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TI SSUE W TH STRI KETHROUGH RESI STANCE CROSS REFERENCE TO RELATED

APPLI CATI ONS 5 This application is a continuation[in-part ozgg.s.
atent -application serial nunber 08/638,522, filed April 26, .
Igl ELD O:p‘FI)'HE MRAARSEN 10 This invention generally rel a'f%"éuwl‘f“ﬁ’é
field of paper maki ng, and nore specifically, to a tissue with

stri ket hrough resi st ance. BACKGROUND 15 During cl eani ng

after urination the anbuntrigfsulel wswe STRIREEROUEN ResksgRkyevariable, but
general ly about 12 to 15 ti ssue sheets are used per event for absorbing
about 1 mlliliter of urine. This tissue anount is about 14 tines

the actual anxdssNREESAENES Ofb UEARTHDS ABBLIcAPEGNPL i on 20 capacity.

Using this_excessive tissue anpunt prevents urine  fromstriking through
the tissuedsheet aRBifeBRRHAIRD s ayseptinpahirn-ionrerturdt 8t§; this
practice resuldatenfi hppsu€ation Wasti&l WinBBr xPLEEEs, BLONGTheqans fegades
envi ronnent al resources. 25 Accordingly, a tissue product that

has striket hrodgh

FIELD OF THE INVENTION
10 This invention generally relates to the field of paper

making, and more specifically, to a tissue with strikethrough

resistance.

BACKGROUND
16 During cleaning after urination the amount of tissue
used may be highly variable, but generally about 12 to 15
tissue sheets are used per event for absorbing about 1
milliliter of urine. This tissue amount is about 14 times
the actual amount needed based upon tissue’s absorption
20 capacity. Using this excessive tissue amount prevents urine
from striking through the tissue sheet and reaching the
user’s hand. Unfortunately, this practice results in tissue
waste, which expends economic and degrades environmental
resources.
25 Accordingly, a tissue product that has strikethrough
" resistance may reduce tissue sheet use by allowing the
utilization of the entire absorbency capacity of the tissue,

thereby reducing tissue consumption rates and waste.

30 DEFINITIONS
As used herein, the term "repellant agent" refers to an
agent that resists absorption of a liquid, desirably an
aqueous liquid. The repellant agent may repel liquids by
filling interstitial voids in the fibrous structure of a
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resi stance may reduce tissue sheet use by allow ng the utilization of

the entire absorbency capacity of the tissue, t hereby reducing tissue
consunption rates and waste. 30 DEFI NI TI ONS As used herein, the
term-“repellant agent"” refers to an agent that resists absorftion of a
l'i qui d,. desi r'¥8I09/005%8 aqueous |iquid. The repellant agenPCHE} M52

| i qui ds by filling interstitial voids in the fibrous structure of a
- tisgpesere wRtEeG: itRgivadnel olilters paeyepEetenti®ytds darBs from

bei ng absor begdebig aikPasd By LREOHEEsIHE fHRRIGHh kBet Rebers tdiw@ie Or of .the
fibrous structure.,L The repellant agent nm be hﬁggo hobi ¢ and ma

; y
i ncl ude such FEEEFIRF L5 FARGOBS aBBRECt Uik e S PeaREPFLL RRE 2 IFR Y f“ﬁgrm)re,
t he repel | ant bagepdrophobiry abhel may hydiephahich maesircals sscdizing he agent

201 U0eTs . ggbles A IAIRTEACTCRACLE i Setug, CORDY cabey toagihe e
added to the fapers amy Hwirfopbobabooberdital 1Guckbast tBO poemdssqier undar of
ey TP T LAl ol SBhcrosalokiv] 40, ShMsoffsposce fetubon of
ton of Sequa Dr., Chester, South Carolina 29706. The amount of
repellant agent added to the fibers may be from about 1 to
10 about 30 pounds per ton of fiber, more specifically from
about 1.2 to about 20 pounds per ton of fiber, and still more
specifically, from about 2 to about 10 pounds per ton of
fiber. '
As used herein, the term “latex” refers to a colloidal
15 water dispersion of high polymers from sources related to
natural rubber, such as Hevea tree sap, or of synthetic high
polymers that resemble natural rubber. Synthetic latexes may
be made by emulsion polymerization technigues from styrene-
butadiene copolymer, acrylate resins, polyvinyl acetate, and
20 similar materials.

As used herein, the term “layer” refers to a single
thickness, course, stratum, or fold that may lay or lie over
or under another. An example of a several layered structure
is depicted in FIG. 3, where a toilet tissue product 80

25 includes three layers 84, 86, and 88.

As used herein, the term “ply” refers to a material
produced from a headbox having one or more layers. An
exemplary toilet tissue product having two-ply structure is
depicted in FIG. 1, where a product 10 includes two plies 22

30 and 26.

As used herein, the term “wax” refers to aqueous
emulsions of small particles held in suspension by
emulsifying agents and may include materials such as paraffin

waxes, microcrystalline wax, or other waxes.



fiber. As used herein, the term"latex" refers to a colloidal 15
wat er di spersion of high polymers fromsources related to nat ur a
rubber, such as Hevea tree sap, or of synthetic hlghb golﬁners fhat
resenbl-e natural rubber. Synthetic |atexes may e made enul si on
pol yneri-zati of*? ¥MMBques from styrene- but adi ene copol yREFUSRA#MR at e

resins, polyvinyl acetate, and 20 simlar materials. ., As used
herein, the term " PSyBsedrBeEsEns he Gorg &sizingnrewmesLefessr 68, a8Y r at um

or fold that mmﬁmhaﬁlOEnhiblﬂﬂﬁé llquiu'péﬁdtkaaﬂ@ﬁhﬁé cdNw@xanpl eipéra
sever al Iayere% structure %Qted in FIG where a toilet tissue
r

product 80 25°TFREFHH8E: th?%%t?eﬁﬁa 819 §§en5ﬁda§% disclosed ipgateyt
herein, the temmpitpey" “Pepersating arai dapalr Boar@rmimm;i “f r @@canlieadbox

havi ng onegor eragrtgohayg@ éAnIIL q__nggil E(tho e% opna pro%ust avi ng

two-ply structure is picted 1n 0~ T ncl udes
two plies 22 Cﬂ}'an&ﬁaénZGWhICh is hemmm@tompeahedtm neefremehvxax" refers to

agueous enul si gag;Qk §@@$&sr5¥éléam%%P2§'QdaQ %H§R§n&'%p

emul sifying agents and may_incl ude mater S suc as para waxes,
n1crocrystaIIFﬁ§eﬁé§t18F of mYUsRB&diquids into paper or other fibrous

2 structures. In many cases, a certain resistance is required

10 for end use. Wnen surface treatments are applied with
conventional equipment, such as sprayers or applicators,
often sizing is required in the base sheet to control pickup
of the aqgueous solution. Paper grades such as butcher’s
wrap, milk carton, linerboard, bleached and unbleached bag,

15 fine paper, cylinder board, and corrugated medium are
routinely sized.

Internal sizing agents, which are those applied to the
fibers within the paper structure, provide a reduced rate of
penetration by retarding the rate of flow through the inter-

20 fiber capillaries of the paper, as measured by test procedure
ASTM D 779-94. When sizing is accomplished, the contact
angle at the fiber surface is 90 degrees or greater, as
measured by test procedure ASTM D 5725-95 or TAPPI Test
Method T-458. 1Internal sizing agents function through the

25 use of low surface energy, hydrophobic chemicals which when

. attached to the surface of cellulose reduce the surface
energy of the fiber surface.

Particularly suitable sizing agents are acid or alkaline
sizes such as acid rosin, alkenyl succinic anhydride, alkyl

30 ketone dimers and alkenol ketene dimers of the formula:

Ry-CH=C-CH-R,
|
0o-C=0
35



As used herein, the term"sizing agent"” refers to any chem cal
inhibiting liquid penetration to cellulosic fiber structures. Suitable
si zing agents are disclosed in a text entitled "Papermaki ng and Paper
Board Making," second 5 edition, Volunme IIl, edited by R G MacDonal d,
and J. N wbBroamdebs n, which is herein |ncorporat ed by ref ctEENI914402

Si zi ng agents are commnl y added to control the penetration of aqueous
i quids into papeeimrRotaner Rf i baxmisbased ohr Ggd U €35, laliphayicasashom

certain resi SE?EERSJ Sk £ J£d 1 Jeloﬁ fOL  80d HSS: ££a q,q._ su:&@ﬁglgwat ment s

are applied w convention equi pnen suc sprayer
applicators, commefeinlky Avwed liableegiizind pgente CIfa§éll§h(§é'Pet 8T e omEREIN

pi ckup of 7§heaﬁﬂék9@uls3§20| léHdO'@REEQBGBO% aglesn Gl Agshutaber’ s
wrap,. mlk carton |'i nerboard, bl eached and unbl eached bag, 15 fine (E)a er

cylinder bBar WilBARIESR r (RpAERERediThm AMEURt OF Gihe r?é-lzyngl 2ggnt adde
Internal siziRgeagepéss mdy Ge Fren la@aataopslasi atksibdthQO pouf“EBGPSrV\tcBmi n

t he paper stru re, provide te of tration ret rdlng
the Pare of f PouftRFBLGIPIhEHSRELca30v! FHEP apity 1Tl &6 BPobRe pRpEIds
measured by test pomceﬂm:eaer, aATTNED1T78e Bd . spelfiefi csiliyng firsmagioutpl 2 shed

t he cont act te th ber rfac 90 degrees or greater, as
nmeasur ed by testggg%ge%urep 57%@ 9% St|’ﬁ?P Test Met hod T- 458.

I nternal 49zi ng aghst su$emhcthm1trhr otrdyle therQS Us@riﬁeﬂmuss@rfaéevenéi@y
hydrophobi ¢ cheghgat syyhi £h vhety areft txﬁCJ"eé%stsQ: heoauctacec9fegeliuh ose

reduce the surface energy of the fiber surface. Particularly
suitabl e sizi A§PayLMES W taci ey SHREPFhECUIh RYGEAN RN 189188 HmP‘Bg‘F?l

al kenyl succi sirCc ydpsdr tee, p%'“'é)‘_|ra3QoKetd¥191ﬂd;@ﬂSf&Bﬁi ardenst akelognetne
dimers of the Egggglproducé to the other.

15 As used herein, the term "cellulosic material” refers to
material that may be prepared from cellulose fibers from
synthetic source or natural sources, such as woody and non-
woody plants. Woody plants include, for example, deciduous
and coniferous trees. Non-woody plants include, for example,

20 cotton, flax, esparto grass, milkweed, straw, jute, hemp, and
bagasse. The cellulose fibers may be modified by wvarious
treatments such as, for example, thermal, chemical and/or
mechanical treatments. It is contemplated that reconstituted
and/or synthetic cellulose fibers may be used and/or blended

25 with other cellulose fibers of the fibrous cellulosic

. material. Desirably, no synthetic fibers are woven into the
cellulosic material fibers.
As used herein, the term "pulp" refers to cellulosic
fibrous material from sources such as woody and non-woody

30 plants. Woody plants include, for example, deciduous and
coniferous trees. Non-woody plants include, for example,
cotton, flax, esparto grass, milkweed, straw, jute, hemp, and
bagasse. Pulp may be modified by various treatments such as,

for example, thermal, chemical and/or mechanical treatments.



35 3 wherein R err] and R2

are based on (Jerr] - Cerr], aliphatic carbon chai ns, which can be the
sanme or different. Exenplary comercially avail abl e sizing agents of
this type are HERCON 79, HERCON 1332, and PRECI S 3000 from Ia—@rgul &3
Inc., 5 WIm nfQWW00R| aware. The anount of the sizing agent XG&&5 13 0

t he f| bers may be fromabout 0.5 to about 10 pounds per ton of fiber,
nore speci fi calPspiabhvabsat sYnthebladiers psanysven ipkP tof RH1R | ber,

and still nore ﬁmsflcally, from about 2 to about 2.5 pounds per ton

of fiber. 10 herei n t he tr.i ket hrough revention
r egi ijn" refers to aﬁ" Pé&g He’ée%’lllSs’i}'ée &e&HhCE’TFFggFS:j &ﬂ‘ﬁcgg thEE)re\pgel I :ant
agent. The strlﬂ@&rﬁrrﬁlmgll putpentefers egi procepedag cellotosiopsatdsial

e e Bed i st nRePEr i ol AREom pursiRYr el ULl ddotier

15 F osiCc ma
mat eri al t hat ey sh:eftranepapédligmm dedtiwdems@ntd wékbifiropll wakysit hetic

sour ce or naturﬁ;r&%%%% §Y§Qlﬁ§e‘é{5&é§:®&ﬁi@db Wching Y80GYabh 3 Seurciiady

pl ants include, for exa ecl du and coni ous trees. Non-woody
pl ants incl ude, Sffiﬁ’efle)@a’i@pbélgbge%oﬂ%rflqelréx EhpafFesngpisachadtchmeeal-

straw, jute, hefsrmythechanRag8Ss€1p Jm&ehle&bgasftébeasbn&yw@emfled
by various 10 téé%&éﬁeg%% %gghbgsmo;é”hfggﬁy%gglctthgakra t glcal and/ or
As used herein, the term "sulfite pulp"” refers to pulp
processed chemically with a mixture of sulfurous acid and
bisulfite ion. These chemicals attack and solubilize the
lignin in the pulp feedstock. Sulfite pulp may be more
16 hydrophcobic than Kraft fiber.
As used herein, the term “basis weight” (hereinafter may
be referred to as “BW”) is the weight per unit area of a
sample and may be reported as gram-force per meter squared.
The basis weight may be measured using test procedure ASTM D
20 3776-96 or TAPPI Test Method T-220.

SUMMARY OF THE INVENTION
The problems and needs described above are addressed by
the present invention, which provides a toilet tissue product
25 that may include a first cellulosic ply and a second
cellulosic ply. Each ply may further include a single layer.
At least one ply may have a region that prevents fluid from
striking through the tissue product. Furthermore, at least
one ply may be treated with a repellant agent to create a
30 region for preventing fluid strikethrough. Moreover, at
least one ply may be printed and/or sprayed with a repellant
agent. In addition, the repellant agent may be a sizing
agent or hydrophobic chemical.
Another embodiment of a toilet tissue product may

35 include a first cellulosic ply further having a first layer
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mechani cal treatnents. It is contenplated that reconstituted and/ or
synthetic cellulose fibers may be used and/or blended 25 wth other

cellulose fibers of the fibrous cellulosic material. Desirably, no
synthetic fibers are woven into the cellulosic material fibers.
As used herei WOQ986%8erm ' pul p" refers to cellulosic fi RIS | al

from sources such as woody and non-woody 30 plants. Wody pl ants i ncl ude,
for exanpl e, dasl dusescaddlayer gnd fagsegondr eeblulsrionpddy fprahes hatingde,

for exanple, ,; f£iGQkt ngep% §%t@:rotn(a gngas, MALweed: 3byaws bf’t&e henp,

and bagasse. Pulp nay be nod by various treatnentS such a

for exanpl e, tn%elreﬁamaymeh%wtlsﬁwld/waﬁs&hahl%m fgendheaysrs of £he
]fl o pllla%$| saabka aﬂoléavs'tt held ©£f tb@@e@érﬁi wewersi pke bée pul p
i bers.

sed thet m "b] e e em cal -t
mechani cal ulli?'sﬁsé'fa&?"st?o JS K tgihs E‘EPPﬁ 0s lgzﬁoéll’ §tvm?ﬁls%t°er%1em
pressure and Saft] i e sabbnuelawyeﬂ‘wdrraqgalmcmedexadﬂepellamat sgketeén wood lignin

bet ween and wi hin_cell Furth r nor oxi_de bl eachi ng
i s added to fubé er o- t}éva ésnell d’tbral t%elrtllaYﬁ%efl ber§ q‘fﬁg&f

bl eached- chemlua:lmphoblt:hehmcmcraard/@acl spalpg negeriis h@wmthafrm@re, the
abbr evi at ed as;gf115RETYRen AL 1B B2 17REE ByEs ophoki et baB Keakie i ber.

10 second layers. Additionally, the repellant agent may be
sprayed onto at least one of the second layers. Also, the
repellant agent may be mixed in with the fibers of at least
one of the second layers in a headbox. Further, at least one
of the second layers may include sulfite pulp or BCTMP.

15 Another embodiment of the present invention is a toilet
tissue product not treated with a permanent wet strength
binder, which may include a first cellulosic ply further
including first, second, and third layers. The first and
third layers may sandwich the second layer, which may be

20 resistant to fluid strikethrough. In addition, the second
layer may further include a repellant agent. Moreover, the
repellant agent may be wax, latex, and/or a sizing agent.
Furthermore, the repellant agent may be printed onto the
second layer. Additionally, the repellant agent may be

25 sprayed onto the second‘layer. Also, the repellant agent may

. be mixed in with the fibers of the second layer in a headbox.
Further, the second layer may include sulfite pulp or BCTMP.
A further embodiment of the present invention is a

toilet tissue product'not treated with a permanent wet

30 strength binder, which may include a first, second, and third
cellulosic plies. The first and third plies may sandwich the
second ply, which may be resistant to fluid strikethrough. In
addition, the second ply may further include a repellant
agent. Moreover, the repellant agent may be wax, latex,

35 and/or a sizing agent. Furthermore, the repellant agent may

6



As used herein, the term"sulfite pulp"” refers to pulp processed

chemcally with a m xture of sulfurous acid and bisulfite ion. These
chem cals attack and sol ubilize the lignin in the pul p feedstock.
Sulfite pulp re 15 hydrophobic than Kraft fiber. PCT/US99/1 £4d2 US€ed
hérein, -the t;@é}&@g@&ﬁs wei ght" (hereinafter may be referred to as

"BW) is the ht. ery Y |t a sa and r S
gramforce pe\rl\gn% nI%s uar?le ehe ecr)%oenadbfsllys vveglgaf‘l’flonalrﬁgé %&s%ggéiggﬁ‘ﬁg
t est procedur @W@&Q@%‘S?@assdo@nﬂmme Fesonfiephpd AlszpQ.the repellant.
SUMVARY OF THE, L JY\ME '}E'Q;p'}!e mixed in WEHPR ?%ef‘gdof‘% eyl {9?9 gRoye

are addressed by present invention, which provides a toilet tissue
product 25 thalk€3aBPH. ncIFMéhﬁrleg? 997 @éycmﬁ}'ylwde? $addage pulp or
cellulosic sl ygchageh ply may further include a single |ayer. At | east
one ply may have a region that prevents fluid from striking through the
ti ssue product. Furthernore, at | east one ply may be treated with a
repel | ant agengrter cnmpa'zaﬁ OF €THE IDEAWINgSevent i ng fI uid striket hrough.

Mor eover, at Ieast %ae My, ﬁleffrl nted and/ or sprayed with_a

repel | ant agentt?® ddi f"l BAI Y P&t BRF BYETHS Yo&°aSER1fng

agent or hydropimé)ia:leca!mloabl view of ordnenbedisebodimenttodfiea tosbed

i ssue progyict, 1oy, 35 fA5hde 2161450 AUHB3LE RLY.dyrther having a first

| ayer
FIG. 2 is a magnified, but not necessarily to scale,

side eleavational view of another embodiment of a toilet
tissue product having a fluid strikethrough barrier.
FIG. 3 is a magnified, but not necessarily to scale,
15 side eleavational view of still another embodiment of a
toilet tissue product having a fluid strikethrough barrier.
FIG. 4 is an illustration of an exemplary process for
making a toilet tissue product.
FIG. 5 is an illustration of another exemplary process
20 for making a toilet tissue product.
FIG. 6 is an illustration of still another exemplary
process for making a toilet tissue product.
FIG. 7 graphically compares subjects’ perception of
fluid strikethrough for a control tissue roll and three

25 tissue rolls of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
Referring now to the drawings, wherein like reference
numerals designate corresponding structure throughout the
30 views, and referring in particular to FIGS. 1-3, there are
three embodiments of toilet tissue products 20, 50, and 80.
The toilet tissue product 20 may include a first cellulosic
pPly 22 and a second cellulosic ply 26. The basis weight of
the tissue product 20 may vary from about 8 gram-force per

35 square meter (hereinafter may be abbreviated as “gsm”) to
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and a second |l ayer and a second cellulosic ply further having a first
| ayer and a second layer. The first |ayers of the plies may
substantially sandwi ch the second | ayers of the plies, where at | east
one of the secpmgodogysers nmay be 5 resistant to fluid striketperyusioasden
addition, at |east one of the second | ayers may include a repellant

agent. Mor3er ,59 hisnf, eﬂféél%tbl@g%mw%\b&‘& 3 Meysm | B8 eaxbout 34 sm,
hydr ophobi c chergncal Hd/or bjr gg Furt her nore, ant

agent may be GFIhfEASoAED5R BoPhe BOPR LA dyh 26 REY ndve.
Addi tional ly, & hasiepekignt @gernoumyl bem. sprayed onto at | east one of

the second | ayers. ; e r I 4.an t, h the
fibers of at |east jéﬁg%%%ybfe?%% éf)esgoén% %naaagéraésq Jinrrralé(%eédbo%geﬁ %i
| east one § =gihallge layesnd4l apdr §8nayThﬁc[LaMersaﬂfmaE pel prgatBthFth 1&5

Anot her e”bOdhﬂﬁﬁthEtth%g@%%seQ&>'nﬁﬁﬂﬁ'og '%B?sﬁo'kﬁhld é%&%%HEh?5QQPCt

not treated with a permanént wet stren I nder may i nc
first cellul oR%EVSMF1Phr FELON oI rhﬂrﬁdleﬁg 30;. rstopfslélftﬁ"idYrarH‘et haxey adfers.

The first andmay dehitrdakaderstHoy sepeiLh tah_;%n%e%m%o&ayﬁr se%hshfmyd be
20 resistant tq fluid strjikethrough. 1n addition, the second ‘é’ﬁ{
m be

further incl uddtd FEBEPPERt PLGETREL Mo rREHEP, SFhParTieraddt | aREShE
wax, | atexp arui/zdrga a:glenltngsaga@ﬂtayed orFuigpheedone, thee Y=apald @8 @agerdo muy

be pri nt ed ont secQ Addi ti,onal epe t ent may
be 25 sprayed f(?fnt c():%teﬁtlngconﬁs?% ]i’velﬁﬂ sdfegtlﬁg éée?f‘g §5agehhgﬁ%§/&9 trLE’oe
m xed in wth flivddf isseikethrodkgh SEQXJIlI’QhSI @rer shiowa headbexinteridmrdefiethe t he
second | ayer qg%sbgcb&gﬁuéflﬁbte Qu RoginggN$%d?e?t?od rhud U Jﬂc{r more

enbodi mrent of the present 1 nvent I Ssue pro
treated with étﬁé#ﬁﬁhéﬁvglwe%ewrsq rf@dgtb@ pinsdead dlcekedapni Abeudsterian st

second, ang t ks @he tlgshé %%&:ﬁolzloes rhBent bhste and ptl:}' 29 Bki 8§ ﬂ?%
sandwi ch t he ply, be resistant to fluid strjkethrough.

In add.t.ofr?rmF wéEEo%dr‘iﬁ%/“T?dSF PGFPHeFr’FWE:’r%ea Strdethgprgh regifumt .
Moreover, the asepelrkansfagedestryibee.wax, THat @lies 22 and 26 may be

formed from pulp fibers using any suitable papermaking
techniques, and one such exemplary technique will be
20 hereinafter described. The plies 22 and 26 may be bonded
together using any suitable means, such as adhesives or
pressure applied by a knurling or ply-bonding wheel.
Exemplary bonding techniques are disclosed in U.S. Patent
Nos. 5,698,291, 5,622,734, and 5,543,202, which are hereby
25 incorporated by reference. If a knurling wheel is utilized,
desirably, only the edges of the plies 22 and 26 are bonded
’ together.

The toilet tissue product 50 may include a first
cellulosic ply 52 and a second cellulosic ply 58. The basis
30 weight of the tissue product 50 may vary from about 8 gsm to
about 59 gsm, desirably from about 17 gsm to about 34 gsm,
and more desirably from about 27 gsm. Each ply 54 and 60 may

have a basis weight of about 4 gsm.
Desirably, the ply 52 includes a first layer 54 and a
35 second layer 56, and the ply 58 includes a first layer 60 and

8



35 and/or a sizing agent. Furthernore, the repellant agent may

6 be printed onto the second ply. Additionally, the

repel | ant agent may be sprayed onto the second ply. Also, the repellant
agent may be g ijg With the fibers of the second ply in aperus OX.
Further, the ?édég"?\b&*%y may include sulfite pulp or 5 BCTMVP. lj)ﬁ%%PEF
DESCRI PTI ON OF T, RA Fl LS magni fi e but not.
necessarily tS s%% e, V\H'Q%fdeesze'l ea\}rael (?%1%1 *¥i e5W or?ac&()nie)eeg%%e :Jcrreeyntw%) haa
toilet tissuere@elppptuctghali n§oa bineivenst rifldatikr owgir itkethirengh. The. I
FIG 2 is a magRihigfe BYbnPOt sieReSsArd | ¥1dPFCalént, 'S@_%g%a | gna
vi ew of another?enbgdinegtno a toilet lt?@%ugﬁprqdu%?§haV|n ay??U|g
stri ket hroughPEadrPEpdr onto the lgyey B8%; soy mHgermasdvebyr nde naReddant|y

to scale, 55 sigdatel eavat henal WwaixgWi1efred,i Idr anRidiph®TROHNTRI LA 0f mﬁyFFa

toilet tissue . product haying a fluid sirikethrough barrier. -| G
is an iIIustrégFBHPBFaEﬁgex %B?argh%ro %%%rfo$g durdng ngthe t Farsrmekdade
product . procebkG Sopsiamlly,usthat ilageef emohbgr bexerpdadad prpgess 20

St1 1 anot hor "eRetprary - S6eREPOME L L PrSF R 4] ¢t ot s EEbERESRr oducne.
repellant agent, such as a sizing agent, may be sprayed or

10 printed onto the layer 62, or alternatively, the repellant
agent, such as a wax or latex, may be incorporated into the
layer 62 during the papermaking process. Additionally, a
plurality of repellant agents may be used, which may be
sprayed and/or incorporated into the layers 56 and/or 62.

15 The layers 54, 56, 60, and 62 may be formed using any
suitable papermakxing techniques, and one such exemplary
technique will be hereinafter described. Desirably, the
layers 54 and 56 are processed through a headbox to form the
ply 52 and the layers 60 and 62 are processed through a

20 headbox to form the ply 58. The plies 52 and 58 may be
bonded together using any suitable means, such as adhesives
or pressure applied by a knurling wheel. Exemplary bonding
techniques are disclosed .in U.S. Patent Nos. 5,698,291,
5,622,734, and 5,543,202, which are hereby incorporated by

25 reference. If a knurling wheel is utilized, desirably only

. the edges oI the plies 52 and 58 are bonded together.

The toilet tissue product 80 may include a first
cellulosic ply 82. The basis weight of the tissue product 80
may vary from about 8 gsm to about 59 gsm, desirably from

30 about 17 gsm to about 34 gsm, and more desirably about 27
gsm. Desirably, the ply 82 includes a first layer 84, a
second layer 86, and a third layer 88. The layer 86 may be
treated with a repellant agent to prevent fluid
strikethrough. The repellant agent, such as a sizing agent,

35 may be sprayed onto the layer 86, or alternatively, the

9




FIG 7 graphically conpares subjects' perception of fluid strikethrough
for a control

i nvention

tissue roll and three 25 tissue rolls of the present
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from three single-layer plies corresponding to layers 84, 86,

88. The plies may be bonded together as previously described
to form a three ply product 80 having a total of three
layers.

Tissue products 20, 50, and 80 have regions providing
strikethrough resistance that impede or slow the absorbency
of fluid through the tissue. It should be understood that
some pulps, such as sulfite pulp or BCTMP, have strikethrough
resistance properties. Thus, these pulps may be used as a
substitute to a repellant agent or as an aid for slowing
absorbency. Furthermore, the toilet tissues 20, 50, and 80
of the present invention, unlike conventional facial tissues,
may not contain permanent wet strength binder materials. Wet
strength binder materials may include polyamide-

epichlorchydrin, polyacrylamides, styrenebutadiene latexes,

_insolubilized polyvinyl alcohol, urea-formaldehyde,

pelyethyleneimine, chitosan polymers, and mixtures thereof.
Generally, it is undesirable to add permanent wet strength
binder materials to toilet tissue because these materials
impede the dissolution of the tissue in a toilet bowl.

FIGS. 4-6 depict exemplary processes for forming,
respectively, tissue products 20, 50, and 80. Although the
hereinafter paper forming lines utilize creping, an uncreped

paper forming line, such as those disclosed in U.S. Patent

10



fluid strikethrough regions are shown in the interior of the tissue
product 20, it should be understood that one or nore stri ket hrough
regions may be instead |located on the exterior 15 of the tissue product
20. Furthernore, a ply 22 or 26 nmay be formed with a repellant agent

creating a Sty kgdobysough region as hereinafter describegcrusesiagez pl i es
22 and 26 nmay be formed frompulp fibers using any suitable

paper making yos,t £CHN e, arﬁﬁ% Qe %Q‘.ih @K?&W'ﬁé’ ﬂ&@w queo \ebeLa@@dZO
herei nafter described.” The pliés 22 a may be bondéd oget her

usi ng any suP¥abPEeReRFR, @ﬁkﬂ?ﬁa§sﬁéhé§ﬁ9%§dor pressure applied by a

l(;nur: l ngdor ply-bpndi ng adieiRits an ReRPDA AT Yookl 1F dre EotimdngS thke
I SCI O0Se In

Pat ent S. 5,698,291, 5,62 7 4, an 4
which are heF8B eEstl??ﬁﬁnRﬁﬂ4§§&12§y Vgﬁg?éﬁ%% ingiu @nWFllﬁﬁoﬁ% gfn?s
utilized,5 10deshdadlpyapan|foridiemgeddes D656t heThpd iwest %1oamd126ean92bmaﬂed
t oget her. The t.0il.et, 44 ssu I t In
cellulosic plycéﬁdend %F%g%ghé cgls&ﬁgggggp}é&5§§¥%ﬁ%q% ?% 0 melght of
the tissue producbPesbramlyvdrhe fohewtaBldt sBoyssnarp aguecalsosuspengsan of
desirably ramp ﬂgfor&g 5510 QM a34508H e pu?%m@c@@esméhylgrom

about 27 gsm 54 and '60 may ave a basis wei ght of about 4
gsm feBegi-?aﬁl gtreare 10§ 2 tlhﬁc ptgsbex 1G6&¢T qra%@rl“ﬁ'yél&ﬁﬁgaa%

second | ager BBstant pPesPhde AHbddiC! wdesutrét rsirdayan 6@ ante stuffbox
8 108 may be sent to the fan pump 116. A discharge 118 from
the fan pump 116 may be then sent to the paper forming line
156.
The paper forming line 156 may include a headbox 120, a
15 forming fabric 124, a form roll 126, a press felt 128, a
vacuum pressure roll 130, a Yankee dryer 136, an air hood
140, a doctor blade 144, and a core 152. Desirably, the
headbox 120 receives the discharge 118 from the fan pump 116
and continuously injects or deposits the aqueous paper fiber
20 suspension between the forming fabric 124 and the press felt
128, which is partially wrapped around the form roll 126.
Water may be removed from the suspension through the forming
fabric 124 by centrifugal force as the newly formed web
traverses the arc of the form roll 126. Desirably, the wet
25 web is dewatered to a consistency of about 12 dry weight
‘percent prior to the vacuum pressure roll 130.

After the forming fabric 124 and the press felt 128
separate, the wet web may be transported on the press felt
128 to the vacuum pressure roll 130 where it may be pressed

30 against the Yankee dryer 136 for drying.

An aqueous adhesive mixturé may be sprayed evenly and
continuously via a spray boom 132 onto the dryer surface of
the Yankee dryer 136. The point of application onto the
dryer surface may be between the blade 144 and the vacuum

35 pressure roll 130. The adhesive mixture may aid in the
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a second | ayer 62. The layer 56 may be treated with a repel | ant
agent to prevent fluid strikethrough. The repel | ant
agent, such as a sizing agent, nay be sprayed or printed onto the

| ayer 56, or alternatively, the repellant 5 agent, such as a wax, |atex, or
hydr ophobi c &ftesiosas nmay be incorporated into the | ayerp&Sfusadrisgog t he
papernﬁking process. Optionally, the layer 62 nmay be treated with a

repe: : ant - agemésidm ofpftméeﬂéb tbutfle wimideetdRdgh3s, and therddie may g
repellant a as a sizi a ra o] rlnte
onltoo the | a?%rt%%'fe ;{ﬁ‘ alctrgPﬁaPngangmf% Weé%éﬁ%ﬁtgngy%gﬁgﬁﬂ?et sffc‘ﬁ" as a
wax or | at extheredr e |m(69nrmarahedblaldi® 4% The mpeﬁthssuagnaméoe

paper Maki 10, REGEE S e (808! Lty B ene AU 10D 1 BRELE AMin 8GN LS TY

be used, whi ed and/ or i'ncor por at ayers 56
and/ or 628 1speed abm@c I3§;%elsé08ﬂr Blgan gthe Me@z 136y bé tgpﬁtbaml ng any

sui tabl e papggomk] r&éhe%@anggémanyg@m@ WP LR BERNAEN o chECR Qg Wi I

be hereinafter described. Desirab | ayers 54 and 56 are
processed th Buﬁ?]raa&’—ti’é?aéﬁoﬁqtléo%rW%‘h*elon thpﬂ%}dg@Z téﬁdsi’ﬁéylka?@? st480 and

62 are processeskddintgenr 2Qe b;eaal@owt Qarfdrne ke rpl ¥558. The plies 52
and 58 nmay b

bonded t oget her ing any suitabl e nmeans, such
adhesi ves El‘b?”barte‘sv Pe éiBEI F%Be 2\ lﬁﬁﬁxﬁ G Yk Ee FPTEX D T’érip%&?dl ng
techni queéd aneo thesalosdied thsslk Sveb Ratieid cdNahe pre698r@9t0ll 130 or

5, 622, 734, 43, i f
It a knurl i ngj%]gvx?'ul5 t%%t%IuFl Qgé?gggg\%ﬂgﬁr?&yre:cp%or RYL aE{QQéQé’ §0¥eli g %rence
52 and 58 are borﬁjlegilrteo@etiherlcts an exemﬂeanmml;@tcetSISSgg@ ppndﬁ@ltmg@ @ay

include a f'§§ﬁgle p1Ge! |f“'tﬂ§' EoPié{t 82; s e ﬁl%%fu%tv‘%'oghgueﬁ Lhecdd e

product 80 vary fromabout 8 gsmto about g desi r abl y from 30
about 17 gsnﬁo PrefFegsnyd 0anda ok e s mas )?‘%PE&?U ipgs 210 ang 2

Desirablys thed M Yodped &%'rhldﬁg aiférsteg] ayer 84, a second | ayer 86 and
athird |ayer 88. . The | ayer ? W th repel | ant

agent to  prevert® W&l §rgck l%?r?kcgtr?ﬁlbddﬁﬁ%t deTRe CPEREI ?i‘ﬁ‘t #gent, such

as a sizing sgefffhox3218py ahe spfayesumptzid.he Thayehe86G, 204 @AY estratd aal v,

the aqueoué suspension of papermaking fibers, such as sulfite
pulp or BCTMP, which may be fed via a stream 216 to the

20 stuffbox 218 for maintaining a constant pressure head. An
outlet stream 222 of the stuffbox 218 may be sent to the fan
pump 226. A discharge 228 from the fan pump 226 may be then
sent to the paper forming line 256.

The wet stock line 230 may include a chest 234, a

25 stuffbox 238, and a fan pump 246. The chest 214 may store an
aqueous suspension of papermaking fibers, which may be fed
via a stream 236 to the stuffbox 238 for maintaining a
constant pressure head. An amount of repellant agent 240,
such as a wax, latex, hydrophobic chemical, and/or sizing

30 agent, may be added to the stuffbox 238 for forming a pulp
layer having fluid strikethrough prevention properties. Aan
outlet stream 242 of the stuffbox 238 may be sent to the fan
purmp 246. A discharge 248 from the fan pump 246 may be then
sent to the paper forming line 256.

12



9 repellant agent, such as a wax, latex, or

hydr ophobi c chem cal may be incorporated into the |layer 86 during the
paper maki ng process. Additionally, a plurality of repellant agents may
used, - which 1 be sprayed and/or incorporated 5 into the | gy¥gsffas0z

The | ayers 84w 800 83 may be formed usi ng any sui t abl e paper maki ng

t echni ques, and one such. exe t echni e rei na
described. "The Iaﬁ?él’“?gﬁy' 8 : pa%er 5%@”?1% e \grgoécéls?‘e%é %te%r(% &%%red

headbox to f oig#adbex pley, 82. FQOnislg efrabaupveﬁsu, a Heonmpjyodtl 2ie$gue Breaﬁct 80
may be forrred t y I P RRNARG -t 076ayghs 84,
86, %%11?0'2;6'&”‘5\@85%&@ Sﬂg:'les%utr%gggJ grigi previ ousl yrg,gscrl bgd to

forma three oly hooodddeP: 88 #e&tar bdadst aB4ofanghraeore 2 dheqg

Ti ssue pr guch s, &y 990 #8¢ BEdRke hR0L09ENRFGY W and 281t8r Ifkefnhtfwgh
resi stance that 1 npede _or slow the absorbency of fluid throu

tissue. It shbem PWOSURdEr 8Rdoth &-hand maysﬁﬂ%tjp"ﬁﬁ%?lys&éﬁ%s? 84l FPSSJpEI p
or BCTMP, havenhstddueaiuBr pHglr fibdresusbanseons aparideas. thellfoeminbese pul ps

may be used asa20 ubst| ute to a e nt_agent or n

sl owi ng é? anf—lu }P%el“?lfﬁjsrse fre E 5%@! Né‘%ﬂ‘ﬁ? S8 esP%Zé)% gga%%d 80

of the presen&rappeehtajr@nndunhe kEomomeat 6Aal Tiacs adepdsigien may fpag Aot
contain PRj TAGAL MR VFQGQLQ R £5ahehy £§bdr3§®t2 Weli@hahil Dbader

mat eri al s may 1 nc € po epic ren poI yacryé am des,
st yr enebut adi zerecvent rom, the suspension through the forming fabric 264 by

centrifugal force as the newly formed web traverses the arc
of the form roll 266. The wet web may be dewatered to a
consistency of about 12 dry weight percent prior to the
16 vacuum pressure roll 270.
After the forming fabric 264 and the press felt 268
separate, the wet web may be transported on the press felt
268 to the vacuum pressure roll 270 where it may be pressed
against the Yankee dryer 276 for drying. Generally, high
20 temperatures may aid in the curing of the repellant agent.
Desirably, an agqueous adhesive mixture is sprayed evenly
and continuously via a spray boom 272 onto the dryer surface
of the Yankee dryer 276. The point of application onto the
dryer surface may be between the blade 284 and the vacuum
25 pressure roll 270. The adhesive mixture may aid in the
adhesion of the web to the Yankee dryer 276, and thereby may
.enhance the crepe performance when removing the sheet from
the dryer 276 via the blade 284. Desirably, the creped
tissue is wound onto the core 288 in the reel section which
30 runs at a speed about 30% slower than the dryer 276. The
wound tissue may be in the form of a single ply having two
layers, such as the ply 52.
Optionally, a repellant agent, such as a sizing agent,
may be sprayed or coated between the blade 284 and the core

35 288, onto the moving tissue web prior to the pressure roll
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I nsol ubi I'i zed pol yvi nyl al cohol, urea-fornal dehyde, pol yet hyl enei hi ne,

chi tosan pol yners, and m xtures thereof. Cenerally, it is undesirable-
to add pernmanent wet strength bi nder materials to toilet tigsgye‘wbecause
these materi a® %% pede the di ssol ution of the tissue in BCVEFPE84%ow .

FI GS. 4-6 depict exenpl ar rocesses for formng, . respectively, tissue
products 20, g%@)', %O?fﬁthBﬂ%ht’tﬁ%“e weh, bag; géf‘?éﬁef)‘éep‘grtof &Pfi ng 1 nes

utilize crepvagkeaninyeer epéd paper form ng |ine, such as those
di sclosed in U S. Patent

. 10 .
Nos. 5, 048, 589 arfd 553%"35 EH,’ Wﬁ:}(‘:ha%rpelyhesrséb?a?'ngﬁr%%?%tlend a Sl‘t‘)‘i‘/lar
reference, nmégshiorused depitead. in FIG. 5. FTBe #4idepécpsoductedenpanriye

process fgr ) Elet {4 roadgegt ' LNcl ude a
wet stock’! %géi“%%%%&yabgégé*ﬁf%%ﬁ&? R 98, Sl I 02
may i ncl ngeng ids@s1ednealiesfPpREEETRreantibhf tive mip “Pl1oeing

Desirably, tBejghestedl4 st AL ESoAN SIS WIUBPERS Py 052, theadRBGr Maki Ng
fibers, such as sulfite pulp or BCTMP a stream 106 to

p _which is, fed Via
the st uffboxS2PEYIFHNiSREAPH hY LI 0P & RSt &Rt pFBsERR ef%'/:"e%fd- Laxars it et
stream 112 ohknéiheo sdrdf ffe@ming alPSliwgrdid Seftruteutde fan; punp 116. A

di schar 980 118 11 0 gure |'5eh20e BUIR fGdTREPSbASDS50Y A% 1A3%nPRE
single ply of the toilet tissue product 80, such as the ply
82. The process 300 may include wet stock lines 310, 330,
and 350, and a paper forming line 306.

The wet stock line 310 may include a chest 314, a
15 stuffbox 318, and a fan pump 328. Desirably, the chest 314

stores an aqueous suspension of papermaking fibers, which is
fed via a stream 316 to the stuffbox 318 for maintaining a
constant pressure head. An outlet stream 322 of the stuffbox

318 may be sent to the fan pump 326. A discharge 328_? om-.

20 the fan pump 326 may be then sent to the paper forming i
306.
The wet stock line 330 may include a chest 334, a
stuffbox 338, and a fan pump 346. Desirably, the chest 314
stores an aqueous suspension of papermaking fibers, such as
25 sulfite pulp or BCTMP, which is fed via a stream 336 to the
stuffbox 338 for maintaining a constant pressure head. An
amount of repellant agent 340, such as a wax, latex,
hydrophobic chemical, and/or sizing agent, may be added to
the stuffbox 338 for forming a pulp layer having fluid
30 strikethrough prevention properties. An outlet stream 342 of
the stuffbox 338 may be sent to the fan pump 346. Desirably,
a discharge 348 from the fan pump 346 is then sent to the
paper forming line 306.
The wet stock line 350 may include a chest 354, a

35 stuffbox 358, and a fan pump 368. The chest 354 may store an
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156. The paper formng line 156 may include a headbox 120, a 15

formng fabric 124, a formroll 126, a press felt 128, a vacuum
pressure roll 130, a Yankee dryer 136, an air hood 140, a doctor bl ade
144, and a core 152. Desirably, the headbox 120 recei ves the discharge

118 fromthe ‘Lélg%&g;gp 116 and continuously injects or dge.g,%;g;“%?ge
c an

agueous paper 20 suspensi on between the form ng fabrl

press Tl aquebd: subehsLsn Po¥ Hoald ks aRPedh aroungh ddie Lot 911 426

Wat er may be Tenove omthe su nsion roug_ e rorm A abric 124
by centri f ugdixefagy éé6a§0th)@en%‘wf3fbf°o=r #08 Web maintzbnigrses qonétant of the

formroll 12&es@%$br ALY, 1A Bl S HeRakS388VEE efipd §tQ;f9fb%Qn§5§t1§é3‘%y of

about 12 dry wei ght percent prior to the vacuum pressure rol
After the fcAtamis®Gts &Br FBeléﬁ“aE?‘anR RS 6pr edsdferhangg 368 fxogatheefabhe wet

web nay Ige tgiads Belt adyosetﬂeerprs%s& i@l the papeB t&riiiey VaGLUBDRL essure

roll 130 where |t ma pressed %\}@ag% st t egnee ré36 fg
dryi ng. TRE Badeb.Le D B0BuPaY nige DS i AR TEFenp 9ot
cont i nuousl wm,a aa fspmaygbdaipr IS237aNt @ themdeykl 316 f acorefss felthardankee
g(ra%l\i/(raeﬁ?)?he-rag ade uT459éﬁ§8?| ggcﬁalcaj&nqogtgogﬁagggﬁr%r (r)'Ier’rBl g.rafn?'%grgg %cg?ve
m xture nay 3 iandphtor blade 394, and a core 398. Desirably, the
10 headbox 370 receives the discharges 328, 348, and 368 from
the fan pumps 326, 346, and 366, and continuously injects or
deposits the aqueous paper fiber suspensions between the
forming fabric 374 and the press felt 378, which is partially
wrapped around the form reoll 376. This deposition may form a
15 three-layered slurry on the forming fabric 374. Water may be
removed from the suspension through the forming fabric 374 by
centrifugal force as the newly formed web traverses the arc
of the form roll 376. Desirably, the wet web is dewatered to
a consistency of about 12 dry weight percent prior to the
20 vacuum pressure roll 380.

After the forming fabric 376 and the press felt 378
separate, desirably, the wet web is transported on the press
felt 378 to the vacuum pressure roll 380 where it is pressed
against the Yankee dryer 386 for drying. Generally, high

25 temperatures aid in the curing of the repellant agent.
' An aquecus adhesive mixture may be sprayed evenly and
continuously via a spray boom 382 onto the dryer surface of
the Yankee dryer 386. The point of application onto the
dryer surface may be between the blade 294 and the vacuum

30 pressure roll 380. Desirably, the adhesive mixture aids in
the adhesion of the web to the Yankee dryer 386, and thereby
enhances the crepe performance when removing the sheet from
the dryer 386 via the blade 394. The creped tissue may be
wound onto the core 398 in the reel section, which may run at

35 a speed about 30% slower than the dryer 386. The wound

15



adhesion of the web to the Yankee dryer 136, and thereby may enhance
the crepe performance when renoving the sheet from the dryer 136 via
the bl ade 144. The creped tissue may be wound onto the core 152 in the
reel section, which runs at a 5 speed about 30% sl ower than the dryer 136.

A repellant wodidds Such as a sizing agent, may be appli esbigsobigofdr vy
web ‘by sprayi ng an aqueous sol ution through the spray boom 148

| ocated bet weeisdutemblyade 1id44cROdedhe FOLEsiRdie ply Aab@hgathvaly, the
repel | ant agent maﬁ be gpr ayed or coebt ed 10 onto the noving tissue web

prior to the 1t r §9FBI PS180E 1Y B2-after the tissue web has transferred
to the Yankee dryer 136. Figure 5 depicts an exenplary process 200
for formng a single ply of the toi &éssue product 50, such as the
ply 52. The process 200 may incl ud ™8t ock |ines 210 and 230, 15 and
a paper fé& mng |ifne 255 measurlngThe:e\BEBtShO@k tbnesﬂiﬂkaﬂyrdumi Utz sa

chest 214, a‘cond&%ﬁ%%f% #%a*gg E%gt t%ggheTh ¥é%% Wﬁ%_Store
an aqueous suspensi pape naklng ers, SUC as suI p

or BCTMP, whirtedvmgdpeby edthel aplaes,ﬁn’ceammr&m@ t he Fe@adeufsiubgecess w‘eme
mei nt ai ni ng & Hanst gyt ceﬁ\§§§w%h@easﬂkrlﬁ@thmu%t rELi SLIRAIN 622 .4k 1y

stuffbox 218 nay be sent 10 the f di schar ge 228 fromthe
fan punp 226 Wsoéfﬁ:ﬁénurlnasb‘?ﬂ to the paper formng |ine 256.

The wet sfgock |in@1330roBYs | RekdderAnebestrod4a Fe23nshuffR3x1238, rand a
fan punp 246._The %hest 214 ma%éstore an aqueqQus suspensi on of

paper maki ng fiHEESR whi BRCRaFobe egtaineg; xwg ﬁlrléém 23 PhE SB6f Foox
238 for mai ntkaasmmglea.ght ofo&ioat 1@r @samsepbeadquﬂeammt strrf)epel'ﬂh%"lt

agent 240, X...latex drophobl ch mcal a r sizing 30
agent, may be ag%eg) ht%hgz??se,3 Sflgbggévﬁ%%l?norw wilij Sdpﬁf‘ﬁh gd{#) Y Yavi ng
fluid stri ketHamngegit pﬁévBth of Pprupemg egentin ﬂamelxyquEéCOEH@am 242 of the
Stuffbox 38 my BSHlrdi0 140 f@fls tne PUBRLASE. T%S%{é% oA z8311 g the

fan punp 246 may be then sent paper formn
printed or coated w1th the SlZlng agent. The third roll was

sprayed with the sizing agent after the forming box and prior
to web transfer. The fourth roll was formed with sizing
agent metered into the top layer. Each ply had a top layer
20 with sizing and a basis weight of about 5 gsm and a lower
layer without sizing and a basis weight of about 8 gsm.
The testing procedure involved fifty-three subjects.
Each subject randomly evaluated each tissue product.
Subjects were instructed to pull four complete bath tissue
25 sheets off a tested roll and use the tissue according to
. their normal practice. Afterwards, the subjects evaluated
the ability of fluid to strikethrough the tissue sheet.
Results are depicted in FIG. 7.
As depicted, rolls 2, 3, and 4 of the present invention
30 were more likely to be perceived as having no strikethrough
than the control roll, roll 1. Over fifty percent of the
subjects perceived no fluid strikethrough for rolls 2, 3, and
4, while only about 30 percent of the subjects perceived no

strikethrough for roll 1. As a result, the rolls of the
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12 Desirably, the paper formng |line 256 includes a

| ayer ed headbox 260, a formng fabric 264, a formroll 266, a press
felt 268, a vacuum pressure roll 270, a Yankee dryer 276, an air hood
280, a doct oryblegeges84, and a core 288. The 5 headbox 120 pqﬁxjsgmzve t he
di scharges 228 and 248 fromthe fan punps 226 and 246, and may

conti nuousl yp i i &l OhvelPOS tvere HBECAOHEDUSs PABEE fiskenySyspens

between the Tormng . fabric 264 gnd t he prisssﬁfglt 268?ymk%?cﬁ{%%gge
partially Flykd ketHERYIRNEP#DI TR Slantxed. *This deposition may form a
f10 tvxﬁ-l ayer ed _EWHJIJIeK fone}] hpﬁéefm'; ngiﬁxadfafﬁ'bi@n%ﬁgz \é‘ﬁéeﬁ n@ds@ﬁ_l:bfed lgg][mved
romthe suspensiqn thro the forming.fabrjc , centrifugal force
as the new y&?rgﬁﬁa Wb 1 rhvEr SRR h%r%)F%rred ?C}fg&/eff&sm rot I1§658 PRe wet
web nmay e devddmstesdd ahat thecoubistenmytvér adousmp srdy byeiwgiyt offetnent
prior to th C essuce r 0 L e f 1.

fabric 264 :%%%%n\étap?gg%&%ﬁ igs nQJé é%pzii')reatlel,mltttsueé:1 \?E/e(% \r/%tt?g%ay ee@l’}}gc
transported gmbedigigntess Pal the copegary tite ivadpuanpedster etholqubdeetwher e
it may be prgssed  or a0ghdst jhhencaskee dr yerc A4k f ofy Or i D rfaRNS%E] Y
high 20 tenperatures nmay aid in the _curing of the repellant agent.
Desirably, aRP&tiicifd oaghediy eIWiVedrBLtFs a8praPedeevidiilyided watiin the
conti nuots! yspvi gt a5 &Y-oRPROBY 2¢¥Be A VL dWiRIgdicYaims Ur f ace of the Yankee
dryer 276. The point of application onto the dryer surface nmay be

bet ween the bl ade 284 and the vacuum

17



aidin the adhesi on of
y enhance the crepe
the dryer 276 via the bl ade

25 pressure roll 270. The adhesive ni xi§
the web to the Yankee dryer 276, and theré
performance when renoving the sheet from:™

284. Desirabl ywotobgoses €ped tissue is wound onto the cor epcififsobmsdhe
reel secftion which 30 runs at a speed aﬂmumnmmmﬁm han the dryer 276.
The WoundwiABSHE dfayMe® hB:.the form ol BRPOReIRA ViThavi ng two

| ayers, such as the ply 52. Optional Iy, "a repel l ant agent, such
as a sizing agent, may be sprayed or coated between the ‘bl ade 284 and
the core 35 288, @tuwitlke wB¥EG6 pfsamghmggggr'%y .0 the pressure rol

13 2705fan /orlgfier.the ti's T as transferred to the
Yankee dryer 276. 2 TirSt CRISRIGHEC PLY fyptiemscanprisgndngyShRItede in a

simlar 5 faayeon as depicted in FIG 5. The tissue product 50 may be 5
created by ply bongdi | 58, using any sui,table : ns such
R B2 1 B0Ee BRc A 8PTE

as adhesives or pressure, gupeheyy CompPIjSi namrror
rel ati on withl@weripland2, thereby sandwi chi ng second | ayers 56 and 62

with the first |aysrghd apg, 6Q: @y, formn | Le gigueture. 10
Figure 6 depicts an QXQH&1§P§ gr%cé%s G F%ﬁléh;gﬂ%%gbgggggtsingle ply of

the toilet ti5E® $Hddddd §brovalnthR tissupl groductd2. The process 300 nay
include wed stock |ines 310, 330, and 350, and a paper formng |ine

306. . .
2. The toilet tissue product of ¢claim 1 wherein at least

one ply is treated with a repellant agent to create a region

for preventing fluid strikethrough.

15 3. The tojilet tissue product of claim 2 wherein at least

one ply is printed with a repellant agent.

4. The toilet tissue product of claim 2 wherein at least
one ply is sprayed with a repellant agent.

20
5. The toilet tissue product of claim 2 wherein the
repellant agent is a sizing agent.

6. The toilet tissue product of claim 2 wherein the
25 repellant agent is a hydrophobic chemical.

7. A toilet tissue product, comprising:
a first cellulosic ply further comprising a first layer

and a second layer; and

30 a second cellulosic ply further comprising a first layer
and a second layer wherein the first layers of the plies
substantially sandwich the second layers of the plies, where
at least one of the second layers is resistant to fluid
strikethrough.

35

18



- e e ‘
The wet stock Iine 310 may include a chest 314, a 15 stuffbox 318, and a

fan punp 328. Desirably, the “ mum “‘M\ﬂ‘\tﬂ“res an aqueous suspensi on of
paper maki ng fibers, which is “ eam 316 to the stuffbox 318
for- nalntalnlnggﬁ const ant *pr ésshr " head. An outl et st p, !éé of the
st uf f box y be sent to the fan punp 326. A dlscharg 1ron120

the fan pu hen sent to, the paper.fosm
The wet stggk I&HS é@ ﬁ%.ttﬁtq?uﬁf qgﬁes? %gilm0$ Wﬂuk v oxe§§§, and a
fan punp 34ﬁmaEésthabby¢omdniayﬂﬁﬁ Rinprise stgepslhmHGQM£%Us suspensi on of

paper maki ng fibers, such as 25 sulfite pulp or BCTMP, which is fed via a
stream 336 to the st uf f box 338 for naintaining a constant pressure

head. An 9. anBbAt teiletpelssin RRAINCT3LG, cdadh &svhesigbn Y

hydrophgblq“ﬁngqhgglagggglgg w42l ng agent, may be added to the st uf f box
338 for formng a pulp layer having fluid 30 strikethrough prevention
properties. An outlet stream 342 of the stuffbox 338 nay be sent to

the fan punp.34GheDesilabl yissue pratiithargel34s &rwmeddin ftve punp 346 is
then sent to g Eager fognlqg |l i ne 306. The wet stock |ine
350 may |ruﬁﬁﬁﬁg AnEhBIEPB5HS HA%¥ st uffbox 358, and a fan punp 368. The
chest 354 nay store an . . . . - 14
aqueous,psuspensi;on Qf; Paper MRKL 09, fdRENMS o MGl § (B AR e

repellant agent is a sizing agent.

12. The toilet tissue product of claim 8 wherein the
repellant agent is a hydrophobic chemical.

18
13. The toilet tissue product of claim 8 wherein the
repellant agent is printed onto at least one of the second

layers.

20 14. The toilet tissue product of claim 8 wherein the
repellant agent is sprayed onto at least one of the second
layers.

15. The toilet tissue product of claim 8 wherein the
25 repellant agent is mixed with the fibers of at least one of

the second layers in a headbox.

16. The toilet tissue product of claim 7 wherein at least
one of the second layers comprise sulfite pulp.

30
17. The toilet tissue product of claim 7 wherein at least
one of the second layers comprise bleached-chemical-thermo-
mechanical pulp.

19



e

“stream 356 to the stuffbox 358 for maintaining a constant pressure

head. An outlet stream 362 oflﬂ'“ﬂﬁﬂ&ﬂ"ﬁﬁ“lﬁﬂm be sent to the fan
punp 366. A discharge 368 fro 366 may be then sent to the
paper formng |ine 306. The* paper® formng |ine 30&#?5 14g ude a
| ayer ed head%%%”"am 370, a formng fabric 374, a formroll a press
felt 378, vacu pressure _rall . 380 Y, yer hood
390, a doctdt bIAag8 ggﬁ LA eapggggc%%o‘: [}ersela%%bl%e%lq S %gﬁea oxX
receives tt&;nﬁnschabgedeﬁM¥b9mpﬂ3§lagd 368 from the fan punps 326 346
and 366, and cont l.fwggswlmg rtﬁap%ntp%ﬂs&agawegys fapsiq, T i ber

suspensi ons bet ween rlc 374 and thé press felt 378,
which is pand &hiyd laywagﬁ@fe&noﬁha tfhéS‘f G cerd3ayeThi S2RHES ti on

may  for® a dp ARl aypsedisidy iy @BsibeadOrdd M diabekeiRdnrdfter may be
removed fromthe suspension through the formng fabric 374 by

centrifugal force as the newy fornmed web traverses the arc of the form

roll 376. El%i r aakytol het v&tssm%bpir&ddewa&frmﬂno 18 wharednstisé eseypnafl about
12 dry wei ner cent 0 vacuum pressure roll 380.

r| or to éne
Af t er thef §°f“85t$ Fe R PRE pPERY felt 378 separ at e,

desirably, the wet web is transported on the press felt 378 to the

vacuunw%re%&preTéglko§?$ w{$?§a1 §§o§u9£e§§egaalm 1%9%hg§ghﬁh€hYankee dryer

386 for drying nera tenperatures aid in the curing of the
repel | ant aggmstllant agent J/m‘@qerus adhesive m xture may be sprayed evenly
and continuously via a spray boom 382 onto the dryer surface of t he
Yankee dryer 386. The point of application onto the dryer surface nmay
be bet ween e Bh&dECRHST i 34fe PFREHEM 3D ‘b]raéé‘bd-rgeWPSFFlB%he Desi rabl y,
the adhesi wagd1thhuteagéfls i latext.he adhesion of the web to the Yankee
dryer 3 6 and t hereby enhances the crepe perfornmance when renoving the
sheet o the dryer 386 via the blade 394. The creped tissue may be
wound onto 22he CheetdDBet ntidmua pebdaettobHnslaiin A9 wagreun dhe 35 a speed

igom 30% S)Je%\gﬁrlagtgaggép@ J‘.jgyaersi%gg'g Iggn‘l\_/\pund

23. The toilet tissue product of claim 19 wherein the

20 repellant agent is printed onto the second layer.

24, The toilet tissue product of claim 19 wherein the

repellant agent is sprayed onto the second layer.
25 25. The toilet tissue product of claim 19 wherein the
repellant agent is mixed in with the short fibers of the

second layer in a headbox.

26. The toilet tissue product of claim 18 wherein the second

30 layer comprises sulfite pulp.

27. The toilet tissue product of claim 18 wherein the second

layer comprises bleached-chemical-thermo-mechanical pulp.

20




tissue may be in the formof a single ply having three | ayers, such as
the ply 82. TESTI NG 5 A test

nmeasuring resistance to stri ﬂlq “m conducted by conparing a
control tissue roll to three rH“ Hmﬁ r‘ummh by the present invention.

Femal e subj &g gooo¥®Rr € asked tto c¢onpPar® the stri ket hr ouglerhgsds@nce of
t he four rolls after urination. 10 All rolls were forned froma

refined recysd edp fidigktr tiskué nﬂ)ﬁ&uc@m b teani,atned %aﬂnfmén%s wet_Each
ply had a basi s Weﬁggﬁ of about, 14 granms per square ne The
t

rol I's of theSPrEGdhy i 6 REt G eated with 0.12 wei ght per cent

per ply of a si zmngmgent:elmmd;ycrﬂg(;ml 79. 15 The first roll was the
control. The secaond inted or coated with the sizing agent.

The third roll wds® ec°n§ Fsyfgﬂl\’/\ﬂ% lﬁ'é &% ng agent after the formng box
and priomd to avbe:Lb:dansikulosm'r;elg olnelxie inokthewasr§or amdl dMidd piliesg

2nd ' bast s el GRn Phe SBANChLy Ah B 880sRapElLe WRULL ol Sing and
a basi s wei gifirigfetiisough8 gsm The testing procedure involved

fifty-three subjects. Each subject randomy eval uated each tissue

pr oduct . Subj ects were instructed to pull four conplete bath tissue
29. 'The toilet tissue product of claim 28 wherein the second

10 ply comprises a repellant agent.

30. The toilet tissue product of claim 29 wherein the
repellant agent is wax. '

15 31. The toilet tissue product of claim 29 wherein the

repellant agent is latex.

32. The toilet tissue product of claim 29 wherein the
repellant agent is a sizing agent.

20
33. The toilet tissue product of claim 29 wherein the

repellant agent is printed onto the second ply.

34. The toilet tissue product of claim 29 wherein the

25 repellant agent is sprayed onto the second ply.

35. The toilet tissue product of claim 29 wherein the
repellant agent is mixed in with the short fibers of the
second ply in a headbox.

30
36. The toilet tissue product of claim 28 wherein the second

ply comprises sulfite pulp.

37. The toilet tissue product of claim 28 wherein the second

35 ply comprises bleached-chemical-thermo-mechanical pulp.

21
This Sheet Has Been Replaced THIS SHEET HAS BEEN E

||“I "INI‘I“ “I REPLACED




25 sheets off a tested roll and use the tissue according to their
normal practice. Afterwards, the subjects eval uated the ability of
fluid to strikethrough the tissue sheet. Results are depicted in FIG

7. . As depicted, rolls 2, 3, and 4 of the present invention 30 were
nore |ikel y t ovdeo/@esscei ved as haV| ng no strikethrough t Fefudshbgsqppnt 1 Ol
roll, roll 1. Over fifty percent of the subj ects perceived no fluid
strikethrough for rolls 2, 3, and 14,5whil e only about 30 percent of the
subj ects perceived no strikethrough for roll 1. As a result, the
rolls of the 16 pr esent

i nvention were perceived as nore likely to prevent fluid strikethrough
than the control roll. Wil e the present inventiogeagsli%m
described in copneciian with certain preferred enbodi ts, it is to be
5 understood that t e pr esent
invention i s pot—tdbe ments. On the

bj ect matter enconpassed by may .

contrary, it is intenddd fof' the 5 S rimtier T oft Tt invention to
include all alteR8at : " : " as can be
included within the 10 Ad scope of the follow ng cla
FIG. 1
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17 VWHAT IS CLAI MED | S: 1. Atoilet tissue product,

conpri si ng: a first cellulosic ply further conprising a single 5
| ayer; - . a second cellulosic ply further conprising a single
| ayer; and WO 0068 | east one ply having a region that preyeniSespsd
fromstriking through the tissue product. 10 2. The toilet tissue
product of claim1 wherein at |east 3/&e ply is treated with a repell ant
agent to create a region for preventing fluid strikethrough. 15 3.
The toilet tissuel|product Of clarmZ wierern at | east one ply is
printed with a repgel |l ant agent. 4 ___The toilet tissue product of
one ply is sprpypd with a repellant agent. 20
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5. The toilet tissue product of claim2 wherein the repel l ant agent is

a sizing agent. 6. The toilet tissue product of claim2 wherein the
25 repellant agent is a hydrophobic chem cal. 7. Atoilet tissue
product, conpri sing: a first cellulosic ply further conprising a
first {ayer o, qfdidhsd second layer; and 30 a second cebtpbsms2P! Y
further conprising a first |ayer and a second | ayer wherein the first

| ayers of the plies substantial |y ndw ch the second | ayers of the
plies, where at | east one of the second |layers is resistant to fluid
stri ket hrough. 35 18 8.
The toilet tissue product of claim7 wherein at |east one of the second
| ayers conprise a repellant agent. 9. The toilet tissue product of

claim8 wherein the 5 repellant agent is wax.
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10. The toilet tissue product of claim38 wherein the repel l ant agent is
| at ex. 10 11. The toilet tissue product of claim8 wherein the

repel l ant agent is a sizing agent. 12. The toilet tissue product of
claim8 wherein the repell ant agent is a hydrophobic chem cal. 15

13. The toil eyolob/ssesse product of claim8 wherein the r epehhR4agent is
printed onto at | east one of the second | ayers. 20 14. The toilet
tissue product of claim8 wherein thgyg repellant agent is sprayed onto
at | east one of the second | ayers. 15. The toilet tissue product
of claim8 wherein the 25 repellant agent is mxed with the fibers of at

| east one of the second | ayers in a headbox. 16. The toil et

ti ssue product of claim7 wherein at | east one of the second | ayers
conprise sulfite pulp. 30 17. The toilet tissue product of claim?7
wherein at | east one of the second | ayers conprise

bl eached- cheni cal -t her np= _  ®eg@hani cal _purp.
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19 18. Atoilet tissue product not treated with a pernmanent

wet ° strength binder, conprising: a first cellulosic ply
further conprising first, second, and third | ayers wherein the first
and third layers sandwich 5 the second |ayer which is resistant to fluid
stri ket hr ough. 19. The toilet tissue product of claim 18 wherein the
second | ayer conprises a repellant” ‘agent. 10 20. The toilet tissue
product of claim 19 wher @zRstRewITH ESREX:ANORHEE HE I 1SR 21. The
toilet tissue product of claim-19 wherein the repel l ant agent is |atex.
15 22. The toilet tissue product of claim19 wherein the repel | ant
agent is a sizing agent. 23. The toilet tissue product of claim19

wher ei n thepQs RERERERRE F8°RELATER"APBEE AT he second | ayer.

This application is a continuation-in-part of U.S. patent application serial number
08/638,522, now US 6,027,611 filed April 26, 1996.

FIELD OF THE INVENTION
This invention’ generally relates to the field of paper

making, and more specifically, to a tissue with strikethrough

resistance.

BACKGROUND
During cleaﬁing' after urination the amount of tissue
used may be highly variable, but generally abpht, 12 toc 15
Tissue sheets &are used per event for absorbing azabout 1
milliliter of urine. This tissue amount is about 14 times
the actual amount needed based wupon tissue’s absorption
capacity. Using this excessive tissue amount prevents -urine
frem striking through the tissue sheet and reaching the
user’s hand. Unfortunately, this practice results in tissué
. waste, which expends economic 2and degrades environmental
resources. _
Accordingly, a tissue product  that has strikethrough
resistance may reduce tissue sheet use by allowing the
utilization of the entire absorbency capacity of the tissue,

thereby reducing tissue consumption rates and waste.

DEFINITIONS

As used herein, the term "repellant -agent” refers tc an
agent thet resists absorption of a liquid, desirably. an
agueous liquid. The repellant agent may repel liguids b

fiiling interstitial voids in the fibrous struzturs o

I'h

a
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24. The toilet tissue product of claim 19 wherein the repel | ant agent
i.s sprayed onto the second | ayer. 25 25. The toilet tissue product of
claim19 wherein the repellant agent is mxed in with the short -fi-bers
of the second | ayer in a headbox. 26. The toilet tissue product
of claim 18 wherein the second 30 | ay®f conprises sulfite pulp. 27.
The toilet tissue product of claim 18 wherein the second | ayer "
conpr i ses [sualitiene smelmticdiberstree wovereiotatht palp fpuesp. _ -
20 . . 1 . tol | LSSue  pr ct _not-
treated with a p%sr lrlfg(ri\élr?fem‘vvelpc tsetr?ler}féetaﬁheéil'cr%%‘rlfal'@berrr%f) i'lg%cr}féhl\%gl ﬁ IBaPe?Ié’rlg d

cel | ul osi @rgdeysing cellulsgemardal etithukosinge ppdsyyre samd  sodiumasulfiier or dgdtagensi c

P|e>SIi ;\{ISLS Ig@&c}\pch}ch ngttena(]v(cj)oé qgg{lﬂl chatl)v%gn %r?c? QNV&h%P cglrl]ewzﬁg.c Olpt(ljrtl%l o%@ Ia?khalilng
peroxide bleaching is added to further soften and brighten the fibers. The term bleached-
chemical-thermo-mechanical pulp may be hereinafter abbreviated as “BCTMP” and may
be more hydrophobic than Kraft fiber.

As used herein, the term “sulfite pulp” refers to pulp processed chemically with a
mixture of sulfurous acid and bisulfite ion. These chemicals attack and solubilize the
lignin in the pulp feedstock. Sulfite pulp may be more hydrophobic than Kraft fiber.

As used herein, the term “basis weight” (hereinafter may be refer'red to as “BW”) ™

~ is the weight per unit area of a sample and may be reported as gram-force per meter
squared. The basis weight may be measured using test procedure ASTM D 3776-96 or
TAPPI Test Method T-220.

OBJECT OF THE INVENTION _
It is an object of the present invention to overcome or ameliorate some of the

- disadvantages of the prior art, or at least to provide a useful alternative.

SUMMARY OF THE INVENTION

There is firstly disclosed herein a toilet tissue product, comprising:

a first cellulosic ply further comprising a single layer;

a second cellulosic ply further comprising a single layer; and o

at least one ply having a region that prevents fluid from striking through the
tissue product.

Furthermore, at least one ply may be treated with a repellant agent to create a
region for preventing fluid strikethrough. Moreover, at least one ply may be printed
and/or sprayed with a repellant agent. In addition, the repellant agent may be a sizing
agent or hvdrophobic chemical.

Another embodiment of a toilet tissue product may include a first cellulosic ply

turther having a first laver
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striketﬁrough 29. The toilet tissue product of claim?28 wherein the

secopd ply conprises a repellant agent. 30. The toilet tissue product of
Tlai m 29 wherein the repellant agent is wax. 31. The toilet tissue
product of c aim 29 wherein the repelladt agent -is |atex. 32. The toilet

ti ssue produsgg, OfACJcéiﬁéggt%@&@'ﬁ\:échFctr eR%l l:aRktagent thS a8 pgirAhA8nA0GBL-
33. The toilet tissue product of claim29 wherein the repeP | ant- agent- i-s

printed ont otHeNGRROPENPEY: COMPEISINGS toilet tissue pr

wherei n the repel&aﬂrggegén@lmmﬁﬁq, .onto the second pimmnmlmﬁllg’lm,
toilet tissue product of clalm?29 erein the repel | $ nmexe

mnth the short fid®efscondtpelbekatid whyii ang headbox The toil et

tissue product of,cipipy28eMigi&lit the %%%qnpl.—,xecmgtssﬁds%&&hepwgg-

sandwich the second ply which is resistant to fluid
strikethrough.

29. The toilet tissue.product of claim 28 wherein the second

ply comprises a repellant agent.

30. The toilet tissue product of claim 29 wherein the

- repellant agent is wax.

31. The toilet tissue product of ciaim 29 wherein the

repellant agent is latex.

32. The toilet tissue product of claim 29 wherein the

repellant agent is a sizing agent

33. The toilet tissue product of claim 29 wherein the

repellant agent is printed onto the second ply.

34. The toilet tissue product of claim 29 wherein the

~ repellant agent is sprayed onto the second ply.

35. The toilet tissue product of claim 29 wherein the
repellant agent is mixed in with the short fibers of the
second ply in a headbox.

36. The toilet tissue product of claim 28 wherein the second
ply comprises sulfite pulp.

37. The toilet tissue product of claim 28 wherein the second

ply comprises bleached-chemical-thermo-mechanical pulp.
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37. .The toilet. tissue product of claim 28 wherein the second ply conprises
bl eached- chem cal - t her no- nechani cal pul p.

-

22 - 38. A toilet tissue product, conprising: a
first cellulosic ply further conprising a single |ayer; a second
cellulosic ply further conprising a singlg | ayer; and at | east one
ply having a region that mnimzes fluid grikethrough, characterized in

that the region is situated at an exterior surface of the i
when the first and second piles are overlaid one atop thel ﬂﬁ“ﬂ”ﬂ"ﬂ nllﬂn
39. The toilet tissue product of claim 38, wherein the at | east one *
ply is treated witPa repdpileissusqeeduct, SOBPESINE: t he region for nininizing
fluid strikethrouglg . celiulosic ply further comprising a single layer;

a second cellulosic ply further comprising a single layer; and

at least one ply having a region that minimizes fluid strikethrough, characterized

in that the region is situated at an exterior surface of the tissue product when the first and

second piles are overlaid one atop the other.

39. The toilet tissue product of claim 38, wherein the at least one ply is

treated with a repellent agent to create the region for minimizing fluid strikethrough.

N
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