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The ?rst ply has a plurality of ?rst surface features, the ?rst 
surface features have a number density of from about 5/ cm2 to 
about 20/cm2, a surface area of from about 0.3 mm2 to about 
4 m2, and a height of from about 600 microns to about 2500 
microns. The second ply has a plurality of second surface 
features With a number density of from about 30/cm2 to about 
80/cm2, a surface area of from about 0.03 mm2 to about 1.2 
m2, and a height of from about 400 microns to about 1600 
microns. 

2/5 

MD 

CD 

300 



Patent Application Publication May 7, 2009 Sheet 1 0f 7 US 2009/0117331 A1 



Patent Application Publication May 7, 2009 Sheet 2 0f 7 US 2009/0117331 A1 



Patent Application Publication May 7, 2009 Sheet 3 0f 7 US 2009/0117331 A1 

30a 

30b 

MD 
CD 

Fig. 2 



Patent Application Publication May 7, 2009 Sheet 4 0f 7 US 2009/0117331 A1 

MD 

CD 



Patent Application Publication May 7, 2009 Sheet 5 0f 7 US 2009/0117331 A1 

200 
3/5 

0 O O O O O C/ O O O 

O O O O O O O O O O O 

O O O O O O O O O 0 

MD - \ 

300 
CD 

Fig. 3B 



Patent Application Publication May 7, 2009 Sheet 6 0f 7 US 2009/0117331 A1 

200 

402 

Fig-4A 



Patent Application Publication May 7, 2009 Sheet 7 0f 7 US 2009/0117331 A1 

200 

2/5 

4/ 5 3 00 

§\ \\m\\\\\\\\\\ \\\\\ 4/4 \ ' \\ g 
\ § 

407 

V/ / 30b 

3/5 

Fig. 4B 



US 2009/0117331 A1 

TEXTURED MULTI-PLY SANITARY PAPER 
PRODUCT HAVING OPTIMIZED EMBOSS 

PATTERNS 

FIELD OF THE INVENTION 

[0001] This invention relates generally to a paper product, 
more speci?cally, a bathroom tissue product having tWo or 
more plies With surface features Wherein the tWo or more plies 
have surface features that have been optimized for improved 
aesthetics and ?rmness. 

BACKGROUND OF THE INVENTION 

[0002] Absorbent paper products are Well knoWn in the art. 
Such products may include, for example, sanitary tissue prod 
ucts, facial tissues, paper toWeling, bath tissue, napkins, etc. 
Frequently, these products are provided With textured sur 
faces or other features to enhance product performance and/ 
or to enhance consumer appeal. 

[0003] It is knoWn that simply providing a product With 
improved properties is not enough for a product to be suc 
cessful because a consumer may not fully appreciate the 
actual bene?ts of the product unless there is some sort of 
visual trigger that communicates the bene?ts to the consumer. 
For example, the pattern that appears on the surface of a paper 
product may not only impact the paper’s performance, but 
may also affect hoW a consumer Will perceive that product. 
[0004] Texture may be imparted to the surface of an absor 
bent paper product in many Ways. For example, a textured or 
patterned belt may be used to form the paper Web during the 
papermaking process. Alternatively, an absorbent paper prod 
uct may be embossed to provide texture to the surface of a 
paper product. It is knoWn in the art that consumers prefer 
paper products having embossments, or other surface fea 
tures, that are clear and pronounced, but Wherein the paper 
product is also smooth, soft, strong, and a good value. Thus, 
it is highly desired to provide paper products having clear and 
pronounced embossments or surface features Wherein the 
paper products also provide, or appear to provide, the bene?ts 
of smoothness, softness, strength, and value. 
[0005] It is knoWn that in a multi-ply paper product, the 
characteristics of the surface features that appear on one ply 
of the absorbent paper product actually impacts the appear 
ance of the surface features on an opposing ply. Speci?cally, 
in a multi-ply paper product, such as bath tissue, Wherein it is 
knoWn for the plies have different patterns embossed, or 
formed, onto each ply, it is possible for the resultant paper 
product to exhibit “shoW through” of one ply’s surface fea 
tures onto the surface of the adjacent ply. This “shoW 
through” effect may have a negative effect on the softness 
and/ or smoothness of the paper product and cause consumers 
to mistakenly believe that the paper product is of inferior 
smoothness, softness, strength or value. More surprisingly, 
Further, this “shoW through” effect is especially detrimental 
in a multi-ply paper product having highly pronounced fea 
tures (such as deep embossments) because in addition to 
having a negative effect on the appearance and texture of the 
product, the ?rmness of the paper product When in roll form 
may be negatively impacted. Thus, there exists the need for a 
multi-ply paper product Wherein surface features of one ply 
are optimiZed to compliment the surface features on an adja 
cent ply, Wherein the paper product has clear and pronounced 
surface features, and exhibits a relatively high level of ?rm 
ness When in roll form. 
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[0006] It has been surprisingly discovered that optimiZing 
the number density, siZe, and height of the surface features on 
opposing plies of a multi-ply paper product patterns increases 
the ?rmness of the paper product When in roll form and 
prevent, or eliminate altogether, the “shoW through” effect. 

[0007] Therefore, the present invention overcomes the dis 
advantages of the prior art by providing a multi-ply paper 
product With deep, pronounced, embossments or other sur 
face features, Wherein the embossments, or surface features, 
of one ply of the multi-ply paper product compliment the 
embossments, or surface features, of an adjacent ply of the 
paper product. 

SUMMARY OF THE INVENTION 

[0008] In one embodiment, the present invention is directed 
to a multi-ply paper product comprising a ?rst ply and a 
second ply. The ?rst ply comprises a plurality of ?rst surface 
features Wherein there are from about 5 ?rst surface features/ 
cm2 to about 20 ?rst surface features/cm2, the ?rst surface 
features have a surface area of from about 0.3 mm2 to about 4 
m2, and the ?rst surface features have a height of from about 
600 microns to about 2500 microns. The second ply com 
prises a plurality of second surface features Wherein there are 
from about 30 second surface features/cm2 to about 80 second 
surface features/cm2, the second surface features have a sur 
face area of from about 0.03 mm2 to about 1.2 m2, and the 
surface features have a height of from about 400 microns to 
about 1600 microns. 

[0009] In another embodiment, the present invention is 
directed to a multi-ply paper product in roll form comprising 
a ?rst ply and a second ply. The ?rst ply comprises a plurality 
of ?rst surface features Wherein there are from about 5 ?rst 
surface features/cm2 to about 20 ?rst surface features/cm2, 
the ?rst surface features have a surface area of from about 0.3 
mm2 to about 4 mm2, and the ?rst surface features have a 
height of from about 600 microns to about 2500 microns. The 
second ply comprises a plurality of second surface features 
Wherein there are from about 30 second surface features/cm2 
to about 80 second surface features/cm2, the second surface 
features have a surface area of from about 0.03 mm2 to about 
1 .2 m2, and the surface features have a height of from about 
400 microns to about 1600 microns. The paper product has a 
?rmness of about 10% greater than a comparable paper prod 
uct having one embossed ply and one unconverted ply in roll 
form. 

[0010] In another embodiment, the present invention is 
directed to a multi-ply paper product in roll form comprising 
a ?rst ply and a second ply. The ?rst ply comprises a plurality 
of ?rst surface features Wherein there are from about 5 ?rst 
surface features/cm2 to about 20 ?rst surface features/cm2 the 
?rst surface features have a surface area of from about 0.3 
mm2 to about 4 mm2, and the ?rst surface features have a 
height of from about 600 microns to about 2500 microns. The 
second ply comprises a plurality of second surface features 
Wherein there are from about 30 second surface features/cm2 
to about 80 second surface features/cm2, the second surface 
features have a surface area of from about 0.03 mm2 to about 
1.2 mm2 and the surface features have a height of from about 
400 microns to about 1600 microns. The paper product has a 
basis Weight of from about 12 to about 50 lbs/3000 ft2 and a 
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?rmness of about 10% greater than a comparable paper prod 
uct having one embossed ply and one unconverted ply in roll 
form. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] While the speci?cation concludes With claims that 
particularly point out and distinctly claim the present inven 
tion, it is believed that the present invention Will be under 
stood better from the following description of embodiments, 
taken in conjunction With the accompanying draWings, in 
Which like reference numerals identify identical elements. 
[0012] Without intending to limit the invention, embodi 
ments are described in more detail beloW: 

[0013] FIG. 1A is a schematic side vieW of an exemplary 
embodiment of a papermaking machine. 
[0014] FIG. 1B is a schematic side vieW of an exemplary 
embodiment of a papermaking machine for making conven 
tional paper. 
[0015] FIG. 2 is a schematic side vieW of an exemplary 
embodiment of a paper converting machine for embossing 
paper. 
[0016] FIG. 3A is a top vieW of an exemplary embodiment 
of a paper product of the present invention. 
[0017] FIG. 3B is a bottom vieW ofan exemplary embodi 
ment of a paper product of the present invention. 
[0018] FIG. 4A is a cross-sectional vieW of an exemplary 
embodiment of the paper product of the present invention 
taken along line 4A-4A. 
[0019] FIG. 4B is a cross-sectional vieW of an exemplary 
embodiment of the paper product of the present invention 
taken along line 4B-4B. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0020] As used herein, “?brous structure” means an 
arrangement of ?bers produced in any papermaking machine 
knoWn in the art to create a ply of paper. “Fiber” means an 
elongate particulate having an apparent length exceeding its 
apparent Width. More speci?cally, and as used herein, ?ber 
refers to such ?bers suitable for a papermaking process. 
[0021] As used herein, “paper product” refers to any 
formed, ?brous structure products, traditionally, but not nec 
essarily, comprising cellulose ?bers. In one embodiment, the 
paper products of the present invention include bath tissue 
products. 
[0022] As used herein, “conventional paper We ” refers to 
a paper Web Which has not been textured by a papermaking 
belt, Wire, fabric, and the like during the papermaking pro 
cess. In one embodiment, conventional paper Web refers to a 
paper Web Which has been dried only by contact With the 
Yankee dryer. In another embodiment, a conventional paper 
Web does not have any texture imparted onto the surface, 
although it may be textured during a converting process. 
[0023] As used herein, “ply” or “plies” means an individual 
?brous structure or sheet of ?brous structure, optionally to be 
disposed in a substantially contiguous, face-to-face relation 
ship With other plies, forming a multi-ply ?brous structure. It 
is also contemplated that a single ?brous structure can effec 
tively form tWo “plies” or multiple “plies”, for example, by 
being folded on itself. In one embodiment, the ply has an end 
use as a tissue-toWel paper product. A ply may comprise one 
or more Wet-laid layers, air-laid layers, and/or combinations 
thereof. If more than one layer is used, it is not necessary for 
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each layer to be made from the same ?brous structure. Fur 
ther, the layers may or may not be homo genous Within a layer. 
The actual makeup of a tissue paper ply is generally deter 
mined by the desired bene?ts of the ?nal tissue-toWel paper 
product, as Would be knoWn to one of skill in the art. The 
?brous structure may comprise one or more plies of non 
Woven materials in addition to the Wet-laid and/or air-laid 
plies. 
[0024] As used herein, “basis Weight” or “BW” is the 
Weight per unit area of a sample reported in lbs/3000 ft2 or 
g/m2. 
[0025] As used herein, “caliper” or “sheet caliper” is the 
macroscopic thickness of a product sample under load. 
[0026] As used herein, “machine direction” or “MD” refers 
to the direction parallel to the How of the ?brous structure 
through the papermaking machine and/ or product manufac 
turing equipment. 
[0027] As used herein, “cross machine direction” or “CD” 
refers to the direction perpendicular to the machine direction 
in the same plane of the ?brous structure and/or ?brous struc 
ture product comprising the ?brous structure. 
[0028] As used herein, “Z-direction” refers to the direction 
normal to a plane formed by machine direction and cross 
machine directions. 
[0029] As used herein, “surface feature” refers to a struc 
tured element on the surface of a paper Web. In some embodi 
ments, surface features may be formed using any knoWn 
converting process, such as embossing. In other embodi 
ments, surface features may be formed during the papermak 
ing process, such as by using a textured belt to mold the paper. 
In one embodiment, a surface feature is an embossment. 
[0030] As used herein, “shoW through” refers to the ends of 
the surface features or embossments from one ply becoming 
visible through the surface of an opposing ply. Without Wish 
ing to be limited by theory, in addition to affecting the aes 
thetic qualities of the paper product, it is thought that shoW 
through may affect texture of the paper product by causing a 
consumer to feel that the surface of the paper product is rough 
or bumpy. 
[0031] As used herein, “embossing” refers to the process of 
de?ecting a relatively small portion of a cellulosic ?brous 
structure normal to its plane and impacting the projected 
portion of the ?brous structure against a relatively hard sur 
face to permanently disrupt the ?ber to ?ber bonds. 
[0032] As used herein, “laminating” refers to the process of 
?rmly uniting superimposed layers of paper With or Without 
adhesive, to form a multi-ply sheet. 
[0033] As used herein, “textured surface,” When referring 
to the surface of a paper product refers to the incorporation of 
texture into the ?brous structure product via the converting 
end of the papermaking process and/or the during the Wet end 
stage of papermaking, including embossing, Wet microcon 
traction, creping, the use of papermaking belts to effect a 
pattern densi?ed structure, etc., and combinations thereof. 
[0034] As used herein, “comparable roll paper product” 
refers to a paper product in roll form that has the same roll 
diameter, sheet count (roll length), basis Weight, and identical 
core as another paper product in roll form. 
[0035] As used herein, “densi?ed” means a portion of a 
?brous structure product that is characterized by having a 
relatively high-bulk ?eld of relatively loW ?ber density and an 
array of densi?ed Zones of relatively high ?ber density. The 
high-bulk ?eld is alternatively characterized as a ?eld of 
pilloW regions. The densi?ed Zones are alternatively referred 
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to as knuckle regions. The densi?ed Zones may be discretely 
spaced Within the high-bulk ?eld or may be interconnected, 
either fully or partially, Within the high-bulk ?eld. One 
embodiment of a method of making a pattern densi?ed 
?brous structure and devices used therein are described in 
Us. Pat. Nos. 4,529,480 and 4,528,239. 
[0036] As used herein, “non-densi?ed” means a portion of 
a ?brous structure product that exhibits a lesser density than 
another portion of the ?brous structure product. 
[0037] As used herein, “?rmness” refers to the roll’s com 
pressibility, or non-susceptibility to compression under the 
in?uence of the external, especially radial, force. The roll 
compressibility can be measured according to the Roll Firm 
ness Test method described beloW. 

Papermaking Machine 

[0038] FIG. 1A shoWs a schematic vieW of an exemplary 
papermaking machine 21 in Which one ply of paper the 
present invention may be made. The papermaking machine 
21 comprises transfer Zone 20 as described herein and, addi 
tionally: a forming section 41, an intermediate carrier section 
42, a pre-dryer/imprinting section 43, a drying/creping sec 
tion 44, a calendar assembly 45, and reel 46. 
[0039] The forming section 41 of the papermaking machine 
21 comprises a headbox 50; a loop of ?ne mesh backing Wire 
or fabric 51 Which is looped about a vacuum breast roll 52, 
over vacuum box 70, about rolls 55 through 59, and under 
shoWers 60. Intermediate rolls 56 and 57, backing Wire/fabric 
51 is de?ected from a straight run by a separation roll 62. 
Biasing means not shoWn are provided for moving roll 58 as 
indicated by the adjacent arroW to maintain fabric/Wire 51 in 
a slack obviating tensioned state. 

[0040] The intermediate carrier section 42 comprises a loop 
of forming and carrier fabric 26 Which is looped about rolls 62 
through 69 and about a portion of roll 56. The forming and 
carrier fabric 26 also passes over vacuum boxes 70 and 53, 
and transfer head 25; and under shoWers 71. Biasing means 
are also provided to move roll 65 to obviate slack in fabric 26. 
Juxtaposed portions of fabrics 51 and 26 extend about an 
arcuate portion of roll 56, across vacuum box 70, and separate 
after passing over an arcuate portion of separation roll 62. In 
one embodiment, forming and carrier fabric 26 is identical to 
backing Wire/ fabric 51 except for the lengths. 
[0041] The pre-dryer/imprinting section 43 of papermak 
ing machine 21 comprises a loop of transfer fabric or imprint 
ing fabric 28. Transfer/imprinting fabric 28 is looped about 
rolls 77 through 86; passes across transfer head 25 and 
vacuum box 29; through a bloW-through pre-dryer 88; and 
under shoWers 89. Additionally, not shoWn is a biasing 
mechanism for biasing roll 79 toWards the adjacent Yankee 
dryer 91 With a predetermined force per lineal inch to effect 
imprinting the knuckle pattern of fabric 28 in paper Web 30 in 
the manner of, and for the purpose disclosed in, Us. Pat. No. 
3,301,746. Not shoWn is a biasing mechanism for moving roll 
85 as indicated by the adjacent arroW to obviate slack in fabric 
28. 

[0042] The drying/creping section 44 of papermaking 
machine 21 comprises Yankee dryer 91, adhesive applicator 
92, creping blade 93, and reel roll 94. 
[0043] V1 is the velocity of the papermaking fabrics 51 and 
26. V2 is the velocity about the transfer/printing rolls 77 
through 86. V3 is the velocity of the calendar assembly 45. V4 
is the reel velocity of the reel roll 94. 
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[0044] FIG. 1B shoWs an exemplary embodiment of a 
papermaking machine in Which a conventional paper ply may 
be made. FIG. 1B is identical to FIG. 1A except that the fabric 
28 comprises a transfer fabric and there is no bloW-through 
pre-dryer 88 as shoWn in FIG. 1A. 

Paper Product 

[0045] The present invention contemplates the use of a 
variety of paper making ?bers, such as natural ?bers, syn 
thetic ?bers, as Well as any other suitable ?bers, starches, and 
combinations thereof. Paper making ?bers useful in the 
present invention include cellulosic ?bers commonly knoWn 
as Wood pulp ?bers. Applicable Wood pulps include chemical 
pulps, such as Kraft, sul?te and sulfate pulps, as Well as 
mechanical pulps including, groundWood, ther'momechani 
cal pulp, chemically modi?ed, and the like. Chemical pulps 
may be used in tissue toWel embodiments since they are 
knoWn to those of skill in the art to impart a superior tactical 
sense of softness to tissue sheets made therefrom. Pulps 
derived from deciduous trees (hardwood) and/or coniferous 
trees (softwood) can be utiliZed herein. Such hardWood and 
softWood ?bers can be blended or deposited in layers to 
provide a strati?ed Web. Exemplary layering embodiments 
and processes of layering are disclosed in Us. Pat. Nos. 
3,994,771 and 4,300,981. Additionally, ?bers derived from 
Wood pulp such as cotton linters, bagesse, and the like, can be 
used. Additionally, ?bers derived from recycled paper, Which 
may contain any of all of the categories as Well as other 
non-?brous materials such as ?llers and adhesives used to 
manufacture the original paper product may be used in the 
present Web. In addition, ?bers and/or ?laments made from 
polymers, speci?cally hydroxyl polymers, may be used in the 
present invention. Non-limiting examples of suitable 
hydroxyl polymers include polyvinyl alcohol, starch, starch 
derivatives, chitosan, chitosan derivatives, cellulose deriva 
tives, gums, arabinans, galactans, and combinations thereof. 
Additionally, other synthetic ?bers such as rayon, polyethyl 
ene, and polypropylene ?bers can be used Within the scope of 
the present invention. Further, such ?bers may be latex 
bonded. 
[0046] Other materials are also intended to be Within the 
scope of the present invention as long as they do not interfere 
or counteract any advantage presented by the instant inven 
tion. 
[0047] The paper product may comprise any tissue-toWel 
paper product knoWn in the industry. Embodiment of these 
substrates may be made according U.S. Pat. Nos. 4,191,609, 
4,300,981, 4,191,609, 4,514,345, 4,528,239, 4,529,480, 
4,637,859, 5,245,025, 5,275,700, 5,328,565, 5,334,289, 
5,364,504, 5,527,428, 5,556,509, 5,628,876, 5,629,052, 
5,637,194, and 5,411,636; EP 677612, and Us. Pat. App. No. 
2004/0192136A1. 
[0048] The substrates used to make the present invention 
paper product may be manufactured via a Wet-laid making 
process Where the resulting Web is through-air-dried or con 
ventionally dried. Optionally, the substrate may be foreshor‘t 
ened by creping or by Wet microcontraction. Creping and/or 
Wet microcontraction are disclosed in commonly assigned 
U.S. Pat. Nos. 6,048,938, 5,942,085, 5,865,950, 4,440,597, 
4,191,756, and 6,187,138. 
[0049] Conventionally pressed paper and a method for 
making such is described infra and is also exempli?ed in Us. 
Pat. No. 6,547,928. Uncompacted, non pattern-densi?ed 
paper products are also contemplated Within the scope of the 
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present invention and are described in US. Pat. Nos. 3,812, 
000 and 4,208,45 9. Uncreped paper products as de?ned in the 
art are also contemplated. The techniques to produce 
uncreped paper products in this manner are exempli?ed in 
European Pat. App. Nos. 0 677 612A2 and 0 617 164 A1; and 
in US. Pat. No. 5,656,132. 
[0050] Uncreped paper product, in one embodiment, refers 
to a paper product Which is non-compressively dried. In one 
embodiment, an uncreped paper product is dried by through 
air drying. Resultant through air dried paper products may be 
pattern densi?ed such that Zones of relatively high density are 
dispersed Within a high bulk ?eld, including pattern densi?ed 
tissue Wherein Zones of relatively high density are continuous 
and the high bulk ?eld is discrete. The techniques to produce 
uncreped paper product in this manner are taught in the prior 
art. For example, Wendt, et. al. in European Pat. App. Nos. 0 
677 612A2 and 0 617164 A1; and US. Pat. No. 5,656,132 
[0051] The substrate Which comprises the paper product of 
the present invention may be cellulosic, or a combination of 
both cellulose and non-cellulose. The substrate may be con 
ventionally dried using one or more press felts. If the sub 
strate Which comprises the paper product according to the 
present invention is conventionally dried, it may be conven 
tionally dried using a felt Which applies a pattern to the paper 
as taught by commonly assigned US. Pat. No. 5,556,509; and 
PCT App. No. WO 96/00812. Other exemplary paper prod 
ucts may be made according to US. Pat. Nos. 4,528,239, 
4,529,480, 5,275,700, 5,364,504, 5,527,428, 5,609,725, 
5,679,222, 5,709,775, 5,795,440, 5,900,122, 5,906,710, 
5,935,381, and 5,938,893. 
[0052] In one embodiment the plies of a multi-ply paper 
product may be the same substrate respectively or the plies 
may comprise different substrates combined to create desired 
consumer bene?ts. In one embodiment the paper products 
comprise tWo plies. In another embodiment the paper product 
comprises a ?rst ply, a second ply, and at least one inner ply. 
[0053] In one embodiment, the paper product has a basis 
Weight of from about 12 to about 50 lbs/3000 ft2, in another 
embodiment from about 18 lbs/3000 ft2 to about 40 lbs/3000 
ft2. In another embodiment the basis Weight is about 18 lbs/ 
3000 ft2 to about 30 lbs/3000 ft2; and in yet another embodi 
ment the basis Weight is about 18 lbs/3000 ft2 and about 26 
lbs/3000 ft2 as measured by the Basis Weight Method 
described herein. The basis Weight claimed is for the multi 
ply paper product. In one embodiment, each ply has the same 
basis Weight. In another embodiment, the basis Weight of one 
ply is at least about 15% greater than the basis Weight of an 
adjacent ply. In another embodiment still, the basis Weight of 
one ply is from about 15% to about 75% greater than the basis 
Weight of an adjacent ply. In one embodiment, in a multi-ply 
paper product Wherein one ply has a different basis Weight 
than the adjacent ply, there is a loWer embossment number 
density on the ply having a higher basis Weight. 
[0054] In one embodiment the paper product is in roll form. 
When in roll form, the paper product may be Wound about a 
core or may be Wound Without a core. It should be understood 
by one of skill in the art that, When discussed comparatively, 
paper products in roll form are Wound about comparable 
cores. 

Through Air Dried Paper 

[0055] It is knoWn in the art that the substrate Which com 
prises a paper product may be made by through-air drying. An 
exemplary through air dried substrate may be made according 
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to US. Pat. No. 4,191,609. Without Wishing to be limited by 
theory, those of skill in the art Will appreciate that paper 
products made With through-air-dried substrates generally 
have relatively high caliper and are relatively ?rm. Surpris 
ingly, it Was found that some embodiments of the present 
invention product provides a conventional substrate With lev 
els of ?rmness and caliper that are comparable to a paper 
product made using a through-air-dried substrate. 

Embossments or Surface Features 

[0056] The surface of the paper product may be textured by 
any means knoWn in the art. In some embodiments the texture 
may be imparted into the surface of the paper product during 
converting (for example, embossing). In other embodiments, 
the texture may be imparted into the surface of the paper 
product during forming (for example, using a textured fabric 
or patterned belt) to provide a paper product having densi?ed 
regions and non-densi?ed regions. Suitable means of intro 
ducing textured surfaces into a paper Web during forming 
include those exempli?ed in US. Pat. Nos. 4,514,345, 4,528, 
239, 5,098,522, 5,260,171, 5,275,700, 5,328,565, 5,334,289, 
5,431,786, 5,496,624, 5,500,277, 5,514,523, 5,554,467, 
5,566,724, 5,624,790, 5,628,876, 5,679,222, 5,714,041, and 
5,906,710. Suitable means of embossing include those exem 
pli?ed in US. Pat. Nos. 3,323,983, 5,468,323, 5,693,406, 
5,972,466, 6,030,690, and 6,086,715. In one embodiment at 
least tWo plies have surface features that are embossments. In 
another embodiment, at least one ply has surface features that 
are embossments, and at least one ply has surface features 
Which are formed into the surface of the paper Web. In another 
embodiment still, at least tWo plies have surface features 
Which are formed into the surface of the paper Web. 
[0057] It should be noted that one of skill in the art may use 
any method knoWn in the art, such as textured belts, to form 
surface features instead of embossments into the surface of a 
paper Web. 
[0058] An exemplary process for embossing a paper Web in 
accordance With the present invention incorporates the use of 
a knob-to-rubber impression embossment technology. By 
Way of a non-limiting example, a tissue ply structure is 
embossed in a gap betWeen an embossing roll and a backside 
impression roll. The embossing roll may be made from any 
material knoWn for making such rolls, including, Without 
limitation, steel, ebonite, hard rubber and elastomeric mate 
rials, and combinations thereof. The backside impression roll 
may be made from any material for making such rolls, includ 
ing, Without limitation soft rubber. As knoWn to those of skill 
in the art, the embossing roll may be provided With a combi 
nation of emboss protrusions and gaps. Each emboss protru 
sion comprises a base, a face, and one or more sideWalls. An 
exemplary process for achieving deep embossments is exem 
pli?ed in US. Pat. Pub. No. 2007/0062658A1. 
[0059] FIG. 2 shoWs an exemplary embodiment of an 
embossing apparatus 101 Which may be used to make the 
present invention paper product. In the exemplary embodi 
ment, the apparatus 101 comprises embossing rolls 120, 121 
and backside impression rolls 130, 131. The embossing rolls 
120, 121 and the backside impression rolls 130, 131 are 
disposed adjacent each other (respectively) to provide nips 
betWeen the embossing rolls 120, 121 and backside impres 
sion rolls 130, 131. The embossing rolls 120, 131 and back 
side impression rolls 130, 131 are generally con?gured so as 
to be rotatable about cross-machine direction axes. The 
embossing rolls 120, 121 may have embossing protrusions 
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150, 151 (respectively) onthe surface of the rolls 120, 121 and 
the embossing protrusions 150, 151 may be arranged in any 
non-random, or random, pattern. In the exemplary embodi 
ment, a laminating roll 160 cooperates With the embossing 
roll 121 such that a ?rst ply 30a, Which is embossed by rolls 
120 and 130, and a second ply 30b, Which is embossed by 
rolls 121 and 131, are laminated in a con?guration as 
described infra to form a paper product 200 of the present 
invention. In one embodiment, adhesive may be applied to the 
ends of the embossments of the ?rst ply 3011 such that the ends 
of the embossments of the ?rst ply 30a may be adhesively 
laminated to the ends of the embossments of the second ply 
30b. In another embodiment, adhesive may be applied to the 
ends of the embossments of the second ply 30b such that the 
ends of the embossments of the second ply 30b may be 
adhesively laminated to the ends of the embossments of the 
?rst ply 30a. 
[0060] In one embodiment, a ?rst ply 3011 may be embossed 
such that the ?rst ply 30a may have relatively large and a 
relatively loW number of embossments. In another embodi 
ment, a second ply 30b may be embossed such that the second 
ply 30b may have relatively smaller, and a relatively higher 
number of, embossments compared to the ?rst ply 3011. It 
should be noted that the plies 30a, 30b of a multi-ply Web 
product may be made from different materials, such as from 
different ?bers, different combinations of ?bers, natural and 
synthetic ?bers or any other combination of materials making 
up the base plies. 

Optimizing TWo or More Textured Surfaces 

[0061] The bene?ts of having complimentary surface fea 
tures on adjacent plies in a multi-ply paper product having a 
per-ply basis Weight ofbetWeen 10 and 40 gsm (16.3 lbs/3000 
ft2 and 65.2 lbs/3000 ft2, respectively) are knoWn in the art, 
such as is described in Us. Pat. No. 6,916,403. It is surpris 
ingly found that using one textured ply having a high density 
of surface features With another textured ply having a loW 
density of surface features, the absorbent paper product that 
provides an effective visual embodiment of the surface tex 
ture of the paper product and increases the ?rmness and 
caliper of the paper product When in roll form. Without Wish 
ing to be limited by theory, it is thought that by using nested 
embossing for multi-ply paper products, or if the siZe of the 
surface features is too high on one ply and the number density 
and siZe of surface features is too loW on an adjacent ply, the 
surface features from one ply may shoW through on any loW 
density regions in an adjacent ply and cause the resultant 
paper product to lose its smoothness and aesthetic appeal. 
Despite these effects, it is thought that nested embossing or 
texturing tWo or more plies in a multi-ply product may pro 
vides the desirable bene?t of increasing the caliper of the 
resultant multi-ply paper product. In addition, it is even more 
surprisingly found that optimiZing the surface features and/or 
patterns on adjacent plies having a relatively loW basis Weight 
produces product having the relatively high roll ?rmness 
and/ or caliper. 
[0062] As described supra, it has been found that by pro 
viding a high number density of surface features having a 
relatively small surface area on one ply, and providing a 
relatively loWer number density of surface features having a 
larger surface area on an adjacent ply, and Wherein the fea 
tures are deep and Well-de?ned, the resulting paper product 
exhibits a greatly reduced, or no, shoW through effect While 
having a relatively high ?rmness When in roll form given a 
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speci?c roll diameter and sheet count (roll length). In one 
embodiment, the surface features are provided to one or more 
plies by embossing a conventional paper Web. In another 
embodiment, the surface features are provided to one or more 
plies by forming a paper Web during the papermaking pro 
cess. In one embodiment, a conventional paper Web is 
embossed. Without Wishing to be limited by theory, it is 
thought that by embossing a conventional paper Web, the 
embossing pattern more easily stands out from the surface of 
the substrate because of the high level of contrast betWeen the 
embossed and unembossed areas. 

[0063] FIG. 3A shoWs a top vieW ofan exemplary embodi 
ment of the paper product 200 of the present invention, spe 
ci?cally focusing on the ?rst ply looking at the ?rst ply 3011. 
In one embodiment, the ?rst ply 30a comprises ?rst ply 
surface features 215 Which have a surface area of from about 
0.3 mm2 to about 4 m2. In another embodiment the ?rst ply 
surface features 215 have a surface area of from about 0.5 
mm2 to about 2 m2. In one embodiment, the ?rst ply surface 
features 215 have a number density of from about 5/cm2 to 
about 20/cm2. In another embodiment, the ?rst ply surface 
features 215 have a number density of from about 8/cm2 to 
about 17/cm2. In another embodiment, the ?rst ply surface 
features 215 have a number density of from about 10/cm2 to 
about 15/cm2. 
[0064] FIG. 3B shoWs an underside vieW of an exemplary 
embodiment of the paper product 200 of the present inven 
tion, speci?cally focusing on the second ply 30b. In one 
embodiment the secondply 30b comprises second ply surface 
features 315 Which have a surface area of from about 0.03 
mm2 to about 1 .2 m2. In another embodiment the secondply 
surface features 315 have a surface area of from about 0.1 
mm2 to about 0.8 m2. In one embodiment, the second ply 
surface features 315 have a number density of from about 
30/cm2 to about 80/ cm2. In another embodiment, the second 
ply surface features 315 have a number density of from about 
45/ cm2 to about 65/ cm2. In another embodiment, the second 
ply surface features 315 have a number density of from about 
50/cm2 to about 60/cm2. 
[0065] FIG. 4A shoWs a cross-sectional vieW of the ?rst ply 
30a and second ply 30b ofthe paper product 200 ofFIGS. 3A 
and 3B (respectively) taken along line 4A-4A. It is thought 
that by having the ?rst ends 414 of the ?rst ply surface 
features 215 directly contact the second ends 415 of the 
second ply surface features 315, this prevents the larger ?rst 
ply surface features 215 from pushing through to the surface 
402 of the second ply 30b, thus preventing a consumer from 
being able to observe the ?rst ends 414 of the ?rst ply surface 
features 215 (“shoW through”) on the surface 402 of the 
second ply 30b. In one embodiment, the ?rst surface features 
have a height Hl of from about 600 microns to about 2500 
microns. In another embodiment, H1 is from about 800 
microns to about 2000 microns. In another embodiment, H l is 
from about 1000 microns to about 1600 microns. In one 
embodiment, the ?rst surface features have a height H2 of 
from about 400 microns to about 1600 microns. In another 
embodiment, H2 is from about 600 microns to about 1200 
microns. In another embodiment, H2 is from about 800 
microns to about 1000 microns. 

[0066] FIG. 4B shoWs an alternative embodiment of a 
cross-sectional vieW of the ?rst ply 30a and second ply 30b of 
the paper product 200 of FIGS. 3A and 3B (respectively) 
taken along line 4B-4B. The paper product 200 of FIG. 4B is 
identical to the paper product 200 of FIG. 4A, but also com 
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prises adhesive 407. In the exemplary embodiment, the ?rst 
ends 414 of the ?rst ply surface features 215 may be adhe 
sively bonded to the second ends 415 of the second ply 
surface features 415. 

Roll Firmness 

[0067] Surprisingly, it Was discovered that the paper prod 
ucts of the present invention shoWed a markedly increased 
?rmness over paper products having comparable roll diam 
eter, sheet count (roll length), and basis Weight. Without 
Wishing to be limited by theory, it is thought that the high 
embossments provide additional caliper to the paper product 
than a paper product having shorter embossments or no 
embossments. As a result, for products With the same number 
of sheets, but Wherein one product has a higher caliper, the 
higher caliper product may be Wound more tightly to achieve 
a consumer-acceptable roll diameter than a paper product 
having shorter embossments or no embossments at all. More 
surprisingly, it Was found that a roll having comparable roll 
diameter, basis Weight, sheet count (roll length), and With an 
optimized texture, but that had less deep embossments exhib 
ited a loWer ?rmness than the roll products of the present 
invention. It should be noted that nested embossing is knoWn 
to achieve high caliper, but exhibits the shoW through effect 
that is overcome by the present invention. 
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front and back ply have a feature density of about 28 ele 
ments/in2 (each embossment having a diameter of about 
0.052"); (3) a feature density ofabout 42.98 embossments/in2 
(each embossment having a diameter of about 0.052") on a 
?rst ply, and the adjacent ply is brought through the same nip 
as the ?rst ply; (4) a feature density of about 42.98 emboss 
ments/in2 (each embossment having a diameter of about 
0.052") on one ply and no features on the adjacent ply. Five 
identical exemplary rolls of each sample (present invention 
included) Were measured and the average of the ?ve rolls Was 
recorded. The relative ?rmness is measured by taking the 
?rmness of the standard (in this case, Sample 4) and dividing 
the ?rmness of the sample by the ?rmness of the standard and 
subtracting that result from 1. The resulting number is 
recorded as the relative roll ?rmness. The ?rmness and caliper 
of a prior art through air dried sample (5, Kleenex Cotten 
nelleTM Linea Dorada) having the same roll diameter and 
basis Weight. The compressibility and caliper of the present 
invention paper product made using a conventional substrate 
are comparable to the similar through-air-dried substrate 
(Sample 5). 
[0070] The ?rmness is measured by the Roll Firmness Test 
Method described infra. The caliper is measured by the Sheet 
Caliper Test Method described infra. The basis Weight is 
measured by the Basis Weight Test Method described infra. 

Present Sample 5 
Invention Sample 2 Sample 3 Sample 4 (TAD) 

Avg. Roll Firmness (% 5.05% 5.76% 6.37% 6.44% 4.30% 
compressibility) 
Avg. Caliper (mils) 16.66 17.64 16.78 16.67 18.51 
% Firmness Increase over 21.6% 10.6% 1.10% 0% 33.2% 
Unembossed 
% Caliper Increase —0.001% +5.82% +0.66% 0% +11.4% 
Over Unembossed 

[0068] In one embodiment, the paper product in roll form EXAMPLES 
has a relative roll ?rmness that is about 10% greater than a 
comparable paper product having one embossed ply and one 
unconverted ply in roll form. In another embodiment, the roll 
has a relative roll ?rmness that is from about 10% to about 
50% greater than a comparable paper product having one 
embossed ply and one unconverted ply in roll form. In another 
embodiment, the roll has a relative roll ?rmness that is from 
about 20% to about 40% greater than a comparable paper 
product having one embossed ply and one unconverted ply in 
roll form. 

[0069] The folloWing table illustrates an exemplary 
embodiment of the present invention paper product as com 
pared to prior art paper products. In the exemplary embodi 
ment, each paper product is in roll form having the same total 
length (unWound), tWo conventional plies, a basis Weight of 
about 10 lbs/3000 ft2 per ply, and the same composition. Each 
sample is Wound such that each roll has a ?nal roll diameter of 
about 4.56 inches and cut to a Width of about 4.25 inches. The 
samples are as folloWs: (1) The present invention product has 
a feature density of about 42.98 embossments/in2 (each 
embossment having a diameter of about 0.052") on one ply 
and a feature density of about 284.801 embossments/in2 
(each embossment having a diameter of about 0.0283") on the 
adjacent ply; (2) a nested emboss pattern Wherein both the 

Conventional Paper Example 

[0071] One ?brous structure useful in achieving the ?brous 
structure paper product of the present invention is a conven 
tional paper Web described supra. Such a structure may be 
formed by the folloWing process. 
[0072] A conventional papermaking machine is used. A 
slurry of papermaking ?bers is pumped to the headbox at a 
consistency of about 0. 1 5%. The slurry consists of about 70% 
Northern SoftWood Kraft ?bers, about 30% unre?ned Euca 
lyptus ?bers, a cationic polyamine-epichlorohydrin Wet burst 
strength resin at a concentration of about 25 lbs per ton of dry 
?ber, and carboxymethyl cellulose at a concentration of about 
5 lbs per ton of dry ?ber, as Well as DTDMAMS at a concen 
tration of about 6 lbs per ton of dry ?ber. 
[0073] DeWatering occurs through the Fourdrinier Wire and 
is assisted by vacuum boxes. The embryonic Wet Web is 
transferred from the Fourdrinier Wire at a ?ber consistency of 
about 20% at the point of transfer, to a transfer fabric. The 
Wire speed is about 620 feet per minute. The carrier fabric 
speed is about 600 feet per minute. Since the Wire speed is 
faster than the carrier fabric, Wet shortening of the Web occurs 
at the transfer point. Thus, the Wet Web foreshortening is 
about 3%. 
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[0074] An aqueous solution of creping adhesive is applied 
to the Yankee surface by spray applicators before the location 
of the sheet transfer from the fabric to the Yankee. The ?ber 
consistency is increased to an estimated 95.5% before creping 
the Web With a doctor blade. 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. 
The Yankee dryer is operated at about 360° F., and Yankee 
hoods are operated at about 350° F. 
[0075] The dry, creped Web is passed betWeen tWo calendar 
rolls and rolled on a reel operated at 560 feet per minute so 
that there is about 7% foreshortening of the Web by crepe. The 
paper Web resultant paper Web is the ?rst ply for a multi-ply 
paper product. 
[0076] The process described supra is repeated for a second 
paper Web to provide a second ply. 
[0077] The paper described above is then subjected to a 
knob-to-rubber impression embossing process as folloWs. An 
emboss roll is engraved With a nonrandom pattern of protru 
sions. The emboss roll is mounted, along With a backside 
impression roll, in an apparatus With their respective axes 
being generally parallel to one another. The emboss roll com 
prises embossing protrusions Which are frustaconical in 
shape. The backside impression roll is made of ValcoatTM 
material from Valley Roller Company, Mans?eld, Tex. The 
paper Web is passed through the nip to create a ?rst embossed 
Ply 
[0078] The ?rst ply is embossed such that there is a feature 
density of about 42.98 embossments/in2 (each embossment 
having a diameter of about 0.052"). The second ply is not 
embossed. 
[0079] Adhesive is applied to the tips of the embossments 
of the ?rst ply and the second ply is joined With the ?rst ply a 
Zero clearance marrying nip, so that a unitary laminate is 
formed. 
[0080] The resulting multi-ply paper product is Wound such 
that it has a roll diameter of about 4.56 inches and cut to a 
Width of about 4.25 inches. The ?rmness of this product is 
about 5.05%. 

Present Invention Example 

[0081] One ?brous structure useful in achieving the ?brous 
structure paper product of the present invention is a conven 
tional paper Web described supra. Such a structure may be 
formed by the folloWing process. 
[0082] A conventional papermaking machine is used. A 
slurry of papermaking ?bers is pumped to the headbox at a 
consistency ofabout 0.15%. The slurry consists of about 70% 
Northern SoftWood Kraft ?bers, about 30% unre?ned Euca 
lyptus ?bers, a cationic polyamine-epichlorohydrin Wet burst 
strength resin at a concentration of about 25 lbs per ton of dry 
?ber, and carboxymethyl cellulose at a concentration of about 
5 lbs per ton of dry ?ber, as Well as DTDMAMS at a concen 
tration of about 6 lbs per ton of dry ?ber. 
[0083] DeWatering occurs through the Fourdrinier Wire and 
is assisted by vacuum boxes. The embryonic Wet Web is 
transferred from the Fourdrinier Wire at a ?ber consistency of 
about 20% at the point of transfer, to a transfer fabric. The 
Wire speed is about 620 feet per minute. The carrier fabric 
speed is about 600 feet per minute. Since the Wire speed is 
faster than the carrier fabric, Wet shortening of the Web occurs 
at the transfer point. Thus, the Wet Web foreshortening is 
about 3%. 
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[0084] An aqueous solution of creping adhesive is applied 
to the Yankee surface by spray applicators before the location 
of the sheet transfer from the fabric to the Yankee. The ?ber 
consistency is increased to an estimated 95.5% before creping 
the Web With a doctor blade. 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. 
The Yankee dryer is operated at about 360° F., and Yankee 
hoods are operated at about 350° F. 
[0085] The dry, creped Web is passed betWeen tWo calendar 
rolls and rolled on a reel operated at 560 feet per minute so 
that there is about 7% foreshortening of the Web by crepe. 
[0086] The process described supra is repeated for a second 
paper Web to provide a second ply. 
[0087] The paper described above is then subjected to a 
knob-to-rubber impression embossing process as folloWs.An 
emboss roll is engraved With a nonrandom pattern of protru 
sions. The emboss roll is mounted, along With a backside 
impression roll, in an apparatus With their respective axes 
being generally parallel to one another. The emboss roll com 
prises embossing protrusions Which are frustaconical in 
shape. The backside impression roll is made of ValcoatTM 
material from Valley Roller Company, Mans?eld, Tex. The 
paper Web is passed through the nip to create a ?rst embossed 
ply. 
[0088] The ?rst ply is embossed such that there is a feature 
density of about 42.98 embossments/in2 (each embossment 
having a diameter of about 0.052"). The second ply is 
embossed such that there is a feature density of about 284.801 
embossments/in2 (each embossment having a diameter of 
about 0.0283"). 
[0089] Adhesive is applied to the tips of the embossments 
of the ?rst ply and the second ply is joined With the ?rst ply a 
Zero clearance marrying nip, so that a unitary laminate is 
formed. 
[0090] The resulting multi-ply paper product is Wound such 
that it has a roll diameter of about 4.56 inches and cut to a 
Width of about 4.25 inches. The compressibility of this prod 
uct is about 6.44%. 

Test Methods 

[0091] The folloWing describe the test methods utiliZed 
herein to determine the values consistent With those presented 
herein. 

Embossment Structure Measurement Method 

[0092] The geometric characteristics of the embossment 
structure of the present invention are measured using an Opti 
cal 3D Measuring System MikroCAD compact for paper 
measurement instrument (the “GFM MikroCAD optical pro 
?ler instrument”) and ODSCAD Version 4.14 softWare avail 
able from GFMesstechnik GmbH, Warthestra[3e E21, 
D14513 TeltoW, Berlin, Germany. The GFM MikroCAD 
optical pro?ler instrument includes a compact optical mea 
suring sensor based on digital micro-mirror projection, con 
sisting of the folloWing components: 

[0093] A) A DMD projector With 1024><768 direct digi 
tal controlled micro-mirrors. 

[0094] B) CCD camera With high resolution (1280x1024 
pixels). 

[0095] C) Projection optics adapted to a measuring area 
of at least 160x120 mm. 
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[0096] D) Recording optics adapted to a measuring area 
of at least 160x120 mm; 

[0097] E) Schott KL1500 LCD cold light source. 
[0098] F) A table stand consisting of a motorized tele 

scoping mounting pillar and a hard stone plate; 
[0099] G) Measuring, control and evaluation computer. 
[0100] H) Measuring, control and evaluation softWare 
ODSCAD 4.14. 

[0101] I) Adjusting probes for lateral (XY) and vertical 
(Z) calibration. 

[0102] The GFM MikroCAD optical pro?ler system mea 
sures the height of a sample using the digital micro-mirror 
pattern projection technique. The result of the analysis is a 
map of surface height (Z) versus XY displacement. The sys 
tem should provide a ?eld of vieW of 160x120 mm With an 
XY resolution of 21 pm. The height resolution is set to 
betWeen 0.10 um and 1.00 pm. The height range is 64,000 
times the resolution. To measure a ?brous structure sample, 
the folloWing steps are utiliZed: 

[0103] 1. Turn on the cold-light source. The settings on 
the cold-light source are set to provide a reading of at 
least 2,800 k on the display. 

[0104] 2. Turn on the computer, monitor, and printer, and 
open the softWare. 

[0105] 3. Verify calibration accuracy by folloWing the 
manufacturer’s instructions. 

[0106] 4. Select “Start Measurement” icon from the 
ODSCAD task bar and then click the “Live Image” 
button. 

[0107] 5. Obtain a ?brous structure sample that is larger 
than the equipment ?eld of vieW and conditioned at a 
temperature of 73° F.:2° F. (about 230 C110 C.) and a 
relative humidity of 50%:2% for 2 hours. Place the 
sample under the projection head. Position the projec 
tion head to be normal to the sample surface. 

[0108] 6. Adjust the distance betWeen the sample and the 
projection head for best focus in the folloWing manner. 
Turn on the “ShoW Cross” button. A blue cross should 
appear on the screen. Click the “Pattem” button repeat 
edly to project one of the several focusing patterns to aid 
in achieving the best focus. Select a pattern With a cross 
hair such as the one With the square. Adjust the focus 
control until the cross hair is aligned With the blue 
“cross” on the screen. 

[0109] 7. Adjust image brightness by increasing or 
decreasing the intensity of the cold light source or by 
altering the camera gains setting on the screen. When the 
illumination is optimum, the red circle at the bottom of 
the screen labeled “1.0.” will turn green. 

[0110] 8. Select “Standard” measurement type. 
[0111] 9. Click on the “Measure” button. The sample 

should remain stationary during the data acquisition. 
[0112] 10. To move the data into the analysis portion of 

the softWare, click on the clipboard/man icon. 
[0113] 11. Click on the icon “DraW Cutting Lines.” On 

the captured image, “draW” a cutting line that extends 
from the center of a negative embossment through the 
centers of at least six negative embossments, ending on 
the center of a ?nal negative embossment. Click on the 
icon “ShoW Sectional Line Diagram.” Move the cross 
hairs to a representative loW point on one of the left hand 
negative embossments and click the mouse. Then move 
the cross-hairs to a representative loW point on one of the 
right hand negative embossments and click the mouse. 
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Click on the “Align” button by marked point’s icon. The 
Sectional Line Diagram is noW adjusted to the Zero 
reference line. 

[0114] 12. Measurement of Emboss Height, “a”. Using 
the Sectional Line Diagram described in step 11, click 
the mouse on a representative loW point of a negative 
emboss, folloWed by clicking the mouse on a represen 
tative point on the nearby upper surface of the sample. 
Click the “Vertical” distance icon. Record the distance 
measurement. Repeat the previous steps until the depth 
of six negative embossments have been measured. Take 
the average of all recorded numbers and report in mm, or 
um, as desired. This number is the embossment height. 

[0115] 13. Measurement of Emboss Area, A. Using the 
Sectional Line Diagram of step 1 1, select With the mouse 
tWo points on each Wall of a negative embossment that 
represents 50% of the depth measured in step 12. Click 
the “horiZontal distance” icon. The horizontal distance is 
the diameter (d) of an equivalent circle. The area of that 
circle is calculated using the formula Area:J'c(d/2)2 and 
is recorded as the Equivalent Emboss Area. If the 
embossment shape is elliptical or irregular, more sec 
tional lines are needed, cutting through the embossment 
from different directions, to calculate the equivalent 
area. Repeat these steps for the six negative emboss 
ments measured in step 12. 

Method for Determining the Surface Area of the Individual 
Embossment 

[0116] Embossments are often based on standard plane 
geometry shapes such as circles, ovals, various quadrilaterals 
and the like, both alone and in combination. For such plane 
geometry ?gures, the area of an individual embossment can 
be readily derived from Well knoWn mathematical and geo 
metric formulas. For more complex shapes, various area cal 
culation methods may be used. One such technique folloWs: 
Start With an image of a single embossment at a knoWn 
magni?cation of the original (for example 100x) on an oth 
erWise clean sheet of paper, cardboard or the like. Calculate 
the area of the paper (“Paper Area”) and Weigh it (“Paper 
Weight”). Cut out the image of the embossment and Weigh it 
(“Embossment Image Weight”). With the knoWn Weight and 
siZe of the Whole paper, and the knoWn Weight and magni? 
cation of the embossment image, the area of the actual 
embossment may be calculated using the formula beloW. 
Note that magni?cation must be multiplied tWice because 
both the x and y dimensions of the paper area have been 
magni?ed: 

Embossment Area:{ [(Embossment Image Wei ght)/ 
Paper Weight] *Paper Area]>/Magni?cation2 

Basis Weight Method 

[0117] Basis Weight is measured by preparing one or more 
samples of a certain area (m2) and Weighing the sample(s) of 
a ?brous structure according to the present invention and/or a 
?brous structure product comprising such ?brous structure on 
a top loading balance With a minimum resolution of 0.01 g. 
The balance is protected from air drafts and other distur 
bances using a draft shield. Weights are recorded When the 
readings on the balance become constant. The average Weight 
(g) is calculated and the average area of the samples (m2). The 
basis Weight (g/m2) is calculated by dividing the average 
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Weight (g) by the average area of the samples (m2). This 
method is herein referred to as the Basis Weight Method. 

Roll Firmness Test Method 

[0118] The Roll Diameter Tester comprises a vertical stand 
having a horizontal roll core support. A roll of paper product 
is placed on the roll core support such that the end of the roll 
is ?ush With the vertical stand of the tester. A perforated edge 
of a tail sheet (the last sheet in the roll) should come off the top 
of the roll such that the perforated edge of the tail sheet is 
closest to the analyst testing the roll ?rmness. The diameter 
and circumference of the roll are then measured using a 
diameter tape (LufkinTM Chrome Clad Diameter Tape, Model 
C120TP) Which does not have a loop at one end, but having a 
loop at the opposite end. 
[0119] The diameter tape is Wrapped around the roll of 
paper product in the machine direction such that the diameter 
tape is Wrapped approximately around the center of the roll in 
the machine direction by passing the end of the diameter tape 
Which does not have a loop through the loop at the opposite 
end of the diameter tape. The diameter tape is draWn through 
the loop such that that the diameter tape forms a true circle 
around the roll of paper product. A 100-gram Weight is 
attached to the free end of the diameter tape. The Weight and 
Roll Diameter Tester is positioned such that the Weight is 
hanging freely. After three seconds, the diameter (“original 
roll diameter”) and circumference (“original roll circumfer 
ence”) are recorded to the nearest 0.01 inch (about 0.1 mm). 
[0120] With the diameter tape still in place, an additional 
1000-gram Weight (for a total of 1 100 grams) is added on the 
end of the tape. After three seconds, the diameter (“Com 
pressed Roll Diameter”) and circumference (“Compressed 
Roll Circumference”) are measured the nearest 0.01 inch 
(about 0.000254 mm) and recorded. The roll ?rmness, in 
terms of percentage of compressibility (% Compressibility), 
can be calculated to the nearest 0.1%, according to the fol 
loWing formula: 

% Compressibi1ity:[Origina1 Roll DiaIn-Com 
pressed Roll DiaIn.]/(Original Roll D13IH.)X100 

[0121] All measurements referred to herein are made at 250 
C. unless otherWise speci?ed. 
[0122] The Roll Diameter Tester comprises a vertical stand 
having a horiZontal roll core support. A roll of paper product 
is placed on the roll core support such that the end of the roll 
is ?ush With the vertical stand of the tester. A perforated edge 
of a tail sheet (the last sheet in the roll) should come off the top 
of the roll such that the perforated edge of the tail sheet is 
closest to the analyst testing the roll ?rmness. The diameter 
and circumference of the roll are then measured using a 
diameter tape (Lu?inTM Chrome Clad Diameter Tape, Model 
C120TP) Which does not have a loop at one end, but having a 
loop at the opposite end. 

Sheet Caliper or Loaded Caliper Test Method 

[0123] Samples are conditioned at 23+/—1o C. and 50% 
relative humidity for tWo hours prior to testing. Sheet Caliper 
or Loaded Caliper of a sample of ?brous structure product is 
determined by cutting a sample of the ?brous structure prod 
uct such that it is larger in siZe than a load foot loading surface 
Where the load foot loading surface has a circular surface area 
of about 3.14 in2. The sample is con?ned betWeen a horizon 
tal ?at surface and the load foot loading surface. The load foot 
loading surface applies a con?ning pressure to the sample of 
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14.7 g/cm2 (about 0.21 psi). The caliper is the resulting gap 
betWeen the ?at surface and the load foot loading surface. 
Such measurements can be obtained on a VIR Electronic 
Thickness Tester Model II available from ThWing-Albert 
Instrument Company, Philadelphia, Pa. The caliper measure 
ment is repeated and recorded at least ?ve (5) times so that an 
average caliper can be calculated. The result is reported in 
mils. 
All measurements referred to herein are made at 25° C. unless 
otherWise speci?ed. 
[0124] Herein, “comprising” means the term “comprising” 
and can include “consisting of” and “consisting essentially 
of.” 
[0125] The dimensions and values disclosed herein are not 
to be understood as being strictly limited to the exact numeri 
cal values recited. Instead, unless otherWise speci?ed, each 
such dimension is intended to mean both the recited value and 
a functionally equivalent range surrounding that value. For 
example, a dimension disclosed as “40 mm” is intended to 
mean “about 40 mm”. 
[0126] All documents cited in the Detailed Description of 
the Invention are, in relevant part, incorporated herein by 
reference; the citation of any document is not to be construed 
as an admission that it is prior art With respect to the present 
invention. To the extent that any meaning or de?nition of a 
term in this Written document con?icts With any meaning or 
de?nition of the term in a document incorporated by refer 
ence, the meaning or de?nition assigned to the term in this 
Written document shall govern. 
[0127] While particular embodiments of the present inven 
tion have been illustrated and described, it Would be obvious 
to those skilled in the art that various other changes and 
modi?cations can be made Without departing from the spirit 
and scope of the invention. It is therefore intended to cover in 
the appended claims all such changes and modi?cations that 
are Within the scope of this invention. 

What is claimed is: 
1. A multi-ply paper product comprising a ?rst ply and a 

second ply; 
the ?rst ply comprising a plurality of ?rst surface features, 

Wherein there are from about 5/cm2 to about 20/cm2 ?rst 
surface features, and Wherein the ?rst surface features 
have a surface area of from about 0.3 mm2 to about 4 
mm2 and Wherein the ?rst surface features have a height 
of from about 600 microns to about 2500 microns; and 

the second ply comprising a plurality of second surface 
features, Wherein there are from about 30/cm2 to about 
80/ cm2 second surface features, and Wherein the second 
surface features have a surface area of from about 0.03 
mm2 to about 1.2 mm2 and Wherein the surface features 
have a height of from about 400 microns to about 1600 
microns. 

2. The multi-ply paper product according to claim 1 
Wherein the ?rst surface features have a height of from about 
800 microns to about 2000 microns. 

3. The multi-ply paper product according to claim 2 
Wherein the ?rst surface features have a height of from about 
1000 microns to about 1600 microns 

4. The multi-ply paper product according to claim 1 
Wherein the second surface features have a height of from 
about 600 microns to about 1200 microns. 

5. The multi-ply paper product according to claim 4 
Wherein the second surface features have a height of from 
about 800 microns to about 1000 microns. 
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6. The multi-ply paper product according to claim 1 
wherein there are from about 8/cm2 to about 17/cm2 ?rst 
surface features. 

7. The multi-ply paper product according to claim 6 
Wherein there are from about 10/cm2 to about 15/cm2 ?rst 
surface feature. 

8. The multi-ply paper product according to claim 1 
Wherein there are from about 45/cm2 to about 65/cm2 second 
surface features. 

9. The multi-ply paper product according to claim 8 
Wherein there are from about 50/cm2 to about 60/cm2 second 
surface features. 

10. A multi-ply paper product in roll form comprising a 
?rst ply and a second ply: 

the ?rst ply comprising a plurality of ?rst surface features 
Wherein there are from about 5/cm2 to about 20/cm2 ?rst 
surface features, and Wherein the ?rst surface features 
have a surface area of from about 0.3 mm2 to about 4 
mm2 and Wherein the ?rst surface features have a height 
of from about 600 microns to about 2500 microns; 

the second ply comprising a plurality of second surface 
features Where are from about 30/cm2 to about 80/cm2 
second surface features, and Wherein the second surface 
features have a surface area of from about 0.03 mm2 to 
about 1.2 mm2 and Wherein the surface features have a 
height of from about 400 microns to about 1600 
microns; 

Wherein the paper product has a ?rmness of about 10% 
greater than a comparable paper product having one 
embossed ply and one unconverted ply in roll form. 

11. The multi-ply paper product according to claim 10 
Wherein the absorbent paper product comprises a ?rmness of 
from about 10% to about 50% greater than the ?rmness of a 
conventional comparable roll paper product in roll form. 

12. The multi-ply paper product according to claim 11 
Wherein the absorbent paper product comprises a ?rmness of 
from about 20% to about 40% greater than the ?rmness of a 
conventional comparable roll paper product in roll form. 

13. The multi-ply paper product according to claim 10 
Wherein the ?rst surface features are embossments. 
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14. The multi-ply paper product according to claim 10 
Wherein the second surface features are embossments. 

15. A multi-ply paper product in roll form comprising a 
?rst ply and a second ply: 

the ?rst ply having a ?rst basis Weight and comprising a 
plurality of ?rst surface features having a number den 
sity of from about 5/cm2 to about 20/cm2 and Wherein 
the ?rst surface features have a surface area of from 
about 0.3 mm2 to about 4 mm2 and Wherein the ?rst 
surface features have a height of from about 600 microns 
to about 2500 microns; 

the second ply having a second basis Weight and compris 
ing a plurality of second surface features having a num 
ber density of from about 30/cm2 to about 80/cm2 and 
Wherein the second surface features have a surface area 
of from about 0.03 mm to about 1 .2 mm2 and Wherein the 
surface features have a height of from about 400 microns 
to about 1600 microns; 

Wherein the paper product has a ?rmness of about 10% 
greater than a comparable paper product having one 
embossed ply and one unconverted ply in roll form; and 

Wherein the paper product has a basis Weight of from about 
12 to about 50 lbs/3000 ft2. 

16. The multi-ply paper product according to claim 15 
Wherein the absorbent paper product has a basis Weight of 
from about 18 lbs/3000 ft2 to about 30 lbs/3000 ft2. 

17. The multi-ply paper product according to claim 16 
Wherein the absorbent paper product has a basis Weight of 
from about 18 lbs/3000 ft2 to about 26 lbs/3000 ft2. 

18. The multi-ply paper product according to claim 15 
Wherein the absorbent paper product has a ?rmness of from 
about 10% to about 50% greater than the ?rmness of a con 
ventional comparable roll paper product in roll form. 

19. The multi-ply paper product according to claim 15 
Wherein the basis Weight of the ?rst ply is at least 15% greater 
than the basis Weight of the second ply. 

20. The multi-ply paper product according to claim 19 
Wherein the basis Weight of the second ply is from about 15% 
to about 75% greater than the basis Weight of the second ply. 

* * * * * 


