vigen bk prege %%é;%?ﬁgs
Toni ' abolR8BEcORH bifes'sdace 2 tudh that “Eé’?!’}? pigs¥ Sirfaes s’ Coneid
for Pulp & kg a%&gh‘b‘ebﬂtt?ﬁ’é 91 SR web Rordnd | the, sedthd PPéﬂ@%Lﬁfioe B2+ch

book is |ncorpor erence herein. Hém cellul oses a pol yners of

hexoses (gl ‘&?ﬁﬁds%@@é@ksxé%&%@ewtmﬁen% oses (xylose and
ar abi nose). at 5. Lignin is an anorphous, highly polynerized substance

whi ch conpri SeS e firsEpresgemenber 6 beand Ithe, setofd ﬁresstcrnemmeram are
variety of diverse substances present

_pressed toward each other in the Z-direction (in FIGs. 2A and 3A, the

p_ressure is schematically indicated by the directional arrows P). The first
} press surface 61* pressurizes the selected portions 11 against the web-
_. '_'facmg 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_ujunder 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
'_applylng pressure is accomphshed at the Yankee drying drum 14. In the
Iatter case, 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 29¢ (FIG 1), the resrdence time during which the web

: . 10 |s under pressure between the surface of the Yankee drum 14 and the

t-‘"‘

' rmpressron roII 29e is too short to provrde full advantage of the application
of the pressure and effectively densify the fibers 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 allow



11 in native fibers, such as resin acids, fatty acids, turpenoid
conpounds, WO®4P28hol s. 1d. Hem cellul oses, lignin, and extrecl/BssnHIE9e
typically a part of cellulosic fibers, but may be added independently to a.
plurality of papernmaking cellulosic fi berﬁ% or web, if desired, as part of
a web- maki ng process. As a result of chani cal and/or chem cal
treatnent of wood to produce pulp, portions of hem cellul oses, lignin, and
extractives are renoved fromthe papernaking fibers. It is believed that

when the fi U the@areben 0dfori 8 dmuchalsh Rfiocd of thime and to
cel | ul ose h?/ﬁ oxylﬁgérgoups ardg l'i nked together by hy%%gen bonds. Snook,

infra. at 8.robafie! filp, aﬂbant@grf@vfdf thenusdfteried harld oflowabléi fiberdbindingg

subst anti al am)unts of hemicelTuloses, is generally viewed as a desirable

occurrence, digsstapeet he renoval of Ilgnl n increases ability of fibers 100
to forminter- fiber bonds as well as increases absorbency of the resulting
web. A process oin F8at1AgtherwebefiOnand" thmmoldmgrslaelt rﬁb\ane oressumsj
fiber walls also helps to increase fiber absorbency (I 7),.as wel]| as
i ncrease fi beetweén dhetsurfage ofithaotankee drypodruph &randea fprsssmg h@ltn%O

substance inherently contained in the pul renoved from [ I .ng
fibers duri nbavmscaaﬂfﬁtﬁlld%uaﬂ @ndcﬁeﬁﬁqméjﬂ(i%t%ﬁ’pp@ﬂ tento &Wscﬁ?s{) LAmlé
paper maki-ng fibers still in a portion of the fi d|n subtan .
even after thbecsidtace of ttF‘ ?ﬁﬂh@ f"aFPH&P"?ﬁ/% "t‘?dﬁ's ace 61

advant ageouscon'tactlng the selected portions 11 of the web 10; and the f rst side 91 of
| the pressmg belt 90 comprises the second press surface 62* contacting
o the backside surface 21 of the molding belt 20b. The pressing belt 90 is
T_i.preferabiy an endless belt schematically shown in FIG. 1A as traveling
‘around return rolls 95a 95b, 95¢, and 95d in the direction indicated by the
| "drrectlona! arrow D.
| FIG. 1B shows a varlation of the embodiment shown in FIG. 1A In
FIG. 1B, the web 10 and the molding belt 20b are pressurized between the
surface of the Yankee drum 14 and a series of pressing rolis 60. Similarly
“to the 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* contactrng the backside surface 21
of the moldmg belt 20b. Each of the pressing rolls 60 is preferably a

":_'reslhent roII elastlcally deformable under the pressure applled towards the

__surfece of the Yankee drylng drum’ 14 Each of the pressing rolls 60 is
_rotatrng in the drrectlon indicated by the dlrectlonal arrow E. Preferably,
| "{'the pressure at each of the pressing rolls 60 is applied normally to the

surface of the Yankee drying drum 14, i. e., towards the center of rotation
ofthe Yankee drying drum 14.



use of the fiber-binding substance which is inherently contained in the
wood pul p waxbwdszqsh has traditionally been viewed as undesi r #0wIBEI/01178
paper maki ng process. Al ternatively or additionally, the fiber-binding
substance may be supplied independently ofygthe fibers 100 and added to the
web 10, or to the fibers 100 before the web 10 has been fornmed, during the

paper maki ng 12 process of the
present invention. |ndependent deposition of the fiber- binding substance
in/on the web 1FI&. AR shows thepsesondo presgs waurface £ compasedeof three

Whi ohdo’ hotGONARGUEV hressin Talls B0, aPDbIBS PrERSURS 1o he Rackeide Suriareg !
atal sucierdbe meidBaRsit 2O Atiret pESTsiBarol 60 UG A RS EE afce
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substance s be UAIRGY'd PresSufd' B3, OTHe%ise 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 flexibility in- optimizing the conditions that X
. 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.
B o Ashas been pointed out above, under the traditional paper-making
;- ._conditions, when the web 10 is transferred to the Yankee drying drum 14,

« .- 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



cellulosic fibers containing the fiber-binding substance. The next
step is proV@8A4™ nacroscopi cal |y nonopl anar web- meki ng belPCTABIS/AR79IS ed
herein, the term "web-nmaking belt 20," or sinply, "belt 20," is a generic_
termincluding both a form ng belt 20a an@0a nol di ng belt 20b, both belts
shown in the preferred formof an endless belt in FIG. 1 and 2. The
present invention may utilize the single belt 20 functioning as both the

the 11 qures. 10 ST B BRI eallie 1he” ibbrbinding SUBSHEngs 18ckofighoRnd”
retorred. diweihtnebBEdhe ié‘fs'ﬁ?ﬁ'é’f‘ RER.OGHH & e FbSrodi e wew'1b°
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used. As SCh ' 98! grdstifeSurfadd @ thts irhplegsion hils ' 2067 he*traditional

web- si de sur ace I Nl hg an acksi surface oppos Ite

to the web- deﬁeﬁhhkﬂ? , conditians- @'l'd?i?dt' @nouﬁrtaeﬁﬁaﬁﬂéw the Wéb <18 E{fﬁ(}fr-

The belt 20 nmay be nade according to the followi ng comopnly assigned

o "33 LSRR ro, s L8 5 st Aothe e ime.t i
. believed that for the purposes of causing the softened fiber-binding
subsfénce to flow and interconnect the fibers in the selected portions 11,
the 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
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. |
s 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
i1 of 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




13 1985; 4,529,480 issued to Trokhan on July 16, 1985; 4,637,859 issued
to  TrokhaWOSROR48 20, 1987; 5,334,289 issued to Trokhan et PEXABMDIAIL.

2, 1994; 5,628,876 issued to Ayers et al. on May, 13, 1997. One _ |
embodi nent of the belt 20 is schematicall®2¥khown in FIG 5. The comonly
assigned U.S. Patent 4,239,065 issued bDec. 16, 1980 in the nanme of

Tr okhan and incorporated by reference herein, discloses this type of the

35" RS RS SN YROER S, YES v,
or g0l ng befr2rdss ARG &1 fag B S3848" Bolir b othe epotea

whi ch can bepgﬁiﬁﬁszﬁ' @t the tdr?gﬁénng' af H@W?G?;‘?ﬂi, éVh i ﬁ?@'lﬁgtter case,

i nvention sclosed in Eur opean Patent Application havin

Publ i cation theNuigestfion8 672 6dre ARotf idulsjedted4185 the proc¥s! cof Nfioling,

present - invention a woven elenent is preferred for the rei nforcing

structure 25jmérddrmdutirig, 2andtinmmbbilizationc ofl the ﬁwﬁbwingoeuwatnce as the

reinforcing structure, as set forth in U S. Patent 5,556,509 issued
Sept enber 17selet?éd pporfionskhare. al . and the patent applications: Seri al
No. 08/391,372 filed 2/15/95 in the nanme of Trokhan et al. and entitled:

"Met hod of Appl yPrgphetically, thexepreferredaexempiany econditions that cause fiber-
Paper maki ng"; Serial No. 08/461,832 filed 06/05/95 in the name of Tr okhan

et al. and. ehindingssubstanceata seftes apgdabacamecfiowaklengs dorinterconnect 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 éubstance 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

e performed either in the alternative, or in combination, concurrently or
.., consecutively. For example, in one embodiment of the process, the step

- of drying alone, or alternatively the step of cooling alone, may be sufficient



Layer and a Photosensitive Resin Layer." These patent and applications
are assi gnavoOoPYOIRHE Procter & Ganbl e Conpany and are i ncor porPOTaB98/0HE89 ei n

by reference. In the enbodi nents illustrated in FIGs. 1, 1A and 1_B,
the nmol ding belt - 20b travels in the dir22tion indicated by the
directional arrow B. In FIG 1, t he nol ding belt 20b passes around return

rolls 29c, 29d, an inpression :
0ol %% TS b BRaroBAneRurk e, At e 8,
ol i ng- bel XHBPIe: dhecHerHf Esling ingy P ottbfled Wil the 1eerd JE%%'"&
L o o 00 HElAreRBld. DR ok Mt thog e miReaToY paAAridd <
R "o IR o eonsatulfiy B eryoomiee) imuEaedc ind ey vt
could be creped 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
- fibrous 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
:'e”ssentiauy continuous, macroscopically monoplanar, and patterned
"2 network 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



utilized in the, Baper maki ng process of the present invention to clean the
nol di ng belWOIM9B any paper fibers, adhesives, and the |ikepCuiiBesioirey
remain attached to the nol ding belt 20b after it has travel ed t hrough t he
final step of the process. Associated w tR3the nolding belt 20b, and al so™
not shown in FIGs. 1 and 1A, are various additional support rolls, return
rolls, cleaning neans, drive neans, and the |ike conmmonly used in

e next of AJarAICSr Wierite ey, tfBClg i Bterm GEshe: depedrsinns 67
the. ol di ng 541 qé@&&“ﬁconé"ﬁ”o%%“ﬁ 131 Bt RresE 3lale b1-Trbeiaialgalibs
ﬁzgn(gl)iarsﬁ e? out abovenmégw?&?ezgs\t %%tamc)o%éé 4ﬁ$h?°3ﬁsﬁg@h8f’ tﬁB%S
bel t o inV%ﬁé&ﬁﬁghbédSb%qhé fghioriOa e Iatterlbyggge ﬁﬁp Mﬁgf&om%

belt 20a and the I ding belt 20b. Int .
transferal lrﬁﬁm’ﬁs arp! | Thel domes exentkin kﬁglwl off frotth the'Géiietaf plane
ers an e vacuum

appreci ate. one skilled in the art t ha

pi ck- up shoofihie nétworkiared.Gs. | and 1A is the' one preferred nmeans of
transferring the web 10 fromthe formng belt 20a to the nol ding belt 20b.
Q her equi pnent, such as internediate belt or the like (not shown) my be




15 utilized for the purpose of transferring the web 10 fromthe form ng
belt 20a t wo twoongd di ng belt 20b. The commonly assigned U. S. peaiignd/o1179
4,440,579 issued April 3, 1984 to Wlls et al. is incorporated by reference
her ei n. The next step in the process 2 the present invention conpriSes
heating the fibrous web 10, or at |east selected poWll of the web 10.

It is believed that heating the web 10 to a suffici W rature-and for
a sufficient period of tinme will cause the fiber-bi
cont ai ned i NVhatis@lgimed:is: soft en. Then, under pressur€ ap %he

sel ected portions 11 of the web 10 contained the fiber-binding s ance,
the softened fiber-binding substance becones fl owabl e and capabl e of

SO0 1 4 ARl S el AL Bt BB B
e | e e R IR ARE, "5 S ST 2
o0 e oo PR AU U g e B S ey bR
S ohacon oEt L1 eriigh, lBatines P IS HEARS: SE e fbhes

5,594,997 issued toghgka Lehtinen on Jan. 21, 1997 and assigned to Val net
Cor poration (of

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,

N 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.
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Finland). Alternatively or additionally, the web 10 can be heated by steam

as di scl oseyb 99l9kksS. Patent 5,506,456 issued to Jukka Lehti-nesgmoweii7e

. 26, 1985 and assigned to Val met Corporation (of Finland) h f or egorig—-—
patents are incorporated by reference hereggn. The hejmh My,
conprise a first pressing surface 61* shown in FI-Gs. 5 an AMﬂ '

explained in greater detail bel ow The first press surface 61* showh isn
FIGs. 5 and 5A conprises an essenti al
16 . cont duousthewed lamdmgatca&latmag1 R e whereipssaidsfirst pluralﬁa!
first press surface 61*. Then, the, sel ected portio ft b
conpri se the &t MiGO-FRGIORS GRMPTiSESHAr PR 639gpﬂﬁaf%qgeﬁr&ﬁ‘he@'&9%6
et pross surf @;8" said secgigl PUIAfban! lcsareaions SorprEssam asmentialye
ot her pat  er ns. ofcdisoys REA TRUSIEBIR . 61+ my be utilized or even
preferred.
5. A process for making a single lamina fibrous web having at least a
'ﬁrs_t plurality of micro-regions formed by fibers fnterconnected with a -
'ﬁber-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
- and water;
L ._(b) providing a macroscoplcally 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
- . causing said fiber-binding substance in said selected portions to
. flow and__interconne.ct said fibers which are mutually juxtaposed
owin said selected portions; and
.- (f) immobilizing said fiber-binding substance and creating fiber-

. bonds between said fibers which are interconnected in said

This Sheet Has Been Replaced
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The application of tenperature to the web 10 nmay be zoned (not shown) .

For exanpl evoasnezae web 10 in association with the belt 20 pmgs,’iween
pressi ng nenbers 61 and 62 (which are defined herein belewy—as——5hown in
FIG-5, in afirst zone Athe web 10 is fagt-heated to a “mu“
sufficient to cause the fiber-binding substance contai neb\“\m“mﬂ“ ed
portions 11 of the web 10 to soften and flow, and in a seeond L zohe B t'he
web 10 is merely nmaint all ned, at the tenperature T. Such "zoned"

appl i cation of terrper%@@ﬁte(&QOg%n ergbweiqrmlngoaatd)frsmalurahﬁr of' miefiarg

whi ch the fiber-binding.substance.i,s iin . a softened and f mable

condi tion, and may pr'ﬁ%ﬂ@ ngﬁ'ﬁ’(ﬁeéﬁg@dsmﬂwo VO
97/ 19223 shows one of the possible principal arrangements SUI tabl e for
t he process of the present invention. The next step is applying

b essur o i 9 Brof or kB proe AEeRanb, 0 Cléim o Trher EoRebisite 3&%3@&3‘9
bress mombers: o PEPePtREaid “fbRoidifs] %ﬁ%‘% ei it dseSuld, Splian”
pr ess-surface | Choris o B8 i By sa Siep X séc%%#ﬁﬂés‘sﬁﬁa%é%sz

E?S a 3eggndapreesgtep P heatifigt leadtSald Sélectéd porons ot ¥did visls, Su' f aces
* an *

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,
wanle respectively, said first and second press surfaces being parallel to

} '_'_s"_aid X-Y plane and mutually opposed in'said Z-direction, said fibrous

1505 7+ web ‘and said papermaking belt being interposed between said first

! *:and second press surfaces, said first press surface contacting said

fibrous web, and said second press surface contacting said backside
—
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17 parallel to the X-Y plane and nutually opposed in the Z-direction. The
web 10 andwigw belt 20 are interposed between the first presecausbssasdl*
and the second puwmmmmmkﬁﬂlisuch that the first press surface 61*
contacts the sel of the yeb 10, and the second press
surface 62* contacts'the bacKside :surface 22 of the belt 20. The first
press nmenber 61 and the second press nenber 62 are pressed toward each
other in the Z-direction (in FIGs. 2A and 3A the pressure is schematically
i ndi cated by t he stirfaae iafnsaidr papermaking cbelt; ssaigr dicst and asecemd press
pressurizes the selected portions 11 agai -, facin ce 21 _of
the belt 20 ther &nemhersbej nghB@SS%*&W@Cﬁ ‘g'ho\iﬁ fﬂjﬁaéﬂl%y' igpe £a1d| n
the selected portjons 11 to c forn1to eacgh ot her under the pressure P. As

a result of the Z8li PEESSn Mage prefstablyp CQW\P&%PQ' Ry dNegrescoRicallY
between the fibers 100.in the,sel.ected portion | ncreas and t
softened fi ber - biRANARIANA30d A "F?oﬁ&@ IOLG PIE [ﬁg 9§§eﬁﬁ'@"y
adj acent and rnut ugl | rs 100 in the selected portions 11.

In an altenative ﬁﬁ#ﬁé%ﬁggﬁﬁdﬁé ‘FIGs. 1A and 1 B, the step of applying
pressure is acconplished at the Yankee drying drum 14. In the |latter case,
the surface of the Yankee drying drum 14 conprises the first

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 pluralits' of micro-regions comprising 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; ,
- (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

- perpendicular to..said X-Y planes, said - papermaking belt

preferably comprising deflection conduits extending between

- said we_b-side_ surface and said backside surface of said

I
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press surfaeewng tradi ti onal paper-nmaking conditions, when the
web 10 is r erred to ~Yankee drying drum 14 using thepcmmmum ni p
roll 29e(Flm ce tinme during which the web 10 is under
pressure bet Mf the Yankeg drum 14 and the inpression roll
29e is too short to “privid advant age of the application of the
pressure and effectively densify the fibers 100 of the selected portions
11, even if the selected . portions 11 contains the softened fiber- binding
subst ance. The enbodpapetmakingwbelh said. deflection 1conduits, having web-side
18 one to pressurize the web 10 for a nuch | onger period of tinme and to
receive full advant a@R€BM3$he softened and flowabl e fiber-binding

;Ete):;ﬁplcged bet vveeﬂl:z)lt %éoé@"?%(?@'%fgﬁﬁg'wd th T%E'%I qufnelli gl(l’)lg ngres& ng

gﬂjg gg having a f tdesi)'ods'?tu?g1 s%ﬂ:flf Bers %?\'&dsgfud ﬁbgizbﬁ%ﬂa' Ifbstgnbgeto Jsé‘?jt
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;

v - ~(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

i:7 said selected portions to flow and interconnect said fibers which
o m 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

i o0 said first portion of said fibrous web on said web-side surface of said'

“-'belt while deflecting said second portion of said fibrous web into said

8 =-’-:"sr;:.?~'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

This Sheet Has B

L

_____



t he pressing bel t e second press surface 62* contacting the
backsi de surface 21 of" t e bel t . The pressing belt 90 is
preferably an endl ess belt schénatlcally shomn in FIG 1A as traveling
around return rolls 95a, 95b, 95C and 95d in the dlrectlop |Rd|c§%eg by t
the directional arrow B shows a variation of the enbodi nen
shown in FIG 1Ah emlcePGO% 'lgli'@”l mym%éxtrﬁ@hmswﬁ@rweq:@nma B
pressurized between the surface of the Yankee drum 14 and a series of
pressing rolls 601€&% | arly to the enbodi nent shown in FIG A, in the
enbodi mrent shown in FIG 1 B the surface of the Yankee drum 14 is the first
press surface 61* contacting the sel ected portlons 11 of the web 10.

cont acting e bavkansEralys Jof RKITT 4 SndR faBR Toisily Vil Comprising
nder the pressullirAitEl EEABIOR, Wéﬁﬁaééélatﬁ?aé&bﬁﬁﬁsé drying. dr um
the directi onar ar PoePreee raeRiberhdfinga Bk dhekgsiiade,: e precsing
%17 louar o't he Sconran eSS MU haURe o SN RIESs Sty feaid At

- and second press surfaces being mutually parallel and

The surface of t \\EFEé\dﬁunlgficonprlses the first press surface 61*
contacti ngwae @9 !I ons—11 of the web 10; and the fipesfrgogper@l of

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
ﬁ[_st_ press surface is capable of contacting said ﬁbro'u's web,
.. and 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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\
19 FI G 1'5/‘11,@0\,\5 t he Second press surface 62* conprised of. three
€

consecut i veygugees w”m,m | ying pressure to the backspgpgeidiase 21
of the nolding b 4 | lE’"}pressi ng roll 60a applying a pressure Pl,

a second pressing roll 608 applying a pregsure 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
1 B), for exanple P1<P2<P3, or P1>P2>P3, or_ any other desirable conbination
of P1, P2, P3. Cpluraliy obmicro-regions, and saichgecondrpiurality ofmierontrgions
pressing rolls 60 may_differ, fr&gthat shown in FIG 1 B as an_ill Bsté,ation
of - one possi bl e eaRyisiaa: said finers, pet sivtefconnected swith | nfibgfrbinding

Simlarly to the " d" | i cati f . the t t . | ai. b ,

T %S LR B Rek SecSRCky SEPSG o SRR s
in di t t flexibility i tign zi

e ", e i RSBV RERRpAREL AL foePoBal, b, an

concurrontly. | noeHEEd; afedoihid {ibe MetGRLNY SR eRSeRBRY, EBRPupS

conprises or is ﬁéﬂg&'ﬂ@épéiawith a heating elenent. In FIGs. 2A and 3A, for

15. N "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

. 2w o press surface.

L 16.:-'-5:_;:_::_-The apparatus according to Claims 14 and 15, wherein said fiber-
.+ - binding substance is selected from the group consisting of
hemicelluloses, lignin, polymeric extractives, or any combination

= thereof.
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exanple, the first press surface 61* conprises the heating W|re 80 --in
accor dance wblved2ag enbodi nent of the process shown in FIG lpc I,QE,,g
and 1B, the first press surface 61* conprises the heated surface 0 (}
Yankee drying drum 14. It is believed that sinultaneous pressurizing and —
heating of the selected portions 1 1 o:‘]bzlaz web 10 facilitates softening
and flowability of the fiber-binding s nce in the selected portions 11.
- As has been pointed out above, under the traditional paper-making

-condi fions, when the web 10 is transferred to the Yankee drying drum 14,
the residence time duri ng which the amb 10 i s under pressure between the
surface of the Yankee drum 14 and the. |rrpreSS| ng nip roll 29e (FIG 1) is
20 too short to effectively cause he fi ber-binding substance to soften
and flow. Although sone densification)foes occur at the transfer of the
web 10 to the Yankee dryer's ace—41 the nip between the surface of

t he Yankee drum 14 and t he=sm “’/ﬁ he inpression nip roll 29e, the
tradi tional Y _




paper maki ng conditions do not allowto maintain the web 10 under .pressure
for nore twemomépass 2-5 nilliseconds. At the sane tine, it i pcraBesnaYLd
that for the purposes of causing the softened fiber-binding substance to
flow and i nterconnect the fibers in the selected portions 11, t he -
preferred residence tinme should be at dye ?’ about 0.1 second (100
mlliseconds). - In contrast wt he traditional papernaking
process, the enbodiments shown in FIGs. 1A and 1 B provide a significant

i ncrease in the residence time during which the web 10 is subjected to

t he conbi nati on of the tenperature and the pressure sufficient to cause
t he fiber-bindinq substanCe to becone fl owabl e and i nterconnect the

 paper maki ng flbe et {presst eeh—pQrtions 11 of the web 10.
According to thg ass of e pcgsent i nventi am, \\ he nore preferred
resi dence tine i dter th abBbt 1.0 seoo d 2 nost preferred -

residence tinme i§E t he rame -tmeen geconds and about 10
seconds. One ski]jled in 2 t W d|| appreci ate 8hat at a given
velocity of the|pelt 20, ¢ fesidg dixectly -r-portlonal to the
| ength of a pathi at whi(d g sele ted , ogim___,_—"— Fe—web 10 are under
pressure. Whi{] e the |§el ected por e web 10 is subjected to
the pressurefpetweerffthe first s{_61and the web-side surface
21 of ttﬁibe L 20, t{lhe rest. of QSi ghat ed herein as portions
12) is isypj ected{to the sure <! hereby retqgning t he absorbency
and 5 : &N S =

| | Q| ©

" 8

, a
DE

Fig. 1A




21 softness characteristics of essentially undensified web. To be sure,
the first pr¥9998¥dace 61* may in sone cases contact both thep %}lﬁﬁﬂfl‘fw
portions 11 and the portions 12 of the web 10. Still, even in the Tatter
case, the portions-12 are not subjected to the process of flow ng, - .
i nterconnecting, and i mobilization of.tgfkﬁ' er - bi ndi ng substance as the

sel ected portions 11 are. Prophetic y; the preferred exenplary
conditions that cause fiber- binding substance to soften and becone
flowabl e as to interconnect the adjacent papernmaking fibers 100 in the
selected portions 1 1 include heating the first portion 11 of the web 10
havi ng a noi sture content of about 30%or greater (i.e., consistency of
about 70% or less) to a tenperature of at least 70[err]C for the period of
time of at least 0.5 sec. and preferably under the pressure of at least 1
bar (14.7 PSI). Mre preferably, the noisture content is at |east about
50% the residence tine. is at |east about 1.0 sec., and the pressure is at
| east about 5 bar (73.5 PSI). If the web 10 is heated by the first press
surface 61*, the preferred tenperature




of the first press surface 61* is at |east about 150[err]C. The next
step i nvol wepookosraabi | i zati on of the flowabl e fiber-binding spbsiBesmeiIBNd
creating fiber-bonds between the cellulosic fibers 100 which are

i nterconnected in the selected portions 11 of the web 10. The step of

I rmobi i zat i oy of the fiber-binding s%%?ce may be acconplished by either
cooling of the first portion 11 of the 10, or drying of t£ﬁ first
portion 11 the web 10, or releasing the pressure to vvhi/?% e first
portion 11 of the we¥ 10 has been subjected. Thgpthree forfgoing steps may
be perforrned—erttre™in the alternative, or i/fh conbinatigh, concurrently or
consecutively. Fer exampl®, 1 nrpne enbqdli |3|'F21~ of the mragess, T he sfep of
drying al one, or|pltlerratitvelyithe stiep;ofli ¢ooliing :alidne; dmy!helsufficient
22 to i mobi Hz e {DETd MorSOSTRANe B, [@naT T ehoar e, f or
exanpl e, the step egof/ ng Tay~be o= Covomn v te t=t Easrog t he
pressure. O counse, ¢ red
concurrently, &FHE¢ '
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could be creped fromthe apparatus. A creping blade could be nmade according
to commonl ywas9oepaed U. S. Patent No. 4,919,756, issued to Sawpgirp¥dii5+e
patent is incorporated herein by reference. FI Gs. 4 and 4A show one
propheti c enbodi nent of the finished fibrous web 10* which is nade by the—"
process of the present invention. The V\g(l-g* shown in FIGs. 4 and 4A
conprises a first plurality of mcro-.r ohs 11* and a second plurality of
m cro-regions 12*. The fi rstoé)@urality of mcro-regions 11 * is forned

the fibers 100 int er ecte th thejéber bi ndi ng substance in th
sel ected portigps 11 of e web 10. Thé ecopg plurality Cro-g#gi ons

of
Is forned by t toers 1 whiich are r’ot I ntrer connect ed gthe
fi ber-bi ndi ng subst @n [ e est ¢ herwe ]:(-p ki lhedsimythe art
Wil appreciate tpat| ENsgjes! € it § 813
conprise both the T1fs [Ural DXy TDO> n P ST
plurality of m crotreg % unlf el 1t Iren
fi ber-bonds yhave been_florinedii s iin'ldn iardrcle by leen®lKuripas, et
aL., "The & fect of Comdefet ' e erBa s
TAPPI Jourral, Vol. 76, & s orlpor at ed by
ref erence qe-rei n and att alghdd 3] 4dishows the
first plurality of ni‘cro-teo . b - contimmous,
macr oscopi cal I'y. nonegt O Tii t ; rgi
reflects the patterhjo ~ ; € {T S *~ The
second plural ifty @ﬁe ra=yy : : : = = --t
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23 plurality of discrete donmes, reflecting the pattern of the depressions
67 defi ned wgovtmahetwork 66 in the first press surface 61*. peaamos/oahd y
all the dones are di spersed throughout, isolated one from another, and
enconpassed by the network area fornmed by the first plurality of mcro-
regions 11*. The dones extend in the 46ﬂyq¢ction fromthe general plane of
t he network area.

"
1z
Fig. 4
" 1z A0
[ :.,l‘-‘ . ’ ._ ?
=D\ z
B (o |
:




CLAIM5 1. A process for making a single |lampnpa fibrous web having at | east

a first pluratity of m cro-regions formed by fibers interconnected with
a fiber-binding substance, and a second plurality of nicro-regi 0f701179
sai d process conmW®89¢/34& he st eps of: (a) providing a fibrous we
conprising a fiber-binding substance and water; (b) providing a

macr oscopi cal | y nonopl anar papernmaki ng belt having a web-side

surface defining an X-Y plane, a bd?héﬁﬂe surface opposite said web-side
surface, and a Z-direction perpendicular to said X-Y pl ane; (c)
depositing said fibrous web on said web-side surface of said papernaki ng
belt; (d) heating at | east selected portions of said fibrous web thereby
causi ng softening of said fiber-binding substance in said sel ected
portions; (e) applying pressure to at | east said selected portions,

t her eby causi ng said fiber-binding substance in said selected
portions to flow and interconnect sai.d fibers which are nutually

j uxt aposed in said selected porti ons;‘ /nd (f) imobilizing said -

fi ber-bindi ng substance and creating {fi ber-bonds between said fibers
whi ch are interconnected in said sel &ted portions thereby fornind

said first plupald oV 00 WY W=V TRV V- R e

fibrous - N

O ES Pyt i ons !of said
‘\\ z
|
!
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2. The prw_o'cess'accordi ng to claim1, further conprising the step of

deposkting said fiber-binding substance to at Ieast said selected
portions of said fibrous web, said step being performed prior to the
step of heating at |east said selected pprtions of sai d web. 3. The

process according to claim2, wherein said step of immobilizing said fiber-
bi ndi ng substance and creating said fiber-bonds conprises drying said
fibrous . vitayindoazpluiglityi ef migrg-regions cpmpdsingfibers interconnestedehydhatfibee | ess

t han about : S 25 4.
The process %g%@ér)c%l%séach. claiml, wherein said step of imuobilizing said

fiber - It is another object of the present invention to provide an apparatus for making
such a fibrous web.

SUMMARY OF THE INVENTION

According to one aspect, the invention provides a process for making a single
lamina fibrous web having at least a first plurality of micro-regions formed by fibers
interconnected with a fiber-binding substance, and a second plurality of micro-
regions, said process comprising the steps of:

(a) providing a fibrous web comprising a fiber-binding substance and water:

(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) heafing 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 causing said
fiber-binding substance in said selected portions to flow and interconnect said
fibers which are mutually juxtaposed in said selected portions; and

() immobilizing said fiber-binding substance and creating fiber-bonds between
said fibers which are interconnected in said selected portions thereby forming
said first plurality of micro-regions from said selected portions of said fibrous
web. -

According to a second aspect, the.invention provides a process for making a
single lamina fibrous web comprising fibers and having at least a first plurality of
micro-regions comprising 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 substance in said second
plurality of micro-regions, said process comprising the steps of:

(a) providing said 'ﬁbers;
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bi ndi ng substance and creating said fiber-bonds in said selected portions
conprises drying at |east said selected portions of said fibrous web. 5.
The process according to claim1, wherein said step of imuobilizing said
fiber- bi ndi ng substance and creatigg said fiber-bonds in said sel ected
portions conprises cooling at |east said selected portions of said

fi brous web. 6. The process according to claim1, wherein said step of

i mobi | i zi ng séb) providieg a macrpsaepicatly mopoplanarepapetmalirg belh javiag 8 wethiide bonds
in said selected ' ; C -SES 4f ' | £C H4oNns of
said fibrous web spﬁéérﬁl ggﬁn n%rags’set?g‘.aﬁg’ 7%%8%;%522%%&@@%%&%% VE%H%I?% m 1,
wherei n sai d st esudaceapti piZrdirgntion perpendisular to said ¥atplaseii d sel ect ed

portions of saj | Pe. . C | suri zi ng said- fibrous web
and said paper‘?2ﬁ’%ﬁé'ﬁiﬁ?mﬁg?'ﬁ@ﬂ%?ﬁ%@ﬁ&;r ess nmenber and a = second
press menber ofs)sepositingaisdidf fibers and: seidnfibérebindingistibstance tenshid evabeside

press menbers ha?%ﬂ’gcleof ¢did ha@érﬁi%ﬁinﬁ%t% ‘?orﬂp? ﬁﬁr&@%bdcﬁﬁ%qsﬁié f;(ﬁ)é‘pé ai d

respectively, sa St an econd®press surtaces berng p
X-Y pl ane and hindinga$ubgtampgiosed in said Z-direction, said fibrous web and

o1 s ur f aces ) heatif ol a6 Séiectlh HoRRAS br Ll it feh 16 dobe WhoTRTBF,)

and sai d second maidfibesbintmgsubstaoceminsaid selected portienk si de surface of said

paper making b e&f} ’apﬁ@'ing Hegé.}re%dsa?fggﬂgted 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 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
gelected portions thereby forming said first plurality'of micro-regions from said
selected portions.

A single lamina fibrous web comprises at least two pluralities of micro-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 piurality 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 interconnected with a fiber-binding substance in the second plurality of
micro-régions. 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 process of
softening, flowing, and then immobilization of the fiber-binding substance in the web's
selected portions comprising the first plurality of micro-regions.
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press nenbers being pressed toward each other in said Z-direction. 8. The-
process according to claim7, wherein said first press surface conprises a
pressing belt. 9. The process according to claim7, wherein said first
press surface conprises a surface ofgp,a Yankee drying drum 10. The
process according to claim7, wherein said first press surface conprises a

macroscopi cal | y nonopl anar and patterned area.
26 In one preferred embodiment, the first plurality of micro-regions comprises an

essentially continuous, macroscopically monoplanar and patterned network area; and
the second plurality of micro-regions comprises a plurality of discrete domes
dispersed throughout,
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11. The process according to claim10 wherein said first press surface

conprises an cessentially continuous network area. 12. A process for
nmaking a single |anina fibrous web conprising fibers and havi

| east a first plurality of mcro-regions conpri wg/sa’ﬁfg?g'

I nterconnected with a fi ber-bi ndi ng substance a\m“ \3 S rality
of mcro-regions, and a second pl ural?sty of m rising
said fibers not interconnected with said fiber- hdl"ng substance in
said second plurality of mcro-regions, said process conprising the
steps of: (a) providing said fibers (b) providing a

macr oscopi cal | y nonopl anar paper maki ng Mhaw ng a web-side
surface defining an X-Y plane, a backside surface opposite said web-side

surface, and4qa X fbdéssfdrmm@r@gngleqaﬁm fbﬁbu%aﬂéb Ravihgataedst a first(giirality of
providing said f| ber - bi nd subébﬁance eé@) ?IDOFI tin '? Sal&fl ber s &and
sai d fi ber - bi ndNigEP-eansd rgjinfgreennegied wit stangeqan
paper maki ng bel4 séébnﬂ%lumﬂ%i)f :hrcwﬁegwi% %@fd&hgeorﬁﬁisihdmb%teps of:

bi ndi ng subst ance; ortions of said

% atin | east sel ected
fibrous web to @&@5‘@"@@ fbroy “@gmmf’"s'"g@af bgr-pindipg sybsancrard weteknce in
sai d sel ected pgj tprcsmﬂg a mé&dscé@i@hw menmwwagemw elERAVirtY dedboé'élé ons

of said fibrous web . in Z- tiqn, thereby densi f sai d
sel ected portions sglﬁageapg "F'FQJ?BL?& Y\,\glgn%mg backsxde surface ogposne sal we -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;

(é) applying pressure to at least said selected portions, thereby causing said
fiber-binding substance in said selected portions to flow and interconnect said
fibers which are mutually juxtaposed in said selected portions; and

() immobilizing said fiber-binding substance and creating fiber-bonds  between
said fibers which are interconnected in said selected portions thereby forming
said first plurality of micro-regions from said selected portions of said fibrous
web.

2. The process according to claim 1, 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.

3. The process according to claim 2, wherein said step of immobilizing said fiber-
binding substance and creating said fiber-bonds comprises drying said fibrous
web to a consistency of at least about 70% at a temperature less than about
70°C.
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i nterconnect said fibers which are mutually Juxtapos sai d Selected
portions, and (g) inmobilizing said fiber-binding gmg ”ﬂﬂtﬁ ating
fi ber-bonds in said sel ected portions between's h are
I nterconnected in said sel ected portions thereby forn1ﬁb Said first
plurality of mcro-regions fromsaid 25 selected portions. 13. The
process according to claim12, wherein said papermaking belt conprises

def | ection candphe proRsssBEIIMEING 2 CRAR 15 WHbreHR ot a@pwﬁﬁ.mmamg safd fiber-

backsi de surface
of said paper netN§iBg pRbstansg; andireating; saidc Barrchands hipy sald \ﬁEBQ'@F’dBMW"S
openi ngs. comprises drying at least said selected portions of said fibrous web.

5. The process according to claim 1, wherein said step of immobilizing said fiber-
binding substance and creating said fiber-bonds in said selected portions
comprises cooling at least said selected portions of said fibrous web.

6. The process according to claim 1, wherein said step of immobilizing said fiber-
binding substance and creating said fiber-bonds in said selected portions.
comprises releasing said selected portions of said fibrous web from said pressure.

7. The process according to claim 1, 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 said first press member, said first and second
press members having a first press surface and a second press surface,
respectively, said first and second press surfaces being parallel to said X-Y plane
and mutually opposed in said Z-direction, said fibrous web and said papermaking
belt being interposed between said first and second press surfaces, said first
press surface contacting said fibrous web, and said second press surface
contacting said backside surface of said papermaking belt, said first and second
press members being pressed toward each other in said Z-direction.

8. The process according to claim 7, wherein said first press surface comprises a
pressing belt.

9. The process according to claim 7, wherein said first press surface comprises a
surface of a Yankee drying drum.

10. The process according to claim 7, wherein said first press surface comprises a
macroscopically monoplanar and patterned area.
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14. The process according to claim 13, further conprising the step of

applying-a fluid pressure differential to sai d&-web—such—as to leave
said first portion of said fibrous web on sald of said
belt while deflecting said second portion of ﬂﬂm ﬂ to said
defl ection conduits, said step of applying a fl UI * cpressures *

differential to said web being performed 3¢rior to the step of heating.
15. The process according to claim 14, wherein said papernaking belt
conprises a fluid-perneable reinforcing structure joined to a framework

having a first side and a_second side opposite said first side, said
reinforcing dirThe presessrageprding:te claim #HQ wheteinsaid first pressrsuriace samPERsHANY

si des of said fésggﬁmggoﬁiﬁ{ubugngtmg,e\geb- si de and backsi de surfaces of
sai d papernmaki ng belt; respectively. 16. The process according to claim

15 wherein said. web- S|de surface of said paper neki ng belt conprises an

essentially qomg beé@éthdﬁ%k rg?isﬁﬁlb"l@thlﬁam& web %‘rﬁpr%‘hﬁbefﬂ'éﬁé YRS hatlR hf" ng

web- si de openl ngs of said ctron con rocess acc di ng
to claims 1, 1Jeastadirsl MU@awcpfrnlﬁrerregpna CAgPEsing saif berscinterconpeted aithfa om

the group Cons'f?dehﬂﬂndﬁlb &‘i’d&é}%l il 85i8Sirs! pRFAIRY oP FhitiBRrdhfon8X bhaC4 I9688nd
or any conbi nation_thereof

plurality of micro-regions comprising said fibers not interconnected with said fiber-

binding substance in said second plurality of micro-regions, said process

comprising the steps of: '

(a) providing said fibers;

(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 pérpendicular to said X-Y plane;

(c) providing said fiber-binding substance;

(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 substance;

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

() 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 said selected portions to flow and
interconnect said fibers which are mutually juxtaposed in said selected
portions; and

(9) 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.

13. The process according to claim 12, wherein said papermaking belt comprises
deflection conduits extending between said web-side surface and said backside
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surface of said papermaking belt, said deflection conduits having web-side
openings.

14. The process according to claim 13, further comprising the step of applying a fluid
pressure differential to said web such as to leave said first portion of said fibrous
web on said web-side surface of said belt while deflecting said second portion of

-. said fibrous web into said deflection conduits, said step of applying a fluid
pressure differential to said web being performed prior to the step of heating.

15. The process according to claim 14, wherein said papermaking belt comprises a
fluid-permeable reinforcing structure joined to a framework having a first side and
a second side opposite said first side, said reinforcing structure positioned
therebetween, said first and second sides of said framework deﬁhing said web-
side and backside surfaces of said papermaking belt, respectively.

16. The process according to claim 15 wherein said web-side surface of said
papermaking belt comprises an essentially continuous web-side network, said
web-side network defining web-side openings of said deflection conduits.

17. The process according to claims 1, 12, wherein said fiber-binding substance is
selected from the group consisting of hemicelluloses, lignin, polymeric extractives,
or any combination thereof.
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