WO 96/ 00814

PCT/ US95/ MULTI - REG ON PAPER STRUCTURE AN AND
PROCESS F%J%QFMG THE SAME | - 10 I}(ﬁﬁ%@%& THE

| NVENTI ON The p@g@ent i nvention relates-to a nmulti-regi on paper
structure having a 15 transition region interconnecting regions of the
paper structure disposed at ik ferent I el evatgons and having
t hi cknesses | ess than_ar equal to the thickness of transition
regi on. The &pparatus-and ptocess for making such a paper web also form

20

part of .~ the present :inrenti on.

BACKGROUND OF THE. I NVENTI ON__, .. Paper structures, such as toilet
ti ssue, paper C

oS, oPapeImTIEAEOIOR WAPECS TCKE MR APPRRATUS A PREEESY YOUVRING ThE suve
make such tissue products .mpre consunmer preferred. One approach to
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Fi8a © FIELD OF THE INVENTION
" The 'preééﬁt"iﬁrémion* relates to a multi-region paper structure having a
15 transition regiod Intérconnecting regions of the paper structure disposed at different
elevations ard Having thicknesses less than or equal to the thickness of transition
region. - The’ ‘appa'l‘aius and process for making such a paper web also form part of
the pré’smt mVenﬁ’bn

20 o TIRY T BACKGROUND OF THE INVENTION
Papet ‘sitctures, such as toilet tissue, paper towels, and facial tissue, are
* widely used thréughidut the home and industry. Many attempts have been made to
make such tissie pi‘éducts more consumer preferred. One approach to providing
consumer-prefértéd tissue products having bulk and flexibility is illustrated in U.S.
25  Patent 3,994;7F1 issued November 30, 1976 to Morgan et al. Improved bulk and
flexibility ma{ ‘dlst” be provided through bilaterally staggered compressed and
uncothpressed Zones, as shown in U.S. Patent 4,191,609 issued March 4, 1980 to
Trokhan. '
' ‘Another approach to making tissue products more consumer preferred is to dry
30 the paper sthfctufe to impart greater bulk, tensile strength, and burst strength to the
tissue products 'Examples of paper structures made in this manner are illustrated in
U.S. Patent 837,859 issued January 20, 1987 to Trokhan. Alternatively, a paper
structure’ &an B made stronger, without utilizing more cellulosic fibers, by having
. regions of différirig basis Weights as illustrated in U.S. Patent 4,514,345 issued April
35 30, 1985 to Folifion, et. al. Papermaking belts having a semicontinuous pattern and
 paper madle’ b 'such belts afé disclosed in PCT Publication WO 94/04750 published
March 3, 199471 ‘the nime of Ayers et al.. and having a U.S. priority date of
August 26,1992 - l’apemakmg belts made using a deformable casting surface
frocess are Hafosed i 17.5. Patent 5,275,700 issued January 4, 1994 to Trokhan,
40 Tissue paper manufacturers have also attempted to make tissue products more
appealing to consumers by improving the aesthetic appearance of the product. For
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1968 20 embossing is typically done after creping of the dried paper web from the drying

drum. Embossing after creping can disrupt the creping pattern imparted to the web.
For instance, erﬁbossing can eiiminate_ the creping pattern in some portions of the

- web by compacting the creping pattern. Such a result is undesirable because the
creping pattern improves the softness and flexibility of the dried web.

25 In addition, dry embossing a paper struciure acts to stretch or draw the paper
structure around the perimeter of the embossments. As a result, the paper structure
around the perimeter of the embossments will have a reduced thickness relative to the
non-embossed portion of the paper web.

U.S. Patent Application Serial No. 07/718,452, Tissue Paper Havmg Large

30 Scale, Aesthetically Discernible Patterns and Apparatus for Making Same, filed June
19, 1991 to be issued as U.S. Patent 5,328,565 on'Ju_ly 12, 1994 in the name of
Rasch et al. discloses a single lamina paper stm;ture having at least three visually
discernible regions. Rasch et al. teaches _thé_.three regions are visually distinguishable
by an optically intensive property such as crepe frequency, elevation, or opacity.

35  While the structures of Rasch et al. provide an improvement over embossed paper
structures, there is a ne=i to provide tissue produéts having improved visually
discernible patterns over tnose taught in Rasch et al. Therefore, those involved in the
papermaking field continue to search for ways to _mak_e paper structures having highly

 discernible aesthetic patterns without sacrificing desirable paper web properties.

1994
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i mparts awpgiobsidl ar aesthetic appearance to the ppppissdifgs Ure at
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structure havi nhaving 3 fousth thickesss grestesthan the second thxckngssemm greaser thgn onequal
Rasch et al. tegriesirdiBckdesee regions are visually distinguishable

by an optically intensive property such as crepe frequency, el evati on
opaci ty. 35 vhipethemebiegt,ofidhe present inveptions e PEAvideinoaRPaEatFRnd method

I npr O\ée”entzmveformd ﬂfé péSstructure OftgepﬁéséﬁtQﬁ‘kﬂhﬁ5n t her e | S a need to
provide tissue prodyc i oved visua cern|
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havi ng hi ghly di scerni bl e aesthetic patterns w thout sacrificing
desirabl e paper web properties.
SUMMARY OF THE INVENTION
25 The invention comprises a paper structure, such as a tissue paper web, having

visually discernible patterns. The paper structure comprises a first region disposed at
a first elevation and having a first thickness; a patterned second region disposed at a
second elevation different from the first elevation, the second region having a second
thickness; a third region interconnected with the first region, the third region
30  disposed at a third elevation different from the second elevation, and the third region
having a third thickness; and a transition region having a fourth thickness. The
transition region interconnects the second region with at least one of the first and
third regions. The fourth thickness is greater than or equal to the first thickness and
is greater than the second thickness. The third thickness is greater than the first -
35 thickness. In one embodiment the first elevation is different from the third elevation,
and paper structure has a background matrix comprising the first and third regions,
wherein the first region comprises a plurality of discrete protuberances dispersed
throughout the third regibn.
A portion of at least one of the second regions and the background matrix can
40  be foreshortened, such as by creping. In one embodiment at least a portion of the
second region is bordered by a variable frequency creping pattern. The variable
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structure having visually discernible patterns wthout the need for
enbossing a dried paper web. Anot her object of the
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patterns. Thetheafoeaminousubadckgrmund rgeniene having ia ptojecesgli arsa dif sy deast! abdut 50

a first el evalian ol Mo sdrl Yrefellbfy gfﬁém W 164 @gﬂ@%@ﬂﬂ? (k891 O

di sposed at I on erent evat i on,
the second reWyherginthe iehgatnpnsﬁyewmere within the inspribdh ares is the first elgvatiogi of the

i nterconnggt edrsiinieh cbﬂﬁcﬁddﬁﬁfa&@&h@ Rvhekdi® tHefd isCho' P&l ﬁittermn (h er mtﬁﬁQﬁ@d at
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t hi ckness. Thbetween _about 5 and about 20 percent of the projected area of the apparatus, and
more preferably between about 5 and about 14 percent of the projected area of the
apparatus. The apparatus having a web patterning layer with the above projected
25 area and disposed to inscribe portions of the foraminous background element with
the above width and area is relatively flexible. Such flexibility permits deflection of
the first web contacting surface relative to the second web contacting surface for
formation of compacted, relatively high density regions at different elevations.
The present invention also comprises a method for forming a paper structure
30 according to the p}esent invention. The method comprises the following steps:
providing a wet web of paper making fibers;

deflecting the web in a first deflection step to provide a non-monoplanar web
having a first uncompacted web region, and a second uncompacted web
region having an elevation different from the elevation of the first
35 uncompacted web region while the web has a consistency of between
about 8 and about 30 percent.
deflecting first uncompacted web region relative to the second uncompacted
web region in a second deflection step to temporarily reduce, and
preferably substantially eliminate, the difference in elevation between the
40 first uncompacted web region and the second uncompacted web region:
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P ﬁle gﬁownn description taken in conjunction with the associated drawings, in which

20 like elements are designated by the same reference numeral, and:

Figure 1 is a cross-sectional illustration of a paper structure according to the
present invention.
~ Figure 2A is a photomicrograph of a cross-section of a paper structure
according to the present invention.
25 Figure 2B is the photomicrograph of Figure 2A showing thickness and
elevation reference lines.
Figure 3 is a photographic plan view of a paper structure according to the
present invention.
" Figure 4A is a photographic plan view of a portion of a paper structure
30 according to the present invention, the view enlarged relative to Figure 3.
Figure 4B is a photographic plan view of a portion of a paper structure
according to the present invention, the view enlarged relative to Figure
4A.
Figure 4C is a photographic plan view of a portion of a paper structure
35 according to the present invention, the view enlarged relative to Figure
4B. :
Figure SA is a plan view illustration of an apparatus for making a paper
structure according to the present invention, the apparatus having a
foraminous background element and a web patterning layer extending
40 from the foraminous background element.



t he foram nous background el enent having a projected area of at | east about
50 woos/oesguare mllineters, and nore preferably at perasosirosg 100
square mllineters, wherein the el evation everywhere within the v
inscribed area is the first elevation of the 20 first web contacting
surface, and wherein there is no web patterning [ayer within the
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The net hod conpri s a wet
web of paper making fafgedrying drum. defl ecting the web in a first
deflection step tﬂgﬁéqw'lﬁﬁpﬁnm RSPRIA S B structure haying %second region12Vi Ng

a first glgcorrpact ed web re %P and a econéﬁﬁnco act ed
regi on having an el e\FRMPGHNE SF@f%mnef 5Rese Ff%laﬁfcet“ﬁ%"’qfkrst 35

unconpact ed web rRigureri 1id1a iplantview Vikstritivh ¢f Lwels suppoftcippaatfidbr@aking the {

about 8 and about 30 defl ecting first unconpacted
web region relative tﬁsg'ﬁsgmsc%’é% f(;Il:lﬁ}“rceol acted web

region in a second deflection step to tenporarily reduce; and

preferably substantiall ng-Anjmbg,sctlgp ' f)tion between the
40 lgl rst unco %CH regi on an t he second unconpact ed
web 'r egi c?r9 igysesdrd 1lustrate a paper structure 20 according to the present

PCT/ . US95/ 077 Sigivention. Fxgures 5-6 and 11 illustrate a web support apparatus 200 suitable for
making paper structures according to the present invention. Figures 7-9 illustrate a
method employing the web support apparatus 200 for making the paper structure 20.

25 Paper Structure
A paper structure according to the present invention is taken off the forming
wire as a single sheet having one or more fiber constituent layers. Though not
necessary, the paper structure of the present invention can be joined to one or more
other sheets or plies after sheet drying to form a muiti-ply paper product. A "zone"

30  as used herein reférs to a contiguous portion of the paper structure. - A "region” of a
paper structure, as used herein, refers to a portion or portions of the paper structure
having a common property or characteristic, such as density, thickness, elevation, or
creping frequency. A region can compnse one or more zones, and can be continuous _
or discontinuous.

35 . Referring 1o Figures 1-4, the paper structure 20 according to the present
invention compri:2s a tissue paper web having at least four regions. The paper
structure 20 comprises a first region 30 having a first thickness 31 and disposed at a
first elevation 32; a patterned second region 50 having a second thickness 51 and
disposed at a second elevation 52 different from the first elevation 32: and a third

40 region 70 having a third thickness 71 and disposed at a third elevation 72. The
difference between elevation 52 and elevation 32 is indicated by reference numeral 62
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Figure 2A is a pho%tﬁ%?’E‘F'%é? Figpres 12, 5*‘%?@9%'%8'53 §§ 15 °Bgﬁ%‘fe“€qdr‘ﬁ?c'thﬁtr the
accordi ng to t Hfeurl edelaiess QVGﬂtheJﬂansmoaSregxon 90 is greger thad Briegualh® the first
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i nventi on. structure 20 of 1H8Ufresehf\ invenfio QQEQQB@%&t RhéPedtic&Vuith @irRg! | ON

of a paper structure 30 according to the present
i nvention, the 3PEW the peryeeter of Jaisedo pprsions (fr thespaper structure characteristigrf 4B

is a g_hot ograp hfvmboeéaﬁg ThéiMickhested3I, 151071 (ﬁnd@llihlﬁhﬂ&he %ﬁteliiéélihﬁlevauon 62 are
350000 R g BBl SR Bl Ry B0 SBhitt I,
paper struct ur ethickneé35 91 is greater than botiatieofimit thicknesst Heangr the sedondrttickndsof}. t he
view enl arged rf{afhuG thididds?'Yi Gan be at least about 1.2 and preferably at least about 1.5
times the first thickness 31, and the fourth thickness can be at least about 1.5 times
and preferably at least about 2.0 times the second thickness 51. The first and second
25  thicknesses 31 and 51 can be less than the third thickness 71.

The first elevation 32 can be different from the third elevation 72. In the
embodiment shown in Figures 1-4, the first region 30 comprises a plurality of
discrete protuberances 34 (Figure 2A-B and 4C) dispersed throughout the third
region 70. The first region 30 and the second region 50 can be formed by selectively

30  deflecting and compacting a wet web of paper making fibers. For a web having a

generally constant basis weight and first and second regions 30 and 50 with

thicknesses 31 and 51 less than the third thickness 71 and the fourth thickness 91, the

first and second regions 30 and S0 can be characterized as relatively high density

regions and the third and fourth regions 70 and 90 can be characterized as relatxvely
35  low density regions.

Referring to Figures 3-4, the second region 50 can comprise a plurality of
discrete zones 54 dispersed throughout the background matrix 100, with each
discrete zone 54 surrounded by the background matrix 100. The third region 70 can
comprise a generally continuous network extending in the machine (MD) and cross-

40  machine (CD) directions throughout the background matrix 100.



4B. Figure SAis a plan viewillustration of an apparatus for °

maki Ng o BEbERi4 structure accor di ng tperiti®spiesent

i nvention, the apparatus having a f oram nous background |
el enent and a web patterning | ayer extending 40 fromthe

f oram nous background el enment. WO 964 00814

PCT/ US95/ 07786 6 5

Fi 5B I t t
Flaure SB4s an AL USRI £ inh Mot sttt B e o
is a cross- sewhichnsit leaseabcmt 10 Iumes,mndrpa&fmbbfat Elagmbeuﬁmo times the projected

Figure 7 1s aQreé lof Ufid Bﬁﬁhhgpot%er&ceé‘ﬁ)@r ‘gﬁﬁ{bﬂec%cﬂi{.}%f%rmtﬁﬁé‘rhﬁ% 34 g

structure accor |ng resent T1nv %s an
i|lustration &ney h?dmwrsﬁasmg §lendard image analysip arocedurgmp Eigure 3 shows

Wlelb s?pp?rteda Qﬂmb&eotadl@@ét%tz'éﬁeso54 @Q%&;{e@ 34A-D) In the plan we\ﬁé 8 Ffgurdsiss an

illustratjon o conpact ed_ agal n e surface

of a dryi L(g HHT?A‘ 4BR bistrere z°"°ggI5F§g‘22 orhof & %W?IISQ?P iP8ttE™ | ustration of a

gaper struct ure h@be difference betwkenahe €irst elevatién 32 and the second ele0flign 52 iy '
i screte zone

Figure Il is re?e}rﬁﬂ??%’?gev\a)é\fl %#Hugtdr:(?t @th?? é@eﬁmﬁeu %gﬁfw ﬁbéﬁ’agﬁ ﬁ%ouf (9r08n‘ak| ng

t he millimeter. The gleyations; 32 @nd J2ecandf theithickuessed 31, S1, 71, and 91 are

DETAI LED DESCRuREe@ e p %magg}g% Figu®A and 2B Figures 14 and 10

|Ilustrat a papeéeier ctu e 20 gi pr esent
i nvent i on 3 Fi gur eBreierably 3 °P§" PPTHON, of 4 leasiyope ﬁﬁ%ﬁqcoﬂﬁbm%ﬁ 8@ apd@he
sui tabl e for background matrix 100 is foreshortened-in the machine direction of the structure 20. {

Foreshortening can be provided by creping a paper web with a doctor blade, as
described below. The machine direction (MD) and the cross-machine direction (CD)
are indicated .in Figures 1-4. Foreshortened portions of the paper structure 20 are

20  characterized by having a creping pattern having a creping frequency. The creping
pattern of a portion of the background matrix 100 is indicated by reference numeral
35 in Figure 1 and Figure 4B, and is characterized by a series of peaks and valleys.
The creping pattern of the second region 50 is indicated by reference numeral 55 in
Figures 1 and 2A, and is characterized by a series of peaks and valleys. The creping

25 pattern 35 in a portion of the background matrix 100 is disposed at a different
elevation than the creping pattern 55 of the second region 50. The crepe frequency
of a creping pattern is defined as the number of times a peak occurs on the surface of -
the paper structure for a given linear distance, and can be measured in cycles per
millimeter of linear distance.

30 Referring to Figures 3 and 4A, at least a portion of the second region 50 can be
bordered by a variable frequency creping region characterized by having a reduced
creping frequency relative to the creping frequency of at least one of the creping
patterns 35 and S5. The variable frequency creping region can comprise a portion of
at least one of the background matrix 100 and the transition region 90 disposed

35 adiacent the patterned second region 50. The variable frequency creping region
extends from a portion of a border of the second région 50 into the background
matrix 100, and terminates in the background matrix 100 The variable frequency
creping region is visible in Figures 3 and 4A as wrinkles 92 bordering a portion of the
discrete zones 54. The wrinkles 92 extend in the cross machine direction from a

40 portion of the border of each discrete zone 54 and terminate in the background
matrix 100. The creping pattern 55 can have a frequency of at least about 1.5 times
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1 Fi gures 19 OMRiSE 3 telaiugly sl gercentags of o ArRie e arep e HSEML: [ ogi on
30, and t 0gAs bleowrt indFiguirest, Jpadd #A| atdease goredisctetefzones 54 tancnglosaind
matrix 100 of t ﬁﬁraﬂﬁp@f discrete, unconnected enclosed zones 120. At least some of the enclosed
20  zones 120 can comprise a fifth region 130 having an elevation 132 and a sixth region
150 having an elevation 152, as shown schematically in Figure 1. The fifth region
130 can have a thickness 131 greater than the thickness 51. The sixth region 150 can
comprise a plurality of protuberances 154 dispersed throughout the fifth region 130.
The sixth region 150 can have a thickness 151 less than the thickness 131. The
25  enclosed zone 120 can be foreshortened to have a creping pattern.
Figure 10 is a plan view illustration of an alternative embodiment of the
paper structure 20 according to the present invention. As shown in Figure 10, the
second region 50 can comprise a lattice network 1050 defining cells 1052, and a
plurality of discrete zones 54. The discrete zones 54 can be disposed within at least
30  some of the cells 1052 of the lattice network 1050. A background matrix 100 within
each cell 1052 can comprise the first region 30 and the third region 70. The third
region 30 can comprise a plurality of discrete protuberances 34 dispersed throughout
the third region 70 within each cell 1052. |
The lattice network 1050 shown in Figure 10 comprises spaced apart bands
35 1054 which intersect spaced apart bands 1056 to form the cells 1052. The bands
1054 and/or the bands 1054 can be unbroken, or alternatively, can be formed by a
plurality of short, spaced apart segments. In Figure 10 the bands 1054 and 1056 are
unbroken. The bands 1054 extend generally in the machine direction, and the bands
1056 extend generally in the cross-machine direction. The intersecting, unbroken
40  bands 1054 and 1056 thereby form a continuous network lattice 1050
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70 can enera
machi ne ( MD) tmqlggr@p@ glement 220 having a ﬁrst web contacting surface 230 at a first elevation

231. A plan view of the foraminous background element 220 is shown in Figure 5B.
30 The web support apparatus 200 also comprises a web patterning layef 250 joined to
the foraminous background element 220. The web patterning layer 250 extends from
the first web contacting'surface 230 to form a second web contacting surface 260 at
a second elevation 261 different from the first elevation 231. The difference 262
between the first elevation 231 and the second elevation 261 is at least about 0.05 .
35  millimeter and preferably between about 0.1 and about 2 mm.
The projected area of the second web contacting surface 260 is between about
5 and about 20 percent, and nllore.preferably between about 5 and about 14 percent

of the projected area of the apparatus 200 as viewed in Figure SA. The projected
_ area of the first web contacting surface 230 is preferably between about 10 and about
40 40 percent of the projected area of the apparatus. The web patterning layer 250 is
' disposed on the foraminous background element 220 in a predetermined pattern to
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i fferent el evation than the creping pattern 55 of the second
regi on 50. The eleraens 220equferdiserete element 254 can enclcse one or more other discrete

' elements 254. For instance, in Figure SA, a discrete element 254E is disposed within

a discrete element 254D.

- The spacing DA between some adjacent web patterning elements 254 is

25  preferably at least about 25 millimeters. Two web patterning elements 254 are

considered to be adjacent if the shortest straight line that can be drawn between the

two elements does not intersect a third element. In Figure SA, at least some of the

web patterning elements 254 enclose a plurality of discrete openings 270 in the web

contacting surface 260 of the web patterning layer 250. Each of the enclosed

30  openings 270 has a web facing surface 272 (Figure 6) comprising a portion of the
foraminous background element 220.

The web support apparatus 200 preferably has an air permeability of between
about 400 and about 800 standard cubic feet per minute (scfim), where the air
permeability in scfim is a measure of the number of cubic feet of air per minute that

35  pass through a one square foot area of the apparatus 200 at a pressure drop across
the thickness of the apparatus 200 equal to about 0.5 inch of water. The air
permeability is measured using a Valmet permeability measuring device (Model Wigo
Taifun Type 1000) available from the Valmet Corporation of Pansio, Finland.

It is desirable that the apparatus 200 have the air permeability listed above so

40  that the web support apparatus 200 can be used with a paper making machine having
a vacuum transfer section and a through air drying capability, as described below.
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The filaments 222, 224 can be formed from a number of different materials.
Suitable filaments and filament weave patterns for forming the . foraminous
background element 220 are disclosed in U.S. Patent 4,191,609 issued March 4,
25 1980 to Trokhar, and U.S. Patent 4,239,065 issued December 16, 1980 to Trokhan,
which patents are incorporated herein by reference. -
~ The web patterning layer 250 prefei'ably- comprises a photosensitive resin. The
resin, when cured, should have a hardness of no more than about 60 Shore D. The
hardness is measured on an unpatterned photopolymer resin coupon measuring about
30 1 inch by 2 inches by 0.025 inches thick cured under the same conditions as the web
patterning layer 250. The hardness measurement is made at 85 degrees Centigrade
and read 10 seconds after initial engagement of the Shore D durometer probe with
the resin. )
Web patterning layers 250 having a wide variety of shapes and sizes can be
35 formed with photosensitive resins. Suitable photosensitive resins include polymers
which cure or cross-link under the influence of radiation.. U.S. Patent 4,514,345
issued April 30, 1985 to Johnson et al. is incorporated herein by reference for the
purpose of disclosing suitable photosensitive resins and a method by which a
photosensitive resin can be cured on the foraminous background element 220 to form
40  the web patterning layer 250.
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can comprise a continuous Fourdrinier wire, or alternatively, can be made according

25  to the teachings of U.S. Patent 4,514,345 issued April 30 to Johnson et. al, which
patent is incorporated herein by reference or the teaching of U.S. Patent 5,245,025
issued to Trokhan.

It is ant:cnpated that wood pulp in all its varieties will normally comprise the
paper making fibers used in this invention. However, other cellulose fibrous pulps,

30  such as cotton liners, bagasse, rayon, etc., can be used and none are disclaimed.
Wood pulps useful herein include chemical pulps such as Kraft, sulfite and sulfate
pulps as well as mechanical pulps including for example, ground wood,
thermomechanical pulps and Chemi-ThermoMechanical Pulp (CTMP). Pulps derived
from both deciduous and coniferous trees can be used.

35 Both hardwood pulps and softwood pulps as well as blends of the two may be
employed. The terms hardwood pulps as used herein refers to fibrous pulp derived
from the woody substance of deciduous trees (angiosperms): wherein softwood pulps
are fibrous pulps derived from the woody substance of coniferous trees
(gymnosperms). Hardwood pulps such as eucalyptus having an average fiber length

40 of about 1.00 millimeter are particularty suitable for tissue webs described
hereinafter. whereas northern softwood Kraft pulps having an average fiber length of
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The paper structure 20 according to the present invention preferably has a
basi s wei ght of between about 7 pounds per 3000 square feet (about
11 gran square nmeter) and about ;835 pounds per 3000 square feet (57
granif square neter), which basis weight range is desirable for
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30 The web et abpSuitablephiodegradablzCthemicabsafteningi cormpositiondaneadiscivsed igUlayer
250 1 0f ned  @arent $312. 573 el OURT AO1BRAPHAH 4 ©f ement 220, The web”
patterning |ayer
he embryomc web 543 is preferably prepared from an aqueous dispersion of
_ papermaking fibers, though dispersions in liquids other than water can be used. The
25  fibers are dispersed in the carrier liquid to have a cbnsistency of from about 0.1 to
about 0.3 percent. The p'ercent consistency of a dispersion, slurry, web, or other
system is defined as 100 times the quotient obtained when the weight of dry fiber in
the system under consideration is divided by the total Wei'ght of the system. Fiber
weight is always expressed on the basis of bone dry ﬁb_era. |
30 The embryonic web 543 can be formed in a continuous papermaking process,
as shown in Flgure 7, or alternatively, a batch process, such as a handsheet making
process can be used. After the dispersion of papermaking fibers is deposnted onto the
fonmng belt 542, the embryomc web 543 is formed by removal of a portion of the
aqueous dispersing medlu_m by techniques well known to those skilled in the art. The
35 embryonic web can be generally monoplanar. Vacuum boxes, forming boards,
hydrofoils, and the like are useful in effecting water removal from the dispersion.
- The embryonic web 543 travels with the formmg belt 542 about a return roll 502 and
is brought into the proxnmty of the web support apparatus 200.
The next step in-making the paper structure 2_0 comprises transferring the
40  embryonic web 543 from the forming belt 542 to tha We.b support apparatus 200 and
supporting the embryonic web 543 on the first sid_e 202 of the web support

¥
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In the embodiment shown in Figure 8 the non-monoplanar web 545 is formed
by deflecting the fibers in the embryonic web 543 which overly the foraminous
background element 220 of the web support apparatus 200. This first deflection step
is preferably performed at a web consistency of between about 8 percent and about

25 30 percent, and more preferably at a web consistency of between about 10 percent
and about 20 percent, so that deflection of the web takes place when the fibers of the
web 543 are relatively mobile, and so that the deflection does not result in breaking
of substantial numbers of fiber to fiber bonds. |

The steps of transferring the embryonic web 543 to the web support apparatus

30 200 and deflecting the web 543 to form a non-planar web 545 can be provided, at
least in part, by applying a differential fluid pressure to the embryonic web 543. For
instance, the embryonic web 543 can be vacuum transferred from the forming belt
542 to the web support apparatus 200 by a vacuum source, such as vacuum box 600
shown in Figure 7. One or more additional vacuum sources 620 can also be provided

35  downstream of the embryonic web transfer point. The pressure differential across the
embryonic web 543 provided by the vacuum source deflects the fibers overlying the
foraminous background element 220, and preferably removes water from the web
through the foraminous background element 220 to increase the consistency of the
web to between about 15 and about 30 percent.

40 The pressure differential provided by the vacuum source can be between about
7 inches of mercury to about 25 inches of mercury. The pressure differential
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of showing suitable through air dryers for use in praciicing the present invention.

After predrying, the web 545 is carried on the web support apparatus 200
through a nip 670 provided between a compaction surface 675 and a deformable
compression surface 910 of a press member. The compression member can comprise

25  aroller 900. The web 545 is carried through the nip 670 for positioning of the web
545 adjacent the compaction surface 675, and for positioning the second side 204 of
the web support apparatus 200 adjacent the deformable co_mpressiori surface 910.
The web 545 preferably enters the nip 670 at a consistency of between about 30
percent and about 80 percent, and more preferably at a consistency of between about
30 40 percent and about 70 percent. _ ' _

The compaction surface 675 is preferably characterized in having a relatively
high hardness and in being relatively incompressible. A suitable surface 675 is the
surface of a steel or iron heated dryer drum 680. The sﬁrfacé 675 can be coated with
a creping adhesive dispensed from a spray nozzle 690 located upstream of the n:;

35 670, or alternatively, by an impression roll (not shown). Alternatively, the creping

adhesive can be applied to the non-monoplanar web 54° :y any suitable means of

glue application. A suitable creping adhesive is shown m U.S. Patent 3,926,716
issued to Bates on December 16, 1975, which patent is incorporated by reference.

~ The deformable compression surface 910 is preferably characterized in having a

‘40 relatively low hardness and in being relatively highly compressible in comparison with

the compaction surface 675. The roller 900 can have in inner core 902, an
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U.S. Pat ent2%, 5the carbon paper provides an impression of the nip wxdth on the white paper.

Pressing the web support apparatus 200 and the non-monoplanar web 545 in
the nip 670 provides a second deflection step. The second deflection step comprises
deflecting the first web contacting surface 230 relative to the second web contacting
surface 260. In particular, the first web contacting surface 230 is deflected toward

30  the compaction surface 675 by the deformable compression surface 910, as shown in
Figure 9, thereby temporarily reducing, and preferably temporarily substantially
eliminating the difference in elevation 262 between the web contacting surfaces 230
and 260.

Deflecting the first web contacting surface 230 relative to the second web

35  contacting surface 260 provides deflection of a portion of the first uncompacted web
region 547 relative to the second uncompacted web region 549, thereby reducing the
difference in elevation between the first and second uncompacted web regions 547
and 549. In particular, the first uncompacted web region 547 is deflected toward the
compaction surface 675 by the first web contacting surface 230, to thereby reduce

40 the difference in elevation between a portion of the first uncompacted web region
547 and a portion of the second uncompacted web region 549 to about zero. The



i ssued April 30, 1985 to Johnson et al. is incorporated herein by reference ’
for thevooso8id purpose of disclosing suitabl e photosenpctisesioress ns and a
met hod by which a phot osensitive resin can be cured on the

f oram nous background el ement 220 to form 40 the web patterning | ayer
250. WD 96/ 00814

PCT/ U895/ 07786

.

structure 20 ¥ Pﬁcgﬂtr@dl@bwfh@ percent, andmena‘ﬁmbm Ay al ugtesomme@mmpu ses

a lattice netydpwkenddBupqsl &c&itﬁﬁ@h&&d?@fpeﬁbﬁcret € web patterning -
el enents 254 di sposed V\nt%

in at | east son&pg 3\ &)ural ity of cel I 92
formed by the | athTE¥SIg e WFOSUPBRFt apparatus 20 aad skenermengpianar Peboitooin ses
fs paced ) Ilf)the ag:aﬂo dsoprovided a\wubcximmplatt&frﬁs%q:fj / Smpﬁﬂxog mﬁd&g&gﬁéﬂu&% to

ormthe or_the ca

unbr oken, or 'gltﬁeﬁ%%l vefthe %%rﬂo%g?&g 1scompacted a‘ﬁm‘f |c|0fn)pa Mshort,
spaced apart stegyraompsisesT Hi tstepd of zmmtt@oh geedetexininedi pottios of the first
machi ne di recusﬂcen,pa&éd %s 1RgiBH S 47 yaﬁ.e%g@g&{&: dgugfaw 6*731?0 e"m&h' ne

ar e un en and

di rection. yre 11 t
intersect to ¥e8iom 30- C(r}ﬁt Pqﬂ!ﬁ}ﬁ%’ the 8 uncampagied webx fegien 54 cﬁ&\hen@%iy

conti nuous negomyrastedeby theidinetdte) Ovébo Bompiactiaf Cknuckles 232 to form the discrete
Paper maki 9

accordingto ?'ﬁg“%g‘?g‘g“z*‘ciu ptb%m"? SAmpagtiop step-alse ﬁé)'?‘ﬁ"%%% sk'ep c'ikrcompacung

paper maki ng apgeashe portwnminhé sechadjuncompacted webfregion H4P agrifst ther empactidne {
met hod of | r h on is
7ot o by aiace 878 10 Gofni e 888ha it S0 e‘“é"*"‘”“‘* R RERE0E tleTueEihd.
headbox 500 oWRCeMpasted Ayab rseion 549ql§|‘i9“¥9é¢59¢ &ysthe second Wg? ePmHRGtigS RuFBes |

such as a forps0ef ks web4pattetrithg MRE 239, hO'SHOWA iR FigIFry/OMfie difitrence in
20  elevation between the first region 30 and the second region 50 is essentially zero at
the end of the compaction step, as both of the regions 30 and 50 are préssed against
the compaction surface 675 by the first and second web contacting surfaces 230 and
260, respectively.

The web support apparatus 200 having a web patterning layer 250 with the
25  above described projected area, and disposed to inscribe large portions of the
foraminous background element 220 is relatively flexible. Such flexibility permits the
deflection of the first web contacting surface 230 relative to the second web
contacting surface 260 required for the second deflection step and the compaction
step described above, so that at the end of the second deflection step and the
30  compaction step, the first and second regions 30 and 50 are imprinted against the
surface 675, as shown in Figure 9, and the difference in elevation between the first

region 30 and the second region 50 is essentially zero. - :
Another factor which affects relative deflection of the surfaces 230 and 260 is
the hardness of the web patterning layer 250. A resin having a low hardness when
35 cured will be compressed to some degree in the nip 670, thereby reducing the
difference in elevation between the surfaces 260 and 230. Relative deflection of the
surfaces 230 and 260 is also enhanced by reducing the hardness of the compression
surface 910. A relatively low hardness compression surface 910 can conform to a
deflected foraminous background element 200, and thereby provide a compressive
40 load intermediate the web patterning elements 254 to press the first web contacting
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20 The final step in forming the structure 20 comprises restoring at least some of
the difference in web elevation lost in the second deflection step. This restonng step
provides the first region 30 at the first elevation 32 and the second region S0 at the
second elevation 52, wherein the difference 62 between the first elevation 32 and the
second elevation 52 is greater than the reduced difference in elevation between the

25  first and second uncompacted web regions 547 and 549 provided by the second
deflection step.

The step of restoring some of the difference in web elevation iost in the second
deflection step preferably comprises releasing the partially compacted web 560 from
the compaction surface 675. In a preferred embodiment the step of restoring some of

30 the difference in web elevation comprises foreshortening the partially compacted web
" 560 concurrently with, or subsequent to, the step of releasing the partially compacted
web from the compaction surface 675. Preferably, the step of releasing and
foreshortening the partially compacted web 560 comprises the step of creping the
partially compacted web 560 from the surface 675 with a doctor blade 700 to

35  provide the paper structure 20.

As used herein, foreshortening refers to the reduction in length of the partially
compacted web 560 which occurs when energy is applied to the dry web in such a
way that the length of the web is reduced in the machine direction. Foreshortening
can be accomplished in any of several ways. The most common and preferred way to

40  foreshorten a web is by creping. The partially compacted web 560 adhered to the
compaction surface 675 is removed from the surface 675 by the doctor blade 700. In
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1994 tonBﬁSItlons are di SC'%‘iﬂxré;gTdt’o EL@SQE‘“%F : 467 i ssued January 18,

et al. Sul i 0 egra em cal softening
conpositions are disclosed in U S Patent 5,312,522 issued May 17,

1994 todP]pan et . ahe thicknesses and eleva:fibﬁs QA fegmb 39499 bﬁa&hﬁfxl@rcﬁbdh!h ]
prepared fro eous,di spe ers oug
di spersions i ?Hscfﬁma‘é‘“’o?‘ﬂé'ie ‘I"FF&H’CME)%‘? “E%fﬂt%esdggﬁ °ﬁ\8’ s-sections phthes 5 o
di spersed i n paper staucture 20 iAysample mdamrmgaabounz |54toenmmete1fs Hyr HincaftanéteS. 1 to

about 0. 3¢per, n | LLY,

other 15 3hlt b 2 BP R broRBd Bl Pibled b £ (RRCLUA Boldeld THEED: O

wei ght of dr y:artf{:p@r;d hqhder is placed in psiliggnsmold perosamptpels ammensed in aitesinded by

t Eg E)gtsals ‘g’f'sgéﬁ aﬂglehéﬁpﬁbﬁétﬁﬁélyﬁb@ﬂﬁnufactured by‘!ﬁ:'r&ﬂés . al \Aﬁy§4exm es;ed on
i one_dr er-s oni ¢ we n be

formed in a cont ?Fhfo%g’éfa éPW&I&PﬁB’%F&%&‘ém rmxture rﬁ;‘é ample {5 eV‘H"?—chﬁ‘F‘e 7,

or alternati whe yilicen imaldc hPgoroweimtmersion fin photapdilymdsﬂie@awtekls ingarked with a

R
formed by rerRyeferably, the same ireference poigt is utilized indwtiothe plam yiews iand) vagieisum by
techni ques V@elm&ﬁPW@wEBfﬁ:QQ&ﬂ 1R I0F tHeSbrints stiensé bo. The 35 enbryoni ¢ web

can be generally rmno acuum 0xes orm

hydrofoil's, and thae ﬁ arpéace & &/mq 1%@9 @&rmg’w!ﬂgw r*\srf%rvarcaflr%w‘he
di spersion. Company JffBuffald)r NewiYorkeind 3éviddr aVhe edge dfthe samplerisiragoved t 542

about a rRturd, J’l?lk% sa%%g‘pﬁlces by the ndc?otgﬁ#&galtaér{f&oqy El'ﬁ‘?acgra aPQ ty of the

web support appara I'ng the paper
structure 20 conphi ss&'s:ant awng;rQﬂSh@Staneremwsd&m si@rsmr!hetp thathe varipushe

I ﬁreme%r gglnf Céééggg | rstélgaxgl?%ﬂéflzog embodlmextltS HEeRbed N9

herein, shces havmg a thickness of about 60 microns per shce are taken from the
smooth surface. Multiple slices may be required so t,hat_ the thicknesses 31, 51, 71,
30 and 91 may be ascertained.

A sample slice is mounted on a microscope:slide' using oil and a cover slip.

The slide and the sample are mounted in a light _tfa_.nsmission microscope and

observed at about 40X magnification. Photomicrographs are taken along the slice,

and the individual photomicrographs are arranged in series to reconstruct the profile

35 of the slice. The thicknesses and elevations may be ascertained from the

reconstructed profile, as shown in Figures 2A and 2B. By knowing the relative basis

weights of individhél .regions as well as the correéponding thicknesses of the

individual regions, the density of the individual reglons can be ascertained. U.S.

Patent 5,277,761 issued January ll 1994 in the name of Phan et al. is incorporated

40  herein by refergnce for describing the micro basis w_elght of individual regions of a
paper structure. |
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apparatus. The enmbryonic web preferably has a consistency of at |east 8
percent at the point of transfer to the formng belt 542. The step
of transferring the enbryonic web2643 can sinul taneously include
the step of deflecting a portion of the web 543 and renovi ng wat er

fromthe wep 543. Aeethitkhésk&d 31-91 Eee@stéﬁhslibﬁftb)eﬁﬁmg"lgiewldw}’idk@fd Scanjet
of the web 543 n fmiﬁﬁ’& w.t he st és er iy

Referring to Fllffgl‘:@lo*f déca‘f"ﬁé ettdg?q ?‘%&ml"ﬁes%ﬂr%ﬁﬁ TERF Yes
deflecting a poetsiom I Tiree svanberS4&tings aypei rssbladefalnécwhm photep The pathnisa
non- fﬂ%@&@v&@?‘kx"%ﬁ“%@ %Ylgﬂﬁe?s dd §$ntﬁ§cggi§x‘?§§seﬂ29"qkmrﬁg is047

supported on the I ng surf t|on
231, and a secdﬁw/urﬁ@nﬁ!iad-’z g@nmgband saved in ¥ pighust Ty tprmat, pp 2 Macwiesh

second web j5ont@airlifg -THE i;éﬁﬁe 8005 Gbex{eﬁ&vnﬂi @Mﬁﬁabl@fbhaﬁltmagmg s%ﬁwareTﬂSKekiger st
unconpact ed web (Q@on 54 rTFJr |qse a dede i ed or otherw se

rebul ked regi orPr PHEEBBG |aﬁg & rﬁ@"’ﬁ&“’t‘%gﬁs of the unconpacted web
_retgl Otnh _ 54?’5?’&{"@?] Fighra QA and 28 tier thickress ofjeathaegibe aart bepdetermined
into the openings, 221 in_.the a

The t hi ckness ggr raing eagf%cllne which.is mgs%rhﬁ;@ tﬁ@h@%ﬁorp ‘fﬁg{}@éi&gsse&tetﬁg '?é%xﬁxggt

t hi ckness of t ltbaeporsris th@rdsar(ﬁtert ¢fethe emyallest emre thaeanbefyawn smthg fegipn £in the oo

232. I t kignar

web 545 is lfs nugr otoh S&Hﬁe det | ec?l n heﬂdfaltgjflé m&ﬁeﬁ%fmﬁw&?

543 whi ch over |Tagnification aﬁfh«rdlb@tonucrogr n‘ge FruopRf tg? sctaﬂ@“ﬁfeb

; gﬂgg; ;e gpg?r gtlﬁfa @0@rhe1aﬂ+cfe éanr&t dﬁ%'@ﬁﬁ p@@pnate softwareidsawing fpacidgey
ncy u 0

30 percent, andV raé 9‘@7" yefé’P" g\ﬁgﬁ‘@%ﬁ@ é?té‘nggg g?ep%det% \%ggﬁpea%gul}lorilb

per cent Carolimad about 20 percent, so that deflection of the web takes

place when johe fibegg, %ﬁfféf&f‘ce in elevation 62 is measured by drawing the smallest circle
inscribed by region 50 (in the microtome sample}, and by drawing two circles
inscribed by region 30, as shown in Figure 2A and 2B. A first line L1 is drawn
tangent to the two circles inscribed by region 30. A second line L2 is drawn parallel
to the first line L1 and tangent to circle inscribed by region 50. The distance between
25  the first and second lines, multiplied by the appropriate scale factor, is the difference
in elevation 62. '

Projected Area Measurement

The projected area of the web contacting surface 260 is measured according to
30 the following procedure. First, the web contacting surface 260 is darkened with a
black marker (Sanford Sharpie) to increase the contrast. Second, three digitized
images of the web patterning apparatus 200 are acquired using a Hewlett Packard
ScanJet IIc Flatbed scanner. The scanner options are set as follows: Brightness 198,
contrast 211, black and white photo resolution 100 DPI, scaling 100%. Third, the
35 percentage of the projected area of the web support apparatus 200 comprising the
web contacting surface 260 is determined using a suitable image analysis software
system such as Optimas available from Bioscan, Incorporated, Edmonds, WA. The
ratio of the number of pixels having a greyscale value between 0 and 62
(corresponding to the web contacting surface 260) is divided by the total number of
40  pixels in the scanned image (times 100) to determine the percentage of the projected

area of the web support apparatus 200 comprising the web contacting surface 260.



web 543 are relatively nobile, and so that the deflection does not result

I N br eglg Jafdos14 of substantial numbers of fiber tgcfiRs07RRNdS-
The steps o? transferring the enbryonic web 543 to the we supp?}at

appar at us 30 200 and deflecting the web 543 to form a non-pl anar web
545 can be provided, at . | east 7i n part, by applying a differenti al
fluid pressure to the enbryonic web 543.%2For - I nstance, the
enbryoni c. web 543 can be vacuumtransferred fromthe form ng belt

542 to the web support apparatus 200 by a vacuum source, such as vacuum box

600 I o shp\é\ndi n ﬁeggjr@mgm obvee .t b@upﬁ@?@?ﬁ}ﬁh gﬂtﬁgga‘adﬁ_o\,g@cuunl sour](c:es 620
can al so be provjde . ownst r eam .he ryeni.c we ransf er
ot The® plbE Elstion, gifeitton 26 DERERL T Aevation 23T SO At v CoEME 43
provi ded by suréace &23Quands ther elevatioh | 26dt ef theesdcoink veebovantacting gsurfaee 260 is

foram nous b : p ' - t he
web RREROH e il thociifie PTAC GE0 Wbk iRiaDs FhEbonke® 0°, |
consi st ey afflatthonzontal surface yith the web pegteming laver facingdupwasdt  A0stpus cent |

40 TheviRg £8ellle dhiabespface 8 abtu\i30RMardymillinterers aRd FveRidhiqengtinn be
bet ween about

The pressur e°fpRouts éﬂi{lir%ﬁZerls rilscgglsmg gge pa%gé%l l’l%d%gtcs) LcjitlmgnSSiolmr;x%hg%agg Emgfeﬂl cury-

PCT/ _UCSng/ 8778523-81 amplifier modified for use with an  EMD-4320 W1 breakaway pi(ﬁae)

provi ded by (] reoand.. ti .
ARG AYSTRER 3y AL br LG B Bl

enbryoni c we It conmpaction~o T
i ssued JUfy isccalipmesl by determining thevoltagendiference: betysemtwa prenisiom shims of
Tl bl (ST S, R €A A i T B © 140
pressure. z&'é’eg at ah Jﬂ’fé"‘?{bgtghgl’ﬁ%“’?rnx‘%gﬁﬁ ﬁ@“ tQYFS IPACHNG ¢ F‘ng’ﬁ 28039 can
conpri se preiniuse igestiieted travel of thecoylusonThe atyhis isgidaced Dves trhel@@tiohtof a
through-air gnrt rest a%ﬁ?ov%grgx\@o k& {h%lfrrxeeasgfement. The stylus exerts a pressure of about
20 024 grams/square millimeter at the point of measurement. At least three
measurements are made at each elevation.”” The difference in the average
measurements of the individual elevations 231 and 261 is taken as the elevation
difference 262. '

5
29, 480

25 - Measurement of P&J Hardness
The surface hardness of the roll 900 is measured using a P&J plastometer
Model 2000 manufactured by Dominion Engineering Works LTD of Lachine,
Quebec, Ontario. The indentor shaft has a 3.17 millimeter ball. The hardness is
taken at three different positions: One in the middle of the roll, one 6 inches from
30 one end of the roll, and one 6 inches from the other end of the roll. The P&J
hardness is the average of these three readings. The readings are made with the roll
conditioned at a temperature of 21 degrees Celsius following the procedure provided
by the manufacturer of the plastometer.

1



The non-nonopl anar web 545 is carried through the through-air dryer while
supportedmspogﬁ4vxleb support apparatus 200. The non-nonopl fus¥§7@n€ﬁn be
pr e- rired by directing a drying gas, such as heatéed air, rough
t he non- nonopl anar web 15 545. In one enbodinent, the heated air is
directed first through the non-nonoplanar __ web 545, and
subsequent |y through the foramn nous background el ement 220 of the

web support é’;\ppar atus 200. TFhe. non-nono %anar web 545 preferably exits the
dryer 650 at a consistency of BEAMBERbout 50 and about 80
percent. U S. Pat enThe following ex3mpRs afefrovided el déivare’ Papbitfidkingdacbiirto ane
U S Patent 5,274 9%0 issuedg go Jgnuary 4, 1994}%0 Ensigg;an et al. are
i ncor por at ed heP&PH! Wepté‘?"erence for the purpose of showi ng
suitable through air dryers for use in practicing the present invention.
After predrying, the web 545 is carri ede\/\pb support apparatus 200 .
t hrough a ni(P 670 provi ded between a conpaction surface 675 and a

def or mabl e ! Aty oxeighs rquequs SlustyoafoNSK is made up inrs poBYentignal re-pulper.

conpr essi ﬁ” mELﬂPB% NSRshérefRiréfifed genthPand @2%@oltﬁirog9>@%e 1ehBoMPPwetRrength resin
cal acent  the. cofhsaidisRalieh Jb-0838 markdled By Npuiohsl St god icheaisab forparasian
204 of of Newyidrk SNIYD éx ddde¢h praha tINSK 30k pifjecat aratetadf©.0284 by Wﬁtghmf the
conpr essi on sur The,. 4 I, - .p..670
at rrg consi st encaﬁgﬁb%%tor mléeenng%alﬁ{ryigedﬂ“&la {% %&S’éﬁzgﬁﬁg %‘at%g%éft Oﬁﬁxl;ur%né’nt ,
and nore prkf eré@ﬂoyldala 3% by sweightn aquesus lume of Bicalyptus fibgs is 40adseupeint 2

and about 70 pegsfhtional re_-pul%er. The EucI@thﬁQ[i’P@cifs ldtked ¥6 28GR (PPR dofisistency at
preferably characterized in having a rélatively hi gh hardness”and

in being relati /&% PHRBnpressible. A suitable surface 675 is the
surface of a steel TUhreelindivideadlyeeated/ fimish strednfiO(strédin 1sarf0a¥e NSRS straam (2e=
coated with I hesivedi spensed {r Q 6
ocat ed upst r eal%p FtabEE: Wredfl S L (gl SRRRHR] A ot Ribfark ¥ifoun o8
i mpr essi on 2®I | h¢adbox ehddeposited patonaFourdrinier whre tor fopnragthree layer embryethie wiebe
can be applied : - I ; '

I’:@ntitﬁﬁ\ g ?IR&DEu us"ﬁﬁer?%n@\i.xﬁlﬁxﬁmkﬁﬁjeﬁ ?@% ge,[rﬁe}%toccurs

gl ue application. sgitab e.crepi'ng agnesive is s

3,926, 716 through the kayrdrinigsavize apd, ipassistadehy 2 aleflaatgnsand pacuumpbaxent The

i ncor porat ed byFb@ideirRNGeire is of a 5-shed, satin! RRade fcohfigithtforC AERAAE SI90O0Machine-

surface 910 is Qreferablg char act =r|.ﬁed L n havi a .48 relatively | ow

har dness and i nOBETtRY 2pd P3CTSHMACHNG rfﬁﬁ&ﬂfﬁ?’é@@#qmnés PS5 BN TEARFCBYFY wi t h

t he conpact2®n surf The efiibbyonichwer weeb és vadGmcaansfared fromithe Fourdniner $de, aha
fiber consistency of about 8% at the point of transfer, to the web support apparatus

200 having a foraminous background element 220 and a web patterning layer 250
made of photosensitive resin. A pressure differential of about 16 inches of mercury is
used to transfer the web to the web support apparatus 200. The foraminous
30 background elemént is of a 5-shed, satin weave configuration having 59 machine-
direction and 44 cross-machine-direction monofilaments per inch, the machine
direction filaments having a diameter of about 0.25 mm and the cross-machine
direction filaments having a diameter of about 0.33 mm. Such a foraminous
background element is manufactured by Appleton Wire Cbmpany. Appleton,
35  Wisconsin. . _

The web patterning layer 250 has web contacting top surface with a projected
area which is between about 10 and about 12 percent of the projected area of the
apparatus 200. The difference in elevation 262 is about .010 inch (.254 mm). The web
patterning layer comprises discrete web patterning elements as shown in Figure 5. The

40  web support apparatus 200 has an air permeability of about 600 scfm. '
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i ntermedi ate | ayer 904, and an outer layer 906, or alternatively, the |ayer .
904 can be elimnated. The roller 900 can have a dianeter of about
1-3 feet, and the dryer drum 68, can have a di aneter of about
12-18 feet. The defornabl e conpression surface 910 is preferably

| ocated og a | ayelrhe%hfe%vgﬁ& %9"9 ﬁm’ﬂ@ig{ {h%l va@% @ﬁﬁ%&@&ﬁ@&ﬁ? qﬂuﬁtﬁet de-

nodul us of | ess than about 1.
core 902 MWRterngnisaccomplished fde'#Flalmraﬁ%ﬁmhrirawsﬁ apd bytthapgh gipdrying. s

i ntermedi at e rle?aeeerm&OHy @ecdaes000 608 dand 650. until HHeOWER halladBted %ﬁéxﬁeﬂf?t&'r ial,
and t he outer

5,90 th
froma heat r% gg'lnygg At ﬁfaggmﬁ%ﬁengwegr rg?rr ’§C§ﬁ°t5£ “ﬂ&'t? Spft Presswre 1O q,h93>0
har dness of thawinguar Susface fdidness dfebeutt 4hA&I2THe&deb jsrtbéreadhisted toatheserfacebout

3 P 10§73 e Pk L Bl 867 By pReshin uiPRR freliird 28 e %ﬁg&ess

of aroll surface IS rov ) errin
Figure 9, thanmnsuriacey 3 ompressongpressureefntrleast about &P@szoAcRpwm ohol

pressing the paged &Bﬁﬁ@l’aﬁhe%méaf @ded %0 %Qﬁhn@@&éd@lﬂed?&ﬂoﬁh@%b&ﬂ&ﬁe YRtuce49s.

bet ween. ression s gce 91 h on surface 675
to provide a Thes e °°“s‘s{£%°¥: 5&5‘?’8@‘? ?ﬂ"@g'égl? gP % °a?“dl @@?gﬁjﬁmw FEPNSsi |
and pref erablthe wceb \feems theasbrfate &0witls a doctor Blade, The doctpr pladeshasracbevel dngle

total f t al

force aprr edtiibbad edrts diifls Bothoifd it fedfech P ull Eliked OBver o provide dif °

coupl ed with lalpﬂefra@slemfmh%élamarey&,. theYankee @mertrn@perqtﬁﬂmbnm eamn;cet The(
ni p %ﬁmbp(aaeﬁtem m@ersPer nimb)) The REy Weh isGoned fhtb RIS %%beéaf

whi t e paper ar bon paper positi oned between't

appar at us 20(&%?@ fP‘HzgéQJP‘F%?E%P%T‘!}““@ ch that - 25 the carbon paper
provi des an i npr €Rsi web madé hecording v theabove jrocedie isopedred into a three-layer,

the ni p- &0 s RIS At R @ﬁopaﬁ%# (b TR HN i oo £

conpri ses POUﬂﬁeﬂqfe?tﬁoﬁ)n%g]uﬂWefeﬂi ragd m@m&hﬂ&bﬂ% ofrthe semp@aryr wekht | ve
to the secondsmABthGeEthatinbbdantly, the resuﬁiﬂ?fcﬁﬁ% dﬁﬁ&ue gﬂpé?éi § 56 UbBorbeht'gnd | 1 St
web contacti surface 230 is de n}_cte V\@ he comnpacti on
surface 675 DHASEHEACHYE aesHhstices St 910, as shown in

25 ' EXAMPLE2
A 3% by weight aqueous slurry of NSK is made up ina conventiohal re-pulper
The NSK slurry is refined gently and a 2% solution of the permanent wet strength resin
(ie., Kymene® 557H marketed by’ Hercules Incorporated of Wilmington, Delaware) is
added to the NSK stock pipe at a rate of 0.02% by welght of the dry fibers followed by
30 the addition of a 1% solution of the,dry strength_f_esin (ie., CMC from Hercules
Incorporated of Wilmington, Delaware) is added to t_h_e NSK stock before the fan
pump at a rate of 0.08% by weight of the dry fibers. _':['he'NSK slurry is diluted to about
0.2% consistency at the fan pump. Second, a 3% by weight aqueous slurry of
Eucalyptus fibers is made up in a conventional re-pulper. The Eucalyptus slurry is
35  diluted to about 0.2% consistency at the fan pump.
Two individually treated furnish streams (stream 1 = 100% NSK / stream 2 =
100% Eucalyptus) are “kept separaté' through' the hgadbox and deposited onto a
Fourdrinier wire td_fotm a two layer embryonic web co_ritaining equal portions of NSK
and Eucalyptus. Dewatering occurs through the Fourdrinier wire and is assisted by a
" 40  deflector and vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave



Fi gure 9, thereby tenporarily reducing, and preferably tenporarily

subst ant i gl.| elimnating the difference in el evaj) et ween
t.he web c%ht’ég?sllﬁg surfaces 230 and 260. a{»é-ﬂ{}; | ecting
the first web contacting surface 230 relative to the second web 35
contacting surface 260 provides deflection_of a portion of the first
unconpacted web regi on 547 rel ati¥® to the second unconpacted web
regi on 549, thereby reducing.the . differenge.in el evation between
the first aAd ﬁ&%&ﬂa‘éﬂkohﬂg@ ed1Qeprachigesirscnyy and 95 crosgynashue-dgrgetion

particul ar, th%&ﬂdﬁﬁnﬁmﬁjﬁgbe&ﬁ{kl%egi on 547 is deflected toward the
conpaction surfaceﬁ;S the first we c?nt cLing.,s faﬁfe.230 to ths&eby
reduce 40 the dider EREHOMC Wt SYeR, Bt TS %@?V\%gﬂ @eg{cﬂ"f’ ETOVINE eAtd FIRET
unconpact ed welronsigiemuy of about 8% ab#hé puimt of tramsfet, oro @ fveb sepEerappdramsclaningat ed

web region 549 t 1) 96/ : .
PCT/ USO5/ 07786 t%&n‘ﬁ'mg baa@’rgund agment 220\99\/1%9 \&%%ﬁenung layer 250. The fgxbryomc 5

second def 118ct iveas wabdp transferresk pmishe Fourdrinierwire aat afibgs sonsistency of abgut §f% at

bet ween about the point oBQransfet et ta@dnab%u%p&ﬂ @g&ﬁﬁ&t 200shvifigr @ frsth@bad! v
at a web consi sbtenc en abaut

t t d . about 70 .
per cent . aCkng“'E)J °1FIP%'§s?izﬂg1"$ %e‘)”,\%abatm% }atyerag%%g&% gF&mg‘?ﬁﬁﬂﬁﬁ@s‘"‘
non- monopl anar M@kggﬁéé differential of a_bgut heeinohgs dF theralry ds peed\to dmasfer thelweb to the
conpaction step, ti r 1
of rrPhe porti onp%?b ?ulr‘}g%v\eagg%ﬁﬁé %ﬁpsfﬁ%%@&ég; b%ffg’r %‘8 ]egecr)n néﬁlgést Jl;*gan%’l}hg:&f Qw
step conprilSes wénvestanfigertionripaingi AY maghinsoditestion rasd HBrarpssrmashinerdiresiionst
unconpact ed V‘Bt}nérﬁﬂila‘?ﬁbngﬁﬁelxaﬁ@ﬂ, NAE rhdtRine UTRRGESH Glnierts’ Bfvehgbd RAidnferdrosarole

first region 30. In particular, the first unconpdgcted b re
547 can be | oc :ﬂl@m and the crosiriwehing disgctionefilaments dpungdy lwﬁtﬁégf byt 9.21
knuckl es 232 t anfnOr Suthe fHramindhe backgrdind elemeht e maneacurkd. byl Pgppleetn Wire
conpaction step.al so c ri seg,.t he .step of conpacting at |east a
portion of the SYBBAY: 8&@8’%&1 ¥ b regi on 549 agai nst the conpaction
20 The web patterning layer 250 has web contacting top surface 60 having a

projected area which is between about 10 and about 12 percent of the projected area of
the apparatus 200. The difference in elevation 262 is about .010 inch (.254 mm). The
web patterning layer comprises discrete web patterning elements as shown in Figure 5.
The web support apparatus 200 has an air permeability of about 500 scfm.

25 The multi-elevation web is formed at the vacuum transferred point. Further de-
watering is accomplished by vacuum assisted drainage and by though air drying, as
represented by devices 600, 620, and 650. until the web has a fiber consistency of
about 65%. Transfer to the Yankee dryer is effected with a soft pressure roit 500
having a surface hardness of about 40 P&J. The web is then adhered to the surface

30 675 of the a YanKee dryer drum 680 by pressing the soft pressure roll to the Yankee
dryer surface at 2 compression pressure of at least about 40 psi. A Polyvinyl alcohol
based creping adhesive is used to enhance the adhesion of the web to the surface 675.
The web consistency is increased to between about 90% and 100% before dry creping
the web from the surface 675 with a doctor blade. The doctor blade has a bevel angle

35  of about 25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm (feet
per minute) (about 244 meters per minute). The dry web is formed into roll at a speed
of 650 fpm (200 meters per minutes).

The web is converted to provide a two-layer, two-ply facial tissue paper. Each

40 ply has a basis weight of about 10 pounds per 3000 square feet and contains about
0.02% of the permanent wet strength resin and about 0.08% of the drv strength resin.



surface 675 to formthe second region 50. In particular, a portion of the
secondwo96/00814 unconpacted web regi on 549 i s conpact edpbysbgysggcond web

contacting surface 260 of the web patterning |layer 250, as shown
in Figure 9. The difference in 20 elevation between the first region
30 and the second region 50 is essentiall,y zero at the end of the

conpaction step, as both of the regions 30 and 50 are pressed agai nst

230 and 3 CThEHARE L3RG phid Sk BRC AR 1L g Blie fpitenicS
appar at us 200sutableder usewe facightissieni ng | ayer 250 with the 25  above
descri bed projected area, and disposed to inscribe |arge portions of the
foram nous background el enment 220 is relatively flexible. Such flexibility
permts the defl ection of the first web contacting surface 230
relative to the second web contacting surface 260 required for the
second deflection step and the conpaction i step descri bed above, so
that at the end of the second deflection step and the . 30 conpacti on
step, the first and second regions 30 and 50 are inprinted against the
surface 675, as shown in Figure 9, and the difference in elevation between
the first region 30 and the second region 50 is essentially zero.
Anot her factor which affects relative deflection of the surfaces 230 and
260 is t he hardness of the web patterning |layer 250. A resin

havi ng a | ow hardness when 35 cured will be conpressed to sone degree

in the nip 670, thereby reducing the difference in elevation

bet ween the surfaces 260 and 230. Rel ative deflection of the {
surfaces 230 and 260 is al so enhanced by reducing the hardness of the
conpr essi on surface 910. A relatively | ow hardness conpression
-surface 910 can conformto a defl ected foram nous background

el enent 200, and thereby provide a conpressive 40 |l oad internedi ate
the web patterning elenments 254 to press the first web contacting WO
96/ 00814

PCT/ US95/ 07786



t he conpagbiseosi4 The stpor/ososmorgsact i ng

19 5 surface 1%%(% an ke\g ilggég unconpacted web regi on 547 toward
a predeterm ned portiotuﬁ [ mll
formthe first region

| unconpact ed web region 547 to
al so conprises the step of adhering

at least a portion of the first region 30 28 the conpagtd surface 675. In
particul ar, 10 the discrete protuberances 34 can perragdheied f

surface 675, aswhimdwCldimedisgure 9, while the pel atig@mcg%yvé% {

density third regiop 70 remains spaced from and

the surface 675E Th'g %’Sﬁﬁfﬁ eﬁ%&?f‘?ﬂ‘g‘y conpacted web is indicated by

ref erence nuneral 56first regiinglispesedratarfist®levatien pudbavirgrafirsethicBdessan be
adhered to a ts@@o_l_ gFég%he ldgz,ﬁsetay af Qfe s@éi’:ﬂ&sél&?ati%ﬂ{ ﬁ&@x@np Q’rotcrjxli' €hs Ufisace

675 by the nozzle 690. ) st ep_ of, conpacting the secon _
unconpact ed web regi on SeMatien theseepadeegiondiaving a second thickpgss:on 50 preferably

al so_compri ses the #eA RkicdARFidHicdttd bWAMSthe FrROrEIoAl 19 thifdcregion having 2
r egi on o the conpaction.surface . as shawn. in Figure 9. er the
conpaction step, the pa &%’%ﬂ’%‘o%‘&&é@“&é@%ﬁ@a&ﬁ\"gﬁ{%ﬁ‘qnhﬁnﬁeat ed
surface 675 a fommamsiﬁor_xongibstmm affobahwh'mknesb.othe 88nsitiorc eegiomnd
100 percent 20 iPterc-Ut?xﬁeJ *ﬁgq*g? SécBhd 'régiérpgwa&e ’lg I ot SfthE Br & a§9 third

. . t
conprises restoring at least so erence In we
el evation lost in the S€BWAY defl ection step. This restoring step

provides the first gaictitizé®irfthat e fohriif thickn@as ighiare? hat e (7@ thiGRAERE the
region 50 at the

econd el evation 52, erei.n the difference 62
between the first el evaﬁ"Pﬁﬁ thigknesgis gfgater than e 53@@96‘4&"@%\?&‘% Fhafacienzed n
greater than the reducegtarihé tiirdthivkness isgreatat than tiiecfiresthickhdse. 25 first
and second unconpacted web regi ons 547 and 549 provided by the second
defl ection step. The step of restoring sone of the =
difference in web eTke gapesnstrustureiof €laim slecbardcterized in thatidhe dissti devasipeps
preferably conpri segehEismtfe kY dhalibRl | Y conpacted web 560 from
t he conpaction surface 67/5. In a preferred enbodi nrent the step of restoring
sone of 30 the difference in web el evation conprises foreshortening

Ehe Fﬁrt i ?I Iy fcw.np?wh@qaawtxt tructure ?_t'CllairErolﬁfH&E‘dﬂi’zé&d i thixt th st regbio? U@ﬁpﬁsﬁent
o, e step of releasi rti conpact e r t he
conpaction surface B?g’."ﬂg\‘ Bgﬁfggﬁeﬁrg?‘héagﬁeé ispersgd theoughayt tgﬁgﬁrd regid
foreshortening the partially conpacted web 560 conprises the step of -
creping the i q b EAalask f1RiE Qiffefence t h
a doctor bl ade '47‘00 -tnée Bgﬁ&:fgju L%ﬁfggleg‘g&'?ﬂbﬂgglﬁg?%trug?t’%éggn;tgi.t : ©
between the first elevation and the second elevation is at least about 0.05

millimeter.

5. The paper structure of Claims 1, 2, 3, and 4 characterized in that the fourth
thickness is at least 1.5 times the second thickness.

6.  The paper structure of Claims 1, 2, 3, 4, and 5 characterized in that the fourth
thickness is at least 1.5 times the first thickness.

7. The paper structure of Claims 1, 2, 3, 4, 5, and 6 characterized in that the
paper structure has a background matrix comprising at least a portion of each
of the first and third regions, and characterized in that the second region
inscribes a circular portion of the background matrix having a projected area of
at least 50 square millimeters.

L



As used herein, foreshortenln refers to the reduction in length of the
parti aWwoy6/00814 This 4560 whi ch occurs whenPETIesin7188 appl i ed
to the dry Webin mll way that the |length of the web is
reduced in the mac For eshorten[ TaT

acconpl.i shed in any of several ways. Thez%rmstL % REEY fled way to
40 foreshorten a web is by creping. The partitally ¢ acted wely 560 -
adhered to tBe The paper stragiifast Cimsuri,aca, 676, il mhmadriiedqmthdiahsurface

gé?. / Bégé?%#%%t OE belr %tdn?ctur%% foreshortenedV\?two d%)erent elevations.

20 .5
general . the doctor bl ade has a bevel angle of about 25 degrees and is
posi tioned wy the Yapk r 8 ippact
angl e of about 8Ihe gaper su strh&RREG Clhithst 112, ¥2AKeEs dr ¥fd tcﬂargﬁtgﬁieﬂﬁg tlagRL

PROCEDURES 1tpast a portxon of the second region 15|\l@<iéﬂﬁ‘éhié ﬁtvamblerﬁpwgn@ggegﬁa

El evati on region. The thicknesses and el-evations of various
regions 30-90 of a sanple of the fibrous structure 20 are neasured
fromm crotonmes nade from cross-sections of the ' - paper structure

20. A sanpl e 10ragupapey strbctute nipfismgnt i neters by 5. 1 centineters 15 (1
.inch by 2 mcheséﬂr %ﬁ |ded and stapled onto a rigid cardboard hol der.

The car adboar Ol der is placed in a silicon nold. The paper sanple
is i mersed in aaseesnd patterned regianich as Meri graph phot opol yner nanufactured

by Hercul es, |ncgpackground matnx com-'ﬁﬁﬁng @A a'p'%rﬁ'dH @Eihé Girsd ¢, #ﬁﬂaﬂdﬂﬁth{rﬁs' n
m xt ure. The sanple i's.re rior to

i mersion in phot opof§&Yh t nﬁ%?"%dﬁ%?’é CPE‘PﬁﬁFﬁéanHFf %‘c&s"r% Prof@erapesice
point to accurately dispersed theougheuethetidrdregion in thedﬁskg'b&ndmabnx

a transition region interconnecting the second region with the background
matrix; and _

a variable crepmg frequency region, the vanable creping frequency region
bordering at least a portion of the second patterned region, and the
variable creping frequency region extending from a border of the
patterned second region and terminating in the background matrix.

11. An apparatus for use in making a web of papem\akmg fibers. the apparatus

comprising: _ .

a foraminous background element having a first web contacting surface at a
first elevation; and '

a web patterning layer joined to the foraminous background element, the layer
extending above the first web contacting surface of the foraminous
background element to form a second web contacting surface at a second
elevation different from the first elevation; :

characterized in that the web patterning layer inscribes a plurality of circular
portions of the foraminous background element, each circular portion
having a projected area of at least 50 square millimeters.

12. The apparatus of Claim 11 characterized in that each circular portion has a
projected area of at least 100 square millimeters.

I



Preferably, the same—reference point is utilized in hoth the plan view and
various Wo%ms“sectmggﬁget%gggggl@ lacke sanpl e of the fibrgus,siduedure 20.
The sanple 1Is p aced m crotonme sold by_the Arrerlcan tical
Conpany of Buffal o, Nemmm lj el ed. The edge o NE S

25 fromthe sanple, the mgrotonme ungi

appears. A suff|C| ent nunbet” of slices-¢ ERRAGED f romlt he
sanpl e, so that,theg, various y. be accyrate

reconst r uct ed. tlll—o %Pﬁé mt’jPﬁgﬁ‘mﬂéé@F&Bgcf?’a"amenz‘*ﬁtf@?te‘ihﬁ Pf@Fﬁ‘%é’%ﬁl ng
a thickness of abothe s8fomd wetocentaming Shifae 18 betwieak @about r50afidtddeut 20 percent of

snoot h surface J‘teé’?gﬁn%@ké&g}g@@% é%gui red so that the thic nesses 3;,

Sﬁ% MS‘QBEEM dic

51, 71, A sanple slice is
nount ed on a m croscope slide using oil and a cover slip. The
slide and the np ”Eh%@ n

observed at ab%ﬁt {Tﬁead ?gnl [%f:éllagﬁ B h%agéﬂﬁi{egﬂﬁ shg %‘%}e%i ?he
slice, anEFcPﬂ‘é“‘ie EPUtagiing susfase sk Ve €5 andabgyt éﬁg’éﬁiemno e es
to reconstruct thepmjated]geaofthaapparaﬁsthe slice. The thicknesses and

el evations may be ascertained from the reconstructed profile, as
shown in Figures 2A and 2B. By knowing the relative basis wei ght's

of individual i&gi Ohe,appsratsl bf aClainise 1¢pri2esi3onatidnd4t thatdcerized sinothat I“ﬁhe

o .
vt dual gt OnStorkifiolE Rkl ot BthAl ok SRR Sy B
name of Phan et alinthat ﬁhmftsartpmta@@t!actmg sutface ofcthe |f¢rab§nome1be¢l<gnmmdfei¢mem

describing the ni Ciémprives Histpitd hﬁewéodt%glléﬂamei 80HIRNEro%¥-ofer points of the
paper structure.

PCT/ US95/ 07786 woven' flamens _ 21 5
The thicknesses 31-91 may be established by using Hew ett Packard ScanJet

:Dlesckggggr | T lat bed $HANAG Ll NS ERLE Y. 73°K3" 94 55305 "Gafs2l e d8d Sn 'tRat the
difference between the first elevation and the second elevation is at least about
0.05 millimeter.

17. The apparatus of Claims 11, 12, 13, 14, 15, and 16 characterized in that the
web patterning layer comprises discrete web patterning elements.

18. The apparatus of Claims 11, 12, 13, 14, 15, 16, and 17 characterized in that the
web patterning layer comprises a continuous network second web contacting
surface.

19. A method of forming a paper structure comprising the steps of:

providing a wet web of paper making fibers;

deflecting the web in a first deflection step to provide a non-monoplanar web
having a first uncompacted web region, and a second uncompacted web
region having an elevation different from the elevation of the first
uncompacted web region while the web has a consistency of between
about 8 and about 30 percent;

deflecting the first uncompacted web region relative to the second
uncompacted web region in a second deflection step to temporarily
reduce the ‘difference in elevation between the first uncompacted web
region and the second uncompacted web region;

L



version 1.6. The Sseanner—settings-type is black and white photo. The path

S ser r Th bri ght ness and con ing is
125. The %2 ?ng }Nsrhlggheetl}g;wee **“rhe file is scanned a i’ éas@e?}éﬁl n a
plctureflleformat e 10 —eamrputer——Tha pig ture file
is opened with a sw gi ng fof t wal THIEKBEEEHAS BEEN or CAD
program such as PovverDraw verS| on 5.0. REPLRCE®N I i ng ito Figure
2A and.2B, ‘the t Fﬁﬁ ﬁi’ﬁh € e ErT —'-'_=

drawing a circl epm ﬁ?éﬁ{rﬁscr Jegg%&ﬁ?ﬁgptrl@ Al gﬁﬂé§%°%f‘p¥he

regi on at t Wab cs@smenoysoftw@ﬁnaabeueﬁo 66 abous SOnpértens to provideca t hat

can be drawn in the §R9LOH E(dtéa,te #@n and 4%hird Mo &Agp! €), multiplied by
the appropriate scalel fact E 2(?3 glctori.'{li’tsa&gﬁr )

magni fi cation of C?‘H@“Hﬁ%@b%ﬁr"o@?’ﬁ °t5Ffmde‘H‘°B?'PP‘HEd Web fegioat 3 Wb of t he
scanned | magénsisiéney OF betwieesi &Boh&ﬂifoﬁlmw B0 HercRAY tA RiHOP kécdhe

sof tware draw ng pack such as PowerDraw, version 5.0,
avai |l abl e from Engi n8®ﬁ§1f‘¢§o‘rfwﬁ¥e" {lort h Car ol i na. 20
The difference i nestdringzatileast $ime efﬁnahﬁiereubeby etbvatiomipst inethe iftedt [defiectionr cl e
i nscribed by region mFngct fﬁb(}frﬁt%gﬁ)aééanhgbn a?grgﬁQVatwn &gnt
circles i nscr region as ure :

A
first line L1 is drath® elevation °fthf~'z§?@§ {COMPagtrd Iegign. ¢ | rcI es i nscrl bed by

region 30. A second line L2 is drawn parallel to the first I|ne L1
and tangent circle i bed i on 50. e dis bet

the first anéBSet[é‘ﬁH'qﬂ?Qﬁ’Z‘?d é%fff*lf CppPRYRES ﬁﬁpﬁtﬁ’p‘? ‘F‘ﬁ(‘,"feBr

.the difference after compactingthewesbi on 62. ‘
Proj ected Area Measurenent The projected area of the web
contacting surface 260 is neasured according to 30 the follow ng

procedure. Fi2lst Themethad,ofGlain 8P icampsising shecsteroof impartingiesvesiabli fraquancy
bllack marker ( Sa%iég,%a%&elaeaorﬁ& bthE YD Dok dERing AP leadt S ?org'&? 8fthe sbétind®

digitized es, of .the web patterning apparatus 200 are acquired
using a Hew ett Iﬁ%‘ﬁé‘f‘ webregion.  gcanjet |Ic Flatbed scanner. The scanner
options are set as follows: Brightness 198, contrast 211, black

and white phqto . | ing,10Q%_Third, the 3
~ percent age of heﬁ% gﬁg@‘é’? ﬁflg?aé'gEOP tsﬁg ﬂ@bziu T4 a{?a[?ﬁtst%at%p of
conprising the compacting theb ficss nurcotmpacted uwétn aregids Ocansprises formingda (firstng a
suitabl e image ang S C | i | abl e
from Bi oscan, |ncor %orat egI r%on corwgsmﬁnsay ﬁlﬁﬁhﬁ)"‘ S Qﬁscfé?é ?&ﬁ%&i’ér?unber
of pixels having paotglberye%emd@vm%evwmbwe@h’édwwcempacted reglon
(corresponding to the web contacting surface 260) is divided by the total

nunber  of 23. The method of Claims 17, 18, 19, 20, 21, and 22 characterized in that the step
of deflecting the web in the first deflection step comprises providing a
differential fluid pressure across the thickness of the web. '

24. A method of forming a paper structure comprising the steps of:
| providing an uncompacted, generally monoplanar web of paper making fibers;

providing a web support apparatus comprising a foraminous background
element having a first web contacting surface and a web patterning layer
joined to the foraminous background element, the web patterning layer
extending from the first web contacting surface to form a second web
contacting surface at an elevation different from the elevation of the first
web contacting surface, and the web patterning layer inscribing a plurality
of circular portions of the foraminous background element, each of the
inscribed circular portions of the foraminous background element having
a projected area of at least 50 square millimeters;

R O




40 pi X the scanned image (tinmes 100) to determ ne tage of

t he proj g}éf’e‘g’% area of the web support apparat uspgg@sg@%ﬁ si ng

the web contacting surface 260. - WD 96/ 00814
PCT/ US95/ 07786 4 T =R
Measur enment of \Aeb Support Apparat us EI evatlons HHRoSHERY HAB BEEN

di fference 262 bet the first c PhACERg
surface 230 and t hmg{; 5?1? hgfw%%hsépgé%g% BH contacti ng s
i s measur edeflgetingga phﬁwhoiﬂtbmwg tprfoue dunos-ridiaplaneb web having a first

apparatus is Suppo”e%&empacté@web %{%&ﬂupb@&é&&?ﬁtﬁ'ﬁr&%&%ﬁtﬂx Lﬁ‘s&ﬂ@e web
patterning |ayer facing upward te%r avi n circuf ar contact

surface of about 1.3 sﬁb%lF%a“ﬁ’fllqlﬁm am ARgelevatign tqf@aww%gﬂwmpacted webyf
about 3 millineters i Sregaaurs «pgbr&aomﬁeg&badw%edmmgckuﬁ%wmwtﬂguﬁauw

( model . 432B- 81 4 di f EMD- 4320 W
breakaway probe) ‘g\fr&eg‘? %9"&41 q‘—%’&@f’%ﬁ pﬁfc(ﬂhcts Conmpany of
Provi dence, RI. Tl"m'omdmgrlmpacnon disface;s cal i brated by determ ning the

voltage di ffer ence, dGliEN f'Oub) Cflethllad P Wb support spdifM Al Ghpess

whi ch provide a known el évation ditference.
zeroed at an el evati orcospnaghen surfagéier t han t he f| rst web contacting surface

230 to I mfsﬁr'eamgﬁ rt@é tirSeC tvieh kbﬁu@thngofsuifm sélxth\tes to Tthe SdcwhdiSwets
pl aced over the elevatio

Peasur emont . The st yi (AOMEREORE Surfacs it 8 Seind feDessig, sep 105saucesh ftfcrence o
grans/ square m || i net egevation fhet\peanntheoﬁrstmmsmmpnwm web Ategioaaarid tHer sxeond

57

measurenents are nade ‘g{ ﬁ@ The difference in the average
measur enents of the indivi elev |dns 231 and 261 is taken as the
el evati on canpafcgngmgregmnmned portion of the first uncomp_acted web region

between the first web contacting surface and the compaction surface to
form a first compacted region comprising a plurality of discrete
compacted protuberances dispersed throughout a relatively uncompacted
region;

compacting at least a portion of the second uncompacted web region between
the second web contacting surface and the compaction surface to form a
second compacted region,;

drying the web to a consistency of at least about 90 percent; and

creping the web from the compaction surface.

i
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surface hardness of the roll 900 is neasulféd using a P&J
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(57) Abstract
A muiti-region paper structure héving a transition region int ecting relatively thinner regions is disclosed. The paper structure

comprises a first region, a pattemed second region, and a third region, and transigion region. The transition region interconnects the patterned
second region with a background matrix, The background matrix comprises rst region and the third region. The first region comprises
a plurality of discrete protuberances dispersed throughout the third regxon. first and second regions are disposed at different elevations,
and each has a thickness less than a ﬂnckness of the transmon region, An apparatus and process for making the paper structure is also

disclosed.
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conventional re-pul per. The Eucal yptus slurry is diluted to about 0.2%
consi stency at the fan punp. Three individually
treated furnish streams. (stream 1 = 100% NSK: stream 2 = 100% ’
Eucal yptus; stream 3 = 100% Eucal yptus) are kept separate through the 20 :
headbox and deposited onto a Fourdrinier wire to forma three | ayer

~enbryonic web containing two outer Eucalyptus layers and a m ddl e
NSK | ayer. Dewatering occurs through the Fourdrinier wire and is
assisted by a deflector and vacuum boxes. The Fourdrinier wire is

of a 5-shed, satin weave configuration having 110 machi ne-
direction and 95 cross-nmachi ne-direction nonofil anents per inch,

respectively. 25 The enbryonic wet web is vacuumtransferred from
the Fourdrinier wire, at a fi ber consistency of about 8% at the
point of transfer, to the-web support apparatus 200 having a

- foram nous background el enent 220 and a web patterning | ayer 250
made of photosensitive resin. A pressure differential of about 16 inches of

mercury is used to transfer the web to the web support apparatus
200. The foram nous 30 background el enent is of a 5-shed, satin weave
configuration having 59 machi ne- ' direction and 44

cross-machi ne-directi on nonofil anents per inch, the machine
direction filanments having a di ameter of about 0.25 nm and the

cross-machi ne direction filanments having a di aneter of about 0.33
mm  Such a foram nous background el enent is manufactured by

Appl eton Wre Conpany, Appl eton, 35 W sconsin. - The web
patterning | ayer 250 has web contacting top surface with a projected {
area which is between about 10 and about 12 percent of the projected area
of the apparatus 200. The difference in elevation 262 is about
.010 inch (.254 MM . The web patterning | ayer conprises discrete
web patterning elenments as shown in Figure 5. The 40 web support :

apparatus 200 has an air perneability of about 600 scfm WO 96/ 00814
PCT/ US95/ 07786
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24 5 The nulti-elevation web is forned at the vacuum

transferred point. Further de- watering is acconpli sheg&dg,g, cuum
assi sted drai nage and by though ak#drying, as represente

devi ces 600, 620, and 650. until the web has a fiber consistency of

about 65% Transfer to the Yankee dryersi,s.effected with a soft pressure
roll 900 havi ng a surface hard%éig of about 40 P&J. The web is

t hen adhered to the surface 10 675 of the a Yankee dryer drum 680 by
pressing the soft pressure roll to the Yankeg dryer surface at a
conpressi on pressure of at,least about 40 psﬁ§ A Pol yvi nyl al coho

based crepi ng adhesive is4®@sed to enkmﬂa“mnu’ adhesi on of the web to the
surface 675. The consi \ency is increased to between about 90%
and 100% before dry creping ?the web fromthe surface 675 with a
doctor bl ade. The doctor bl ade has & bevel angle 15 of about 25
degrees and is positionggd._with resp3 to the Yankee dryer to provide an

i npact angl e of about SI-EEBTEGS*M%gi ‘“u\;- dryer is operated at about 800
fpm (feet per mnute) (ab 244 \\ers per mnute). The dry web
is formed into roll at a speed ‘cmﬂﬂ 0O fpm (200 neters per

m nut es) . The web ndIE %

HYe acgerding to the above procedure is

converted into a three-layer@ $§ ong=ply &0| I et ti ssue paper. The
one-ply toilet tissue paper has & ~ﬁ5|t nei ght ~of about 18 pounds
per 3000 square fept, amt—eenta SQ\OI t 0.02% of Ahe tenporary wet
strength resin. Inportantly, the regs l\u“fo one-ply tissue paper is soft,
absor bent and has attraeti ?'~‘\“ etigs sygtable for use as
toilet tissue. 25 &6 o—" @ = ) EXAMPLE 2

A 3% by wei ght aqgquyeous Sl lﬂ’ry 05 i v--- up_ina conventi onal
r e- pul per. ThaNSK sl Ur ry~i_s ro% syned gently and a 2% sol ution of
the permanent wet|strengthresin ___~G=" ., Kymene 557H nmar ket ed by

Hercul es I ncorporpted of W ngt on,\ DegaW is added to the
NSK stock pipe atga rate of s %)by~ -;?i Lhe dry fibers followed by
30 the additionfof a 1@6sokpt|o ? o dry gtrieng resin (W« e., CMC from
Her cul es | ncor por# ed of§ 'y ‘v-ton, Del agare) is added to the
NSK stock beforejthe fan e ¢ off 0. 08@6bz$%eight of the
dry fibers. The _ | ut.ed B 0. 2% consi st ency
at the fan punp.|/ Second, a 3%b 3 res, gl ufry of

-pulper The Eucal ypt us
ncy at the fan punp.

Eucal yptus fiberfs is made - up in :
slurry is diluted to ap&t O. 3&%

. <4
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'
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Two individually treated furnish streans (stream 1 = 100% NSK / stream 2 =
100% Eucal yptus) are kept separate through the headbox and deposited onto a
Fourdrini 8YO9§90814 0 forma two | ayer enbryonic web cont ai nPEHUSHUKTSE
portions of NSK and Eucalypﬂﬂgngematering occurs through the
Fourdrinier wire and is assisted by a 40 defl ector and vacuum boxes.
The Fourdrinier wire is of a 5-shed, satin weave JO 96/ 00814
PCT/ US95/ 07786 . _ 25 5
configuration having 110 machi

cross-machi ne-direction e
The enbryonic wet web is transf
consi stency of about 8%at th
apparatus having a f ori

2

patterning | ayer 250. The erbr?

A nch, respectively.
rdrinier wwre, at a fiber
to a web support

el ement 220 havi ng web

eb is transferred fromthe

Fourdrinier wire, at a fger 8% at t he poi nt
of transfer, to the web s ng a foram nous
background el enent 220 and 250 made of

phot osensitive resin. | ah_of about 16 inches of

nmercury is used to transfe . web™~support appar at us
200. The foram nous backgrd - ed, saw 15 weave
configuration having 79 nac ‘ : mgehirthe- di recti on
nmonofi | aments per inch, the aving a dianeter
of about 0.18 mm and ctyon filanments having a
di anet er of about 0.21 background el enent is
manuf act ured by Appl eton W rig eton, W sconsi n. 20
The web patterning |ayer 250 p surface 60 having a
projected area which is betwe +12 percent of the

proj ected area of

R

o
o
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t he apparatus 200. The difference in elevation 262 is about .010 inch (.254

nm . The ' web patterning | ayer conprises discrete web Batterning
el enents JLHH i n Figure 5. 3 Tge web support appBfHVSSOIHS has an
air permeability of about 500 scfm 3/b The mul ti-el evation web

Is formed at the vacuumtransferred point. Further de- watering is
acconpl i shed by vacuum assi sted drai nage and by though %Lr dryi ng, as
represented by devices 600, 620, and 650. until the web-KRas a fi ber
consi st ency of about 65% Trang®ih to the nkee dryer is effected
with a soft pressure roll 900 r -ng a.slrface hardness of about
40 P&J. The web is then adhered to theil@st 30 675 of the a Yankee
dryer drum 680 by pressing the.soft pré roll to the _Yankee

dryer surface at a conpr ron press ” ~apott~ 40 psi. A

Pol yvi nyl al cohol o € IS used to enhance the
adhesi on of the wefidq the surfag 7~ The web consistency is

i ncreased to between\ abqut 90% dry creping t he web
fromthe surface 675w th\a do tor bl ade has a bevel

angl e 35 of about 25 degr ed with respect to the
Yankee dryer to provige an . N.about 81 degrees; the
Yankee dryer is operated at ab per m nute) (about
244 meters per mnute)l THe dr -ofiLat a speed

of 650 fpm (200 neters per 'he web is converted to
provide a two-layer, fwo-p zach 40 ply has a
basi s wei ght of about®10 poun t and contai ns about
0.02% of the permanent wet. Strij 0.08% of the dry
strength resin. WO 96/ (
PCT/ US95/ 07786 ;

_ ' 26
t, ahsorbent and has
use as facial tissues.

—

5 The resulting two-ply tissue
attracti ve aesthetic®

.
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27 What is clained: 1. A paper structure conpri sing: a first
regi on disposed at a first elevation and having a first thj SHEr a
second r S¥P8HIEILposed at a second 3'? ation different frg%ﬂﬁ%é fi?ﬁst

el evation, the second region having é econd t hi ckness; a third region
I nterconnected with the first region, the third region having a

third thickness; and the third region having a third el evation; and a
fourth transition region having a fourth thickness, the transition region

i nterconnecting the secgpd region wtgp at | east oneyof the firsi and third

regi ons; wherein the fourth thigkness is greater than t first

t hi ckness, the fourth thi cgmess is grgater than t second

t hi ckness, and wherein thée ' ! t.hi ' ter than the
first thickness. seoTh “the first

el evati ot~ ff e The paper

structure of Caf r ality2mf

Z
=

- 54

Fig. 4A
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di screte protuberances dispersed throughout the third region. 4. The
paper structure of Claim 1 wherein the difference between the first

el evat i on VPR second el evation is at | east about 0.05 RETESIOIEE. 5.
The paper structure of Claim1 wherein §hg2fourth thickness is at least 1.5

tinmes t he second thickness. 6. The paper structure of Claimb5
wherein the fourth thickness is at least 1.5 tines the first

t hi ckness. 7. The paper structure of Caim1l wherein the projected area
of the second region i s between about 5 and about 20 percent of the
projected area of the paper structure.

28 8. The paper structure of Claiml wherein the paper structure has a
backgr ound matri x conprising at | east a portion of each of the first
and third regions, and wherein the second region inscribes a circular
portion of the background matrix having a projected area of at |east
50 square mllineters.- .

20 ~.._
T 120
50
55
50
90
35
-~ 100
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9. The paper structure of Aaiml wherein at |east one of the first and
second ~Legions is foreshortened. 10. The paper str Claim9
wherein tﬁgﬂaggégpstructure is foreshortened at t wo d?ﬁ%@%@ﬁ%&%

el evations. 11. The paper struct f daim9 wherein at |east a portion
of the second region I's bord by a variable frequency creping
region. 12. The paper structure of Claiml wherein the second region
conprises a plurality of discrete zones. 13. The paper structure of
Claim 1 wherein the second region conprises a conti nuous networKk.

14. The paper structure of Gaim1l having a basis weight of between about
11 gram per square ngter and about 57 gram per sguare neter. 15. A
paper structure conprisimng: a first reggon; ~ Sh second patterned
regi on; a backgroundfmatri x conpri sing S 1 edst & portion of the first
region and a third region, the firgt regionyconprising a
plurality of discrete -prfotyiberances di $persed t hroughout the
third region i RSiti, i on

I nt er connecti ng
and a var
frequency regia
patterned regia
extendi ng from
termnating in

matri x;
L creping

t he second
ncy region
egi on and

Fig. 4C
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16. A paper structure conpri sing: a first region disposed at a first

el evation _and having a first thickness; a second patterned region
di sposed Y9008 ond el evation different fromthe first PCI/US9S/O7786
el evation, the second region having a second thickness; a background

matrix conprising at |least a portion of the first region and a third
region, the third region interconnected with the first region, the third
region disposed at a third elevation, and the third region having a third
t hi ckness greater than the first thickness, wherein the first region
conprises a plurality of discrete protuberances dispersed throughout the

third region; a transition regLRE%having a fourth thickness greater

t han each of the first ti'ckness and the second thickness, the
transition region interconnecting the second region with at

| east a portion of one of the first and third regions in the
background matri x; and a variabl e creping frequency region, the

vari abl e creping frequency region bordering at | east a portion
of the second patterned region, and the vari abl e creping
frequency regi on extendi ng om a border of the patterned second

region and termoggting in t "background matri x,,DAL7. An apparatus for use

i n maki ng a web of perrrabe - e |sepdar at us conpri si ng:
AN |

254A

2548
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a forani nous background el enent having a first web contacting surface at a

first el ewotos@es14and a web patterning |ayer joined top¢Pesdsppag Nous
background el enent, the |ayer ext endi ng above the first web
contacting surface of the foram nous background el enent to form
a second web contacting surface at a second el evation different
fromthe first el evation; wherein the web patterning | ayer inscribes a
plurality of circular portions of the f oram nous background

el enent, each circular portion having a projected area of at

| east 50 square mllineters. 18. The apparatus of Caim 17 wherein each
circular portion has a projected area of at least 100 square
mllimeters. 19. The apparatus of Claim 17 wherein the projected area of

t he second web contacting surface i s between about 5 and about 20
percent of the projected ar eagﬁzt he appar at us.

REPLACEVENT SHEET 30 20. The
apparatus of Claim 17 wherein the projected area of the second web
contacting surface is between about 5 and about 14 percent of the projected
area of the apparatus.

222
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21. The apparatus of Claim 17 wherein the foram nous backgr ound el enent
conpri ses W%09814 | anents; and wherein the first web cont ad®CGIAIBFBéce of
t he f oram nous background el ement conprises discrete web contacting
knuckl es at . the cross-over points of the woven filanents. 22. The
apparatus of Claim 17 wherein the difference between the first elevation
and the second elevation is at |east t 0.05 mllimeter. 23. The
apparatus of Claim 17 wherein the V\egggt}jterni ng | ayer conprises discrete

web patterning el enents. 24 The apparatus of Claim 17 wherein the web
patterning | ayer conprlse conti nuous networ k se d web contacting
surface. 25. A nethod of rnlng a paper s 2@@ ure co S|ng the steps
of : provi di ng—a Wet_ web of papen ogski ers, g the

web in a first deflection step toasoow non rmn anar vveb 260

having a f 288t unconf ed web regf opgy bon corrpact ed feb, oq
regi on having an Ievatl ndaﬂ?ernt fr he Ievtlon thei}s/t
unconpac 8@ r eg? 4 t hg—hephh B3] cy o {250
about 8 and abou rce e | g f ‘% co i\ ed web
region relative . . 0y Ol 3 7 second
defl ection stefm AA”" 2 2 ‘r? —/. -Mﬂ

el evation between THE TTrst uncompo ed\\:/eb reg|o 2

second unconpacted web region; obyng =*280edet er m ned port| a

the first unconpacted web region at a web consj.stenc t ween
about 40 to about 80 percent to provide a ' firs conpacted regi on
and a third unconpacted region; izonpaéti ng at | east a portion of the
second unconpacted web region at a wel§'1g

261 .
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consi stency of between about 40 to about 80 percent to forma second
conpact ed W@#6/00854 on; and restoring at | PETUSAHHH8GF t he
diifference in elevation lost in the first deflection step to
provide the first conpacted region at an elevation different from

the el evation of the second conpacted region. 26. The nethod of Caim 25
further conprising the step of foreshorl ipg the web after conpacti ng
t he web. 27. The nmethod of Claim25 ¢ ﬁ¥ fsing the step of inparting a
vari abl e frequency crepe pattern to a portion of the web bordering at
| east a portion of the second conpacted web region. 28. The method of
Claim25 wherein the step of conpacting the first unconpacted web
region conprises formng a first conpacted web region conprising a
plurality of discrete conpacted protuberances di spersed throughout the

third ~unconpacted region. 29. The nethod of C aim 25 wherein the step
of deflecting the web i.n the first defl ection step conprises providing
a differential fluid pressure across the 670 '

680
800

Fig.9
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paper

el ement having a first web contacting
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conpaction surface; deflecting the first web contacting surface relative to
t he secon contacting surface in a second deflecti
reduce thg‘"gg‘??og?‘%nce in el evati on between the first Jﬁ%[)‘%%%@?%@ web

region and the second unconpact ed web regi on; conpacting a
predeterm ned portion of the first unconpacted web region bet ween t he
first web contacting surface and the conpaction surface to forma
first conpacted region conprising a plurality of discrete conpact ed
pr ot uberances di spersed throughout a ;ﬁhg%ively unconpact ed regi on;
conpacting at |east a portion of the1 d unconpacted web regi on between

the second web contacting surface and the conpaction surface to forma
second conpacted region; drying the web to a consistency of at |east about
90 percent; and creping the web fromthe conpaction surface.
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