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(57) ABSTRACT 

A tissue product having a combination of Substantially equal 
tensile energy absorbed (TEA) in the machine direction and 
the cross-machine direction of the tissue sheet and a Sig 
nificant level of stretch in both directions provides improved 
perception of Strength and resistance to "poke through' in 
Sc. 
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TISSUE PRODUCTS HAVING SUBSTANTIALLY 
EQUAL MACHINE DIRECTION AND 

CROSS-MACHINE DIRECTION MECHANICAL 
PROPERTIES 

BACKGROUND OF THE INVENTION 

0001. In the field of tissue products, such as facial tissue, 
bath tissue, table napkins, paper towels and the like, the 
tensile Strength of these sheet products is often measured as 
the geometric mean tensile Strength, which takes into 
account the machine direction (MD) tensile strength and the 
cross-machine direction (CD) tensile strength. The geomet 
ric mean tensile Strength is calculated as the Square root of 
the product of the MD and CD tensile strengths. However, 
using a single Strength value to characterize a sheet can be 
misleading because the MD and CD tensile strength values 
are typically very different, with the MD tensile strength 
being much greater than the CD tensile Strength. In use, the 
product is more likely to fail because its Strength is limited 
by the weakest link, namely the CD tensile strength. In 
response, Some prior emphasis has been made on making 
products in which the machine direction (MD) and cross 
direction (CD) tensile strengths of the sheets are the same, 
thereby eliminating sheet failure caused by a relatively weak 
CD tensile strength. Tissue sheets having equal MD and CD 
tensile Strengths are typically referred to as being a "Square' 
sheet. However, focusing on tensile Strength alone ignores 
the key role that other properties play in the consumer's 
perception of Strength. Therefore there is a need for a tissue 
sheet in which the perceived in-use Strength is improved. 

SUMMARY OF THE INVENTION 

0002. It has now been discovered that the perceived 
in-use Strength of a tissue product can be improved by 
providing the product with one or more tissue sheets (plies) 
having substantially equal MD and CD tensile energy 
absorbed (TEA) (hereinafter defined) and a significant level 
of stretch, particularly in the CD direction of the sheet. The 
Substantially equal TEA in combination with good Stretch 
correlates with improved poke-through resistance for the 
tissue product, which is particularly important for bath 
tissue, but can be equally beneficial for facial tissue and 
towels. 

0.003 Hence, in one aspect the invention resides in a 
tissue sheet having a three-dimensional Surface topography, 
an MD/CD TEA ratio of from about 0.8 to about 1.2, more 
specifically from about 0.9 to about 1.1, still more specifi 
cally about 1.0, and a CD stretch of about 5 percent or 
greater. For purposes herein, a “three-dimensional Surface 
topography' is a Surface having regularly repeating elevated 
and relatively depressed regions having an average Z-direc 
tional elevation difference of about 0.5 millimeter or greater, 
more specifically about 0.6 millimeter or greater, more 
Specifically about 0.7 millimeter or greater, Still more Spe 
cifically about 1.0 millimeter or greater. The three-dimen 
Sional Surface topography Serves to provide the tissue sheet 
with the necessary level of stretch and/or CD strength. 
0004 More specifically, the invention resides in a tissue 
sheet having a three-dimensional Surface topography, an 
MD/CD TEA ratio of from about 0.8 to about 1.2, a CD 
stretch of about 5 percent or greater, an MD stretch of about 
5 percent or greater and a geometric mean tensile Strength of 
about 1500 grams or less per 3 inches of width. 
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0005. The MD and CD tensile strengths of the sheets of 
this invention can be about 600 grams or greater per 3 inches 
of sample width, more specifically about 700 grams or 
greater per 3 inches of Sample width, more specifically about 
800 grams or greater per 3 inches of Sample width, more 
Specifically about 900 grams or greater per 3 inches of 
sample width, and still more specifically about 1000 grams 
or greater per 3 inches of Sample width. 
0006 The geometric mean tensile strength of the sheets 
of this invention can be about 1500 grams or less per 3 
inches of width, more specifically about 1200 grams or less 
per 3 inches of width and still more specifically from about 
500 to about 1200 grams per 3 inches of width. 

0007. The MD stretch for the sheets of this invention can 
be about 3 percent or greater, more specifically about 5 
percent or greater, more specifically from about 3 to about 
30 percent, more specifically from about 3 to about 25 
percent, more specifically from about 3 to about 15 percent, 
and still more specifically from about 3 to about 10 percent. 
The CD stretch for the sheets of this invention can be about 
5 percent or greater, more Specifically about 10 percent or 
greater, more Specifically from about 5 to about 20 percent, 
more specifically from about 5 to about 15 percent, and still 
more specifically from about 5 to about 10 percent. Because 
the CD stretch of the sheets of this invention can be 
Substantially increased by various factors, primarily includ 
ing highly three-dimensional fabrics, and because the MD 
Stretch can be reduced by various factors in order to make 
the MD TEA and CD TEA substantially equal, in many cases 
the CD stretch of the sheets of this invention will be greater 
than the MD stretch. 

0008. The geometric mean TEA can be about 20 gram 
centimeters or leSS per Square centimeter, more specifically 
about 10 gram-centimeters or leSS per Square centimeter, 
more Specifically from about 2 to about 8 gram-centimeters 
per Square centimeter and Still more Specifically from about 
2 to about 4 gram-centimeters per Square centimeter. 

0009. The basis weight of the tissue sheets of this inven 
tion can be from about 10 to about 45 grams per Square 
meter (gsm), more specifically from about 10 to about 35 
gSm, Still more Specifically from about 20 to about 35 gsm, 
more specifically from about 20 to about 30 gsm and still 
more specifically from about 30 to about 35 gsm. 
0010. The tissue sheets of this invention can be layered or 
non-layered (blended). Layered sheets can have two, three 
or more layers. For tissue sheets that will be converted into 
a single-ply product, it can be advantageous to have three 
layers with the outer layers containing primarily hardwood 
fibers and the inner layer containing primarily Softwood 
fibers. Tissue sheets in accordance with this invention would 
be Suitable for all forms of tissue products including, but not 
limited to, bathroom tissue, kitchen towels, facial tissue and 
table napkins for consumer and Services markets. 
0011 Furthermore, to be commercially advantaged, it is 
desirable to minimize the presence of pinholes in the sheet. 
The degree to which pinholes are present can be quantified 
by the Pinhole Coverage Index, the Pinhole Count Index and 
the Pinhole Size Index, all of which are determined by an 
optical test method known in the art and described in U.S. 
Patent Publication No. US 2003/O1573OO A1 entitled “Wide 
Wale Tissue Sheets and Method of Making Same”, pub 
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lished Aug. 21, 2003, which is herein incorporated by 
reference. More particularly, the “Pinhole Coverage Index” 
is the arithmetic mean percent area of the Sample Surface 
area, Viewed from above, which is covered or occupied by 
pinholes. For purposes of this invention, the Pinhole Cov 
erage Index can be about 0.25 or less, more specifically 
about 0.20 or less, more specifically about 0.15 or less, and 
still more specifically from about 0.05 to about 0.15. The 
“Pinhole Count Index' is the number of pinholes per 100 
Square centimeters that have an equivalent circular diameter 
(ECD) greater than 400 microns. For purposes of this 
invention, the Pinhole Count Index can be about 65 or less, 
more Specifically about 60 or less, more specifically about 
50 or less, more specifically about 40 or less, still more 
specifically from about 5 to about 50, and still more spe 
cifically from about 5 to about 40. The “Pinhole Size Index” 
is the mean equivalent circular diameter (ECD) for all 
pinholes having an ECD greater than 400 microns. For 
purposes of this invention, the Pinhole Size Index can be 
about 600 or less, more specifically about 500 or less, more 
specifically from about 400 to about 600, still more specifi 
cally from about 450 to about 550. By way of example, 
current commercially available Charmin(R) bathroom tissue 
has a Pinhole Coverage Index of from 0.01-0.04, a Pinhole 
Count Index of from 250-1000, and a Pinhole Size Index of 
550-650. 

0012 Suitable papermaking processes useful for making 
tissue sheets in accordance with this invention include 
uncreped throughdrying processes which are well known in 
the tissue and towel papermaking art. Such processes are 
described in U.S. Pat. No. 5,607,551 issued Mar. 4, 1997 to 
Farrington et al., U.S. Pat. No. 5,672,248 issued Sep. 30, 
1997 to Wendt et al. and U.S. Pat. No. 5,593,545 issued Jan. 
14, 1997 to Rugowski et al., all of which are hereby 
incorporated by reference. Throughdrying processes with 
creping, however, can also be used. 
0013 In the interests of brevity and conciseness, any 
ranges of values Set forth in this specification contemplate 
all values within the range and are to be construed as Support 
for claims reciting any Sub-ranges having endpoints which 
are whole number values within the Specified range in 
question. By way of a hypothetical illustrative example, a 
disclosure in this specification of a range of from 1 to 5 shall 
be considered to Support claims to any of the following 
ranges: 1-5; 1-4; 1-3; 1-2; 2-5; 2-4; 2-3; 3-5; 3-4; and 4-5. 

Test Procedures 

0.014 Tensile strengths and related parameters are mea 
Sured using a crosshead Speed of 254 millimeters per minute, 
a full Scale load of 4540 grams, a jaw span (gauge length) 
of 50.8 millimeters and a specimen width of 762 millime 
ters. The MD tensile strength is the peak load per 3 inches 
of Sample width when a Sample is pulled to rupture in the 
machine direction. Similarly, the CD tensile Strength repre 
Sents the peak load per 3 inches of Sample width when a 
Sample is pulled to rupture in the croSS-machine direction. 
For 1-ply products each tensile Strength measurement is 
done on 1-ply. For multiple ply products tensile testing is 
done on the number of plies expected in the finished product. 
For example, 2-ply products are tested two plies at one time 
and the recorded MD and CD tensile strengths are the 
Strengths of both plies. The same testing procedure is used 
for Samples intended to be more than two plies. 
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0015 More particularly, samples for tensile strength test 
ing are prepared by cutting a 3 inches (76.2 mm) widex5 
inches (127 mm) long Strip in either the machine direction 
(MD) or cross-machine direction (CD) orientation using a 
JDC Precision Sample Cutter (Thwing-Albert Instrument 
Company, Philadelphia, Pa., Model No. JDC 3-10, Serial 
No. 37333). The instrument used for measuring tensile 
strengths is an MTS Systems Sintech 11S, Serial No. 6233. 
The data acquisition software is MTS TestWorks(R for 
Windows Ver, 3.10 (MTS Systems Corp., Research Triangle 
Park, N.C.). The load cell is selected from either a 50 
Newton or 100 Newton maximum, depending on the 
Strength of the Sample being tested, Such that the majority of 
peak load values fall between 10 and 90% of the load cell's 
full Scale value. The gauge length between jaws is 4+/-0.04 
inches (101.6+/-1 mm). The jaws are operated using pneu 
matic-action and are rubber coated. The minimum grip face 
width is 3 inches (76.2 mm), and the approximate height of 
a jaw is 0.5 inches (12.7 mm). The crosshead speed is 
10+/-0.4 inches/min (254+/-1 mm/min), and the break 
sensitivity is set at 65%. The sample is placed in the jaws of 
the instrument, centered both vertically and horizontally. 
The test is then Started and ends when the Specimen breaks. 
The peak load is recorded as either the “MD tensile strength” 
or the “CD tensile Strength' of the Specimen depending on 
the sample being tested. At least Six (6) representative 
Specimens are tested for each product, taken "as is', and the 
arithmetic average of all individual specimen tests is either 
the MD or CD tensile strength for the product. 

0016. In addition to tensile strength, the stretch, tensile 
energy absorbed (TEA), and slope are also reported by the 
MTS TestWorks(R for Windows Ver. 3.10 program for each 
sample measured. Stretch (either MD stretch or CD stretch) 
is reported as a percentage and is defined as the ratio of the 
Slack-corrected elongation of a Specimen at the point it 
generates its peak load divided by the Slack-corrected gauge 
length. Slope is reported in the units of grams (g) and is 
defined as the gradient of the least-Squares line fitted to the 
load-corrected Strain points falling between a specimen 
generated force of 70 to 1.57 grams (0.687 to 1.540 N) 
divided by the specimen width. 

0017 Total energy absorbed (TEA) is calculated as the 
area under the StreSS-Strain curve during the same tensile test 
as has previously described above. The area is based on the 
Strain value reached when the sheet is Strained to rupture and 
the load placed on the sheet has dropped to 65 percent of the 
peak tensile load. Since the thickness of a paper sheet is 
generally unknown and varies during the test, it is common 
practice to ignore the cross-sectional area of the sheet and 
report the “stress' on the sheet as a load per unit length or 
typically in the units of grams per 3 inches of width. For the 
TEA calculation, the StreSS is converted to grams per cen 
timeter and the area calculated by integration. The units of 
Strain are centimeters per centimeter So that the final TEA 
units become g-cm/cm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a schematic flow diagram of a tissue 
making proceSS useful for making tissues in accordance with 
this invention. 

0019 FIG. 2 is a schematic plot of a stress/strain curve 
to the breaking point (MD and CD) for a typical tissue sheet. 
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0020 FIGS. 3A and 3B show schematic plots of stress/ 
Strain curves to the breaking point for different tissue sheets 
in accordance with this invention. 

0021 FIGS. 4-10 are plots of data generated by 
Examples 2-42. Specifically, FIG. 4 is a plot of the MD/CD 
TEARatio versus the MD/CD Tensile Ratio. 

0022 FIG. 5 is the same plot as that of FIG. 4, but 
identifying the transfer fabric and throughdrying fabric used 
to produce the sheets of this invention. 
0023 FIG. 6 is a plot of the MD/CD TEA ratio versus 
MD stretch, illustrating the effect of different transfer fabrics 
and throughdrying fabrics. 

0024 FIG. 7 is a plot of the MD/CD TEA ratio versus the 
percent rush transfer. 
0025 FIG. 8 is a plot of the MD/CD TEA ratio versus 
CD stretch for the different transfer fabric and throughdrying 
fabric combinations. 

0026 FIG. 9 is a plot of the MD TEA versus the percent 
rush transfer. 

0027 FIG. 10 is a plot of the CD TEA versus the percent 
rush transfer. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0028 Referring to FIG. 1, shown is an uncreped through 
dried tissue making process in which a multi-layered head 
box 5 deposits an aqueous Suspension of papermaking fibers 
between forming wires 6 and 7. The newly-formed web is 
transferred to a slower moving transfer fabric 8 with the aid 
of at least one vacuum box 9. The level of vacuum used for 
the web transfers can be from about 3 to about 15 inches of 
mercury (76 to about 381 millimeters of mercury), prefer 
ably about 10 inches (254 millimeters) of mercury. The 
vacuum box (negative pressure) can be Supplemented or 
replaced by the use of positive pressure from the opposite 
side of the web to blow the web onto the next fabric in 
addition to or as a replacement for Sucking it onto the next 
fabric with vacuum. Also, a vacuum roll or rolls can be used 
to replace the vacuum box(es). 
0029. The web is then transferred to a throughdrying 
fabric 15 and passed over throughdryers 16 and 17 to dry the 
web. The Side of the web contacting the throughdrying 
fabric is referred to herein as the “fabric side' of the web. 
The opposite side of the web is referred to as the “air side” 
of the web. While supported by the throughdrying fabric, the 
web is final dried to a consistency of about 94 percent or 
greater. After drying, the Sheet is transferred from the 
throughdrying fabric to fabric 20 and thereafter briefly 
Sandwiched between fabrics 20 and 21. The dried sheet 
remains with fabric 21 until it is wound up at the reel 25. 
Thereafter, the tissue sheet can be unwound, calendered and 
converted into the final tissue product, Such as a roll of bath 
tissue, in any Suitable manner. 
0030 The various fabrics, particularly the throughdrying 
fabric and the transfer fabric, have a topographical Structure 
that imparts three-dimensionality to the resulting tissue sheet 
or ply. This three-dimensionality in turn imparts CD stretch 
to the sheet because the three-dimensional bumpS and/or 
ridges can be pulled out when the sheet is stressed. The MD 
Stretch is also enhanced in part by the three-dimensionality, 
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but to a greater extent the MD stretch is provided by the 
“rush” transfer of the newly-formed web from the faster 
moving forming fabric to the slower moving transfer fabric, 
or by creping if present. 
0031) Suitable three-dimensional fabrics useful for pur 
poses of this invention are those fabrics having a top Surface 
and a bottom Surface. During wet molding and/or through 
drying, the top Surface Supports the wet tissue web. The wet 
tissue web conforms to the top Surface and during molding 
is Strained into a three-dimensional topographic form cor 
responding to the three-dimensional topography of the top 
surface of the fabric. Adjacent the bottom face, the fabric has 
a load-bearing layer which integrates the fabric and provides 
a relatively Smooth Surface for contact with various tissue 
machine elements. 

0032) The transfer and TAD fabrics used within have 
textured sheet contacting Surfaces comprising of Substan 
tially continuous machine-direction ridges Separated by Val 
leys and are similar to those described in U.S. Pat. No. 
2003/0157300 A1 issued on Aug. 21, 2003 to Burazin et al. 
Furthermore, Such fabrics with ridged Sculpted layerS can be 
extended to include a height of ridges from 0.4 mm to about 
5 millimeters, a ridge width of 0.5 mm or greater, and the 
frequency of occurrence of the ridges in the cross-machine 
direction of the fabric from about 1.5 to 8 per centimeter. 
Specific fabric styles described in this manner and included 
in the examples include Voith Fabrics t1205-1, t1207-6, 
t1203-1, and t1203-8. 
0033. Other suitable fabrics with topographical features 
are described by U.S. Pat. No. 5,429,686 issued on Jul. 4, 
1995 to Chiu et al., of which fabric style Voith Fabrics 
t807-1 is one embodiment. Additional topographical fabrics 
with MD dominant features which can be utilized are 
described in U.S. Pat. No. 2003/0084953 A1 issued on May 
8, 2003 to Burazin et al. 
0034) Fabrics can be woven or non-woven, or a combi 
nation of a woven Substrate with an extruded Sculpture layer 
provided the topographical Sculptured layer. Fabrics may 
also be finished So the warps are parallel to the croSS 
machine direction when run on a tissue machine, creating a 
Series of Substantially continuous cross-machine direction 
ridges Separated by Valleys. 
0035) Other fabrics suitable for use as the transfer fabric 
or the TAD fabric can have textured sheet contacting Sur 
faces comprising of a Waffle-like pattern consisting of both 
machine-direction and croSS-machine direction ridges with 
Sculpted layers which have a peak height (from lowest 
element contacted by the tissue to the highest element) 
ranging from 0.5 mm to about 8 millimeters, and a frequency 
of occurrence of the two-dimensional pattern from about 0.8 
to about 3.6 per Square centimeter of fabric. 
0036 FIG. 2 illustrates MD and CD stress/strain curves 
for a typical tissue sheet having MD dominant topographical 
features. The MD curve may have a higher slope than the 
CD curve for a number of reasons, including fabric topog 
raphy and fiber orientation. AS shown, tissue sheets typically 
have greater Strength in the MD and also greater Stretch. One 
can see from these two curves that the area under the MD 
curve (the MD TEA) is greater than the area under the CD 
curve (the CD TEA). 
0037. The macro-structure of tissue often has a signifi 
cant influence on the physical properties of the tissue. For 
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example, when tissue is produced with MD-dominant topo 
graphic features, the result is often an increase in CD Stretch 
relative to flat tissue, and a modification in the shape of the 
tensile StreSS-Strain relationship. The relatively low StreSS at 
low strain for the CD curve is due to the low stress required 
to “pull out” the topography. The difference in shape 
between the MD and CD stress-strain curves is often a major 
reason for CD TEA deficiency. 

0.038 Another factor affecting the shape of the MD and 
CD stress-strain curves is fiber orientation. Most paper 
products, including tissue, have more fibers oriented in the 
MD than the CD. Consequently, the MD stress-strain curve 
for flat (non-three-dimensional) tissue tends to be convex as 
the one depicted in FIG. 2. For these reasons, even when 
tissue is produced with equal MD and CD Strength and equal 
MD and CD stretch, the shape difference between the 
stress-strain curves causes the MD/CD TEA ratio to be much 
greater than one. 

0039 FIGS. 3A and 3B show two possible variations of 
the curves of FIG. 2 that represent tissue sheets of this 
invention. As shown, the solid line represents the MD tensile 
curve and the dashed line represents the CD tensile curve. In 
FIG. 3A, the dashed line represents one way of achieving a 
tissue sheet of this invention, which is to impart a higher 
degree of stretch into the CD of the sheet. By so doing, the 
area under the curve is increased relative to that shown in 
FIG. 2, such that the MD/CD TEA approaches unity. The 
dashed line in FIG. 3B represents another way of achieving 
a tissue sheet in accordance with this invention, in which the 
MD and CD stress/strain curves are more equal. This can be 
achieved by providing CD-dominant topographic features 
(features that are primarily oriented in the CD) through the 
use of three-dimensional throughdrying fabrics. In Such 
cases, the StreSS at low Strain values is decreased for the MD 
curve relative to that of FIG. 2 due to “pulling out” of the 
topography. Conversely, the StreSS at low Strain for the CD 
curve is increased because the molded topographic features 
do not pull out as easily. Thus, sheets made in Such a manner 
would have an MD/CD TEA ratio that is lower than sheets 
made with flat or MD-dominant topographic features. 

0040 FIG. 4 illustrates the relationship between the 
MD/CD TEA ratio and MD/CD Tensile ratio. The MD/CD 
Tensile ratio was controlled by headbox conditions and rush 
transfer. The primary control variable for fiber orientation 
was the rheology of the Slurry exiting the Slice. The pilot 
paper machine used to manufacture these materials was a 
rush former. AS Such, the pulp slurry exiting the headbox 
Slice was traveling at a higher Velocity than the forming 
wire. To decrease the MD/CD ratio, the slice was opened to 
maximum gap, thereby flooding the forming Zone to mini 
mize the rush of Slurry onto the slower-moving forming 
fabric. In most cases, the forming Zone was flooded to an 
extent that produced turbulent flow conditions during form 
ing. Typical commercial paper machines are able to control 
the MD/CD tensile ratio without turbulent flow due to more 
complex control Systems. It is important to note that there is 
not direct correlation between MD/CD TEA ratio and 
MD/CD Tensile ratio, or further that it is not possible to infer 
the MD/CD TEA ratio given information on MD/CD ratio 
and MD/CD stretch. 

0041 FIG. 5 illustrates the significant effect on the 
Strength properties of the sheet as a function of the transfer 
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and through-air-drying (TAD) fabrics used. By applying 
topographic transfer fabrics, Samples made from Several 
fabric combinations achieved MD/CD TEA values near 1.0 
for a wide range of MD/CD Tensile ratios. As a means of 
illustration, the t1205-1 fabric has 3.02 rippleS/cm and a 
ridge height of approximately 0.8 mm. The t1203-1 fabric 
has 2.03 rippleS/cm and a ridge height of approximately 1.1 

. 

0042 FIG. 6 illustrates the relationship between MD 
stretch and TEA Ratio for the samples of this invention 
produced in the Examples. While the MD TEA generally 
increases when the MD Stretch increases, this relationship 
was not observed for the Samples produced. Instead, the 
Samples of this invention having a Substantially equal 
MD/CD TEA ratio were produced over a wide range of MD 
stretch. The MD stretch was controlled by rush transfer 
between the forming fabric and transfer fabric. No attempt 
was made to remove MD stretch by increasing draw at the 
reel. The greater topography (higher CD Strain) transfer 
fabric (t1203-1) allowed for an increase in MD stretch while 
maintaining an MD/CD TEA ratio near one. The trend of 
obtaining higher stretch with greater topography (CD Strain) 
transfer fabric, at an MD/CD ratio of approximately 1, 
would be expected to continue with the use of transfer 
fabrics having greater topography than that of the t1203-1 
fabric. Examples of such fabrics would be the Voith Fabrics 
t1203-4 and the t1203-6, which both have higher ridge 
height than the t1203-1. 

0043 FIG. 7 illustrates the effect of rush transfer 
between the forming fabric and the transfer fabric on the 
MD/CD TEA ratio. As shown, the MD/CD TEA ratio was 
constant over a wide range of rush transfer level. Addition 
ally, increasing transfer fabric topography from t1205-1 to 
t1203-1 allowed for higher levels of rush transfer while 
maintaining a low MD/CD TEA ratio. 

0044 FIG. 8 depicts the relationship between MD/CD 
TEA ratio and CD stretch. CD stretch appears to have little 
impact on the MD/CD TEA ratio. Therefore sheets of the 
invention can be produced over a wide range of CD Stretch 
values. It can be noted that higher topographical fabrics 
(t1203-1 as compared to the t1205-1) allow for higher CD 
Stretch and higher MD stretch (FIG. 6) at equivalent-MD/ 
CDTEA ratio. Using even higher topographical fabrics in 
the transfer position would allow for even higher MD and 
CD Stretch at an MD/CD TEA ratio of one. 

004.5 FIG. 9 illustrates the relationships between MD 
TEA and rush transfer for the two fabric combinations used 
in these examples. Within a combination of fabrics, the MD 
TEA increases slightly with increasing Rush Transfer. Rush 
transfer was found to have a direct and inverse effect on MD 
Stretch and strength. Specifically, as rush transfer increases, 
MD stretch increases, and MD strength decreases. The rush 
transfer level at which MD TEA is optimized depends on the 
transfer and TAD fabrics used. 

0046 FIG. 10 illustrates the relationships between CD 
TEA and rush transfer for the two fabric combinations used 
in these examples. Within a combination of fabrics, the 
CDTEA increases slightly with increasing Rush Transfer. 



US 2005/O133175 A1 

EXAMPLES 

Example 1 

Hypothetical 

0047 The need for significant stretch (about 5 percent or 
greater) is an important factor for purposes of this invention 
because it is relatively easy to remove Stretch and lower 
tensile Strength in the MD to make those properties equal to 
the Stretch and tensile Strength in the CD, thereby resulting 
in an equal or substantially equal MD TEA and CD TEA. 
However, Since Stretch and strength are much more difficult 
to generate in the CD, merely making these properties equal 
would only provide a weak sheet with low stretch with little 
or no consumer benefit. To illustrate this point, hypothetical 
products are listed in Table 1 below showing the effect of 
their properties on TEA. 

TABLE 1. 

MD CD MD 
Tensile Tensile Stretch CD MD TEA CD TEA 

Product g/3" g/3" % Stretch 76 g-cm/cm g-cm/cm 

A. 1OOO 8OO 15 5 9.8 2.6 
B 8OO 8OO 5 5 2.6 2.6 
C 8OO 8OO 1O 1O 5.2 5.2 

0.048. The hypothetical examples are assumed to have a 
linear StreSS-Strain curve which is not usually the case for 
tissue products, which have StreSS-Strain curves with varying 
shapes depending on the method of manufacture and the 
Specific fabrics and chemicals used to impart Stretch and 
Strength to the product. However, using a linear StreSS-Strain 
curve allows a direct calculation of the tensile energy 
absorbed to better illustrate the usefulness of this invention. 
Note that it is not possible to directly calculate TEA for real 
products from the Strength and Stretch properties where the 
shape of the StreSS-Strain curve is not known. However, this 
example serves to illustrate that a substantially equal MD 
TEA and CD TEA is a useful property that cannot be inferred 
directly from Strength properties. 
0049 Referring to Table 1, product “A” is a typical 
product made today where the MD tensile and stretch is 
higher than the CD tensile and stretch. Since the MD and CD 
TEAS are products of tensile and stretch, the MD TEA is 
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almost four times that of the CD TEA. The product would 
fail when the CD TEA of 2.6 is reached. Product “B” is the 
same as product “A” where the MD tensile has been pulled 
out to make the MD and CD tensile and stretch the same. 
The product now has equal MD and CD TEA values, hence 
giving maximum utility for a given tensile Strength and 
stretch. But while the MD and CD TEA are equal, they are 
relatively low, giving the consumer the perception that the 
product is only moderately Strong. An additional improve 
ment is made in product “C”, where the Stretch is increased 
while keeping the tensile the same as that of product “B”. 
This results in a product with double the TEA when com 
pared to product “B”. More importantly, product “C” also 
has double the TEA of product “A” in the weaker direction. 

Examples 2-42. 
0050. To further illustrate the invention, a pilot uncreped 
throughdried tissue machine was configured similarly to that 
illustrated in the aforementioned Rugowski et al. patent and 
was used to produce a one-ply, uncreped throughdried bath 
tissue basesheet. More specifically, 100 pounds of bleached 
northern softwood kraft fiber were dispersed in a pulper for 
30 minutes at a consistency of 3 percent. Similarly, 100 
pounds of bleached eucalyptus were dispersed in a pulper 
for 30 minutes at a consistency of 3 percent. The thick stock 
was then Sent to a machine chest and diluted to a consistency 
of about 1 percent. 
0051. The machine chest furnish was diluted to approxi 
mately 0.1% consistency and delivered to a forming fabric 
using a three-layered headbox. The forming fabric Speed 
was approximately 62 fpm. The resulting web was then 
transferred to a transfer fabric traveling at the same or slower 
than the forming fabric using a vacuum shoe to assist the 
transfer. At a Second vacuum shoe assisted transfer, the web 
was delivered onto a throughdrying fabric. The web was 
dried with a throughdryer operating at a temperature of 375 
C. 

0052 Bath tissue basesheet was produced with an oven 
dry basis weight of approximately 26 gSm. The resulting 
product was equilibrated for at least 4 hours in TAPPI 
Standard conditions (73° F, 50% relative humidity) before 
tensile testing. All testing was performed on basesheet from 
the pilot machine without further processing. The process 
conditions are shown in Table 2. The resulting product 
tensile properties are reported in Table 3. The results are also 
plotted in FIGS. 4-10, previously discussed. 

TABLE 2 

Vacuum Vacuum Vacuum Vacuum Vacuum TAD Emveco Ambient Headbox 
Fabric Fabric HB Bot HB Top Dewater Transfer 1 Transfer 2 Speed Rush Caliper BW H2O 

Example Transfer TAD "Hg "H2O "H2O "Hg "Hg ft/min Transfer mills gsm gpm 

2 t1205-1 t)7-6 38 37 10.2 9.7 9.2 50 10% 24.5 28 45.O 
3 t1205-1 t)7-6 38 37 10.2 9.7 9.5 50 8% 23.7 28 45.O 
4 t1205-1 t)7-6 38 37 10.2 9.7 9.5 50 8% 22.6 28 45.O 
5 t1205-1 t)7-6 32 35 12.5 12 1O 50 8% 21.2 28 45.O 
6 t1205-1 t)7-6 50 55 12.2 11.5 9.5 50 8% 23.9 28 45.O 
7 t1205-1 t)7-6 40 40 12.2 11.5 9.5 50 8% 22.2 28 45.O 
8 t1205-1 t)7-6 45 45 12.2 11.5 8.7 50 14% 22.1 28 45.O 
9 t1205-1 t)7-6 38 37 12.5 11.6 6.5 50 8% 2O.9 28 45 
1O t1205-1 t)7-6 37 39 14.4 14 6.8 50 10% 34 45 
11 t1205-1 t)7-6 36 38 13.8 13.4 4.0 50 8% 19.3 28 45 
12 t1205-1 t)7-6 39 40 12.6 12 4 60 8% 21.1 34 45 
13 t1205-1 t)7-6 39 39 13.5 13.2 4.9 50 8% 19.7 28 45 
14 t1205-1 t)7-6 41 40 13.2 13 4.75 70 8% 19.2 28 45 
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TABLE 3-continued 

Tensile Tensile Tensile Tensile 
MD Dry Tensile MD Slope MD TEA CD Dry Tensile 

Example g/3" MDS9% g/3" g cm/cm2 g/3" CDS 9% 

33 666 6.72 8415 3.23 510 10.95 
34 665 6.37 816O 2.81 519 10.27 
35 796 5.51 9583 2.94 564 10.22 
36 768 5.46 9470 2.61 621 10.28 
37 828 5.92 3.3 653 9.42 
38 812 5.14 3.02 580.86 10.46 
39 828 5.07 2.97 592 10.39 
40 775 6.17 3.39 583 11.03 
41 794 4.45 2.5 551 10.19 
42 794 4.45 2.5 551 10.19 
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Tensile Tensile Tensile Tensile 
CD Slope CD TEA Tensile GMT MDTEAf 

g/3" g cm/cm2. MD/CD g/3" CDTEA 

3216 2.89 1.31 583 1.12 
34O2 2.71 1.28 587 1.04 
3569 2.92 1.41 670 1.01 
3764 3.16 1.24 691 O.83 
4269 3.06 1.27 735 1.08 
3313 3.17 140 687 0.95 
3434 3.15 140 700 O.94 
3412 3.19 1.33 672 1.06 
3630 2.84 1.44 661 O.88 
3630 2.84 1.44 661 O.88 

0.054 Because peak tensile strength affects TEA, it would 
be expected that tissue with a greater MD/CD ratio would 
have a greater MD/CD TEA ratio. As the data in FIG. 4 
show, Substantially equal MD/CD TEA ratio Samples were 
produced over a large range of MD/CD tensile. The rela 
tionship between MD/CD tensile ratio and MD/CD TEA 
ratio is complex. FIGS. 4-10 provide insight into the com 
plicated relationships between tissue machine fabrics, rush 
transfer levels, and tensile Strength properties that influence 
the MD/CD TEA ratio. 

0055. In general, many different factors can be manipu 
lated to produce the products having an MD TEA and CD 
TEA which are substantially equal. These factors include the 
MD and CD tensile strength, the topography of the transfer 
and throughdrying fabrics, chemicals, rush/drag forming 
(jet-to-wire ratio), forming consistency, percent rush trans 
fer, creping variables, vacuum levels, fiber Species, pulping 
conditions, hardwood/Softwood ratio, refining level and 
reeling (percent Stretch pullout). 
0056. As the MD TEA is normally higher, emphasis must 
be placed on manipulating these factors to increase the CD 
TEA to make it substantially equal to the MD TEA. How 
each of these factors must be manipulated is process depen 
dent, and adjustments may need to be made differently for 
different processes. However, Some general Statements can 
be made about methods to generate essentially equal MD 
and CD TEA. 

0057. In this respect, the CD tensile strength can often be 
increased by increasing the percent hardwood in the furnish. 
More hardwood relative to Softwood will tend to decrease 
the MD/CD tensile ratio, thus making the TEA closer to 
equal. 

0.058 Concerning the fabric topography, the effect on 
MD/CD TEA is complex and dependent on several factors 
such as the weave pattern. For MD-oriented fabrics, increas 
ing the fabric topography may increase CD TEA and hence 
make MD and CD TEA more equal by increasing the percent 
stretch in the CD. However, the effect on the shape of the CD 
StreSS/strain curve must be considered, and hence this effect 
is not true for all fabric designs. 

0059) As to the jet-to-wire ratio, the MD/CD tensile ratio 
generally follows a well-known “U” shape as jet-to-wire is 
increased, reaching a minimum at Some jet to wire ratio 
which may be both hardware and Speed dependent and 
increasing on either side of this point. To minimize MD/CD 

TEA, it is advisable to set the jet-to-wire ratio at a value 
which is close to the nadir of this curve. 

0060 AS to forming consistency, lowering the forming 
consistency will generally cause better formation, and hence 
an increase in both MD and CD tensile and thus MD and CD 
TEA. To determine what forming consistency optimizes 
equality of MD and CD TEA, the forming consistency can 
be altered and a MD/CD TEA versus forming consistency 
graph generated and the best point Selected. 
0061 Concerning creping variables, those variables that 
increase percent tensile reduction will generally tend to 
make MD/CD TEA ratio more equal. For example, greater 
web adhesion will cause greater MD tensile reduction during 
creping, and for equal Stretch values will decrease the MD 
TEA, thus making the MD/CD TEA ratio closer to one. Of 
course, this parameter would not apply to uncreped pro 
CCSSCS. 

0062 Reeling variables, such as percent stretch pull-out, 
are other variables that can be manipulated to make the MD 
and CD TEA values essentially equal. Again, since MD TEA 
is generally larger than CD TEA, more pull-out of MD 
stretch via greater reel speed will tend to make MD and CD 
TEA closer to equal. However, the pull-out should not be 
increased beyond the level that makes the TEAS approxi 
mately equal, lest the web be damaged. Since the optimum 
performance is obtained by having the TEAS essentially 
equal and stretch of 5% or greater in both the MD and the 
CD, it is not desirable to reduce the MD stretch to less than 
5% during winding of the web. 
0063 As an alternative to the above methods, CD TEA 
can be increased by altering the process So as to place an 
elastomeric bonding material on the web. The bonding 
material may be, for instance, an ethylene Vinyl acetate 
copolymer or other related polymers. Depending on the 
desired result, the bonding material may be applied only to 
one side of the web or to both sides of the web. The 
elastomeric material can either be applied on the tissue 
machine per U.S. Pat. No. 3,879,257 to Gentile etal or in an 
off-line process as described in U.S. Pat. No. 6,423,180 to 
Behnke et al. both herein incorporated by reference. After 
application of the elastomeric material, the web may be 
creped if desired. The presence of the elastomeric material 
and the pattern utilized for the application of the elastomeric 
material can give increased CD stretch, increased CD TEA 
and therefore substantially equal MD and CD TEA. 
0064. It will be appreciated that the foregoing examples 
and discussion, given for purposes of illustration, are not to 
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be construed as limiting the Scope of this invention, which 
is defined by the following claims and all equivalents 
thereto. 

We claim: 
1. A tissue sheet having a three-dimensional Surface 

topography, an MD/CD TEA ratio of from about 0.8 to about 
1.2 and a CD Stretch of about 5 percent or greater. 

2. The tissue of claim 1 wherein the MD/CD TEA ratio is 
from about 0.9 to about 1.1. 

3. The tissue sheet of claim 1 wherein the geometric mean 
tensile strength is about 1500 grams or less per 3 inches of 
width. 

4. The tissue sheet of claim 1 wherein the geometric mean 
tensile Strength is about 1200 grams or leSS per 3 inches of 
width. 

5. The tissue sheet of claim 1 wherein the geometric mean 
tensile strength is from about 500 to about 1200 grams per 
3 inches of width. 

6. The tissue sheet of claim 1 wherein the geometric mean 
TEA is about 20 gram-centimeters or leSS per Square centi 
meter. 

7. The tissue sheet of claim 1 wherein the geometric mean 
TEA is about 10 gram-centimeters or leSS per Square centi 
meter. 

8. The tissue sheet of claim 1 wherein the geometric mean 
TEA is from about 2 to about 8 gram-centimeters per Square 
centimeter. 

9. The tissue sheet of claim 1 wherein the geometric mean 
TEA is from about 2 to about 4 gram-centimeters per Square 
centimeter. 

10. The tissue sheet of claim 1 wherein the MD stretch is 
about 3 percent or greater. 

11. The tissue sheet of claim 1 wherein the MD stretch is 
about 5 percent or greater. 
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12. The tissue sheet of claim 1 wherein the MD stretch is 
from about 3 to about 30 percent. 

13. The tissue sheet of claim 1 wherein the MD stretch is 
from about 3 to about 25 percent. 

14. The tissue sheet of claim 1 wherein the MD stretch is 
from about 3 to about 15 percent. 

15. The tissue sheet of claim 1 wherein the MD stretch is 
from about 3 to about 10 percent. 

16. The tissue sheet of claim 1 wherein the CD stretch is 
from about 5 to about 20 percent. 

17. The tissue sheet of claim 1 wherein the CD stretch is 
from about 5 to about 15 percent. 

18. The tissue sheet of claim 1 wherein the CD stretch is 
from about 5 to about 10 percent. 

19. The tissue sheet of claim 1 wherein the CD stretch is 
greater than the MD stretch. 

20. A tissue sheet having a three-dimensional Surface 
topography, an MD/CD TEA ratio of from about 0.8 to about 
1.2, a CD stretch of about 5 percent or greater, an MD stretch 
of about 5 percent or greater and a geometric mean tensile 
strength of about 1500 grams or less per 3 inches of width. 

21. The tissue sheet of claim 20 wherein the geometric 
mean TEA is about 20 gram-centimeter or leSS per Square 
centimeter. 

22. The tissue sheet of claim 20 wherein the geometric 
mean TEA is about 10 gram-centimeter or leSS per Square 
centimeter. 

23. The tissue sheet of claim 20 wherein the geometric 
mean TEA is from about 2 to about 8 gram-centimeter per 
Square centimeter. 

24. The tissue sheet of claim 20 wherein the geometric 
mean TEA is from about 2 to about 4 gram-centimeter per 
Square centimeter. 


