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FIELD OF THE INVENTION 

<' The .. preseiit; ·ihvention·: relates to a multi-region paper structure having a 

15 trariSition: regioirttrterconnecting regions of the paper structure disposed at different 

elevations aitd hi.mg· thicknesses less than or equal to the thickness of transition 

regfon. -·ff{e'tppitaWs; and proc~ss for making such a paper we~ also form part of 

the r>~~ent fown&n. · · · 
. f: : . ... . .·. .... ~ 

20 ~· .. -~ · '' :·H:J•q ;: ;BACKGROUND OF THE INVENTION 

Papet 'SiN.iefures, such as toilet tissue. paper towels. and facial tissue. are 

widely ·used tf1r&igli6iit the home and industry. Many attempts have been made to 

make such· tiSSafe pfoducts more consumer preferred. One approach to providing 

consumer··,preteJlt.itftlssue products having bulk and flexibility is illustrated in U.S. 

25 Patent 3,994:f7f'isSued November 30, 1976 to Morgan et al. Improved bulk and 

flexibility mty ·; al5cl be . provided through bilaterally staggered compressed and 
' . . ' . : ~.. ,,. 

uncorftpres'sed"~bne( as shown in U.S. Patent 4.191,609 issued March 4, 1980 to 

Trokhan. 

Another'ap~oach to making tissue products more consumer preferred is to dry 
. ..I ·l"" ._· .. · ..... 

30 the paper st'l'Uetin'e to impart greater bulk, tensile strength, and burst strength to the 

ti!tsue product~. 1ixamples of paper structures made in this manner are illustrated in 

U.S. Patent 4!iil"t,8S9 issued January 20, 1987 to Trokhan. Alternatively, a paper 

structure: ch:n 1'e made stronger, without utilizing more cellulosic fibers, by having 

regions drdifferirlg·bil'Sis'~ights as illustrated in U.S. Patent 4,514.345 issued April 

35 30, i985 "to.Yafihiori. et. al. Papermaking belts having a semicontinuous pattern and 

. paper mali~'bW°1such belu are disclosed in PCT Publication WO 94/04750 published 

Marct{J; 19~4::1liftbe··nifne ·of Ayers et al.. and having a U.S. priority date of 

A.ug{ist. i6~: :19~f.: · ··:!1«P~aking belts made using a deformable casting surface 

ptoces~·are Wti&lt>secfln ti.s. Patent 5.21s.100 issued January 4, I 994 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 



W096/00814 PCT/US95/07786 

2 

5 example. embossed patterns formed in tissue paper products after the tissue paper 
products have been dried are common. One embossed pattern which appears in 
cellulosic paper towel products marketed by the Procter and Gamble Company is 

illustrated in ~.S. Patent Des. 239.137 issued ~~ 1976 to Appleman. 
Embossing methods and/or _embossed products are also disclosed in U.S. Patent 

IO 3.556.907 issued Januaf1"·~·-- 1971 to Nystrand; U.S. Patent 3,867.225 issued 
February 18. 1975 to Nystrand; and U.S. ,:>atent 3,414,459 issued December 3. 1968 
to Wells. 

However. embossing a dry paper web typically imparts a particular aesthetic 
appearance to the paper structure at the expense of other properties of the structure. 

15 In particular. embossi~g disrupts· bonds betwe~n. fibers in the cellulosic structure. 
This disruption occurs because the bonds are formed and set upon drying of the C 

embryonic fibrous slurry. After drying the paper structure. moving fibers normal to 
the plane of the pap~r structure by embossing bieaks fiber to fiber bonds. Breaking 
bonds results in ·reduced tensile strength of the dried paper web. In addition. 

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. embossing can eliminate the creping p~ttem in some portions of the 
web by compacting the creping pattern. Such a result is undesirable because the 
creping pattern improves the softnes~ and flexibility of the dried web. 

25 In addition. dry embossing a paper structure 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 h~ve a reduced thickness relative to the 
non-embossed portion of the paper web. 

U.S. Patent Application Serial No. 071718,452. Tissue· Paper Having 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 July 12. 1994 in the name of 
Rasch et al. discloses a single lamina paper structure having at least three visually 
discernible regions. Rasch et al. teaches the.three regions are visually distinguishable 
by an optically intensive property such as crepe frequency. elevation, or opacity. 

3 5 Wlaile the structures of Rasch et al. provide an improvement over embossed paper 
structures. there is a ne:::d to provide tissue products having improved visually 
discernible patterns over tnose taught in Rasch et al. Therefore. those involved in the 
papennaking field continue to search for ways to m~e paper structures having highly 
discernible aesthetic patterns without sacrificing desirable paper web properties. 

• 
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, .. 
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5 Accordingly, one object of the present invention is to provide a paper 

structure having visually discernible patterns without the need for embossing a dried 

paper web. 

Another object of the present invention is to provide a paper structure having 

visually di~cemible patterns without sacrificing desirable paper web properties such 

I 0 as tensile strength and sheet flexibility. 

Another object of the present invention is to provide a paper structure having a 

first region disposed at a first elevation and having a first thickness. a second region 

disposed at a second elevation different from the first elevation and having a second 

thickness. a third region disposed at a third region and having a third thickness 

15 · greater than the first thickness. and a fourth transition region interconnecting the 

second region with at least one of the first and third regions. the transition region 

having a fourth thickness greater than the second thickness and greater than or equal 

to the first thickness. 

Another ob}ept of the present invention is to provide an apparatus and method 

20 for forming the paper structure of the present invention. 

Another object of the present invention is provide a paper structure 

characterized in having enhanced bulk caliper and roll compressibility. 

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 region. 

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 ponion of the 

second region is bordered by a variable frequency creping pattern. The variable 
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5 frequency creping pattern extends from a border of the second region into the a 

background matrix comprising the first and third regions. · The variable frequency 

creping pattern terminates ~n the background region, and enhances the visual 

discernibility of the p~ttemed second region. The second region can comprise a 

continuous network.· discrete zones, or combinations. thereof. 

I 0 The present invention also comprises an apparatus for use in making a web of 

papermaking fibers. The apparatus can comprise a drying belt. The drying belt 

comprises 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 

15 web contacting surface at a second elevation· different from the first elevation. The 

web patterning layer is disposed in a predetermined. pattern to inscril:!e a portion of ( 

the foraminous background element having a projected area of at least ·about 50 

square millimeters, and more preferably at least about I 00 ·square millimeters, 

wherein the elevation everywhere within the inscribed area is the first elevation of the 

20 first web contacting surface. and wherein there is no web patterning layer within the 

inscribed area. The·projected area of the second web contacting surface is preferably 

between 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 

fonnation 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 present 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-m~noplanar 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. re~on 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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5 compacting a predetermined portion of the first uncompacted web region at a 

10 

15 

web consistency of between about 40 to about 80 percent to provide a 

first compacted region and a third uncompacted region; 

compacting at least a portion of the· second uncompacted web region at a web 

·consistency of between about 40 to about 80 percent to form a second 

compacted web region; and 

restoring at least some of the difference in elevation lost in the first deflection 

step to provide the first compacted region and the third uncc;>mpacted 

region disposed at elevations different from the elevation of the second 

compacted region. 

DESCRIPTION OF THE DRAWINGS 

While the Specification concludes with claims panicularly pointing out and 

distinctly claiming the present invention. the invention will be better understood from 

the following description taken in conjunction with the associated drawings, in which 

20 like elements are designated by the same reference nuu1eral, 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. 

35 

40 

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 ponion of a paper structure 

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 

from the foraminous background element. 
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S Figure SB is an enlarged plan view illustration of a portion of a foraminous 

backgro1,md element. 

Figure 6 is a cross-sectional view of the apparatus of Figure SA.. 

Figure 7 is an illustration of a papennaking machine for. making a paper 

structure according to the present invention. · 

10 Figttre 8 is an illustration of a non-monoplanar. generally uncompacted paper 

web supported on the apparatus of Figure 6. 

Figure 9 is an. illu$tration of a paper web being compacted against the surface 

of a dryi~g drum. 

Figure I 0 is a plan view illustration of a paper structure having a second region 

15 comprising discrete zones disposed within cells in a lattice network. 

Figure l l is a plan view illustration of a web support apparatus for making the 

paper structure of Figure IO. 

DETAILED DESCRIPTION OF THE INVENTION 
20 Figures l-4 and l 0 illustrate a paper structure 20 according to the present 

25 

invention. Figures 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. 

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 multi~ply paper product. A "zone" 

30 as used herein refers 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 comprise one or more zones. and can be continuous 

or discontinuous. 

35 Referring to Figures l-4, the paper structure 20 according to the present· 

invention compn :-;as a tissue paper web having at least four regioris. The paper 

structure 20 comprises a first region 30 having a first thickness 3 l and disposed at a 

first elevation 32~ a patterned second region 50 having a second thickness 5 I 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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5 in Figures l-2. Tne tfUrd-region 70 is interconnected··~ith the first region 30. and 

together the first and third regions 70 form a background matrix 100 of the paper 

structure 20. The paper structure 20 further comprises a fourth transition region 90 

having a fourth thickness 91. The transition region 90 interconnects the second 

region SO with at least one of the first and third regions 30 and 70 of the background 

10 matrix 100. and thereby supports the second region 50 at the elevation 52 such that 

the second region ·SO is visually distinguishable from the background matrix 100 of 

the paper structure formed by the first region 30 and the third region 70. 

Referring to Figures 1-2. the paper structure 20 is characterized in that the 

fourth thickness 91 of the transition region 90 is greater than or equal to the first 

IS thickness 31, the fourth thickness 91 is greater than the second thickness 51 ~ and the 

third thickness 71 is greater than the first thickness 31. Accordingly. the paper 

structure 20 of the present invention does not exhibit the reduced web thinning 

around the -perimeter of raised portions of the paper structure characteristic of 

embossing. The thicknesses 31. 51, 71, and 91 and the difference in elevation 62 are 

20 measured using the procedure described below. In one embodiment the fourth 

thickness 91 is greater than both the first thickness 31 and the second thickness S l. 

The fourth thickness 91 can 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 l . 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 SO can be fonned 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 S 1 less than the third thickness 71 and the fourth thickness 91, the 

first and second regions 30 and 50 can be characterized as relatively high density 

regions and the third and· fourth regions 70 and 90 can be characterized as relatively 

3 5 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 l 00, 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. 
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5 As viewed in Figures 3 and 4A·C. each of the zones 54 has a projected area 

which is at least about l 0 times. and preferably at least about 100 times the projected 

area of one of the protuberances 34. The projected areas of a protuberance 34 and a 

zone 54 can be mea~ured using standard image analysis procedures. Figure 3 shows 

a number of discrete. zones 54 (e.g .. zones 54A-D). Iil the plan views of Figures 3 
IO and 4A each discrete zone 54 has the form of a flower shaped pattern. 

The difference between the first elevation 32 and the second elevation 52 is 

preferably at least about 0.05 millimeter, and more preferably at least about 0.08 

millimeter. The elevations 32 and 52 and .the thicknesses 31, S 1, 71, and 91 are 

indicated in the photomicrographs of Figure 2A and 2B. 

15 Preferably at least a ponion of at least one of the second region 50 and the 

background matrix 100 is foreshonened in the machine direction of the structure 20. 

Foreshonening 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. Foreshonened portions of the paper structure 20 are 
20 characterized by having a creping pattern having a creping frequency. The creping 

pattern of a ponion of the background matrix 100 is indicated by reference numeral 
3 5 in Figure l 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 S 5 in 

Figures l and 2A. and is characterized by a series of peaks and valleys. The creping 

25 pattern 3 5 in a ponion of the background matrix 100 is disposed at a different 

elevation than the creping pattern 55 of the second region 50. The crepe frequency 

o~ 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 ponion 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 3 S and SS. 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 adjacent the patterned second region 50. The variable frequency creping region 

extends from a portion of a border of the second region 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 ponion of the 

discrete zones 54. The wrinkles 92 extend in the cross machine direction from a 

40 ponion 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 l.5 times 
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5 the frequency of thi"wiinkle 92. The transition regiori. 9o and the wrinkles 92 of the 

variable frequency creping region border the second region 50, and thereby help to 

visually offset the second region 50 from the background matrix 100. 

The second region 50 preferably has a projected area between about 5 and 

about 20 percent, and more preferably between about 5 and about 14 percent of the 

1 0 projected area of the paper structure 20. The second region 50 inscribes one or more 

circular zones C (Figure 3) of the background matrix 100 wherein the projected area 

of the circular zone C is at least about SO square millimeters. and more preferably at 

least· about 100 square millimeters. In the embodiment wherein the second region 

comprises discrete zones 54. the spacing D (Figure 1 and 3) between at least some 

15 adjacent zones 54 is preferably at least about 25 mm. The second region thereby 

imparts a relatively large-scale visually discernible pattern to the tissue web while 

comprising a relatively small percentage of the projected area of the tissue web. 

As shown in Figures 1, 3, and 4A. at least some discrete zones 54 can enclose a 

plurality of 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 I. The fifth region 

130 can have a thickness 13 1 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 l 0, the 

second region 50 can comprise a lattice network fo50 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 i052 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 IO 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 l 0 the bands l 054 and I 056 are 

unbroken. The bands 1054 extend generally in the machine direction. and the bands 

l 056 extend generally in the cross-machine direction. The intersecting, unbroken 

40 bands 1054 and 1056 thereby fonn a continuous network lattice 1050 
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5 The paper structure 20 according to the presen~ invention preferably has a basis 

weight of between about 7 pounds per 3000 squar~ feet (about 11 gram/square 

meter) and about 35 pounds per 3000 square feet (57 gram/square meter). which 

basis weight range is desirable for providing paper structures 20 suitable for use bath 

tissue and facial tissue products. The basis weight; of the paper structure 20 is 

l 0 measured by cutting eight single ply samples of the paJ>er structure 20 conditioned at 

73 degrees Fahrenheit and 50 percent relative humidity. each sample measuring 4 

inches by 4 inches (.0103 square meter). The eight 4 inch by 4 inch samples are 

placed one on top of each other and weighed to the nearest 0.0001 gram. The basis 

weight of the eight samples (in grams/square meter) is the combined weight of the 

15 eight samples in grams divided by the sample area of0.0103 square meter. The basis 

weight of the paper structure 20 is obtained by dividing the combined basis weight of 

eight samples by ei$ht. 

Web Support Apparatus 

20 A web support apparatus 200 suitable for making the paper structure 20 is 

shown in Figures SA-8 and 6. The web support apparatus 200 can comprise a 

continuous drying belt (Figure 7). for drying and imparting a visually discernible 

pattern to the paper structure 20. The web Support apparatus 200 has a first web 

facing side 202 and a second oppositely facing side 204 (Figure 6). The web support 

25 apparatus 200 is viewed with the first web facing side 202 facing the viewer in Figure 

SA. 

Referring to Figure 6. the web support apparatus 200 comprises a foraminous 

background element 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 SB. 

30 The web support apparatus 200 also comprises a web patterning layer 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 23 1. 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 more preferably beiyveen 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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5 inscribe a plurality of'eircular portions CA (Figure SA}'f>fthe foraminous background 

element 220 which are not covered by the web patterning layer 250, wherein the 

projected area of each circular portion CA is at least about 50 square millimeters, and 

more preferably at least about 100 square millimeters. The elevation of the apparatus 

200 everywhere within a circular portion CA is less than the elevation 261. 

I 0 The· belt apparatus 200 having a web patterning layer 250 with the above 

projected area and disposed to inscribe portions of the foraminous background 

element with the above area is relatively flexible compared to a belt made from the 

same underlying foraminous element but having a larger percentage of its surface 

covered by a web patterning layer. Such flexibility permits deflection of the first web 

15 contacting surface 230 relative to the second web contacting surface 260 for 

formation of relatively high density regions at different elevations, as described 

below. 

In the embodiment shown in Figure SA. the web patterning layer 250 

comprises a plurality of discrete web patterning elements 254, such as discrete 

20 elements 254A-C which inscribe a circular portion CA of the foraminous background 

element 220. A discrete 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 2540. 

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 ponion 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 (scfin). where the air 

permeability in scfm is a measure of the number of cubic feet of air per minute that 

3 5 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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5 The foraminous background element ~20 shown in Figures SB and 6 comprises 

woven filaments 222 and 224. The filaments 222 extend generally in the machine 

direction. and the filaments 224 extend generally in -the cross-machine direction. 

Referring to Figures SB and 6, the first web contacting surface 230 comprises 

· discrete web contacting knuckles 23 2 locateli. at· the cross-over points of the woven 

10 filaments 2~2 and 224. The knuckles 232 form a generally monoplanar web 

contacting surface 230. Between about 5 and about 50 percent of the projected area 

of the foraminous background element 220 comprises open area corresponding to 

openings 221 between adjacent filaments 222 and 224. 

The. foraminous background element 220 preferably has between about 2S and 

15 about l 00 of the filaments· 222 per inch measured in the cross machine direction and 

between about 25 a~d about 100 of the .filaments 224 per inch measured in the 

machine direction. where the filaµtents 222 and the filaments 224 have a diameter 

between about 0.1 and about 0.5 millimeter. the .foraminous background element 

preferably comprises between abo.ut 625 and about 10;000 discrete web contacting 

20 knuckles per square inch of the projected area of the foraminous background 

element. 

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 Trokhan, 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 preferably 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 unpattemed 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 I 0 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 

3 5 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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Figure 11 snow an embodiment of a web support apparatus 200 having a web 

patterning layer 250 suitable for making the paper structure 20 of Figure 10. The 

web patterning fayer 250 comprises a lattice network 290 and a plurality of discrete 

web patterning elements 254 disposed within at least some of a plurality of cells 292 

formed by. the lattice network 290. The lattice 290 in Figure 13 comprises spaced 

apart bands 294 which intersect spaced apart bands 296 to form the cells 292. The 

bands 294 and/or the bands 296 can be unbroken, or alternatively, can be formed by 

a plurality of short, spaced apart segments. The bands 294 extend generally in the 

machine direction and the bands 296 extend generally in the cross-machine direction. 

In Figure 11 the bands 294 and 296 are unbroken and intersect to form a continuous 

15 network lattice 290 having a continuous network web contacting top surface. 

Papemiaking Method Description 

A paper structure 20 according to the present invention can be made with the 

papermak.ing apparatus shown in Figures 6-9. Referring to Figure 7. the method of 

20 making the paper structure 20 of the present invention is initiated by depositing a 

slurry of papennaking fibers from a headbox 500 onto a foraminous, liquid pervious 

fanning member, such as a forming belt 542, followed by forming an embryonic web 

of papermaking fibers 543 supported by the forming belt 542. The forming belt 542 

can comprise a continuous Fourdrinier wire, or alternatively. can be made according 

25 to the teachings of U.S. Patent 4,514)45 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 anticipated 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 we]] 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. 

3 5 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 particularly suitable for tissue webs described 

hereinafter. whereas northern softwood Kraft pulps having an average fiber length of 
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5 about 2.5 millimeter are preferred. Also applicable to the present invention are fibers 
derived from recycled paper." which may contain any or ~II of the above categories as 
well as other non-fibrous materials such as fillers and adhesives used to facilitate the 
original paper making. 

The paper furnish can comprise a variety of addhives. including but not limited . . ~- . 

I 0 to fiber birider materials. su.ch as wet strength binder m.ilterials, dry strength binder 
materials, and chemical softening compositions. Sµitable wet strength binders 
include, but are not limited to, materials such as polyamide-epichlorohydrin resins 
sold under the trade name of Kymene® 557H. by Hercules Inc., Wilmington, 
Delaware. Suitable temporary wet strength binders. include but are not limited to 

15 modified starch binders such as National Starch 78-0080 marketed by National 
Starch Chemical Corporation, New York, New York. Suitable dry strength binders 
include materials such as carboxymethyl cellulose and cationic polymers such as 
ACCO® 711. The ACCC?® family of dry strength materials ·are available form 
American Cyanamid Company of Wayne, New Jersey. Suitable chemical softening 

20 compositions are disclosed in U.S. Patent 5,279,767 issued January 18, 1994 to Phan 
et al. Suitable biodegradable chemical softening compositions are disclosed in U.S. 
Patent 5,312,522 issued May 17, 1994 to Phan et al. 

The embryonic 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 consistency of from about 0.1 to 
about 0.3 percent. The percent consistency of a dispersion, slurry, web. or other 
system is defined as I 00 times the quotient obtained when the weight of dry fiber in 
the system under consideration is divided by the total weight of the system. Fiber 
weight .is always expressed on the basis of bone dry fibers. 

30 The embryoilic web 543 can be formed in a continuous papermaking process, 
as shown in Figure 7. or alternatively, a batch process, such as a handsheet making 
process can be used. · After the dispersion of papermaking fibers is deposited onto the 
forming belt 542, the embryonic web 543 is formed by removal of a ponion of the 
aqueous dispersing medium by techniques well known to those skilled in the an. The 

35 embryonic web can be generally monoplanar. Vaeuum boxes, forming boards, 
hydrofoils, and the like are useful in effecting water removal from the dispersion. 
The embryonic web 543 travels with the forming belt 542 about a return roll 502 and 
is brought into the proximity of the web suppon apparatus 200. 

The next step in ·making the paper structure 20 comprises transferring the 
40 . embryonic web 543 from the forming belt 542 to the web suppon apparatus 200 and 

supponing the embryonic web 543 on the first side 202 of the web suppon 
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5 apparatus. The ... onic web preferably has a cottsfslency of at least 8 percent at 

the point of transfer to the forming belt 542. The step of transferring the embryonic 

web 543 can simultaneously include the step of deflecting a portion of the web 543 

and removing water from the web 543. Alternatively, the step of deflecting a portion 

of the web 543 can follow the step of transferring the web. 

10 Referring to Figure 7 and 8, the step of deflecting the web 543 comprises 

deflecting a portion of the web 543 in a first deflection step to form a non­

monoplanar web 545 having a first uncompacted web region 547 supported on the 

first web contacting surface 230 at the elevation 231, and a second uncompacted web 

region 549 supported on the second web contacting surface 260 at the elevation 261. 

15 The first uncompacted web region 547 can comprise a dedensified or otheiwise 

rebulked region 548 corresponding to the ponions of the uncompacted web region 

54 7 that are drawn or otherwise urged at least part way into the openings 221 in the 

foraminous background element 220. The thickness of the region 548 is generally 

greater than the thickness of those portions of the region 547 overlying each knuckle 

20 232. 

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 IO 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 fonning 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 

3 5 dovvnstrearn 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 



W096/00814 PCT/US95/07786 

16 

5 provided by the vacuum source permits transfer and. deflection of the embryonic web 

without compaction of the web. U.S. Patent 4,529;480 issued July 16, 1985 to 

Trokhan is incorporated herein by reference for the purppse of teaching transfer of an 

embryonic web and deflection of a portion of a web by applying a differential fluid 

pressure. 

I 0 The ·next step. in forming the paper structure 20 can comprise pre-drying the 

non-monoplanar web 545, such as with a through-air dryer 650 shown in Figure 7. 

The non-monoplanar web 545 is carried through: the through-air dryer while 

supported on the web support apparatus 200 .. The npn~monoplanar web can be pre­

dried by directing a drying gas. such as heated air. through the non-monoplanar web 

15 545. In one embodiment, the heated air is directed fir~ through the non-monoplanar 

web 545. and subsequently through the foraminous background element 220 of.the 

web support apparatus 200. The non-monoplanar web·545 preferably exits the dryer 

650 at a consistency of between about 50 and about 80 percent. U.S. Patent 

3,303,576 issued May 26.1965 to Sisson and l].S. Patent 5,274,930 issued 

20 January 4, 1994 to Ensign et al. are incorporated.herein by reference for the purpose 

of showing suitable through air dryers for use in pract,cing 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 a roller 900. The web 545 is carried through the nip 670 for positioning of the web 

545 adjacent the compaction surface 675, and for posit.io.ning the second side 204 of 

the web support apparatus 200 adjacent tile deformable compression surface 910. 

The web 545 preferabl)' 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 

3 O 40 percent and about 70 percent. 

The compaction surface 675 is preferably char~~erized 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 surface 675 can be coated with 

a creping adhesive dispensed from a spray nozzle 690. located upstream of the n: r 
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 pr~fer~ly 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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S intermediate laye~fi.:4( and an outer layer 906. or ~iWflatively, the layer 904 can be 

eliminated. The roller 900 can have a diameter of about 1-3 feet. and the dryer drum 

680 can have a diameter of about 12-18 feet. The deformable compression surface 

9 I 0 is preferably located on a layer 906 formed from a material having a compressive 

modulus of less than about 1. 5 million kPa. In one embodiment, the inner core 902 

1 O can be formed from a material such as steel, the intermediate layer 904 can be formed 

from an elastomeric material. and the outer layer 906 comprising the surface 91 O can 

be formed from a heat resistant elastomeric material such as nitril rubber. The 

hardness of the surface 910 is less than 120 P&J. preferably between about 30 P&J 

and 100 P&J. The procedure for measuring the P&J hardness of a roll surface is 

15 provided below. 

Referring to Figure 9, the next step in forming the paper structure 20 comprises 

pressing the web suppon apparatus 200 and the non-monoplanar web 545 between 

the compression surface 910 and the compaction surface 675 to provide a nip 

compression pressure of at least about 100 psi. and preferably at least about 200 psi. 

20 The nip pressure is the total force applied to the nip divided by the nip area. The 

total force applied to the nip can be determined from hydraulic gauge readings 

coupled with a force balance analysis based on the equipment geometry. The nip 

width is determined by loading the nip 670 with a sheet of white paper and a sheet of 

carbon paper positioned between the apparatus 200 and the surface 675, such that 

25 the carbon paper provides an impression of the nip width 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 ponion of the first uncompacted web region 

547 and a ponion of the second uncompacted web region 549 to about zero. The 
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5 second deflection step is preferably performed at a web consistency of between about 

30 percent and about 80 percent, and more preferably at a web consistency of 

between about 40 percent and about 70 percent. 

Pressing the web support apparatus 200 and the non-monoplanar web 545 in 

the nip 670 also provides a web compaction step. Compaction provides a reduction 

I 0 in the thickness of the portion of the web which is compacted. The web compaction 

step comprises the step of compacting a predetermined portion of the first 

uncompacte_d web region 547 against the compaction surface 675 to form the first 

region 30. In particular, the first uncompacted web region 547 can be locally 

compacted by the discrete web compaction knuckles 232 to form the discrete 

15 protuberances 34. The web compaction step also comprises the step of compacting 

at least a portion of the second uncompacted web region 549 against the compaction ·t 
surface 675 to form the second region 50. In particular, a portion of the second 

uncompacted web region 549 is compacted by. the second 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 SO is essentially zero at 

the end of the compaction step, as both of the regions 30 and 50 are pressed 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, lhe first and second regions 30 and SO 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 SO 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 23 0. Relative deflection of the 

surfaces 23 0 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 

t 
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5 surface 230 anif'~t~~ first uncompacted web region· 547 toward the compaction 

surface 675. 

The step of compacting a predetermined ponion of the first uncompacted web 

region 547 to form the first region 30 preferably also comprises the step of adhering 

at least a ponion of the first region 30 to the compaction surface 675. In panicular. 

10 the discrete protuberances 34 can be adhered to the surface 675, as shown in Figure 

9, while the relatively low density third region 70 remains spaced from. and 

unattached to, the surface 675. The resulting partially compacted web is indicated by 

reference numeral 560 in Figures 7 and 9. The protuberances 34 can be adhered to 

the surface 675 by the adhesive sprayed on the surface 675 by the nozzle 690. The 

15 step of compacting the second uncompacted web region 549 to fonn the second 

region 50 preferably also comprises the step of adhering at least a ponion of the 

region 50 to the compaction· surface 675, as shown in Figure 9. After the 

compaction step, the partially compacted web 56.0 is dried on the heated surface 675 

to have a consistency of between about 85 percent and I 00 percent 

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 restoring step 

provides the first region 30 at the first elevation 32 and the second region 50 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 lost 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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5 general. the doctor blade has a bevel angle of about 25 ·degrees and is positioned with 

respect to the Yankee dryer to provide an impact angle of about 81 degrees. 

10 

ANALYTICAL PROCEOURES 

Measurement of Thickness and Elevation 

The thicknesses and elevations of various regions ~0-90 of a sample of the 

fibrous structure 20 are measured. from microtomes made from cross-sections of the 

paper structure 20. A sample measuring about 2.54 centimeters by 5.1 centimeters 

15 (I inch by 2 inches) is provided and stapled onto a rigid cardboard holder. The 

cardboard holder is placed in a silicon mold. The pap~r sample is immersed in a resin 

such as Merigraph photopolymer .manufactured by Hercules, Inc. 

The sample is cured to harden the resin ~xture. The sample is removed from 

the silicon mold. Prior to immersion in photopolymer the sample is marked with a 

20 reference point to accurately determine where microtome slices are made. 

Preferably, the same reference point is utilized in hoth the plan view and various 

sectional views of the sample of the fibrous structure 20. 

The sample is placed in a model 860 microtome sold by the American Optical 

Company of Buffalo, New York and leveled. The e(fge of the sample is removed 

25 from the sample, in slices, by the microtome until a smooth surface appears. 

A sufficient number of slices are removed from the sample, so that the various 

regions 30-90 may be accurately reconstructed. For the embodiment described 

herein. slices having a thickness of about 60 microns per slice are taken from the 

smooth surface. Multiple slices may be required so that the thicknesses 3 1, 5 l. 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 transmission microscope and 

observed at about 40X magnification. Photomicrographs are t~ken 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 individual regions, as well as the corresponding thicknesses of the 

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

Patent 5,277,761 issued January 11, 1994 in the name of Phan et al. is incorporated 

40 herein by reference for describing the mi,cro basis weight of individual regions of a 

paper .structure. 

' 

c 
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5 The thickness!$ 31-91 may be established by U8ittg Hewlett Packard ScanJet 

IIC color flatbe~ scaMer. The Hewlett Packard Scanning software is DeskScan II 

version 1.6. The scanner settings type is black and white photo. The path is 

LaserWriter NT. NTX. The brightness and contrast setting is 125. The scaling is 

100%. The file is scanned and saved in a picture file format on a Macintosh II Ci 

10 computer. ·The picture file is opened with a suitable photo-imaging software package 

or CAD program. such as PowerDraw version 5.0. 

Referring to Figure 2A and 2B, the thickness of each region can be determined 

by drawing a circle which is inscribed by the region. The thickness of the region at 

that point is the diameter of the smallest circle that can be drawn in the region (in the 

15 microtome sample). multiplied by the appropriate scale factor. The scale factor is the 

magnification of the photomicrograph multiplied by the magnification of the scaMed 

image. The circle can be drawn using any appropriate software drawing package, 

such as PowerDraw, version 5.0, available from Engineered Software of North 

Carolina. 

20 The difference 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 Ll is drawn 

tangent to the two circles inscribed by region 30. A second line L2 is drawn parallel 

to the first line Ll 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 Ile Flatbed scanner. The scaMer options are set as follows: Brightness 198, 

contrast 211. black and white photo resolution 100 DPI, scaling 100%. Third, the 

3 5 perr.entage 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. 
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Measurement of Web Support Apparatus Elevations 

The elevation difference 262 · between the elevation 231 of the first web contacting 

surface 230 and the elevation 261 of the second web contacting surface 260 is 

measured using the following procedure. The web support appa~tus is supported on 

l 0 a flat horizontal surface with the web patterning layer facing upward. A stylus 

having a circular contact surface of about 1 :3 square millimeters and a vertical length 

of about 3 millimeters is mounted on a Federal Products dimensioning gauge (model 

4328-81 amplifier modified for use with an E:MD-4320 WI breakaway probe) 

manufactured by the Federal Products Company of Providence. RI. The instrument 

15 is calibrated by determining the voltage· difference between two precision shims of 

known thickness which provide a known elevatio·n . difference. The instrument is 

zeroed at an elevation slightly lower than the first web contacting surface 230 to 

insure unrestricted travel of the stylus. The stylus is placed over the elevation of 

interest and lowered to make the measurement. The stylus exens a pressure of about 

20 0.24 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. 

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 indenter shaft has a 3 .17 millimeter ball. The hardness is 

taken at three different positions: One in the iniddle 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. 
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EXAMPLES 

The following examples are provided to illustrate papermaking according to the 

present invention. 

EXAMPLE I 

10 A 3% by weight aqueous slurry of NSK is made up in a conventional re-pulper. 

The NSK slurry is refined gently and a 2% solution of the temporary wet strength resin 

(i.e .• National starch 78-0080 marketed by National Starch and Chemical corporation 

of New-York. NY} is added to the NSK stock pipe at a rate of 0.02% by weight of the 

dcy fibers. The NSK slurry is diluted to about 0.2% consistency at the fan pump. 

15 Second, a 3% by weight aqueous sluny of Eucalyptus fibers is made up in a 

conventional re-pulper. The Eucalyptus slurry is diluted to about 0.2% consistency at 

the fan pump. 

Three individually treated furnish streams .(stream l = 100% NSK: stream 2 = 
100% Eucalyptus; stream 3 = l 00% Eucalyptus) are kept separate through the 

20 headbox and deposited onto a Fourdrinier wire to form a three layer embryonic web 

containing two outer Eucalyptus layers and a middle NSK layer. 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 11 O machine­

direction and 95 cross-machine-direction monofilaments per inch. respectively. 

25 The embryonic wet web is vacuum transferred from the F ourdrinier wire, at a 

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 mercucy is 

used to transfer the web to the web support apparatus 200. The foraminous 

30 background element 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 Company, Appleton. 

3 5 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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5 The multi-elevation web is formed at the vacuum transferred point. F~rther de-

watering is accomplished by vacuum assisted drainage a_nd by though air drying. as 

represented by devices 600, 620, and 650. until the ~eb has a fiber consistency of 

about 65%. Transfer to the Yankee dryer is effected with a soft pressure roll 900 

having a surface hardness of about 40 P&J. The web is then adhered to the surface 

IO 675 of the a Yankee dryer drum 680 by pressing the soft pressure roll to the Yankee 

dryer surface at a compression pressure of at least about 40 psi. A Polyvinyl alcohol 

based creping adhesive is used to enhance the a<:lhesion of the web to the surface 675. 

The web consisiency is increased to between about 90~ _and- l 00% before dry creping 

the web froni the surface 675 with a doctor blade: The doctor blade has a bevel angle 

l 5 of about 25 degrees and is positioned with respect to the y ankee dryer to provide an 

impact angle of about 81 degrees; the Yankee dryer is operated at ab_out_800 fpm (feet 

per minute) (about 244 meters p~r minute). The dry web is formed into roll at a speed 

of 650 fpm (200 meters per minutes). 

The web made according to the above procedure is converted into a three-layer, 

20 one-ply toilet tissue paper. The one-ply toilet tissue paper has a basis weight of about 

18 pounds per 3000 square feet. and contains abnut 0.02% of the temporary wet 

strength resin. Importantly, the resulting one-ply tissue paper is soft , absorbent and 

has attractive aesthetics suitable for use as toilet tissue. 

25 EXAMPLE2 

A 3% by weight aqueous slurry of NSK is made up in a conventional re-pulper. 

The NSK slurry is refined gently and a 2% solution of the permanent wet strength resin 

(i.e., Kymene® S57H marketed by·H~rcules Incorporated of Wilmington. Delaware) is 

added to the NSK stock pipe at a rate of0.02% by wei$ht of the dry fibers followed by 

30 the addition of a 1% solution of the_ dry strength resin (i.e., CMC from Hercules 

Incorporated of Willnington, Delaware) is added ·to tlte NSK stock before the fan 

pump at a rate of0.08% by weight of the dry fibers. The 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 l = 100% NSK I stream 2 = 

100% Eucalyptus) are -kept separate through -the headbox and deposited onto a 

Fourdrinier wire to form a two layer embryonic web containing 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 
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5 configuration ha;/fifg ·. 110 machine-direction a'ri& · ·: 95 cross-machine-direction 

monofilaments per inch. respectively. 

The embryonic wet web is transferred from the F ourdrinier wire. at a fiber 

consistency of about 8% at the point of transfer. to a web support apparatus having a 

foraminous background element 220 having web patterning layer 250. The embryonic -

1 O wet web is transferred from the F ourdrinier wire, at a 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 background element is of a 3-shed. satin 

15 weave configuration having 79 machine-direction and 67 cross-machine-direction 

monofilaments per inch, the machine direction filaments having a diameter of about 

0.18 mm and the cross-machine· direction filaments having a diameter of about 0.21 

mm. Such a foraminous background element. is manufactured by Appleton Wire 

Company, Appleton. Wisconsin. 

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 roll 900 

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 a compression pressure of at least abo':1t 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 dry strength resin. 
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5 The resulting two-ply tissue paper is soft . absorbent and has attractive aesthetics 
suitable for use as facial tissues. 
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What is Claimed is: 
THIS SHEET HAS BEEN 

REPLACED 

1. A paper structure comprising: 

a first region disposed at a first elevation and having a first thickness; 

a 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 having a 

third thickness; and the third region having a third elevation; and 

a fourth transition region having a fourth thickness, the transition region 

interconnecting the second region with at least one of the first and third 

regions; 

characterized in that the fourth thickness is greater than the first thickness, the 

fourth thickness is greater than the second thickness. and characterized in 

that the third thickne~s is greater than the first thickness. 

2. The paper structure of Claim 1 characterized in that the first elevation is 

different from the third elevation. 

3. The paper structure of Claim 2 characterized in that the first region comprises 

a plurality of discrete protuberances dispersed throughout the third region. 

4. The paper structure of Claims I. 2, and 3 characterized in that the difference 

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 l . 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. 

I lllllll llllll lllll lllll II llll 
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8. The paper structure of Claims 1. 2, 3, 4, 5, 6, and 7 characterized in that the 

paper structure is foreshortened at two different elevations. 

9. The paper structure of Claims 1, 2, 3, 4, 5, 6, 1, and 8 characterized in that at 

least a portion of the second region is bordered .by a variable frequency creping 

region. 

1 O. A paper structure comprising: 

a first region; 

a second patterned region~ 

a background matrix comprising at least a portion of the first region and a third 

region, the first region comprising a plu@Iity of discrete protuberances 

dispersed throughout _the third region in the background matrix; 

a transition region interconnecting the second region wi_th the background 

matrix; and 

a variable creping frequency region, the variable 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 papermaking 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 .. 

1.1111111 1111111111111111111111 
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13. The apparatus· t>f·Claims 11 and 12 characterize!· iii that the projected area of 

the second web contacting surface is between about 5 and about 20 percent of 

the projected area of the apparatus. 

14. The ~pparatus of Claim 13 characterized in that the projected area of the 

second web contacting surface is between about 5 and about 14 percent of the 

projected area of the apparatus. 

15. The apparatus of Claims 11. 12, 13, and 14 characterized in that the 

foraminous background element comprises woven filaments; and characterized 

in that the first web contacting surface of the foraminous background element 

comprises discrete web contacting knuckles at the cross-over points of the 

woven filaments. 

16. The apparatus of Claims 11. 12, 13, 14, and 15 characterized in that 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, I 4, 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; 

1 IPIHJ Ill~ IH~ MIJ 1111~ 
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compacting a predetermined portion of the first uncompacted web region at a 

web consistency of between about 40 to about 80 percent to provide a 

first compacted region and a third uncompacted region; 

compacting at least a portion of the second uncompacted web region at a web 

consistency of between about 40 to about 80 percent to form a second 

· compacted web region; and 

restoring at least some of the difference in elevation lost in the first deflection 

step to provide the first compacted region at an elevation different from 

the elevation of the second compacted region. 

20. The method of Claim 19 further comprising the step of foreshortening the web 

after compacting the web. 

21. The method of Claim 20 comprising the step of imparting a variable frequency 

crepe pattern to a portion of the web bordering at least a portion of the second 

compacted web region. 

22. The method of Claims 19. 20, and 21 characterized in that the step of 

compacting the first uncompacted web region comprises forming a first 

compacted web region comprising a plurality of discrete compacted 

protuberances dispersed throughout the third uncompacted region. 

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 adeast 50 square millimeters; 
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deflecting a poftton of the web to form a non·rrtonoplanar web having a first 

uncompacted web region supported on the first web contacting surface at 

an elevation different from an elevation of a second uncompacted web 

region ~~~orted on the second web contdlhg surface while the web has 

s:onsistency of between about 8 and about 30 percent; 

providing a compaction surface; 

positioning the web intermediate the web support apparatus and the 

compaction surface; 

deflecting the first web contacting surface relative to the second web 

contacting surface in a second deflection step to reduce the difference in 

elevation between the first uncompacted web region and the second 

uncompacted web region; 

compacting a predetermined portion of the first uncompacted web region 

between the first web contacting surface and the compaction surface to 

fonn 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. 

---··- --- ------
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