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improving glue bonding of multiply tissues and in providing new aesthetic images on
paper products, manufacturers have observed that when producing certain deep nested
embossed patterns the resulting paper loses a significant amount of its strength through
the embossing process. As expected, paper products having this lower strength detract
from the acceptance of the product desﬁite the improved aesthetic impression of the deep
nested embossing.

It has been found that a new embossing apparatus comprising rounded embossing
protrusions can provide a deep-nested embossed paper product which maintains more of

its initial strength after going through the embossing process.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a prior art embossing protrusion or knob for use

on the surface of the embossing cylinders of a typical embossing apparatus.

Figure 2 is a perspective view of the embossing protrusion used on the surface of
the embossing cylinder of the apparatus of the present invention.

Figure 3 is a side view of the gap between two engaged emboss cylinders of the
apparatus for deep-nested embossing of the present invention.

Figure 4 is a side view of an embodiment of the embossed tissue-towel paper

product produced by the apparatus or process of the present invention.



product produced by the apparatus or process of the
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may comprise two embossing cylinders 100 and 200, each rotatable around its axis. The

cylinders are typically disposed in the apparatus with their axes parallel to each other.
Each cylinder has an outer surface comprising a plurality of protrusions 110 and 210, also
known as emboss knobs, arranged in a non-random pattern. The surface, including the
protrusions, may be made out of any material typically used for embossing rolls. Such
materials include, without limitation, steel, ebonite, and hard rubber. The non-random
protrusion patterns on the first and second cylinders are coordinated such that the
protrusions deep-nest as described above. The protrusions comprise a top plane 130 and

230 and sidewalls 140 and 240, with the top plane and sidewalls meeting at a protrusion



protrusion patterns on the first and second cylinders
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The apparatus may act on any fibrous structure which would be considered to
result in a paper product. Typical fibrous structures are structures which can be used as
tissue-towel paper products. As used herein, the phrase "tissue-towel paper product”
refers to products comprising paper tissue or paper towel technology in general, including
but not limited to conventionally felt-pressed or conventional wet pressed tissue paper;

pattern densified tissue paper; and high-bulk, uncompacted tissue paper. Non-limiting



refers to products conprising paper tissue or paper
towel technology in general, including but not limted
wa o00someenti onal |y felt-pressed or conventi onaPCTHES2005/018073
pressed tissue paper; pattefn densified tissue paper;
and hi gh-bul k, unconpacted tissue paper.
Non-1imtingexanples of tissue-towel paper products
i nclude toweling, facial tissue, bath tissue, and
tabl e napkins and the like. The term"ply" as used
exaetpddsoinisanstoave] ipapérvprddwadts sichele toweling)rfacisl tstsneycatir &ssue, and
{;aw gﬁ t he Lﬁ@ as a tissue product. As used herein,
i#ﬁrlse one or nore wet-laid |ayers. \Wen
nor e than one wet-laid layer is used, it _is not
neceBkataymt Tialy” tan ayped herain decans ¢ HWiduhsheqtppfofibrous structure

B 58 g R ochlE, MY, B S EPEoffi o o mor

wetigid la$&se WighehoRl thah Snéleeelaid Bger BYustddt asitmeckssary that they
benefits of the final tissue-towel paper product. The

arg gnade’ fiiopy thes same lf&vmmestnevéures eHurtegrethe faysrssmay or may not be

ar ! ang%% \%1 hlﬂél&%ia%er C%E %%qaﬁe rﬂlg%@f % M%Pg g%%e pn\é is (iletermmed

b}Dﬁlefd'eﬁﬁdineﬁ&\ﬁ‘ﬂs o @fe€final ﬂ'blﬁleﬂéﬁélq&beﬂ prégudt on
contenpl ates the use of avariety of paper maki ng

fi beFhe taor Hﬁb@uS fsgrclexeingd ased Afgitameany dpsarggngement or fibers
etic LS f
oo S, e BoneBlra@Y Bk ARRIR 7l s ARy, of s
tolWRE pRFeRS ETHe pﬁyﬁﬁtlh%htlbﬁcﬂoﬁtéﬁlﬂaﬂéd theOfeCoffd R@ficty of papermaking
commonly known as wood pul p fibers. g\g pl i cabl e wood

filpars, sych as fordxanipéayingtaral §iberssor synibatiafbes agrtany ipgrispiable fibers,

a wa%yacgﬁ f ata%fog%%é%ﬁagen%%kn?ﬁ]gggrg g‘éﬂlﬁ%rt%g #%egg tlnveqtlon include

cdllul RicAfmskre beminealy dmovadad Wﬁﬁ’d Eﬁl@rﬁm Cchaplicdle wub@ pulps include
Chem cal pul ps, however, referred since th

chenp@al tpudpss §pelr P Kr@%,cwlﬁ@, @@d} §élf%ﬁe nidps; 98 seclt gs ﬂlﬂ@b@@cal pulps

made t her ef ro Pul deri.v
1n8£1§ g, g SSxaD E%, %rﬁlél?, ev}looaclif tt ee?morqeg%a%?cg;l éj(r& gﬁ)ci IEhemlcally modified
theAtadrAovnagical pilsl casiniar W?s tHo%S'm( hﬁt@/&id’}ﬁ%feﬁfed sﬁicS @hey impart a
referred to as "softwood be utilized. The

supariosodleassdses of seftnsds tq Hague sbaets meads| thergigm. oPulps derived from

o BB e oS RaRE SRR h LDy YT PO Xplfous e
(hRsinadicd Yo réferdti 36 la@‘ss@ftk»%}é&‘f)lﬂ‘ﬂ@ 16 utll Bed Wahé hasdeood and softwood

softwood fibers. Also applicable to the gr esent
fipery eant bo hlemied,fqrwéuemaa@elw@adl be denosised; merpat@@rowde a stratified

N IR e -

arRNSbrRFYRAISTNGS. usissl af)?hcfa@w {0l thatRedehe itdieh@bate fibers derived from
papermaki ng. In addition to the above, fibers and/or

retydledvpapes, Whidemay santpisl anyer 81l of fesabiove gategories as well as other non-

fibrous materials such as fillers and adhesives used to facilitate the original papermaking.

In addition to the above, fibers and/or filaments made from polymers, specifically
hydroxyl polymers may be used in the present invention. Nonlimiting examples of
suitable hydroxyl polymers include polyvinyl alcohol, starch, starch derivatives, chitosan,
chitosan derivatives, cellulose derivatives, gums, arabinans, galactans and mixtures

thereof.
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Uncompacted, non pattern-densified tissue paper structures are also contemplated
within the scope of the present invention and are described in U.S. Patent 3,812,000
issued to Joseph L. Salvucci, Jr. et al. on May 21, 1974; and U.S. Patent 4,208,459, issued
to Henry E. Becker, et al. on Jun. 17, 1980. Uncreped tissue paper as defined in the art
are also contemplated. The techniques to produce uncreped tissue in this manner are

taught in the prior art. For example, Wendt, et. al. in European Patent Application 0 677



Trokhan on Decenber 16, 1980; and U.S. Patent
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The use of high surface area, high anionic charge microparticles for the purposes of
improving formation, drainage, strength, and retention is taught in the art. See, for
example, U. S. Patent, 5,221,435, issued to Smith on June 22, 1993.
If permanent wet strength is desired, cationic wet strength resins can be added to the
papermaking furnish or to the embryonic web. Suitable types of such resins are described

in U.S. Patents 3,700,623, issued on October 24, 1972, and 3,772,076, issued on
November 13, 1973, both to Keim.



Cytec, Inc. of Stanford, CI. The use of such materials
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alkyl groups can greatly enhance absorbency.

In addition, other chemical softening agents may be used. Suitable chemical
softening agents comprise quaternary ammonium compounds including, but not limited
to, the well-known dialkyldimethylammonium salts (e.g., ditallowdimethylammonium
chloride, ditallowdimethylammonium methyl sulfate, di(hydrogenated tallow)dimethyl
ammonium chloride, etc.). Certain variants of these softening agents include mono or
diester variations of the before mentioned dialkyldimethylammonium salts and ester

quaternaries made from the reaction of fatty acid and either methy! diethanol amine

and/or triethanol amine, followed by quaternization with methyl chloride or dimethyl



Rhone Poul enc Corporation (Cranbury, NJ).

Alternatively, cationic softener active ingredients
wowaok/18326 gh degree of unsaturated (nono and/ oPCPUE20P5/018073
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0/ 360021 fil ed
embossed paper products comprising the steps of a) producing one or more plies of paper

having an unembossed wet burst strength, and b) embossing one or more plies of the
paper where the resulting embossed ply or plies of paper comprise a plurality of
embossments having an average embossment height of at least about 650 um and have a
finished product wet burst strength of greater than about 85% of the unembossed wet
strength.

The ply or plies of paper produced to be the substrate of the deep-nested
embossed paper product may be any type of fibrous structures described above, such as,

for example, the paper is a tissue-towel product. The unembossed wet burst strength of



on February 6, 2003 in the nane of Trokhan et al.

copending U S. Patent Application 10/192,372 filed in
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EXAMPLES

Example 1.

One fibrous structure useful in achieving the embossed tissue-towel paper product
is the through-air dried (TAD), differential densify structure described in U.S. Patent No.
4,528,239. Such a structure may be formed by the following process.

A pilot scale Fourdrinier, through-air-dried papermaking machine is used in the
practice of this invention. A slurry of papermaking fibers is pumped to the headbox at a
consistency of about 0.15%. The slurry consists of about 65% Northern Softwood Kraft
fibers and about 35% unrefined Southern Softwood Kraft fibers. The fiber slurry
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e e
spn@t azp;mlcatomvae msateldubout 2.5 kg per metric ton of production. The Yankee dryer
is operated at a speed of about 183 meters per minute. The fiber consistency is increased
to an estimated 99% 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
157°C, and Yankee hoods are operated at about 177°C.

The dry, creped web is passed between two calendar rolls and rolled on a reel
operated at 165 meters per minute, so that there is about 16% foreshortening of the web
by crepe; 6% wet microcontraction and an additional 10% dry crepe. The resulting paper

has a basis weight of about 24 grams per square meter (gsm).
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ltg{gg&l ggdevg;éf%gmté%%t he deep enbossing process of this

nven Ion oss cylinders are engraved with
EgganpleRnment ary, nesting protrusions shown in Figure 3.
The cylinders are nmounted in the apparatus with their

res planc parkerayeerisdi ewebqsipent & the ergessedniisHertowsieaper products,
tv@c{ ?e%&%’?é ;ga[f)%l{ g{% erré %Tc‘a'.ii@ fh? rpohwg} rﬁl %Pfo‘@'fsgrsg?n vé%g& ment 1. The

tv&dweuepmt lthwie&ordbmaetaeﬂ @ﬁb@bautogbﬂfzz bymiendesp hésted embossing
(bottomaor proximal - i.e. closest to the surface of

pqop,@ss ob Embodgnsnidi cHhet qeg}tl%g Baner éé% araelghﬁsg}enb]pmglgdﬁtgreater than
QID n?nb%thm ed.].l%p %vggfg)jlll Bt s%%e{ﬁg@l uér rS@én %Qo@é%b/f g t% éﬁlgmbossed

wgﬂ”ﬁtreﬁﬁtﬂ engagenent of the nested rolls is set to about
2.49 and the paper described above is fed through
__li_ﬂameﬁgaged gap at a speed of about 36.6 neters per
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thie%e{ ?%g%alﬂe gaRatpiles iahadd tém 8R7p&fer |1ﬁa‘}(1ﬂ-g1§fﬂé@@5ﬁdEM@bd1ment 1.
Two of the plies are deep nested embossed by the deep nested embossing process of the
Embodiment 1. The three plies of tissue paper are then combined in a standard
converting process such that the two embossed plies are the respective outer plies and the
unembossed ply in the inner ply of the product. The resulting paper has an embossment
height of greater than 650 pm, a finished product wet burst strength greater than about
85% of its unembossed wet strength.

Example 4
In a preferred example of a through-air dried, differential density structure

described in U.S. Patent No. 4,528,239 may be formed by the following process.



Exanple 2 In another preferred enbodi ment of the
enbossed tissue-towel paper products, two separate
w@apeniynké es are made fromthe paper maki ng prPCEES2005/018073
Enbodi nrent 1. The two pliesi4are then conbi ned and
enbossed together by the deep nested enbossi ng process
of Enbodinment 1. The resulting paper has an enbossnent
hei ght of greater than 650 mm a finished product wet
burst strength greater than about 85%of its
unerfiiesEAD casfierSabrangftExaniplains replBcé¢dwithetcheter fabric consisting of
referred enbodi t of the enbossed tjssue-to
3545 B riplb AEEREd Ch i ERiOB I AANE PR ol £ ST hg i gh about 0305
0 ef, Bkl ' . f
e T T R P, o ISy and the
reQIMHOS papeg hpy ac embowehhieei gitivd renesrtthdn 65themt hfiméshpd pasiuct wet
of tissue paper are then conbined in a standard
busg sirergth grrap deapsadbout&1vo oh e urgiabasisd WaHSEEE: pl i es
EfShl ge respective outer plies and the unenbossed ply
inner ply of the product. The resulting paper
has &n agshadssrenbobigicphiof die gresattdibroimannEB@ienima paper structure

finished product wet burst strength greater, than about
haggg, & fwet (RICIATEREBRSIOB EreRier AR ARGEHS YERGAMRINg I, With any known

LT RLATRAS, S, LA i, el 67O e o
4 4528, 289 cxmyplber éabadithehys tag b pkddmebdiby firecfoBswinEocess.

TAD carrier fabric of Exana‘glpe 1l is replaced with a i )
car rThe wiraispeed soRgieaterry abpuigd)IemgteraRerapinpiet 44§ &puipr fabric
legti J t m - ' j
oL S5 A o RBALET T3 8L 1 1M lompre o
T ADRRsSr Tebriy acsisthe fwebxabib@storteatig it 16%: €8 TADgarrier fabric of
paper has an enbossnent hei ght of greater than 650 mm_ . .
Expnipleil 3neaplased @it capder fBbiHG harpe argthed greaxe.ey*-4 Fgphine direction
% i Jnemho e
BB 25 oS RN ERA L ST BRATBIRaS Bt 15

m8tefsUpéruin@mits add ABP etelSdpeid tisihboltalb N ghetersvger minute. The web is
m crocontraction greater than about 5% n_caqnbi nati on
foygshertensd 1ORoRs WerBissrroairaction; sy 45 eddidenal \\gyo by dry crepe. The
] tr i ' ' i J S, . .
R A B B R a1 e
fubtert §idjdcadd towh& gmposaessrocess of Example 1, and the resulting paper has an

embossment height of greater than 650 um, a finished product wet burst strength greater

than about 85% of its unembossed wet strength.
Example 6.

- Another embodiment of the fibrous structure of the present invention is thg
through air dried paper structures having machine direction impression knuckles as
described in U.S. 5,672,248. A commercially available single-ply substrate made
according to U.S. 5,672,248 having a basis weight of about 38 gsm sold under the Trade-
name Scott and manufactured by Kimberly Clark Corporation, is subjected to the
embossing process of Example 1. The resulting paper has an embossment height of
greater than 650 pm, a finished product wet burst strength greater than about 85% of its

unembossed wet strength.



The wire speed is increased to about 203 neters per

m nute. The carrier fabric speed is about 183 neters
w@eeosiinesd e. The wire speed is 10% faster conpeCEUS1005/018073

the TAD carrier fabric so tlhat the wet web

foreshortening is 10% The TAD carrier fabric of

Exanple 1 is replaced by a carrier fabric having a

5-shed weave, 14.2 machine direction filanments and

12.6 cross-direction filanments per cm The Yankee

speed i s about 183 net efBSPMETHOISe and t he reel
seed IS abu,tr 165 mefers per mnute. The web is
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le 1, and the resulting paper has_an enbossment
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the through air dried paper structures havin

cagiroled mieroi mprass 31 rCR rgerreyith dighsseiuber (1 0uX§000 ixels), o)
pr%beg’z % f)l CS é%i %?gggrlg?%sllﬁﬂ{lg\é% ﬂ?ﬁ&ﬂgﬁZgg@nhmd d) recording

o IRS la8aph&d @)hi m@:isuﬁbg’ lafeaiiﬁ apkRast 01X 20 mtey a tabk: (Fipad Bmﬂmn a small
Scott and manuf actured by Kinberly O ark Corporati.on,
hard siquisj pleteed eadd tlight SAHEES? HRCASHHRE contspl, Bagdngylaliation 'computer;

. mg]sglél[ng, %ltnﬁr g}é@%‘pa%atﬁﬁsépl it Igeh QemeN Ohﬁf\}\%rﬁl V%I‘Sl?n and adjusting

product

p@béﬁi@ﬁId%r@lr@%t)@thdtvbﬁi@ala(apUzthbﬁéft%nof its unenmbossed wet
strengt h. TEST METHODS Enbossnent Hei ght Test Met hod

EnbobkneRM RemgsOptigal Rseldlgr @@t%m@suaescﬂwﬁmfaq%@@lght ofa sample

L Y T .

mde bf QutfaBe hbight (25504, Xgilsplabomefd N sy som }ﬁstalfteﬂ?dl of view of 27 X 22
Profiler instrunent includes a conpact optic
miewih pitergluEoned 2 | paisks-ohhe helghl r@i;qhammhﬁh@ﬂlsl bﬁ sef by between 0.10

r L | t f
RSB THPRERE P Horo0 s ANIBLE o1 o
dl gi T@meaqiné b dibk@d sffu@bﬁﬁb ﬁhfpﬂ@d@theﬁbll@ﬁﬁgc anera with
hi gh resol uti on (élBOO X 1000 pi xel s) é% projection
¢

opti ks Tampn dep eadd highieseyne @eaﬁe@algépn e P@asl,ltghmouf@ez@ould be
mm anq )d d, %%ﬁjéh%%ld give a reading of 3000K on the display;

2. Turn on the computer, monitor and printer and open the ODSCAD 4.0 Primos
Software.

3. Select “Start Measurement” icon from the Primos taskbar and then click the
“Live Pic” button.

4. Place a 30 mm by 30 mm sample of fibrous structure product conditioned at a
temperature of 73°F + 2°F (about 23°C + 1°C) and a relative humidity of 50%
+ 2% under the projection head and adjust the distance for best focus.

5. Click the “Pattern” button repeatedly to project one of several focusing

patterns to aid in achieving the best focus (the software cross hair should align



optics adapted to a neasuring area of at |east 27 X 22

mm a table tripod based on a small hard stone pl ate;
w@2@eh32ké ght source; a measuring, control, aneCT/US2005/018073

eval uati on conputer; neasurléng, control, and

eval uati on software ODSCAD 4.0, English version; and

adj usting probes for lateral (x-y) and vertical (z)

calibration. The G-F-M Prinos Optical Profiler system

nmeasures the surface height of a sanple using the

di gi t alwith therojected rergatitagr wher optirosli fooug echuhieped). Phstion the

result of the analysis is a of surface height (2z)
vs yPB(?J'é }Oé‘cbéﬁgtﬂbe mt@awstpa%mg surfaeel d of vi ew of
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2. Tur nf&mst:i‘een(tamtadt“éﬂ”wdhhn'mgreﬂnd printer and open

h Sof . Sel "S
f\/e:sz?jgg@ﬁt Teq%é‘&ar $¥r§4ﬁe&‘t{é‘ WWG‘F‘S’SW%E% anfalatr Len
cli CEF f(H,Ml% Ri€asuleH §i@fdn. 4ThiElV@#CHEe (féoormﬁebﬂvésﬂgég@ on the

sanpl e rous structure product conditioned at
t enper ad:neexe and, slﬁtﬁltamﬁslyaﬂmntnagao;ﬁll H:C):a;am@daand digitized. It is

relative humdlt of . 50% 2% er t rojectio
and adfuRertando diegp Ahr sArpR)p SH mtn(gc{f}és P eJ tey a}vegfpﬂxgmg of the
"Patte t: I

Egptuféld 1}119%8 r tﬂg@lglﬁagg ivOr:llltbQ cRbBiRGh aﬁfﬁ%xﬁﬁaté ?‘Q@rs@&onds.

f ocusi patter achievi ng ocus

(t hed.s Shvevdreanmpe s a kamputshild 'dlthl“log;nm?\n dxtersto@. This will also save
proj ected cross haiyf when optimal focus is achieved).

Posi ti @F‘taﬁ@ri‘)%ﬁ‘géér?o#a%ad to be normal to the

sanp| £ 19U Ghe ateAft &%% ﬁttglggﬁ bédﬁg&L ragstﬁe by AGRAN gduag on the

t he aperture on t ens einthe Sid
of thechplmae@hmmtmad and/or altering the camera
"gain" _setti nlgloon the scree

hi ghkh I\t%r? ig ﬂé%t?f’tlopri“ﬁgjuéﬁ%ﬂtne%f‘ Me. %F‘n‘f Getive line is set to
noi se. NGvé | éJ LREHa B8 b StPQ%fvE‘sgr@mﬁthSn ripd left side of the

C|rcle at yot't om o e screen | abele turn
gr een. cémptel ec:reen'l'mo:atga iaad cliGutheac@isRo Thbn meas mlueecmasﬂ hairs to the

type. lowest point on the right side of the computer screen image on the current line
and click the mouse. Now click on “Align” by marked points icon. Now click
the mouse on the lowest point on this line, and then click the mouse on the
highest point on this line. Click the “Vertical” distance icon. Record the
distance measurement. Now increase the active line to the next line, and
repeat the previous steps, do this until all lines have been measured, six (6)
lines in total. Take the average of all recorded numbers, and if the units are
not micrometers, convert them to micrometers (um). This number is the
embossment height for this replicate. Repeat this procedure three more times

(for a total of four replicates). Take the average of the four replicates to get

the embossment height for the sample.



8. Aick on the "Measure" button. This will freeze on
the live imge on the screen and, sinultaneously, the
w0 pwga1322d | be captured and digitized. It is |iPEDUSZN018073
to keep the sanple still du’ing this tine to avoid
blurring of the captured inmage. The inmage will be
captured in approxi mately 20 seconds. 9. Save the
image to a conputer file with ".ont" extension. This
will also save the canera image file ".kant. 10. To
WiebBerst Beerdhalh ddtindd t he anal ysis portion of the
softvvare click on the cl.ipboard/ man ico

1. _Now,
cl i cRVeinBure Sttt sawce i siAgS 13 megsure rl\]%fké s%hll\ﬁtvyv of a fibrous
Sk Syl e phe SRk RS png o By 5581, Bt ek, v
wetcindanbjecad éo dsfdrmationknotinel tovhispland bisthe fibvenstshecturossl/or paper

hairs to the | owest point on the rig sj de e
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line. dick the ' Vertdcal di stance ico

di st ErckPhesad, fatheproducinnaving a s8ectraet Eéﬁﬁof aﬂlém%mtely 11
inbHIS. (P%“nrljn RénoaNGd Sﬁt uﬁlﬁefr(ﬂﬁ%gé 9(%1{5)(@%?655 iy g@paﬁ’ré $he usable

unti |nes have een neasure I nes
uristasthe p&'ﬁkﬁtlbiﬁfalal/ﬂacﬂ;gtﬁemfomﬂob of eacir ckhelr. nCuththe SlSabi‘ﬂ dmts in half
if the units are not mcr ters, tOFﬁgovert themta

infhe Maebingrlareqtion. topaake siamls stagk of &OUE sl Waie tHek-gfipr usable
r l4i
1{1‘8 ﬁéﬁsaﬂlff g{aﬁg I 1%1?1%51% (2?@@%[3} c%rge‘%l gg@g H}!}@s gﬁ t%ﬁ éﬁf@é Gsable units
frenehagdl. Stadkhtbe Bioips sa) d‘mlt t}mqieeﬁarattmng etd ed@s ardmﬁmimnt Carefully
hei ght for the sa E ﬁStr ngt h .Met hod " Wet
repgns eyl PEFDR ot Fath Sithe rud BFabls Wil THeG G e cpRs direction so
h3PhElbd1 Rhofh Jf E AR bdit!phid i ARGYihe DoRRARIMAOANS bnd usable
I'ncorporatrng a fibrous structure to orb energ
unikesn amﬁbxﬁmﬂe@ uhjiectes d28Mmuef dCutehé eamplostaek it ha]lfhlethe machine

pl ane of the fibrous structure and/or paper product.
dw@%m@@ & PAARIE Alagl {ous &S %gluFSetg °gsi ng a

gh\émo-glge ﬂﬁég aljgg{ ?{ ¢ eglfragr%m ga%y aval %Jlba[ gﬂ?’m gﬁﬁfﬁi ot} clamp at

th&’bmtalgoﬂklrbeif tthd mstovuedaes. i diy othBhéddasfahebrinaple BtAck to separate

the towels which allows circulation of air between them. Suspend each sample stack by a

clamp in a 221°F + 2°F (105° C + 1° C) forced draft oven for five minutes + 10 seconds.

After the heating period, remove the sample stack from the oven and cool for a minimum
of 3 minutes before testing.

Take one sample strip, holding the sample by the narrow cross machine direction
edges, dipping the center of the sample into a pan filled with about 25 mm of distilled
water. Leave the sample in the water four (4) (+ 0.5) seconds. Remove and drain for
three (3) (& 0.5) seconds holding the sample so the water runs off in the cross machine
direction. Proceed with the test immediately after the drain step. Place the wet sample on
the lower ring of a sample holding device of the Burst Tester with the outer surface of the
sample facing up so that the wet part of the sample completely covers the open surface of

the sample holding ring. If wrinkles are present, discard the samples and repeat with a



For 1-ply and 2-ply products having a sheet |ength

(MD) of approximately 11 inches (280 nm renove two
waisabhe2enits fromthe roll. Carefully separatBCT/082005/018073

usabl e units a the perforations and stack them on top

of each other. Cut the usable units in half in the

Machi ne Direction to nake a sanple stack of four

usabl e units thick. For usable units smaller than 11

inches (280 mm carefully renove two strips of three
nevs sduhele.u Aiftes tHersampilehis pragerly iﬁmiaack onlikee Biweir psrnpb hohding ring, turn

t he, perfo at i and edges ar nci d
the &Y i&ﬂ% OO SR AP UF T e e seahlod totflﬁ.tg%ed s now
seP¥refHEAh{Ag ih The B8 e RSIE; 'Lfn?tCtSté}‘ﬂ #ROorfabstlifendded @l at this point
I endt f

the center unit plus the renmaining portions
b}opresshmg theosterh Hutiembh eheuBussTesserapio pbigemwal Yegin to nish dpvard the

e s |l e stack ip half_ in the
Waﬁ %@@? o th% S%ﬁe ok Oén’fs‘tfﬁf‘ek&ﬁo%&m&& aﬁ&rse%ﬂm%%res report the
mhf] fﬂi“?n a"f@ll e[giuﬁ‘ée‘f' \Qﬁlxﬁutgfﬁ%ﬁcaqgleféveﬁérﬁfdu%e% to its original
attac paper-clip or clanp’at the center of
stamag (pf)Sltle Rapeamme pomedurtFmntrae(@) oohesanapids fofr atthtal of four (4)

npl e stack to separate the towels which
te%tp,rlé‘m qpy @; replicates. PRE PR Tf S 3 aVERRP %@gﬁ ?@éﬂﬂ lgphcates to

he {Qy a clanmp in a 221F 20F (105 C 1C forced
0 h%%?Sg%en for five mnutes 10 seconds. After the

heating period, renove the sanple stack fromthe oven
and cool for a mninmmof 3 mnutes before testing.
Take one sanple strip, holding the sanple by the
narrow cross nachi ne direction edges, dipping the
center of the sanple into a pan filled w th about 25
mm of distilled water. Leave the sanple in the water
four (4) ( 0.5) seconds. Renobve and drain for three
(3) ( 0.5) seconds holding the sanple so the water
runs off in the cross machine direction. Proceed with
the test imedi ately after the drain step. Place the
wet sanple on the lower ring of a sanple hol ding
device of the Burst Tester with the outer surface of
the sanple facing up so that the wet part of the
sanpl e conpletely covers the open surface of the
sanple holding ring. If winkles are present, discard
the sanples and repeat with anew sanple. After the
sanple is properly in place on the | ower sanple
holding ring, turn the switch that |owers the upper
ring on the Burst Tester. The sanple to be tested is
now securely gripped in the sanple holding unit. Start
the burst test immediately at this point by pressing
the start button on the Burst Tester. A plunger wl|
begin to rise toward the wet surface of the sanple. At
the point when the sanple tears or ruptures, report

t he



maxi mum r eadi ng. The plunger wll automatically
reverse and return to its original starting position.

woe@eals2ehi s procedure on three (3) nore sanpl BGI/U82008018073

total of four (4) tests, i.18., four (4) replicates.
Report the results as an average of the four (4)
replicates, to the nearest g.Wiat is clained is: 1. An
apparatus for producing a deep-nested enbossed paper
product conprising: two enbossing cylinders each

Whatiabkabﬂledi@n an axis, the axes being parallel to one

,_a

anot aP%ar &}é:shfor r{)Jiuncgn%r c@gpvﬁg]g AmBaLs \{d}%ger%?ﬁiugt clomPnTlngE

pI ura rusrons on | S sur

of p E“Qt [ S(’)Issglgﬁgs %y%nde?s\?&%&l Fo¥att§r‘%>5]e o%ran*%& 1. Q;lez? Bcgﬁ'ggarégﬂ:l @ one another;

non- rant ec’t I'vé non

patter [
LI
coor drotrashm an@mehrcahmctmbqjag dlspmedoﬁ appotandeh patermebtre the respective

toget her such rhat th o) engage each ot her
to a %Pra tggelfngaeecf)grtd E i}é&ﬁer preferably

gr eafer tha 524 ) in.t )
con‘p% IeStvevo o ossm&I C r%lgggésn gfﬂ (g él\?\%ll tF& # gés%‘é?]ve? @?ordmated aon random
si depattelrsofipeatiisiogs adst tagqmlnantsuahsthab ﬂleqmtmenonsamagmch other to a depth
protrusi nak haV| radi u Hurvature greater

t han® Bg}%rtr?ﬁll 8nfné’§’ qu ¥1glfat9r7t§ mn pr et er abl y

gr eat nmm and ess than

pro Cglggrelp 0? %rf) orlas com%rlsg Bp Rlé‘g all wgglsg élMog Slane and sidewalls
pr odmeétmgoatmrpmlrusgant drmles tae@ﬁleqfrom)onct@knev éavm@ agaBusoof curvature

I’eanJ[r)g g 'fltﬁr tﬁ?rh(ioyﬁgm gp(tl ﬁ%satgane{%s ofpg%fa R glgg?eta °f {hatl ggo}ﬁ)nm and less

nip Bﬁhmﬂerﬁﬁm@ enbossi ng cyI i nders, each cyl | nder
having a plurality of protrusions disposed in a

2non- Agnetess fhajprbércing awlegreestel embassqigepérpeodocirromardanthe steps of:

patterns are coordi nated to each other, wherein the

t wo eydetigssing@ney rhorel plics ofipapeatoiag amblossing hpratrats; dride

respecti ve coordi nated non-random pattern of

pr ot b)J&hlmss'ng] é@stont of etol‘eepslies ot thetplapdr thlheglm rnibrh@m'e@m $wo embossing
enga greater.th

. anepde e $5udef sPanE Ry S RO Ris tibplsed f ¢ onrancom
Si deyattels wheia ﬁ)dre@e@ivaﬁ&-ﬂndbrﬁpaj‘em hitesoomdinbict ¢p @th ather,
protrusion corner and the protrusion corner having a

r adi wﬁeleifn thel Itwatehnbﬁ‘ssmg rglindgrsf are dighed d6chmint the kespedivenvpordinated

pap o P PGTI PEHEt PR e o Rmeb el PULFT ity cnesse cach

one 6thet® adefth bﬁgrea(lér tiAer] 6 nn,and efrtre i ppgriappacoaipiise a top plane
and

and sidewalls, the top plane and sidewalls meeting at a protrusion corner and the
protrusion corner having a radius of curvature ranging from 0.076 mm to 1.778 mm.

A process for producing a deep nested embossed paper product comprising the step of:

a) delivering one or more plies of paper to an embossing apparatus; and

b) embossing the one or more plies of the paper;

wherein the resulting embossed ply or plies of paper comprises a plurality of
embossments having an average embossment height of at least 650 pm and have a

finished product wet burst strength of greater than 85% of the unembossed wet strength.



b) enbossing the one or nore plies of the paper;
wherein the resulting enbossed ply or plies of paper
weewpnires a plurality of enbossnents havi ng aPCHUS2085@18073
enbossnent hei ght of at | ea28t 650 nm and have a
finished product wet burst strength of greater than
85% of the unenbossed wet strength.4. A process
according to Caim 3 where the paper produced and
enbossed is a tissue-towel paper. 5. A process
4.accoAdiregsst ascadiliag m Qlainhd whert e peps prdduceg aodombesed is a tissue-towel
papeEaggs an aver age enbossnent hei ght of at | east
1000 &h{ preferably at |east 1250 mm and nore
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substrgtg . A process according to Claim6 where two
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plies 0 I'SSué-towel paper substrate are delivered to
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enbossimsd ihelighd-took] peatiestratthan 650 nm and havi ng an

unenbossed wet burst strength and a finished product
7wet Buprstess teoenijightooClagn datvbere ttiwarpli8b 96 dfsubtrevel paper substrate are

une ssed. strength. .9 aper product according to
d ar?neq}é'?reghoet?‘ee?pr? g]iaﬁlé arb%%n@brogsﬁ ies are plies of

tissye-towel er pr f.o 10 A £ produ ;
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9.St r eﬂq}alﬂér product according to Claim 8, wherein the paper plies are plies of tissue-towel

paper product.

10. A paper product according to Claim 9 where the plurality of embossments have an
average embossment height of greater than 1000 um and a finished product wet burst

strength of greater than 90% of the unembossed strength.



