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PCT/ US98/ 211.84 TI SSUE PAPER HAVI NG A SUBSTANTI VE ANHYDROL!
SOFTENI NG Wo'sonsass M XTURE DEPOSI TED THEREON Has
- TECHNI CAL FI ELD This invention relates, in general, to tissue paper

. products. Mre specifically, it relates to tissue paper products

contai ni ng surface-deposited chem cal softening agents.

BACKGROUND OF THE | NVENTI ON Sanitary paper tissue products are

wi dely used. Such itens are commercially offered in formats tailored for
~a variety of uses such as facial tissues, toilet tissues and absor bent
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| npressi on evoked by a pr odme$Q®éﬁm®agai nst the skin. The
pur pose of being soft is so that these products can be used to cl eanse
the skin without being irritating. Effectively cleansing the skin is a
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aid in the task of removing fromthe skin and retaining such discharges
for* di sposal Pn a sanitary fashion. Not surprisingly, the use of these
products does not approach the | evel %de eanl i ness_ that can be achieved

by more thorough cl eansi ng BACKGROUND OF THE INYENTION ti ssue and towel ing
products are constantly striving to make their products conpete nore
favorably w th t Sanicay paper ezsiei progduced fredgidely used. Such Bams taco odmmerciallyt | ssue

ducts f ' . whe: skin i
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tissue, as coserhersdowelbbi ng with a harsh i npl enent can abrade the
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emanat e and cthe tarhsSoftiess 13 \gonipflex tactile impression evoked by a product when it is
~ stroked against the skin. The purpose of being soft is so that these products can be
used to cleanse the skin without being irritating. Effectively cleansing the skin is a
persistent personal hygiene problem for many people. Objectionable discharges of
urine, menses, and fecal matter from the perineal area or otorhinolaryngogical mucus
discharges do not always occur at a time convenient for one to perform a thorough
cleansing, as with soap and copious amounts of water for example. As a substitute for
thorough cleansing, a wide variety of tissue and toweling products are offered to aid
in the task of removing from the skin and retaining such discharges for disposal in a
sanitary fashion. Not surprisingly, the use of these products does not approach the
level of cleanliness that can be achieved by more thorough cleansing methods, and
producers of tissue and toweling products are constantly striving to make their
products compete more favorably with thorough cleansing methods.

Shortcomings in tissue products for example cause many to stop cleaning
before the skin is completely cleansed. Such behavior is prompted by the harshness of
the tissue, as continued rubbing with a harsh implement can abrade the sensitive skin
and cause severe pain. The altemative, leaving the skin partially cleansed, is chosen
even though this often causes malodors to emanate and can cause staining of
undergarments, and over time can cause skin irritations as well.



undergarnents, and over time can cause skin irritations as well.

D sorders of the anus, for exanple henorrhoids, render the perianal
area extré‘f%?%/ 8% sitive and cause those who suffer such dFPSEUFEa F‘b be
particularly frustrated by the need to clean their anus w thout pronpting
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upgrading fiber sources to tissue and toweling of superior properties. Applicable art
is further illustrated by Carstens in U.S. Patent 4,300,981, issued November 17,
1981, which discusses how fibers can be incorporated to be compliant to paper
structures 50 that they have maximum sofiness potential. While such techniques as
illustrated by these prior art examples are recognized broadly, they can only offer
some limited potential to make tissues truly effective comfortable cleaning
implements.

h

Ancther area which has received a considerable amount of attention is the
addition of chemical softening agents (also referred to herein as "chemical softeners")
to tissue and toweling products.

As used herein, the term "chemical softening agent" refers to any chemical
ingredient which improves the tactile sensation perceived by the consumer who holds
a particular paper product and rubs it across the skin. Although somewhat desirable
for towel products, softness is a particularly important property for facial and toilet
tissues. Such tactile perceivable softness can be characterized by, but is not limited
to, friction, flexibility, and smoothness, as well as subjective descriptors, such as a
feeling like lubricious, velvet, silk or flannel which imparts a lubricious feel to tissue.
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are problems associated with these methods, well known to those skilled in the art.

First, the location of the chemical softener is not controlled; it is spread as broadly
through the paper structure as the fiber furnish to which it is applied. In addition,

there is a loss of paper strength accompanying use of these additives. While not being

bound by theory, it is widely believed that the additives tend to inhibit the formation

of fiber to fiber hydrogen bonds. There also can be a loss of control of the sheet as it

is creped from the Yankee dryer. Again, a widely believed theory is that the additives
interfere with the coating on the Yankee dryer so that the bond between the wet web

and the dryer is weakened. Prior art such as U.S. Patent Number 5,487,813, issued to

Vinson, et. al., January 30, 1996, incorporated herein by reference, discloses a
chemical combination to mitigate the before mentioned effects on strength and
adhesion to the creping cylinder; however, there still remains a need to incorporate a
chemical softener into a paper web in a targeted fashion with minimal effect on web
strength and interference with the production process.
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surface of a dry tissue web. While each of these references represent advances over
the previous so-called wet end methods particularly with regard to eliminating the
degrading effects on the papermaking process, none are able to completely address
the absorbency effects and loss of tensile strength which accompanies application to
the dry paper web due to migration of the chemical softener.

Thus there is a need for continual improvements in chemical softening
technology to reduce the migration of chemical softeners that are applied to an
already dried web in order to mitigate the effects of such migration. Achieving a high
softening potential without unduly affecting other web properties, such as absorbency
and strength, has long been an object of workers in the field of the present
application.
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one outer Surfn@ﬁ@foﬁ?yﬁﬁ%s@foﬁ%m has a surface deposit of a substantively
af fi xed chem cal softefling mxture, conprising a quartenary amoni um
conpound, an envollient, and a cqupling.a The preferred

ent .
enbodi nent of the present i nven® I‘gglgwmternary ammoni um

conpound a di al kyl di net hyl ammoni um salts (e.g. ditall owdi net hyl - atnnoni um
chl’ori de, dital | Cliinwentiph Brnarongsofintisshiy paper pfcaluet, coipiisst oHgrenart more

tal |l ow) di met h i h | Cel- riiscul ardy I I ants
of these corrpél:ijerslg’?ﬁggr&glb\%}%&a't' &gérlgﬂg% }leg%ta?é')re &d F?S&igig?%r?g rﬁiéé/%&?gtg%% ggueé%{rei ations
of % he bef or edensait pHhnsubstantinekyaffixedwhenyical snfieningmixtiire, comprising a iquastenesy

¢ de, diester distearyl

so-cal | ed di e%ﬁﬁm@&t&kdpggﬁdé iaHEﬁxBMEm?&HMUddFig\%W&%.

di met hyl anmoni um chl ori nonoester ditall o\ nmet hyl ammoni um chl ori de,

e (v ool LR U TP (01, LS5
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( DEDTHTDVAC)  fallgwidlimeiinll tmpninmdgiderideostci Rettisylprinpraferadnyatiant ofgthese

(DEDHTDVAC) ,  @8relpdinds Wfecwhdt hed esisideRURE be miono or diester variations of the before
mentioned dialkyldimethylammonium salts. These include so-called diester ditallow
dimethyl ammonium chloride, diester distearyl dimethy!l ammonium chloride,
monoester ditallow dimethyl ammonium chloride, diester di(hydrogenated)tallow
dimethyl ammonium methyl suifate, diester di(hydrogenated)tallow dimethyl
ammonium chloride, monoester di(hydrogenated)tallow dimethyl ammonium
chloride, and mixtures thereof, with the diester varations of di(non
hydrogenated)tallow dimethyl ammonium chloride, Di(Touch Hydrogenated)Tallow
DiMethyl Ammonium Chloride (DEDTHTDMAC) and Di(Hydrogenated)Tallow
DiMethyl Ammonium Chloride (DEDHTDMAC), and mixtures thereof being
especially preferred. Depending upon the product characteristic requirements, the
saturation level of the ditallow can be tailored from non hydrogenated (soft), to
partially hydrogenated (touch), or completely hydrogenated (hard).

Preferred emollients include mineral oil, petrolatum, and silicones, with
petrolatum being particularly preferred.

Preferred coupling agent have low HLB values. Particularly preferred coupling
agents are the sorbitan esters of a fatty acid, e.g. sorbitan monostearate, as well as
blends of the monoester with ethyloxylated forms thereof Most preferably, both
sorbitan monostearate and ethoxylated sorbitan monostearate are present with a ratio
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at 60° and each intersecting a horizontal line at 60°. The number of cells per square

area in a hexagonal arrangement is thus 1.15 times the square of the frequency.

Preferred embodiments of the present invention are further characterized by
having the uniform surface deposits of the chemical softening agent predominantly
residing on one or both of the two outer surfaces of the soft tissue paper product.

Finally, the invention is characterized by having less than about 50%, more
preferably less than about 25%, and most preferably less than about 5% of the tissue
surface covered by the chemical softener.

While not wishing to be bound by theory, inventors believe that the
combination of the chemical softeners and the geometric parameters recited herein
cause the softened tissue to illicit a surprising maximum in human tactile response
resulting from the spacing of nerve sensors in human skin.

Preferred substantively affixed chemical softening agents comprise quaternary
ammonium compounds including, but not limited to, the well-known
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hydr ogenat ed Gomulcte)y,hydrogenm@(émdby hydrogenated (hard). The sof t
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The soft tissue paper of the present invention further comprises papermaking
fibers of both hardwood and softwood types wherein at least about 50% of the
papermaking fibers are hardwood and at least about 10% are softwood. The
hardwood and sofiwood fibers are most preferably isolated by relegating each to
separate layers wherein the tissue comprises an inner layer and at least one outer
layer.

The tissue paper product of the present invention is preferably creped, i.e.
produced on a papermaking machine culminating with a Yankee dryer to which a
partially dried papermaking web is adhered and upon which it is dried and from which
it is removed by the action of a flexible creping blade.

While the characteristics of the creped paper webs, particularly when the
creping process is preceded by methods of pattern densification, are preferred for
practicing the present invention, uncreped tissue paper is also a satisfactory substitute
and the practice of the present invention using uncreped tissue paper is specifically
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net hod of nﬁwwasd’fasemumeatwo@&d{!sl% Mo@t’b‘lﬁh@blsﬁgfembﬂ 2hoi904r anhse,
Hyl and, et. uworpdrﬁteEuisaa@auy Retérende, Apdthi & ahéthod bfbmdkid® sndoth RMblepedred

Septenber 2 94 or d. herein b fe C hod of
maki ng s noo?WH%‘& aérpglaec[ ﬁﬁ%ﬁ&%ﬁf‘%‘g’ (#Ig %e%t §F 'ﬁl ﬁalcqeyP t"#@ $ Fﬁsg ,
al. in U S.publishediAugugd8, 1997 and incorporated herein by reference, describes the use of

a machine to make soft through air dried tissues without the use of a Yankee.

Tissue paper webs are generally comprised essentially of papermaking fibers.
Small amounts of chemical functional agents such as wet strength or dry strength
binders, retention aids, surfactants, size, chemical softeners, crepe facilitating
compositions are frequently included but these are typically only used in minor
amounts. The papermaking fibers most frequently used in tissue papers are virgin
chemical wood pulps.

Filler materials may also be incorporated into the tissue papers of the present
invention. U.S. Patent 5,611,890, issued to Vinson et al. on March 18, 1997, the
disclosure of which is incorporated herein by reference, discloses filled tissue paper
products acceptable as substrates for the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side elevational view of a printing arrangement illustrating the
preferred method of forming the uniform surface deposits of substantively affixed
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illustrated in Figure applies the softeni ng agent 'to one s
ti'ssue paper PPREEIREhed, an of fset printing nethod. Figure 2 is a side
el evational view of a printing arrangenent illustrating an alternate nethod
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of the presel*?f"’ﬁ1 n. The process illustrated in Figure 3 applies the
softening agent to both surfaces of the tissue paper product by an offset
printing nmet hod. Figure 4 is Rischematid rapsesentatindlistrating the detaib of the irevessed teas r at i ng

the detail ofgd 3¢ of thepiifitlg ifnders illustrated in Figures 1, 2, and 3. Figure 4A provides
further detail of the recessed areas preferred for use in the present invention by
illustrating one of the recessed areas in a cross sectional view.

DETAILED DESCRIPTION OF THE INVENTION

While this specification concludes with claims particularly pointing out and
distinctly claiming the subject matter regarded as the invention, it is believed that the
invention can be better understood from a reading of the following detailed
description and of the appended examples.

As used herein, the term "comprising” means that the various components,
ingredients, or steps, can be conjointly employed in practicing the present invention.
Accordingly, the term "comprising” encompasses the more restrictive terms
"consisting essentially of" and "consisting of."

As used herein, the term "water soluble" refers to materials that are soluble in
water to at least 3%, by weight, at 25 °C.

As used herein, the terms "tissue paper web, paper web, web, paper sheet and
paper product" all refer to sheets of paper made by a process comprising the steps of
forming an aqueous papermaking furnish, depositing this furnish on a foraminous
forming surface, such as a Fourdrinier wire, and removing the water from the furnish
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means that it is comprised of more than one ply of tissue. The plies of a multi-ply

tissue product can be substantially homogeneous in nature or they can be multi-

layered tissue paper webs.
Other terms are defined in the specification where initially discussed.

All percentages, ratios and proportions used herein are by weight unless
otherwise specified.

General Description of the Soft Tissue Paper

The invention in its most general form, is a strong, soft tissue paper product
comprised of one or more plies of tissue paper, wherein at least one outer surface of
the product has surface deposits of a substantively affixed chemical softening

mixture, comprising a quartenary ammonium compound, an emollient, and a coupling
agent.

The preferred embodiment of the present invention is characterized by surface
deposits which are uniform, discrete, and spaced apart at a frequency between about
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chemica! softening compositions of the prior art. As used herein, the term

"substantively affixed chemical softening mixture" is defined as a mixture which

imparts lubricity or emolliency to tissue paper products and also possesses

permanence with regard to maintaining the fidelity of its deposits without substantial

migration when exposed to the environmental conditions to which products of this

type are ordinarily exposed during their typical life cycle. Waxes and oils alone, for

example, are capable of imparting lubricity or emolliency to tissue paper, but they

suffer from a tendency to migrate because they have little affinity for the cellulose

pulps which comprise the tissue papers of the present invention. While not wishing to

be bound by theory, the Applicants believe that the components of the substantively

affixed chemical mixture of the present invention interact with each other by Van der

Waals forces, covalent bonding, ionic bonding, or hydrogen bonding or some

combination thereof to minimize migration.

The Applicants have identified particularly desirable compositions comprising a
mixture of a quaternary ammonium compound, an emolli¢nt and a coupling agent that
provide such desirable lubricity and softness without substantial migration when such
mixtures are applied to a tissue substrate at the levels described above. Suitable
embodiments of such mixtures comprise between about 40% and about 80% of a
quaternary ammonium compound; between about 10% and about 30% of an
emollient; and between about 10% and about 20% of a coupling agent. Preferred
embodiments comprise between about 50% and about 70% of a quaternary
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anmoni um conpound; betvveen about 10% and about 30% of an enollient; and
bet ween aboQuatedfdry Adnn Rfouridsa coupl i ng agent. Preferred embodi nent s
conpri se between about 50% and about 70% of a guat er nary

12 ammoni um cOPRFEly, the UREMarg Uthonhal caMPodias oF thereseht ﬁOerﬁBﬁ'hHé?”t and
bet ween abouéﬁ%_’Z% and ‘about 20% of a coupl i ng agent. A particularly
preferred mt mulgas t he conposition shown in Table 1.

Table 1 Particularly Preferred Chem cal Softening Mxture
Conponent (R')4JR€'FNEHI{Rﬂm Wéi ght

wherein:
mis1to3;

each R! is a C,-C, alkyl group, hydroxyalkyl group, hydrocarbyl or substituted
hydrocarbyl group, alkoxylated group, benzyl group, or mixtures thereof;

each R?is a C ,-C,, alkyl group, hydroxyalkyl group, hydrocarbyl or substituted
hydrocarbyl group, alkoxylated group, benzyl group, or mixtures thereof; and

X' is any softener-compatible anion are suitable for use in the present invention.

Preferably, each R! is methyl and X~ is chloride or methyl sulfate. Preferably, each R?
is C,-C,; alkyl or alkenyl, most preferably each R? is straight-chain C,, alkyl or
alkenyl. Optionally, the R? substituent can be derived from vegetable oil sources.

Such structures include dialkyldimethylammonium salts (e.g. ditaliowdimethyl-
ammonium chloride, ditallowdimethylammonium methyl sulfate, di(hydrogenated
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present invention is discussed in detail below CQuaternary Ammoni um
Conmpounds Preferably, the quaternary ammoni um conpounds of the
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m xt ures t hereof h Rlerr] is a CJerr] al kyl group, hydroxyal Kyl
group, hydrocarb

or s tut ) roocar,b Iko .at ed
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13 tal | ow) difaliewithih tlenstope ufhe hircsentdﬂvenﬂbm I} is also lfuivahthby depehding aparet hyl

gr.oups, R2 apg product characteristic requirements, the saturation level of the ditallow can be
tailored from non hydrogenated (soft), to partially hydrogenated (touch), or
completely hydrogenated (hard). All of above-described levels of saturation are
expressly meant to be included within the scope of the present invention.

Particularly preferred variants of these softening agents are what are considered
to be mono or diester variations of these quaternary ammonium compounds having
the formula:

(RV4.m-N' - [(CHp)p- Y-Ri)y X

wherein:

Y is -0-(0)C-, or -C(0)-O-, or -NH-C(0)-, or -C(0)-NH-;
mislto3;

nisOto4;

each R! is a C,-C; alkyl group, hydroxyalkyl group, hydrocarbyl or substituted
hydrocarbyi group, alkoxylated group, benzyl group, or mixtures thereof;

each R* is a C,;,-C,, alkyl group, hydroxyalkyl group, hydrocarbyl or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or mixtures
thereof; and

X' is any softener-compatible anion.

Preferably, Y =-0-(0)C-, or -C(0)-0-; m=2; and n=2. Each R! substituent is
preferably a C,-C,, alkyl group, with methyl being most preferred. Preferably, each R3
is C,; -C,, alkyl and / or alkenyl, more preferably R3 is straight chain C,, - C,, alkyl



tall ow groups of varying |levels of saturation, and X err] is ch:jori de IorOI
nmet hyl sul As discussed in Swern, Ed. in Bailey's |Industria ]
and >I;at Pr&@hg%/?,z”]’hi rd Edition, John WIley and Sons (New YSFW‘?%@)‘?“
tallowis a naturally occurring material having a variable conposition.
Table 6.13 in the above-identified reference edited by Swern indicates that
typically 78% or nore of the fatty acid of tallow contain 16 or 18 carbon
atons. Typically, half of the fatty acids present in tallow are

unsat ur at ed, andr/ionatkeny), €.erGiallcyl,anost prefesaly eachdi®ds stejghtebain €, zadkybel | as
natural "t al Optisnally, shé R¥ubStitGer dén BE QR from\RgltaBIE Bl sodrgient ion. 1t s

al so known that dependi ng upon the product characteristic requirenents, the

saturation | evel Anheritionedlabovt) Xvcandse ah?sdﬁ&nbloﬁtﬁﬁbaiilbﬁ%ml ,nfdmgﬁdrm@,n?t Sd
soft), to p L2l . t [ t r.ogenat e
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be incl uded #pa be wsed inethg present ddventien. Preferably X ns/ehlerideror methyl sulfd®ar ti cul arl y
preferred variants of these softening agents are what are considered to be

mono or di est er St ekaleb st Finciibi quAamY M&m&@?&&@rgvi ng

E hs[ L?; ]rrij Ima: %éppftures named @ﬁ&nﬁa{qﬁ] s)u{taeglé }o_rr{};é Il%N hgg‘%ﬁ‘@ng'&monﬁ&l r] o; Y
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mi xtures t hefigaiow dimethyl arampnjum raethyl splfate, %xsarrql(hy@rpgwat@a@m
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201 t oner - confuOTeR Bnd rigfires' BeiEDE, Dispsr il el amragrivrey Bfartdsany
n=2. Each R diestpr sdiffgtiragenated)iatiopr efimethill yanemdfian r ]chloﬁkiky]hregrp?dﬁhulaﬂyt?
hyl bei A an or
met hy elmr)]? g{@?g?-l?eefdg*ri‘g%ﬁ) ]FP ﬁ{e@ﬁ@?#yavaﬁ%?%%%éréﬁsi éxlc \k’)f}%o &k\emlcg

al kenyl , err ral
y Company Inc. ot)i)ub in, OH under the tragename "ADOG

As mentioned above, typically, half of the fatty acids present in tallow are
unsaturated, primarily in the form of oleic acid. Synthetic as well as natural “tallows”
fall within the scope of the present invention. It is also known that depending upon
the product characteristic requirements, the saturation level of the ditallow can be
tailored from non hydrogenated (soft), to partially hydrogenated (touch), or
completely hydrogenated (hard). All of above-described levels of saturation are
expressly meant to be included within the scope of the present invention.

It will be understood that substituents R!, R? and R® may optionally be
substituted with various groups such as alkoxyl, hydroxyl, or can be branched. As
mentioned above, preferably each R! is methyl or hydroxyethyl. Preferably, each R2 is
C,, - C,; alkyl and / or alkenyl, most preferably each R? is straight-chain C,, - C,, alkyl
and / or alkenyl, most preferably each R? is straight-chain C18 alkyl or alkenyl.
Preferably R* is C,; - C,; alkyl and / or alkenyl, most preferably R? is straight chain C,,
- C,; alkyl and / or alkenyl. Preferably, X- is chloride or methyl sulfate. Furthermore
the ester-functional quaternary ammonium compounds can optionally contain up to
about 10% of the mono(long chain alkyl) derivatives, e.g., (R")2 - N* - ((CH,)20H)
((CH,)20C(O)R?) X- as minor ingredients. These minor ingredients can act as
emulsifiers and are useful in the present invention.

hyxyal kyl *

;a“FH:Z; and



14 and / or alkenyl, Cerr]-Cferr] alkyl, nost preferably each Rerr] is

st rai ght - chgi r] alkyl Optionally, the R3 substituent j ved
from veget ;%ng/gﬁ%sources. As mentioned above, X[err?égﬁﬁg%gﬁgﬁy
sof tener-conpati bl e anion, for exanple, acetate, chloride, brom de, nethyl
sulfate, formate, sulfate, nitrate and the |ike can also be used in the
present invention. Preferably X[ err] islxhloride or methyl sulfate.

Speci fic exanpl egs of ester-functional quaternary ammpni um conpounds havi ng
the structures n@fsEtyReRfsuitable gnatermany emmeniumempauadsdoryise sbthe Preserint i on

i ncl ude the wRbhatidavdestiibed ArU.Si Ratkatl N6li 57543047, PHED &y axmsmutmgi%pa as
i

Cheont e Ao STPAGH AT “Hobba & ey 4B 1 198 PLge

di ester di (hPateoiginad, 50,008 Phan aliahsisdugd Aprit@h)i 1986, %3 ShPatentNG.28445,787 st er
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di (hydr ogenat®@gissignedip ém@rlﬁ@lar&ﬁm@mm&sﬁq@@p@bmm i1994; gach of
preferred. Thhih iPRedipbtatedherdn B/ feferéhc@l € avail abl e comrercially fromWtco
Chem cal Conpany Inc. of Dublin,” OH under the tradenane "ADOGEN SDMC'.

As mentioned aboye. typicall hal f of the fatty acids.present i,n tallow
are unsaturat ed, ﬁb'ﬁ'l‘%é?ﬁc‘vnf%ftpﬁgsﬁrbtﬁ?ﬁt‘(ﬂ’g(ﬂuée AMmOnY Campeynds can o | 55
nat ural "t al lalsade used, landvatemneant trefall ovithin tfe scope of the PresentrimentiomrThebd i s
al so known t hahn6\Gias Rsletle foRAMat e product characteristic requirements, the
saturation | eveF of the ditallow can be tailored from non hydrogenated
(soft), to partially hydrogenated (touch), or conpletely hydrogenated
(hard). Al of above-described |evels of saturation are expressly neant to
be included within t€ scope oR'khe pr@&dnt inven@ on. It will be
under st ood that substiituents Rllerr], Rlerr] and Rjlerr] may optionally be
substituted with RiFiGuO -d€Hpps NSudBHa), NMkd€ih), -Iyd€eRyl , o2 Xcan be
branched. As nentioned above, preferably each R err] is methyl or

hydroxyethyl . Pref gealhdtureSafied BoveSeacRels'd C ﬁbﬁﬁgﬁgﬂﬂny&ose%all@é ?;Flcfl\\b! , DSt

referably eagh s.strai ght-chai err]al kyl or . nost
Br ef er abl i egﬂs %'4:8 hXé"PSﬂ‘ tg"?}ﬂ‘af“rrll‘sg[['@r‘* ]P“JaPCEW a gpitable anign, suchpasar apl y
(F\;[[ err } al k3(/:|[ halidt (e.gr clad:rl'@?cyﬂ broniz) oplrrm‘tlgl a?lfate.l:?xeferd)lzlj, %act RRiYOY,-Chai n

err - | ef er Xen i S- C ri or

Lot s L5 Bt Bt RSN a0 RER - R o0
conpounds caﬁ“@ﬁl’li ¥¥R'liyasehyhi n up to about 10% of the nono(long chain
al kyl) derivatives, e.g., (Rerr]- Nd - ((CH2)20H) ((CHerr]OC(ORerr])
X err] as minor Pagheeficlly,Svhilthes®ishinBas bk BEGRIbyEMESyCRMs RfibvedShat the
enmul sifiers ar;&d ar ; t

eful in the present invention.
29er Hotety(ics) Of the 'before mentione quﬂemary compounds lends to them a

measure of biodegradability. Importantly, the ester-functional quaternary ammonium
compounds used herein biodegrade more rapidly than do conventional dialkyl
dimethyl ammonium chemical softeners. '

While such quaternary ammonium compounds provide desirable softening to
tissue webs, use of such compounds also results in a reduction in the tensile
properties of such webs. As noted above, such reduction in tensile properties is
believed to be caused by an inhibition in the formation of fiber-to fiber hydrogen
bonds due to the migration of the quaternary ammonium compound.

Emollient

The present invention is further characterized by the presence of an emollient.
As used herein, an "emollient" is a material that softens, soothes, supples, coats,
lubricates, or moisturizes the skin. An emollient typically accomplishes several of



15 Q her types of suitable quaternary ammoni um conpounds for use in
I nvention are described in U S. Patent No. 5,543, 067, Phan et

t he present

al . issued WR¥UES%  1996: U.S. Patent No. 5,538,595, TroRRAMSIE2LEL

i ssued on Ju

April 23, 1996; U. S. Patent No. 5415, 737, Phan et al

1995; and Eu

Ki nberly-C ark Corporation,

ly 23, 1996; U.S. Patent No. 5,510,000, Phan et al.

ropean Patent Application Né 0 688 901 A2, assigned to
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Other suitable types of emollients for use herein include polysiloxane
compounds. In general, suitable polysiloxane materials for use in the present
invention include those having monomeric siloxane units of the following structure:

Rl

—di—0—
lkz

wherein, R! and R?, for each independent siloxane monomeric unit can each
independently be hydrogen or any alkyl, aryl, alkenyl, alkaryl, arakyl, cycloalkyl,
halogenated hydrocarbon, or other radical. Any of such radicals can be substituted or
unsubstituted. R' and R? radicals of any particular monomeric unit may differ from
the corresponding functionalities of the next adjoining monomeric unit. Additionally,
the polysiloxane can be either a straight chain, a branched chain or have a cyclic
structure. The radicals R! and R? can additionally independently be other silaceous
functionalities such as, but not limited to siloxanes, polysiloxanes, silanes, and
polysilanes. The radicals R! and R? may contain any of a variety of organic



16 these objectives such as soothing, noisturizing, and lubricating the
skin. Preferred enollients will have either a plastic or |igui | st ency
at anbient VMR ures, i.e., 20[err]C This particular e #ﬂygﬁﬁﬂ%f
consi stency allows the conposition to inpart a soft, |ubricious,

| otion-1like feel. Sui tabl e enollients include petrol eum based |inear
and branched al kanes and al kenes that dfe liquid or solid at a tenperature
of 20[er]C and at nospheric pressure. Suitable petrol eum based eno|lients

i ncl ude t hosfingtjanalitics ripduding, Jor gxanenie, calcabpl, ipptbprylisr #5ath phemyly, andy agung;

| engt hs of ffpaMckalitded 32 carbon atons. Petrol eum based hydrocarbons having
these chain lengths include mneral oil (also known as "liquid petrol atuni)
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al karyl, ar akyd follewik @ehdeal formad! ogenat ed hydrocar bon, or other radical.
Any of such radicals can be substituted or unsubstituted. R err] and R2
radi cal s of any particul ar [mononeric unjt maly differ fro t he

correspondi ng functionalitijes gf the nekt adj oi nkhg nonongri &*unit.

Additionally, the® polysildxanejcan be githey a straight h&izin, a branched
chain or have a cyclic strjuctufe. The fadichls Fl}err] an can
addi tional |y g2ndependenjlydhe ot her gilaceous si o} si R
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wherein each R! - R? radical can independently be any C, - C,, unsubstituted alkyt or
“aryl radical, and R' of any substituted C, - C,, alkyl or aryl radical. Preferably each
R!- R radical is independently ary C, - C, unsubstituted alkyi group. those skilled in
the art will recognize that technically there is no difference whether, for example, R?
or R is the substituted radical. Preferably the mole ratio of b to (a + b) is between 0
and about 20%, more preferably between 0 and about 10%, and most preferably
between about 1% and about 5%. —

In one particularly preferred embodiment, R! - R® are methyl groups and R® is a
substituted or unsubstituted alkyl, aryl, or alkenyl group. Such material shall be
generally described herein as polydimethylsiloxane which has a particular functionality
as may be appropriate in that particular case. Exemplary polydimethylsiloxane
include, for exampie, polydimethylsiloxane having an alkyl hydrocarbon R'® radical
and poiydimethylsﬂoxane having one or more amino, carboxyl, hydroxyl, ether,
polyether, aldehyde, ketone, amide, ester, thiol, and/or other functionalities including



functionalities such as, but not limted to siloxanes, polysiloxanes,
sil anes, and &golggsilanes. The radicals R err] and R2 may contain any of a

vari ety of PCT/US98/21184
functionalities including, for exanple, alcohol, carboxylic acid, phenyl,
and amne functionalities. Exempl ary al kyl radicals are nethyl,
ethyl, propyl, butyl, pentyl, hexyl, od8yl, decyl, octadecyl, and the

like. ExenplarY aIkenyI radical s are vinyl, allyl, and the liKke.
Exenpl ary araiiyl padiakenyd analegsoofosuch, ﬁmhtlphdmys Funequhlﬁl an amihat foactionk .

Exenpl ary a%l‘“‘lp rBAROAGuIA R ra{i’yimln&yﬁx){ét on@lt BV ! h%ﬂ%ﬂoial@f'ﬂmma{ ' ke.
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| ndependent |, an err nsubsti t ut di cal
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Rl err] radi c;ahtlstekasndemrln@erl y any Cferr] unsubstituted alkyl group. those
skilled in the art will recognize that technically there is no

di f ference whet f¥¥ile fias wihingsl e barindrby] theory,oit ispelievdd thet thectastiio benefitt ed

radical . Pr eéfséaaia i/ reldiad f&)k@n{g%tm&eaharbw&gm(ﬁd’fth wkc% igﬁm&&‘ ré?at d t&nd
about 20% pr eferabl y

fer etween nd a an
bet ween ab Oua[ %gbg rgﬁa&e%g@a% % Accordmgly, due to the dlfﬁcui)ty of measuring molecuiar
weight directly, viscosity is used herein as the apparent operative parameter with
respect to imparting softness to tissue paper.

References disclosing polysiloxanes include U.S. Patent Number 2,826,551,
issued to Geen on March 11, 1958; U.S. Patent Number 3,964,500, issued to Drakoff
on June 22, 1976; U.S. Patent Number 4,364,837, issued to Pader on December 21,
1982; U.S. Patent No. 5,059,282, issued to Ampulski; U.S. Patent No. 5,529,665
issued to Kaun on June 25, 1996; U.S. Patent 5,552,020 issued to Smithe et al. on
September 3, 1996; and British Patent 849,433, published on September 28, 1960 in
the name of Wooston. All of these patents are incorporated herein by reference. Also
incorporated herein by reference is Silicone Compounds, pp. 181-217, distributed by

Petrach Systems, Inc., which contains an extensive listing and description of
polysiloxanes in general.

Coupling Agent

While it provides desirable emolliency to tissue paper, when used alone,
petrolatum can have a deleterious effect on absorbency. Also, as noted above,
migration of quaternary ammonium compounds can result in a loss in tensile
properties. Further, it tends to migrate easily over time. As noted above, the
softening mixture is preferably provided in spaced apart surface deposits. Such
spaced apart surface deposits address the absorbency effects of hydrophobic
emollients, such as petrolatum, as long as the emollient does not migrate. Strength
resins can also be used to mitigate the loss in tensile properties due to migration of a
quaternary ammonium compound.
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i ssued to GCeewnterials\VBaving dhTHLB 986¢ oftheSveeRabeutt2 dddrabout & Pederal@the EEBued to

Dr akof f on e - t 15,3& i LS SUBGween Pader
on Decenber g%f}i@‘?s %ég?g]?é%gt BJF?E eaﬁ tﬁE.Mg%é%feﬁaé , ?ssﬁ%galthg ﬁrrpul ski; U.S.
Patent No. 5,350 3668 aboukbied to Kaun on June 25, 1996; U.S. Patent
5,552,020 issued to Snmithe et al. on Sept enber 3, 1996; and British

Pat ent 849, 433, BufdbistRplig agdap fertheprestt ink&fiidnican contprize palykydobxy\\bost on.

Al'l of these tents. are, incorparaft. { e] r r

i ncor por at ed fﬁ@? ‘i"i}e%?fs' SR8 8@‘3’3?‘g‘ﬁgﬂgﬁ‘é@kQf%osry‘?p%&%c?ga%g’.‘?‘%@ﬁ17,

di stribut ed byhich thesofaningSyixtuesiis applied, thesgiesters showld aise be rolatively anildiapd | st i ng
and descri ptiQn iQftatingRBkNeddoxanes in general . Coupl i ng Agent

Suitable polyhydroxy fatty acid esters for use in the present invention will have

the formula;

wherein;

R is a C,-C,, hydrocarbyl! group, preferably straight chain C,-C,, alkyl or
alkenyl, more preferably straight chain C,-C,, alkyl or alkenyl, most preferably
straight chain C,-C,, alkyl or alkenyl, or mixture thereof;



VWhile it provides desirable enolliency to tis;ue Baper, \Allhen used aIt oge,
etrol atu a ve a del eterious effect on absorbency. S0, as note
gbove, %%ﬁg&? of quaternary anmmoni um conpounds can resBFT/US}/H134oss in
tensile properties. Further, it tends to mgrate easily over tine. As

not ed above, the softening mxture is preferably provided in spaced apart
surface deposits. Such spaced apart 20rface deposits address the
absorbency effects of hydrophobic enol lients, such as petrolatum as |ong
as the envl | i en ige@olyhydroxyhydmcabyl Stoiety having a hpdrocarbyl 2hain ith abieastsed t o

mtigate the | 09%eehyd@Rlk ifeddy QBfiebied to HéGnhil; 4Ha0r a1 on of a  quaternary
anmoni um conpound. 19

The Applicants have .foupd that, by providing a coupling agent that _
associ at es Wi Pﬁsﬂd‘l’:aﬁt {]'he quat ernary anmoni um conpound and the enol |ient

of the present i nvention, mgration of the quaternary ammoni um conpound
and t he enolSuitable Ycgmupsecan be deved ftdnapolyols acbhcw@lyc?'rhﬁ r;}xéﬂﬁéﬂy?ﬂtﬁljs bel i eve
that a synergi e Lanshi e at er.nary anmoni um
corrpound?/ t ﬁggirgrr%)'fcﬁis‘g h%f,ﬁmgs%’gﬂ%lﬁdgg’(%ﬁé’l éa%&o%&aﬁgﬁsg gﬂ?gseﬁ g?llgfe’ _g'a_ﬁ&?g%i tion
has the desiMaliose lasiossempnnose yd esythrose shgasialaohols widh as erythritol, militohig any

negative pr apetitslj manidol andesoftSRARE Bl drid¥y IfSugkRalcdhSI bttt ab Qor!BﬁaxB bound by
theory, the Applicants believe that polar head group of a suitable coupling

' ' . | t f t ernary anmmoni um
sgent” can a0 sl LUl b oLt ) LS e U
of tensile mfbpearisatuegted Cay, fotty acids, suchias glyckryl monempmicite, \gbycadykyl chains in:
a_confi gur altm@ybéhngld, GigRc&BEhatdnlyiftate, 8 cg{??ﬁopglﬂéaﬂ(t@,%h@gl%ﬁlr'om

mgrating while preserying. its |ubricati abl e
cogpl i nggagéﬂ‘?’?egﬁﬂé %i)?wofﬁt% afidsy serbitanymenaesters of lingarsptusated CorC pfattyds of
mat eri al s, haidspgchas sdrbitanahotonytistac) zw&mﬁ?@;&tﬁa@aqn@&?y&angi P{ ﬁf erH fgl Y,
t he HLB \Y; ' . and,aho re. prefera .the
valeue is be?41 V\dggo 5 kérsﬁ%hﬁ?f@g@?%}é& é%ﬁ?‘d%.glgvycerd ’:“o_“"é\.‘?ﬁ?t&’o?t r?:_BﬂH\eP‘hg agent s
for the preseirated(erfts slecholn andmpstarseofibespropulsifying cofmponentsadindthest er s.
Che soft ani g s rurabRipBishydtoic) Ry afil eers 5! 8 I IRRAANELSN | 0\ i ivel y
the softening mxture.is a ed,.these ester J
mld and n"(q)’ﬁqplr\s? F"t’gaf‘} T’iﬁ"{%g fatfy dcid,ssters, pre%erably thes‘gil‘paztﬁ rated iy arigxy fatty
aci d esters dsters ofssuciose.tSuergse eweodstersiare phitionlarty btefdrfedand include sh@bsall a:
monostearate and sucrose monolaurate.

Diglycerol monoesters of linear saturated fatty acids useful as coupling agents
in the present invention can be prepared by esterifying diglycerol with fatty acids,
using procedures well known in the art. See, for example, the method for preparing
polyglycerol esters disclosed in U.S. Patent 5,387,207 (Dyer et al.) issued February
7, 1995, which is incorporated by reference. Diglycerol can be obtained commercially
or can be separated from polyglycerols that are high in diglycerol. Linear saturated
fatty acids can be obtained commercially. The mixed ester product of the
esterification reaction can be fractionally distilled under vacuum one or more times to
yield distillation fractions that are high in diglycerol monoesters.

Sorbitan esters of linear saturated fatty acids can be obtained commercially or
prepared using methods known in the art. See, for example, U.S. Patent 4,103,047,
issued to Zaki et al on July 25, 1978, the disclosure of which is incorporated herein
by reference The mixed sorbitan ester product can be fractionally vacuum distilled to
yield compositions that are high in sorbitan monoesters.



[err] wher ei n: Ris a (Jerr] hydrocarbyl group, preferably
strai ght chgi r] al kyl or al kenyl , nore prefer 8 L ght
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Cerr] alkyl or alkenyl, or mxture thereof,

20 Y is a pol yhydroxyhydrocar byl noiety having a hydrocarbyl chain

wth at | east 2 free hydroxyls dirdctly connected to the chain; and

nis at least 1. Suitable Y groups can be derived from polyols such as

gl ycerol , pent aefyrericulagy :prefemed slassuehsueh qoupliighagents wesorbitde fatty seid

gal act ose, spg&@se, glucose, xylose, fructose, naltose, |actose, mannose

and erythrose; sugar al cohols such as erythritol, xylitol, malitol,

manni tol and sorbitol; and anhydri des of sugar al cohols such as sorbitan.

Sui tabl e coupling agents can be sHOected f®m gl yceryl or diglycero

nonoesters of linear saturated (Jerr y acids, such as glyceryl

nonopal mtate, glyceryl nonobehenate] dig| ygerol nononyristate, diglycerol

nonost earate, and di gl ycerol nobnoeste€ ilé]g%vlﬁlatty aci ds; sorbitan
acras,

nonoesters of linear saturated Clerr] fatty such as sorbitan
nononyri state, sorbitan nonostearate, and sBrbitan nonoesters derived from
tallow fatty acids; diglycerol nonoaliphatic ethers of |inear saturated

C err] al cohoWghersitd m xtures of these emul sifying conponents. Another class
of suitable polyhydroxy fatty acid esters for use in the present invention
conpri se certain RuisradSeCt divtinocabylgrangt ers, preferably the Cferr]saturated
fatty acid esters of sucrose. Sucrose nonoesters are particularly preferred
and i ncl ude sucr oB&isthydrosylaundl,eCahsidrocarby) geoupparal aur at e. Di gl ycer ol
nonoesters of |linear saturated fatty acids useful as coupling agents in the
present inventi onRe@hydexpras gL ef..hydresarbyligrepng di gl ycerol with fatty

aci ds, . . . . . .
Representative examples of suitable sorbitan esters include sorbitan palmitates (e.g.,

SPAN 40), sorbitan stearates (e.g., SPAN 60), and sorbitan behenates, that comprise
one or more of the mono-, di- and tri-ester versions of these sorbitan esters, e.g.,
sorbitan mono-, di- and tri-palmitate, sorbitan mono-, di- and tri-stearate, sorbitan
mono-, di and tri-behenate, as well as mixed tallow fatty acid sorbitan mono-, di- and
tri-esters. Mixtures of different sorbitan esters can also be used, such as sorbitan
palmitates with sorbitan stearates. Preferred sorbitan esters are the sorbitan stearates,
typically as a mixture of mono-, di- and tri-esters (plus some tetraester) such as
SPAN 60, and sorbitan stearates sold under the trade name GLYCOMUL-S by
Lonza, Inc. Although these sorbitan esters typically contain mixtures of mono-, di-
and tri-esters, plus some tetraester, the mono- and di-esters are usually the
predominant species in these mixtures. A particularly preferred sorbitan ester is
sorbitan monostearate (R' = C,; hydrocarbyl, Rz = hydroxyl, and R? = hydroxyl).

Ethoxylated forms of the sorbitan fatty acid esters may also be added. They
have the general formula:

/——(-O—CHZ—CHZ)GPH
o

L { 0-CHy-CH,}-OH
HC—{0-CH,-CH,}-0H

H,C+{0-CH-CH}K'



usi ng procedures well known in the art. See, for exanple, the nethod for
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Wilmington, DE.

When present, the ethoxylated sorbitan ester is preferably used at a relatively
small fraction such that the ratio of sorbitan ester to ethoxylated sorbitan ester is
from about 2:1 to about 4:1.

Tissue Paper

The soft tissue paper of the present invention preferably has a basis weight
between about 10 g/m? and about 100 g/m? and, more preferably, between about 10
g/m? and about 50 g/m2. It has a density between about 0.03 g/cm?® and about 0.6
g/cm? and, more preferably, between about 0.05 g/cm? and 0.2 g/cm?.

The preferred embodiment of the tissue paper of the present invention tissue
further comprises papermaking fibers of both hardwood and softwood types wherein
at least about 50% of the papermaking fibers are hardwood and at least about 10%
are softwood. The hardwood and softwood fibers are most preferably isolated by
relegating each to separate layers wherein the tissue comprises an inner layer and at
least one outer layer.

The tissue paper product of the present invention is preferably creped, i.e.,
produced on a papermaking machine culminating with a Yankee dryer to which a
partially dried papermaking web is adhered and upon which it is dried and from which
it is removed by the action of a flexible creping blade.

i



tri-esters, Mxtures of different sorbitan esters can also be used, such as
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is continued either by mechanically compacting the paper or by some other de-
watering method such as through-drying with hot air, before finally being transferred

in a semi-dry condition to the surface of the Yankee for the drying to be completed.

While the characteristics of the creped paper webs, particularly when the
creping process is preceded by methods of pattern densification, are preferred for
practicing the present invention, uncreped tissue paper is also a satisfactory substitute
and the practice of the present invention using uncreped tissue paper is specifically
incorporated within the scope of the present invention. Uncreped tissue paper, a term
as used herein, refers to tissue paper which is non-compressively dried, most
preferably by throughdrying. Resultant through air dried webs are pattern densified
such that zones of relatively high density are dispersed within a high bulk field,
including pattern densified tissue wherein zones of relatively high density are
continuous and the high bulk field is discrete.

To produce uncreped tissue paper webs, an embryonic web is transferred from
the foraminous forming carrier upon which it is laid, to a slower moving, high fiber
support transfer fabric carrier. The web is then transferred to a drying fabric upon
which it is dried to a final dryness. Such webs can offer some advantages in surface
smoothness compared to creped paper webs.

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 612A2,
published October 18, 1995 and incorporated herein by reference, teach a method of
making soft tissue products without creping. In another case, Hyland, et. al. in
European Patent Application 0 617 164 Al, published September 28, 1994 and
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nmeasured in the machin Irection. Creping is generally acconplished with a”
flexible blade, a.so-called. doctor bl ade, against a,Yankee dryer, in an on
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sone ot her dECTMP). Pulps derived from both deciduous and coniferous trees can be used.

Both hardwood pulps and softwood pulps as well as combinations of the two
may be employed as papermaking fibers for the tissue paper of the present invention.
The term "hardwood pulps" as used herein refers to fibrous pulp derived from the
woody substance of deciduous trees (angiosperms), whereas "softwood pulps" are
fibrous pulps derived from the woody substance of coniferous trees (gymnosperms).
Blends of hardwood Kraft pulps, especially eucalyptus, and northern softwood Kraft
(NSK) pulps are particularly suitable for making the tissue webs of the present
invention. A preferred embodiment of the present invention comprises the use of
layered tissue webs wherein, most preferably, hardwood pulps such as eucalyptus are
used for outer layer(s) and wherein northern softwood Kraft pulps are used for the
inner layer(s). Also applicable to the present invention are fibers derived from
recycled paper, which may contain any or all of the above categories of fibers.

It is anticipated that wood pulp in all its varieties will normally comprise the
tissue papers with utility in this invention. However, other cellulose fibrous pulps,
such as cotton linters, bagasse, rayon, etc., can be used and none are disclaimed.
Wood pulps useful herein include chemical pulps such as, sulfite and suifate
(sometimes called Kraft) pulps as well as mechanical pulps including for example,
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In Figure 1, liquid chemical softener 6, preferably heated by means not shown,
is contained in a pan 5, such that rotating gravure cylinder 4, also preferably heated
by means not shown, is partially immersed in the liquid chemical softener 6. The
gravure cylinder 4 has a plurality of recessed areas which are substantially void of
contents when they enter pan 5, but fill with chemical softener 6 as the gravure
cylinder 4 becomes partially immersed in the fluid in pan 5 during cylinder rotation.
The gravure cylinder 4 and its pattern of recessed areas are illustrated hereinafter in
Figure 4 so a detailed description is delayed until it is provided in reference to that
figure.

Still referring to Figure 1, excess chemical softener 6 that is picked up from the
pan 5 but is not held in the recessed areas is removed by a flexible doctor blade 7,
which contacts gravure cylinder 4 on its outer surface, but is unable to significantly
deform into the recessed areas. Hence, the remaining chemical softener on gravure



It is anticipated that wood pulp in all its \éarieties will Ir_1|8rmatlly .
conprise t i e papers with utility in this invention. wever, ot her
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pul ps such as, sulfite and sulfate (sonetines called Kraft) pulps as well
as nechani cal pul ps including for exanBbe, ground wood, Therno Mechani cal
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such as a natural or synthetlc rubber. The impression cylinder 2 and the applicator
cylinder 3 normally will operate without interfering. It is only necessary to have the
cylinders pass sufficiently close to one another such that when the tissue web is
present in area 9, the tissue web contacts with the proud deposits of chemical
softener on applicator cylinder 3 sufficiently to cause them to at least partially be
transferred from the applicator cylinder 3 to the tissue web 1. Since loading pressure
between applicator cylinder 3 and impression cylinder 2 will tend to compress tissue
web 1, excessively small gaps between the two cylinders should be avoided in order
to preserve the thickness or bulk of tissue web 1. An interference between the
cylinder surfaces (through tissue paper web 1) in area 9 is usually not necessary, but
it is envisioned that certain combinations of patterns and chemical softener fluid
characteristics might require that the two cylinders be operated so as to be in
interference. The tissue paper web 1 exits area 9 with side 11 containing uniform

surface deposits of substantively affixed softening agent according to the pattern of
gravure cylinder 4.
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pul ps such as eucal yptus are used for outer |ayer(s) and wherein northern
softwood Kraft pulps are used for the inner layer(s). Also applicable to
the present invention are fibers derivedfromrecycled paper, which may
contain any or al| of the above categories of fibers. Application of the
Cheni cal Sof t eni Fgum %tigieeside elevatioms! yigwe ©f B printing rasrapgement| dlbustratingnami d i n
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t he present iappkestthosoftéhing guentcasene surfasé b thedtissne paygd peoductppla disect he
sof t eni ng agﬁ,gihﬁlt‘é)mgmgdsurface of the tissue paper product by an offset
printing method. “In Figure 1, liquid chem cal softener 6, preferably

heat ed by neans not shown, is contained in a pan 5, such that rotating
gravure cyl i nder 1o Figare 3, aligpidr chemjcah seftensr 1y prefessbly heated; hyvineans qot
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has a plurali recessed area ich are subsfanti y void o
contents Meﬁ’?’%@@&W§ﬁ%adﬂea8§ gLty 18 Rmaﬁyétﬁ@ﬁfsﬁgf“ gﬁflgélé'wg?heﬁ‘“ﬁ% t he
gravure cyl isnfiemer 45b&he rgravupacylindér 13 hasre rpherlity roftreeesfedudrdasi whighrar® duri ng
cyl i nder rotatg : . cY )l ' ajte ecessed
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e pan ut _is n eld i.n recessed a is.repo y a. ftlexible
doctor bl ade *° 'lﬁl\?\ﬁ#%t}?gﬂtag@f ’é'r}‘sﬂ% e %3‘?‘?4?33’;5%'!’88“ fst‘ge?ﬂfge‘f““é 4'f ace,
but is unabl eprovded igmeferencatolthat Fimfeor m i nto the recessed areas. Hence, the
remai ni ng chem cal softener on gravure

gravire cyli ggei KAy SRS SlokS cepieal PR ITHRER HERIPNO T 1
form of uni f dRFPER 44 Dut Botheldgathestecesseharapsn is remousd by figxible doctonblade cat or
cylinder 3 cars, hahich abytacth gravins io?lir)deﬂfBSUﬁfiQCButélﬁ‘é@rﬁclaQ%upﬁé)\dhw ﬁ&a\f)gya
et al 1o covangiangt B8Rk 057 0% oy 3R 7N BRt: s FepBiing aeerict PRAe 3
nornal |y wi | |omgrayure eylindenl3 residesfalmest exclusivelyein tha/teoessed dreascif toe grawyeur e
wi |l cylinder 13. This remaining chemical softener is transferred in the form of uniform
discrete deposits to a tissue paper web 1, which is directed towards area 17. The
transfer occurs because the tissue web 1 is brought into the vicinity of the chemical
softener present in the recessed areas due to the constraint of impression cylinder 12
relative to gravure cylinder 13 in area 17. Impression cylinder 12 can have any of a
variety of surface coverings provided they suit the purpose of the process. Most
commonly, the cylinder will be covered with a compressible covering such as an
elastomeric polymer such as a natural or synthetic rubber. The gravure cylinder 13
and the impression cylinder 12 normally will operate with interference, i.e. be in
contact through tissue paper web 1, since having a loading pressure will aid in
extraction of the liquid chemical softener from the recessed areas of gravure cylinder
13 as they successively pass through the area 17 formed by the interference of the
gravure cylinder 13, the tissue paper web 1 and the impression cylinder 12. An
interference transmitted through tissue paper web 1 in area 17 is usually preferred,
but it is envisioned that certain combinations of size and shape of recessed areas and
chemical softener fluid characteristics might permit satisfactory transfer by merely
having the two cylinders and confined tissue web pass within close proximity. The
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aid in extraction of the liquid chem cal softener fromthe recessed areas
of gravure_c Iindq%r 4 as they successively pass through the_area 8 forned
by the juxw 088 ®0on of the gravure cylinder 4 and the appH’GB(PB?s”eW. nder
3. An interference or actual contact between the cylinder surfaces in area
8 is usually preferred, but it is envisioned that certain conbinations of
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the pans 27 but not held in the recessed areas is removed by a flexible doctor blades
28, which contact gravure cylinders 25 on their outer surfaces, but are unable to
significantly deform into the recessed areas. Hence, the remaining chemical softener
on gravure cylinder 25 resides almost exclusively in the recessed areas of the gravure
cylinders 25. This remaining chemical softener is transferred in the form of uniform
discrete deposits to applicator cylinders 23. Applicator cylinders 23 can have any of a
variety of surface coverings provided they suit the purpose of the process. Most
commonly, the cylinder will be covered with compressible coverings such as an
elastomeric polymer such as a natural or synthetic rubber. Usually, the cylinders 23
will be similar in nature, but they can differ as well to create different characteristics
of the product from side to side. Each pair of gravure cylinders 25 with its respective
applicator cylinders 23 normally will operate in interference since having a loading
pressure between the cylinder pairs will aid in extraction of the liquid chemical
softener from the recessed areas of gravure cylinders 25 as they successively pass




In Figure 2, a liquid chem cal softener 15, preferably heated by means not

shown, is 5&@}991%39 In a pan 14, such that rotating gravurePawéggﬁrW%g,

al so prefe ated by neans not shown, is partially imrerse

liquid chem cal softener 15. The gravure cylinder 13 has a plurality of
recessed areas which are substantially void of contents when they enter the
pan 14, but fill with chem cal soft ener?915 while i mersed in pan 14 as the
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according to ntegeessﬁﬁt bufe"if! isognv%go%\éﬁ' rtﬁa'tcéél'tgigdc%rrnb%h%tions of pattéms and chemical
softener fluid characteristics might require that the two cylinders be operated in
interference. The tissue paper web 1 exits area 22 with both sides 29 having uniform
discrete surface deposits of substantiveiy affixed softening agent according to the
pattern of gravure cylinders 25.

Figure 4 is a schematic representation illustrating the detail of the recessed
areas for use on the printing cylinders illustrated in Figures 1,2, and 3, i.e. gravure
cylinder 4 of Figure 1, gravure cylinder 13 of Figure 2, and gravure cylinders 25 of
Figure 3. Referring to Figure 4, the gravure cylinder 31 possesses a plurality of
recessed areas sometimes referred to as cells. The recessed areas 33 exist on an
otherwise smooth cylindrical surface 32.

The cylinder 31 may be comprised of a variety of materials. In general, it will be
relatively non-compressible in nature such as a metallic or ceramic roll, but
elastomeric roll coverings are possible as well. Most preferably, the surface of the



Figure 3 is a side elevational view of a printing arrangenent illustrating
anot her al aﬁgmet hod of formng the uniformsurface deposits of
subst ant i vw $xed cheni cal softening agent of the preseRETUSIHION.

The process illustrated in Figure 3 applies the softening agent to both
surfaces of the tissue paper product by an offset printing nethod.
In Figure 3, liquid chenical softener &9 preferably heated by neans not

shown, is con ,a&ged in pans 27, such that the rotating gravur_e cylinders
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Figures 4 and 4A provides further detail of the recessed cells 33 preferred for
use in the present invention by illustrating one of the recessed cells 33 in a cross
sectional view. As shown in Figure 4A, a portion of the gravure cylinder surface 32
contains a roughly hemispherical recessed cell 33 having a diameter 42 ranging from
about 50 microns to about 500 microns, preferably from about one hundred and
thirty microns to about four hundred and ten microns. As is shown Figure 4, there is
a plurality of such cells 33 throughout the surface 32 of the cylinder 31.

Optional Furnish Components and Web Structures

Furnish Components

Other materials can be added to the aqueous papermaking furnish or the
embryonic web to impart other characteristics to the product or improve the



actual contact between the cylinder surfaces in one or both of the areas 24
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of the
colloid, or bentonite clay. The incorporation of such materials is expressly included

within the scope of the present invention.

If permanent wet strength is desired, the group of chemicals: including
polyamide-epichlorohydrin, polyacrylamides, styrene-butadiene lattices; insolubilized
polyvinyl alcohol; urea-formaldehyde, polyethyleneimine; chitosan polymers and
mixtures thereof can be added to the papermaking furnish or to the embryonic web.
Polyamide-epichlorohydrin resins are cationic wet strength resins which have been
found to be of particular utility. Suitable types of such resins are described in U.S.
Patent No. 3,700,623, issued on October 24, 1972, and 3,772,076, issued on
November 13, 1973, both issued to Keim and both being hereby incorporated by
reference. One commercial source of useful polyamide-epichlorohydrin resins is



plurality of recessed areas by engraving themby directing an intense |aser
beam at the surface as is well known in the process printing_industry.

An al tern¥YR@IBBY of creating the recessed areas on cyli nd’g:l:r f 8¥o

el ectromechani cally engrave themusing an electronically controlled
oscillation of a dianond tipped cutting tool. When this nethod is sel ected,
it Is nbst convenient to surface the r3® 1| wth copper until it is engraved
and then to plate a thin chrome finish to protect the soft copper |ayer.
Anot her al tHemncoles IneaofsWiiingtona Delagvard) evhicic mackets suck aesimnndey Ithevdmrk 31 is to
chem cal ly iehtqsom@ising a labile roll surface protected by a chemcally
resi stant ma secured on the rolls surface to prevent etching in the areas
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i nventi on bynjanuast },d0Phgo Bumk@ilsttanéxncem@s@edthrgnlby referen¢e. a cross secti onal
view. As shown in Figure 4A, a portion of the gravure cylinder surface 32
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rangi ng from abou crons 1o a
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f 32
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Structures Fur teria be a
aqueous pap@kfik |Er’l‘§mPli‘F3h F‘%‘H‘“B rs“ff?@a'é‘hﬂﬁykﬂﬁa& aU@"o s‘f]@"f‘%aﬂd Ylylgnzene
char act er i stsiifshates. t Bxempladiuchonionic "uffuctaitbe are alkylglycosides including

alkylglycoside esters such as Crodesta SL-40® which is available from Croda, Inc.
(New York, NY); alkylglycoside ethers as described in U.S. Patent 4.011,389, issued
to W. K. Langdon, et al. on March 8, 1977; and alkylpolyethoxylated esters such as
Pegosperse 200 ML available from Glyco Chemicals, Inc. (Greenwich, CT) and
IGEPAL RC-520® available from Rhone Poulenc Corporation (Cranbury, NJ).

While the essence of the present invention is the presence of a substantively
affixed chemical softening composition deposited in the form of uniform and discrete
deposits on the surface of the tissue paper web, the invention also expressly includes
variations in which chemical softening agents are added as a part of the papermaking
process. Acceptable chemical softening agents comprise the well known
dialkyldimethylammonium salts such as ditallowdimethylammonium chloride,
ditallowdimethylammonium methyl sulfate, di(hydrogenated) tallow dimethyl
ammonium chioride; with di(hydrogenated) tallow dimethyl ammonium methyl sulfate
being preferred. This particular material is available commercially from Witco
Chemical Company Inc. of Dublin, Ohio under the tradename Varisoft 137®.
Biodegradable mono and di-ester variations of the quaternary ammonium compound
can also be used and are within the scope of the present invention.




31 papermaki ng process so long as they are conpatible with the chem stry
of the sub | y affixed softening agent and do not sigp and
adversely 3#’?@%’?%?% softness, strength, or |ow dusting charélﬂvé%fy“t
present invention. The follow ng materials are expressly included, but
their inclusion is not offered to be all-inclusive. Qther materials can be
i ncl uded as well so long as they do not33nterfere or counteract the

advant ages of the present invention. It is conmon to add a cationic
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about 500, 00G*EMRjanyih Baturecand, aéi?)ﬂ‘?ﬁ %ﬂh@r‘@l&%ﬁpm@ﬁthemnm or even about
100, 000. The charge densities of such | ow nol ecul ar weight cationic

synt heti ¢ polWebeStsucires r el ati vel y hi gh. These charge densities range from
about 4 to about 8 equivalents of cationic nitrogen per kil ogram of
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her gl n by refgme ﬁ'.l.]l_e fapenwebsmtmrddtysthé pfesédﬂ irﬁ'eﬁi(fnmﬁ@sﬁﬁ Gerfsit) bﬁ&bdﬁ@' loid,
or bentonite c er.ia expr ess

el aded i ¢ 100 Bom? & 163”54 A2 kbR LppSalfthe B lse pabée & PleriRdihen: e
strength is d@\gepp@uhast hée@ﬁb&ﬁ“’(ﬁeﬂ cheuti 63 g/cn?® reptl (abowig0.6 g/om? and, most

pol yam de- epi mﬁb@%ééﬁab@&'d’@gﬂnﬁmdctﬁ? cob Yrene-butadi ene lattices;
i nsol ubi l'i zed pol yvi nyl al cohol; urea-for rral dehyde; pol yet hyl enei m ne;

O POl et g bt L SRS B oot e PaEgmgs
cationic wet tissueqpagerhwebssMnkilayksied Iussua\smdjmemarfdmetﬂodsmﬂﬁmm,g qnalmalyerd& ar
L ot L™ BMRARRS, 56 Gl SEUIS SRl 1 b
13, 1973, botTPYeelefedOt ¥ 7Reithd aResen AADHGEh armgns, nw:qobioaclewerblﬁ
reference. Ol@8toliiferRitalt ¥6U4,066,001, US@inilg &0AlY asdude-RRushber pdmodrang r esins
IS European Patent Publication No. 0 613 979 Al, Edwards et al., published September
7, 1994, all of which are incorporated herein by reference. The layers are preferably
comprised of different fiber types, the fibers typically being relatively long softwood
and relatively short hardwood fibers as used in multi-layered tissue paper making.
Multi-layered tissue paper webs resultant from the present invention comprise at least
two superposed layers, an inner layer and at least one outer layer contiguous with the
inner layer. Preferably, the multi-layered tissue papers comprise three superposed
layers, an inner or center layer, and two outer layers, with the inner layer located
between the two outer layers. The two outer layers preferably comprise a primary
filamentary constituent of relatively short paper making fibers having an average fiber
length between about 0.5 and about 1.5 mm, preferably less than about 1.0 mm.
These short paper making fibers typically comprise hardwood fibers, preferably
hardwood Kraft fibers, and most preferably derived from eucalyptus. The inner layer
preferably comprises a primary filamentary constituent of relatively long paper



32 Hercules, Inc. of WImngton, Delaware, which markets such resin under
the mark THerr]. Many paper products must h lJn,ted
strength S%Qﬁﬂaégsbecause of the need to dispose of then1th€%ﬁ8%h¢%? ets
into septic or sewer systens. If wet strength is inparted to these
products, it is preferred to be fugitive wet strength characterized by a

decay of part or all of its potency updf# standing in presence of water. If
fugitive wet strength is desired, the binder materials can be chosen from

the group cdnaking fibegs havingjan ayeragelBbesdengtiofdeashabout 2,0ammy Theserlongpapeny de
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webs of the present 1 nvention. 1 g acta use
preferably fRTesenbiB¥entiop ixconsainedmboth of theoputss layersght . based on the dry fi ber
wei ght of the tissue paper. The surfactants preferably have al kyl chai ns

wi th eight or nurie Gsid apet srotuctsneadp| feony sitigledayeted or fraultidffesedatiue i near
al kyl sul fonates

and al kvl .benzene sul,f qQnat es,,. I ni oni ¢ .
surfactants %ﬁpgﬂgpwa& %léglle- &gt‘ﬁs}{%?{?g}‘%ﬁ°aﬁ“k§‘|‘§$’<?}g%§%ae/d“§§t ers such as
Crodesta SL40 which is available from Croda, Inc. (New York, NY);
al kyl gl ycosi de dnipigal practice of itheepresent inventigrataclaw cpngistengg gulpi fumishdist o W
K. Langdon, govided iPd pPdusilecPheadBoi/ The Meadbbk hhPad ¥ednitip fok AbIRRrifig b ¥hin Such
as Pegosperse 200 g/L ax_\g_bl gbl e I}é%n SJ.X.CO Cher‘r}cal S, Incii)ﬁ[(h((;;‘r e%nvm ch, CIT)
and | GEPAL REER9SH oLpulp fupish optoghe FAAEMELNIME IR IR0 4 Pty R, No).
Wi | e the estpivally déwdtéred r & fibertconsistentyiof betwaen hlsoup 72 anicaboof 25 (total
subst anti vel [ . ] L ng conposition deposited in the form
of uniform aﬁ'gb g&{efggfg les?ggg%)cggnt%%%ﬁp‘%e surface of the tissue paper web,
the invention al so expressly includes varjations in which ¢chem cal
sof t eni ng agent sT@rRECRARR digsugspapep Jredusts WHE Wit iRdRe gesept Hiveation, an
ﬁchEt i’ig! e CE@iéoﬁﬁlpapaﬁaﬁn'grmna@em depooitgd :oﬁea foramiuk sarfavd) to form an do

i al kyl di met ts . ' ' ' i de,
i tal | onel e HOR ARHE T GatcRy oY B iFoinoh Bt ﬁ*ﬁd@%@%ﬁ%@%@?%&%@a@f&m hyl
ammoni um chl prped@roduct by the foryeation of aultivle paper erdimphioh|twararonerardayesst hy |
sulfate bei g finRh Aré Brferdbly Fornid! frérhItRE dEftsRioh aJf Jefardi¢adtteain &f dilute
comercially l;)ror‘p Wt%o Chemi cal dggnp% lgﬁ{ﬁ?{@f Da} Illn Chio u dag[ t he
tradename VafiP&ofltmes fpioprample 1  quyti-charmels OXnd NEyilaYELy ¥ RIS, ons of
t he quat er nacymprisadrof differentifiben types; ahe fibero tylpecallys being nadatively long softwedde scope
of the presenfy 'ré]Xtﬁmf $80rt hardwood fibers as used in multi-layered tissue paper making. If
the individual layers are initially formed on separate wires, the layers are subsequently
combined when wet to form a multi-layered tissue paper web. The papermaking
fibers are preferably comprised of different fiber types, the fibers typically being
relatively long softwood and relatively short hardwood fibers. More preferably, the
hardwood fibers comprise at least about 50% and said softwood fibers comprise at

least about 10% of said papermaking fibers.

The term “strength” as used herein refers to the specific total tensile strength,
the determination method for this measure is included in a later section of this
specification. The tissue paper webs according to the present invention are strong.
This generally means that their specific total tensile strength is at least about 200
grams per inch, more preferably more than about 300 grams per inch.

The terms “lint” and “dust” are used interchangeably herein and refer to the
tendency of a tissue paper web to release fibers or particulate fillers as measured in a



33 Filler materials may al so be incorporated into the tissue papers
of the present |nvent|on U S Patent 5,611,890, issued to Vi . on
March 18, 1¥9P?1¥42 di scl osure of which is i ncor por at ed hergfzﬂﬁ‘ﬁgwﬁas‘?

reference, discloses filled tissue paper products acceptable as substrates

for the present invention. The above |istings of optional chem cal
additives is intended to be nerely exemplary in nature, and are not meant
tolimt the scope ofthe invention. Wb Structures The ti ssue paper

webs made ac6entEnlied abrsion seshrthe methorlelogy fargwhichuis detajled in o laterssegiionyaf o

bet ween 10 ginii @ﬁefciﬁcm Eh@ldhd 460 af¥ Eladd' th- strefigth Isince iRl telideacy ®yipdiare nt

the tissue p S |nv nt| %s S wei ght betvveen
about 10 g/ ?rls]m' H‘Fﬁd&%’éﬂre‘fﬁd"@'ﬁaﬁo g‘f WB‘P@P% eLs o A &bout 10
g/ nferr] and aathondd Bffo ghertructires As qhepmeraneleselpmfemmhemhg);s inceeagede thet

i nvention poiﬁgﬁg%ﬁﬁ{sﬁb&#&’fﬁ&@&‘é} itds g{?ssﬁxﬁ]ect%{h%{'éh&él diSitenerh hh:‘ﬁs

preferred enbo I Ssue sent 1 nve
density bet mw@addutacoemlgbts@a an umemmmevei o ligtingroe ﬂpqtmanahns ibst

preferably, Ipetaseimim WHu&n@@aﬁﬁ@féﬂ:ﬂfz&& F%F@xa@nﬁe Gﬁ&dﬁﬁéd df a tissue iﬁéﬁ

resent inventjo rther, a abl e t of, mul | ayer ed
!to i ssue pi’ip\ér bé}m %PE%PF é?/é‘f‘@&p?f ggﬁﬁ‘@gsfvﬁ{&% #?@'BW&O‘? gy ftB? myng
muttil ayered sutfmnsiter sufficient 30 aaise dmsaverzﬂbttvelmﬂﬁt@ngtﬁabeqmteac@anaﬁw 1
Mor gan, Jr. I a%‘ofﬁ 2R
Car gt ens, i Sg%vg ?t)é?g Q%@@’fﬁt t?’%mé?e q%g’f'eeﬁé&o &El@i%é%%ﬁt‘%e% n
al ., issued Aaagmtak@s fibersy avhile fberifinespema therpartiewate filer cant b%)mm@'wte@ﬂms 979
A, Edwards efound -withi e &hﬁﬂn@eﬂ’h@m a el 928s oftlthe (ﬁ'esm' nberfiof are

RN O CE T 4 Preeai ol PO APRE oo

and rel ati vel \p st omote prafechbleod fi bers as used in multi-layered tissue paper
making. Milti-layered tissue paper webs resultant fromthe present
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har dwood fi bers, preferably hardwoaqgstragirdoders, and nost preferably

derived from eucal yptus. The inner |ayer preferably conprises a primary
filamentary constituent of relatively Demgtypaper

The density of multi-layered tissue paper, as that term is used herein, is the
‘average density calculated as the basis weight of that paper divided by the caliper,
with the appropriate unit conversions intorporated therein. Caliper of the multi-

layered tissue paper, as used herein, is the thickness of the paper when subjected to a
compressive load of 95 g/fin? (15.5 g/cm?).

Measurement of Tissue Paper Lint

The amount of lint generated from a tissue product is determined with a
Sutherland Rub Tester. This tester uses a motor to rub a weighted felt 5 times over
the stationary toilet tissue. The Hunter Color L value is measured before and after the
rub test. The difference between these two Hunter Color L values is calculated as
lint.



34 nmaking fibers having an average fiber Iength of |east about 2.0 mm
These | ong paper naking fibers are typically softwood fibers, preferably,
northern W82 Kraft fibers. Preferably, the majority oPCFﬁE9§5%§r‘H cul ate
filler of the present invention is contained in at |east one of the outer

| ayers of the nmulti-layered tissue paper web of the present invention. Mre
preferably, the majority of the parti@élate filler of the present invention
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section of wbids, d6neticht thatpliesaparkifrork bAc amdtidpad riketst e cides tacihgtonet he

present invention are.styo ' I h Iof cific:
Poral 't ensi Ao iblde hing b, BEIFE Siglé 47 BBl B UR'S so RS
pref erabl y withdhe wira side out aGhwigh thesnopewire sideyout. Keep trackmofewvhieh samplesi nt " and

"dust” are ygAgird SE6GHAR MM aYe AGH-RirB sidBdur ef er to the  tendency of a
ti ssue paper web to release fibers or particulate fillers as neasured in a

Obtain a 30" X 40" piece of Crescent #300 cardboard from Cordage Inc. of
Cincinnati, OH. Using a paper cutter, cut out six pieces of cardboard of dimensions
of 2.5" X 6". Puncture two holes into each of the six cards by forcing the cardboard
onto the hold down pins of the Sutherland Rub tester.

If working with single-ply finished product, center and carefully place each of
the 2.5" X 6" cardboard pieces on top of the six previously folded samples. Make
sure the 6" dimension of the cardboard is running parallel to the machine direction
(MD) of each of the tissue samples. If working with multi-ply finished product, only
three pieces of the 2.5" X 6" cardboard will be required. Center and carefully place
each of the cardboard pieces on top of the three previously folded samples. Once
again, make sure the 6" dimension of the cardboard is running parallel to the machine
direction (MD) of each of the tissue samples.



35 controlled abrasion test, the nethodology for which is detailed in a

| ater secti | s specification. Lint and dust are relat ngt h
Hodhnsh SEribhif

since the t ency to release fibers or particles is directl to
~ the degree to which such fibers or particles are anchored into the
structure. As the overall level of anchoring is increased, the strength
wi |l be increased. However, it is possiBfe to have a level of strength
which is regarde% @F acceptabl e but have an _unacceptable | evel of linting
or dusting. This P enscedssof the,exnesedoportion of Hesue sample antw the bask of the
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single-ply arbq"%’tjmﬁl d TerTory oSl Sm&sti lg,dt% t he
webs of the presentf i,nv%é?]‘% i%ﬁll.ﬂ% . ) tekl, ) G fé&apﬁ gg"rf"{g ST
VETHODS course of this sample preparation procedure, discard andopaietup a new sampihwithiensi t y

of nulti-| ayes s tissessunphag@@p., as that termis used herein, is the average
- density cal culated as the basis weight of that paper divided by the

| i , with th - 0D | it ' i X ted.therein.
Gl i por of the mal fonafibd Wit Bly oo HIe oRRE EEHZ0R: B 3 sampigy, on
thi ckness of thpsardhpasd. Rpresinglerplyeinished tpsoduct; shere ewillinoew boddwivé sis @i n[err |

(15.5 g/ cnf ergapnples on cardboard and 3 non-wire side oyt sami¥fe8 o c&dBSYrd Of Ti ssue Paper
Li nt The anpunt of |int generated froma tissue product is

det er m ned W'IEEIQ agzliﬁoherl and Rub Tester. This tester uses a notor to rub a

wei ghted felt er the stationary toilet tissue. The Hunter Col or
L value is measurggaiRgl fy+ex 39 pkl SF crdl€ent #300 cardboard from Cordage Inc. of

Cincinnati, OH. Using a paper cutter, cut out six pieces of cardboard of dimensions

of 2.25" X 7.25". Draw two lines parallel to the short dimension and down 1.125"

from the top and bottom most edges on the white side of the cardboard. Carefully

score the length of the line with a razor blade using a straight edge as a guide. Score

it to a depth about half way through the thickness of the sheet. This scoring allows

the cardboard/felt combination to fit tightly around the weight of the Sutherland Rub

tester. Draw an arrow running parallel to the long dimension of the cardboard on this
scored side of the cardboard.

Cut the six pieces of black felt (F-55 or equivalent from New Er;gland Gasket
of Bristol, CT) to the dimensions of 2.25" X 8.5" X 0.0625." Place the felt on top of
the unscored, green side of the cardboard such that the long edges of both the felt
and cardboard are parallel and in alignment. Make sure the fluffy side of the felt is
facing up. Also allow about 0.5" to overhang the top and bottom most edges of the
cardboard. Snugly fold over both overhanging felt edges onto the backside of the

cardboard with Scotch brand tape. Prepare a total of six of these felt/cardboard
combinations.



rub test. The difference between these two Hunter Color L values is
calculated as lint.

36
Sanmpl e Pr e‘Bé?Pafﬂﬁ"é% Prior to the lint rub testing, thepcﬁ%{ﬂﬁmé%l es
to be tested should be conditioned according to TAPPI Mt hod #T4020M 88.
Here, sanples are preconditioned for 24 hours at a relative humdity |evel
of 10 to 35% and within a tenperature 3&nge of 22 to 40 [err]C. After this
precondi tioning step, sanples should be conditioned for 24 hours at a
rel ative humi diXor best eegradycibility, atl csamplesishould tberrpe vdthuthe samedet of fld2 to 24

[err] C. Thi obviglisly, fhete reS BodhsionsviRkrd aKGinglk ABE off feld! %Jgpﬁg;%mgﬂgageof the

constant te ratfyre and humdity room The Su ster
may be obt a%e‘f- ﬂBﬁ?o?%EﬁsFﬁghﬁ'iﬁ@meWe'Qf of felt mushbe EI;&WH“F‘{S’@, cagrertionrRgtor i ssue i s
first prepashedldbe detenmined) fantie diesciat d)ifrfelt.etm/deﬂéﬁﬁrefthd\/ﬁbl@&tilﬁh%étoflf}ave been
abraded in i . | e roll . .F oulti- y
finished pr g@ﬁ@tf H&?rﬁs?egl(taﬂlggg@ gltggl‘gsu\%%%ﬂblgg)gﬁ&%%gn’tazi'ldr?f‘h‘ég‘*%t% H@g‘f up 2?’

nul ti-ply peasdeard/tltsamples fasdhenew anst olddots.ne bench-top. For single-ply
product, six sections with each containing two sheets of single-ply product

ar ehr tehrm;/eslhandAs déscfibed baloweand bef?® anﬁﬂ%in@ﬂﬁﬁ |tﬂgeh§)lz§dé,e Bbtaip ﬂﬁ&{?ﬂ tnhhal f
suc a e .Crease | nn on e cross. directign e )
tissue sanpl@dngy °rt?‘?8ﬁr9ﬁiﬁﬁ 5%?@'3{5?%@&@ s,an}pgqgep%stﬂ? @%r’?é‘go?lﬁggf)é 0gifﬂés faci ng
out is the €alplats tlie aferagesfoobothahe 24 carndboadifight samiplesfafithedld lbhamt ther wor ds,
do not tear plilgq &Jr&ﬁel?%ﬂ{pie fo?ﬁ-[@d%@ﬂ gnother and rub test the sides facing

n tEe i nsi de for t he du

one anot her o product. For the single-ply product, nake
up 3 sanples w the, wire si out and 3 with the non-wire sjde out. Keep
track of which S&pITaR testeths; g% %af‘h’é‘a@?ft’“al?ﬂy‘{]@npgﬁh%r’@wnﬁ- ##d dhesi2de out .
Obt ai n a 30'tardbedid/fgh Inraedsadf the 6ld detrak désttibed il sl vkt Suk@thecame figsiellotc.  of
di mensi ons "Sibes Bt PR orih 2% synbih rBine Sy B4 BER0tk 18 WARSEL e 1y
forcing t he seaplinigoefi e paperoint the prepacativovef the reardbpardhissususampldsamulst Faeh
tester. done sd the\MewbiSF féft labid MeG1 FotRifYelf hrdiexpSdd RS Q6 eseﬁt’iﬁ\%éaﬁs and
carefully placeg,eagch .of th 5" X 6" rdboard pieces, on top of, the six
previ ousl y fPSFSg%ﬁ °§%Hﬁ“€§?’“§}ﬁ'ipé“ the,pase Pﬁi‘ '“ﬁ?‘?rﬁg’éif’%tn digeard gay peadusloard i s
runni ng par ahich migbt hdve beencdamaged or sbradednNext)\bhtain 48 aarips of tissubeadh twaue
sanples. If | ] b | Bj | eces of
he 25+ x AU (g oy ) !‘3{& Plage S M b8 Bl sl bP et

eft of the lab bench and the last of the 48 samples on the far right of the bench. Mark

the sample to the far left with the number "1" ina 1 cm by 1 cm area of the corner of

the sample. Continue to mark the samples consecutively up to 48 such that the last

sample to the far right is numbered 48.

Use the 24 odd numbered samples for the new felt and the 24 even numbered
samples for the old felt. Order the odd number samples from lowest to highest. Order
the even numbered samples from lowest to highest. Now, mark the lowest number
for each set with a letter "W." Mark the next highest number with the letter "N."
Continue marking the samples in this alternating "W"/"N" pattern. Use the "W"
samples for wire side out lint analyses and the "N" samples for non-wire side lint
analyses. For 1-ply product, there are now a total of 24 samples for the new lot of
felt and the old lot of felt. Of this 24, twelve are for wire side out lint analysis and 12
are for non-wire side lint analysis.

Rub and measure the Hunter Color L values for all 24 samples of the old felt as
described below. Record the 12 wire side Hunter Color L values for the old felt.
Average the 12 values. Record the 12 non-wire side Hunter Color L values for the

3



each of the cardboard pieces on top of the three previously fol ded sanpl es.

Once again, make sure the 6" dinmension of the cardboard i ”&a}
par al | el t VWA chi ne  direction (MD) of each of the tis?ﬁ'r S h%?lesg.

37 Fol d one edge of the exposed portion of tissue sanple onto the
back of the cardboard. Secure this edge to the cardboard with adhesive tape
obtained from3MInc. (314" wi de ScotcB9Brand, St. Paul, MN). Carefully
grasp the other over-hanging tissue edge and snugly fold it over onto the

back of the cldifelibdxrrage teilevalngs. rBubtradt the avesagednifinliunoubpedeHntereColont o t he
board, tape 1t IS readiag Tbne HidCavkftgt Hunk? Vol LUBRikgAfdtiRe Mire P Rtbed Ni S
procedure for e ch}_l]s*gnpke. TH{% ove;, ef]ich.sa | e ndaﬁtugpe ttBe Cross
di recti on ed3@P5 1sithe delta ayerage difigrence for the Wy sige semples, Auptragt the e

agﬂesi ve t apwerzpeinitibl annibbed Huber Cbﬁ)ﬁ Lefelp pgading \fiun thetaberagd Hanteh@blor i sI
adhering to 4 # r Repeat 45 u I dde npl es.
If the tissue peg‘%ﬁ‘gﬁgp‘g‘?é‘gﬁ’é"f‘ '%tsé%r?,begrsa%é@g‘ﬁeﬂgg ﬁrt{égg%}&}f%g%g e gur i ng

t he course dbr theinonswingside samplesr Galcwate pheosum of the deits evgrageadifferentecfonp a new

sanpl e Wi th yge RGN dideSiidGhe ﬁﬁﬁ SrePdgh idi¥erence for fhe nBRMit Gde\idd ditiak ithis P! Y
converted product e W now cardboard, For

her e 3 . samples on.th
singl e-ply fiUf @h%d’hﬂ? Bdhe uncormeeted ?'Wi Yalluerféﬁvﬂlfeplg felf- lléth?l'edé ac?Hf"e%‘a‘gbl es on
g;lr dboar dBSr&r&cﬁ@nfaWor ﬁ)r&!}@lelddw, aﬂdmpﬂo&ge emmb «dbadiargchlue gk}? dddgar at i ?n
tain a 30" " pi.ece o e t M oar rom Cordage Inc. o
G ncinnati, -Eﬁ-gl.sé%é? 'géheamﬁrgﬁtg&g‘g%{é}?,ﬁ’%g? o@%lgsi X pieces of cardboard of
dimensi ons of 2.25" X 7.25". Draw two lines parallel to the short dinension
and down 1. 125" Ruboandimeasure ghesHuntero€elord vabies Eagl 24oamples ofiftietnewstelle of the
car ?bof'ﬂ ﬁt Gy Rkt beleRr Reédgﬂ? tﬂeel'lgs{vii‘? Qe Hgﬁtel' EBI%B M Yallied f(]'cirath@ ‘hew{? E‘él@e ESIt Rg
a straight edge as. a quide. Score. i o a .de about, ha roug e
t hi ckness Ofg?q.{ggestﬁgelg_va 3 Regard, the § 2 popaviee gﬁaFeHE%tFHbBEFE'/Y"E‘?% feihsi nat i on
to fit tighthew fltoAneragditheVigivglnts. Subtrdve tHsudviernpl initihl Br-butibed Hunter Qofow an
arrow runnin I I | ' f 4 I S
scored side gf@?ﬁgd@ rﬁ%‘gat%d]s"érgé% gHgﬁtg?atogg' gﬁa%&g?_oe(gg%qg?gts)ﬂggﬁbqegl t (F-55
or equi val entamplesnilhisvs thaglelsn avegasidiffererice pr theorire iy sampleshSubiraskigi ons of
2]; 25}'1 X 8. 5" avér Qﬁﬁﬁ-dﬁh&&agﬁl@ dotdriL Rt &?ﬂnﬂr%&hﬁb &#aselrgemcﬂtergrmn si de
of the car dbﬂe}{aadinsguf%r tl%e r?t;[n-\;[viree sidg R&,b&f' gaen?plgs. Tgi%tis thte felta gvetrage difference
for the non-wire side samples. Calculate the sum of the delta average difference for
the wire side and the delta average difference for the non-wire side and divide this

sum by 2. This is the uncorrected lint value for the new feit.

-

Take the difference between the corrected Lint Value from the old felt and the
uncorrected lint value for the new felt. This difference is the felt correction factor for
the new lot of felt.

Adding this felt correction factor to the uncorrected lint value for the new felt
should be identical to the corrected Lint Value for the old felt.

The same type procedure is applied to two-ply tissue product with 24 samples
run for the old felt and 24 run for the new felt. But, only the consumer used outside
layers of the plies are rub tested. As noted above, make sure the samples are prepared
such that a representative sample is obtained for the old and new felts.

Care of 4 Pound Weight

The four pound weight has four square inches of effective contact area
providing a contact pressure of one pound per square inch. Since the contact pressure



and cardboard are parallel and in alignment. Make sure the fluffy side of
the felt is faci ng up. Also allow about 0.5" to overhang the_t nd bottom
nost edgesWOP#8% car dboard. Snugly fol d over both overhang‘l’%‘%@ﬁ? dges
onto the backside of the cardboard with Scotch brand tape. Prepare a total
of six of these felt/cardboard conbi nati ons.

38 For best reproduci bility, all 4%arrp| es should be run with the sane

|l ot of felt. GCbviou , there are occasions where a single |lot of felt
becones corrpilbbtéﬂﬂymmﬁé) yealtseation of thesubber padsmoyntedoonithe fagejofthegweight it nust be

obt ai ned, ansﬁﬁ{pbﬁﬁﬁt' t@rhsﬁ%ﬁfy%e aibBer phds Supiftied by theE shahfactuite (B Bic.,0f felt.
To det er i nﬁf P rrecti factor, obtal néﬁu E%eip&atatlve S|Pa2§5i|ssue
sanpl e of echanical Sgrvices Hepammenty Kalamazag, Mi), %iBYst by Feplage | es
for the newﬂwydaeodrdeharﬂ,sabradedorclﬂppedeﬁ%rl bed bel ow and before any rubb| ng
has taken place, obtain Hunter L readings for each of the 24 cardboard/felt

sarpl es of ihe ndied iphk L6 Sy bt be GRkiGLh tﬁg*}ﬁaﬂﬁ@ 863cd e both

the 24 cardboard eIt sanpl’ e car.dboard/felt
sanpl es of SWRPYHRG thefull weight °flﬂkex‘h’e‘ghtu15 i§ ‘é“ﬁ to: %‘Wé WE‘&h‘cﬂib‘S‘rséﬂeF elt boards
of the new |lot and the 24 cardboard/felt boards of the old | ot as descri bed
bel ow. Make RaibrEesteh InstramenttCalibtagioh ot nunber is used for each of the 24

sanples for the old and new lots. In addition, sanpling of the paper in the.

preparati on of ({The SuthedbmbRub Testerumus dirg| bescalibratedipriod dom eses Firshhdumenn | ot  of
felt and t h‘%h@b@ﬁhkx‘?ﬁn.gcﬁubf %sier &’F’&?ﬁgq‘“‘& s@itch ?&iﬂ%s'%eﬁtﬂtpgsfxﬁo@wms' bl e

of a tissue sanpl e ca ti ssue product I'scard

product whi dhe testpgtarmals dn Héd%?sﬂaﬁﬁb’éﬁﬁt GP th?)l“é?deﬂlmlih“%(femﬁbts&?tﬁh .1} t';iﬁ ri ps of

ti ssue each "aiw" lpaabbxe Séﬂthb $es€ea k& funl Rétrokds byaoling tlhd)p"tﬂlteﬂrﬁﬂﬁl th8 &réé rst t Wwo

usabl e unit str.i ab_ben ast
ol os o (b pe PeveP Soiifba yifie, Yhne' i 1°p RHRE o oty (@¥barf bad (7 071
t he number rEVersmmatldn ofthb yveight riTherend ofithet rubbiog blogk shiduld heinsthepbsitioiCont i nue

to mark the e last sanmple to the
far right IS&%&%@?gﬁ%&#&nﬂ%%ﬂ?&gaﬂdﬂ@tﬁ%ﬁ%o%ﬁ%&&sﬂd sarrpl es for the

new felt and the 24 even nunbered t the odd
nunber sanpl es &Fﬁ?ﬁr? e P??eﬁf’aﬁég‘ﬁnyrér%@rp?e ?%Eesgﬁlgﬁ% elr“eﬁ‘%g ol es
from | owest prepare glfelt on catldbqardrsaﬁmld: aeddscrited tabovmiBoth of thesmmhles swillbet h a
letter "W™ Tgetey L nue
mar ki ng t he %%{irp %éslaﬁlb%%{% oﬂl@’hszltrurr]r%ki I ng WM&@EH%%{‘ ﬁairhg ac%)s Uo%gp% .
sanpl es for far the actusbsamples; j nt anal yses and the "N' sanples for non-wire
side lint

Place this calibration tissue sample on the base plate of the tester by slipping the
holes in the board over the hold-down pins. The hold-down pins prevent the sample
from moving during the test. Clip the calibration felt/cardboard sample onto the four
pound weight with the cardboard side contacting the pads of the weight. Make sure
the cardboard/felt combination is resting flat against the weight. Hook this weight
onto the tester arm and gently place the tissue sample underneath the weight/felt
combination. The end of the weight closest to the operator must be over the

~ cardboard of the tissue sample and not the tissue sample itself. The felt must rest flat
on the tissue sample and must be in 100% contact with the tissue surface. Activate
the tester by depressing the "push" button.

Keep a count of the number of strokes and observe and make a mental note of
the starting and stopping position of the felt covered weight in relationship to the
sample. If the total number of strokes is five and if the end of the felt covered weight
closest to the operator is over the cardboard of the tissue sample at the beginning and
end of this test, the tester is calibrated and ready to use. If the total number of strokes

it



anal yses. For 1l-ply product, there are now a total of 24 sanples for the

new | ot of wbedhs d the old ot of felt. O this 24, twel ve,clq.r/‘esgglgﬁswre

side out lint ‘analysis and 12 are for non-wire side lint ana

Rub and measure the Hunter Color L values for all 24 sanples of the old

felt as described below. Record the 12 wre side Hunter Color L values for

the old felt. Average the 12 val ues. Rebord the 12 non-wire side Hunter

Col or L values f t he . ) 39

old felt. Avéf ‘é‘&$"? (0% tfithe gug pfthe fely govered weight closest 1oy thejoppsatoris ayer it bed

Hunt er Col or actubkpdper eiagliengmbleoeitheheat thecbeginmingusrt end 6D tier tekt, rré;&.dt figs f or the
W re side rqu@g T r he wire
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rubbed sanpl qgeteddi s is the delta average difference for the non-wire side

sanples. Calculate the sumof the delta average difference for the wire
side and t he del ta .avera i fference for the non-wire side,and divide this
Sum by . i o1 Dtk B e et ey ior DI GtV e SEKE ot Biher e s
a current felthe cbirting tand rstdppintgo poinbroft the feltdcdvetetl, waigtlt. i Redabibriaztee when
uncorrect ed I egg[ﬁl ue for the old felt. This value is the corrected Lint
val ue for the elt. Rub and neasure the Hunter Col or L val ues

for all 24 s | es ?f t he new felt as descri bed below. Record the 12 wire

si de Hunter g@%ﬂ%@bﬂa@&ﬂ&mme new felt. Average the 12 val ues. Record
the 12 non-wire side Hunter Color L values for the new felt. Average the 12
val ues. Subtract Adnst shecHagrer Oolor i Differencer Metee doiHthet lickCaidowhike §hdard eadi ng

fromthe aver I the, wre de r.ubbed_.sanpl es.
This is the dﬂ.% aqg%g'g g&d%ef lepr"éc%g&eim#]%r&lﬁ’ﬁg i F*b" SP‘Efg ‘%‘5,{’&“& °§u Bract
the average iipsteument. lMSCr nivishel stability oheakoffop standardization aa avell gs threodnily leeloaver age

Hunt er Col or gabilg ?dhé&ﬁ .Mrs Habeomen\ebﬂ@d&i gShé PR hﬁﬁmk% ad-fﬁﬁbﬁ th the
delta average_ di e sanp Cal cul ate t sum

er ence on-Ww re. si
of the delta %Wgﬁﬁaiﬁeﬂ‘lﬁ{é"r@éﬁ? Bra“?FﬁédW"F@ é‘FEFésaéihd the delta average

difference for the non-wire side and divide this sumby 2. This is the
uncorrected |int Raxkeuke tvbite sthrmdand platecdrt the sample stapakmdérhthe cﬁisfrfxmbﬂrmt bet ween

the correct ech{:lédﬂ&tl}\é%}ﬁgle s ahg'gll&i'q‘lefs?!ln#) e ewﬁer 8%r|§e%ﬁ} lfnhﬁ'l% Va' ue

for the new fe rence 1s the correc I on

new | ot of feRat Adding this felt correction factor tothe
uncorrected lint value for the new felt should be identical to the
corrected Lint Vdlsig ther'LtYte "aXt, &kl tb-Z" standardizing knobs, adjust the instrument

to read the Standard White Plate Values of "L", "a", and "b" when the "L", "a", and
"b" push buttons are depressed in turn.

Measurement of Samples

The first step in the measurement of lint is to measure the Hunter color values
of the black felt/cardboard samples prior to being rubbed on the tissue. The first step
in this measurement is to lower the standard white plate 'f{i'om under the instrument
port of the Hunter color instrument. Center a felt covered cardboard, with the arrow
pointing to the back of the color meter, on top of the standard plate. Release the
sample stage, allowing the felt covered cardboard to be raised under the sample port.

Since the felt width is only slightly larger than the viewing area diameter, make
sure the felt completely covers the viewing area. After confirming complete coverage,
depress the L push button and wait for the reading to stabilize. Read and record this
L value to the nearest 0.1 unit.



The sane type procedure is applied to two-ply tissue product with I24 ]
sanples r r.the old felt and 24 run for the new felt. But, on t he
consuner ugg)dggg'ﬁ% ide layers of the plies are rub tested. ﬁgTW§?8éH¥%fbpve,
nmake sure the sanples are prepared such that a representative sanple is
obtained for the old and new felts. Care of 4 Pound Wei ght The
four pound wei ght has four square inchd® of effective contact area

provi ding a contact pressure of one pound per square inch. Since the
contact pressur ¥ a D25D2A head is in use, lower the felt covered cardboard and plate, rot#i¢ can be

changed by el feltaovered @ardbbard r90biRFecd 36 ThéRHBWLIRS t6 e Hg&esi&é of fife vei ght,
It is inportant {0 use on t he rubber afc;ks suppl i ed b{t e nuf act ur er
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sample from moving during the test. Clip the calibration felt/cardboard sample onto
the four pound weight with the cardboard side contacting the pads of the weight.
Make sure the cardboard/felt combination is resting flat against the weight. Hook this
weight onto the tester arm and gently place the tissue sample underneath the
weight/felt combination. The end of the weight closest to the operator must be over
the cardboard of the tissue sample and not the tissue sample itself. The felt must rest
flat on the tissue sample and must be in 100% contact with the tissue surface.

Next, activate the tester by depressing the "push” button. At the end of the five
strokes the tester will automatically stop. Note the stopping position of the felt
covered weight in relation to the sample. If the end of the felt covered weight toward
the operator is over cardboard, the tester is operating properly. If the end of the felt
covered weight toward the operator is over sample, disregard this measurement and
recalibrate as directed above in the Sutherland Rub Tester Calibration section.

Remove the weight with the felt covered cardboard. Inspect the tissue sample.
If torn, discard the felt and tissue and start over. If the tissue sample is intact, remove
the felt covered cardboard from the weight. Determine the Hunter Color L value on
the felt covered cardboard as described above for the blank felts. Record the Hunter
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pound weight with the cardboard side contacting the pads of the weight.
Make sure W ﬁgigboard/felt conbination is resting flat a%ai nst the

wei ght. Hoo R&&Gei ght onto the tester armand gently pl CIURA P4 s e
sanpl e underneath the weight/felt conbination. The end of the weight

cl osest to the operator nust be over the cardboard of the tissue sanple
and not the tissue sanple itself The feé3t nust rest flat on the tissue
sanple and must he in 100% contact with the tissue surface. Activate the
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addition, the zero reflectance nust be checked and readjusted if necessary.
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ort. Rel easg I : | sed
bonc e St B, e ARSI L. G i e

st andar di zi n§J® g%@g?’g%i\ gach qf the W\?ﬁ%&ﬁg L readings and each of the three non-

wire side L readings. Calculate the average delta for the three wire side values.
Calculate the average delta for the three non-wire side values. Subtract the felt factor
from each of these averages. The final results are termed a lint for the non-wire side
and a lint for the wire side of the single-ply product. By taking the average of these
two values, an ultimate lint is obtained for the entire single-ply product.

Panel Softness of Tissue Papers

Ideally, prior to softness testing, the paper samples to be tested should be
conditioned according to TAPPI Method #T4020M-88. Here, samples are
preconditioned for 24 hours at a relative humidity level of 10 to 35% and within a
temperature range of 22 to 40 °C. After this preconditioning step, samples should be
conditioned for 24 hours at a relative humidity of 48 to 52% and within a temperature
range of 22 to 24 °C.

Ideally, the softness panel testing should take place within the confines of a
constant temperature and humidity room. If this is not feasible, all samples, including
the controls, should experience identical environmental exposure conditions.

Softness testing is performed as a paired comparison in a form similar to that
described in "Manual on Sensory Testing Methods", ASTM Special Technical
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3. a grade of plus three is given to X if it is judged to be a lot softer
than Y, and a grade of minus three is given if Y is judged to be a lot
softer than X; and, lastly:

4. a grade of plus four is given to X if it is judged to be a whole lot
softer than Y, and a grade of minus 4 is given if Y is judged to be a
whole lot softer than X.

The grades are averaged and the resultant value is in units of PSU. The
resulting data are considered the results of one panel test. If more than one sample
pair is evaluated then all sample pairs are rank ordered according to their grades by
paired statistical analysis. Then, the rank is shifted up or down in value as required to
give a zero PSU value to which ever sample is chosen to be the zero-base standard.
The other samples then have plus or minus values as determined by their relative
grades with respect to the zero base standard. The number of panel tests performed
and averaged is such that about 0.2 PSU represents a significant difference in
subjectively perceived softness.
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the tester will automatically sStrpngtinef Eissuedaperdppi ng position of the felt
covered weight in relation to the sanple. If the end of the felt covered
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final aver agéempesgtyrefand sumidiiyadami s termed the lint for the 2-ply product.
For the single-ply product where both wire side and non-w re side

neasur enent s ar eFepimsidhrodiihtdiReid dnyedatiéP PRI Nerd, rémdveasiistiigs bpund for
t he unused felts féom ga h of t tae t hree w re s de L reatﬂl ngs ?ng each of
the t hree nofour usa le units Ealso termed sheets) and stack one on top to the other fo form'a

long stack with the perforations between the sheets coincident. Identify sheets 1 and

3 for machine direction tensile measurements and sheets 2 and 4 for cross direction
tensile measurements. Next, cut through the pérforation line using a paper cutter
(IDC-1-10 or JDC-1-12 with safety shield available from Thwing-Albert Instrument
Co. of Philadelphia, PA) to make 4 separate stocks. Make sure stacks 1 and 3 are still
identified for machine direction testing and stacks 2 and 4 are identified for cross
direction testing.

Cut two 1" wide strips in the machine direction from stacks 1 and 3. Cut two 1"
wide strips in the cross direction from stacks 2 and 4. There are now four 1" wide
strips for machine direction tensile testing and four 1" wide strips for cross direction
tensile testing. For these finished product samples, all eight 1" wide strips are five
usable units (also termed sheets) thick.

For unconverted stock and/or reel samples, cut a 15" by 15" sample which is 8
plies thick from a region of interest of the sample using a paper cutter (JDC-1-10 or
JDC-1-12 with safety shield available from Thwing-Albert Instrument Co. of
Philadelphia, PA), Make sure one 15" cut runs parallel to the machine direction while
the other runs paraliel to the cross direction. Make sure the sample is conditioned for



wire side L readings. Calculate the average delta for the three wire side
val ues. Cal cul ate the average delta for the three non- wre%

Subtract tWQA$B%factor from each of these averages. The f S’¥ suFts are
termed a lint for the non-wire side and a lint for the wire side of the
singl e-ply product. By taking the avera e of these two values, an ultimte
lint is obtained for the entlre si ngl e4 Iy product
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referred to disechamel Score Unit (PSU). Wth respect to softness testing to

obtain the softness data reported herein in PSU, a nunber of softness panel

tests are peQpérati®tlof TdhsitaTdstdrest ten practiced softness judges are asked
to rate the relative softness of three sets of paired sanples. The pairs of

sanpl es are j udgiat thewsctyed nreasurernert ioffthebgnsilastiengticigse a TwingsiipéreIntéleatach
pair being dgs saﬂgﬁr@dréﬁs Felt f('?*\biﬁg\BAYber@'iﬁsﬁﬁh%nt eRCROPHIAMIEL,| PASIr aded

against its paire eas ib g of pl.us on |s
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of m nus oneirstu@ions Rivieh in' theSoperdlipntnimmal afithe Thaving-Albert Intelect I Set the

instrument crosshead speed to 4.00 in/min and the 1st and 2nd gauge lengths to 2.00

inches. The break sensitivity should be set to 20.0 grams and the sample width should
be set to 1.00" and the sample thickness at 0.025".

A'load cell is selected such that the predicted tensile result for the sample to be
tested lies between 25% and 75% of the range in use. For example, a 5000 gram load
cell may be used for samples with a predicted tensile range of 1250 grams (25% of
5000 grams) and 3750 grams (75% of 5000 grams). The tensile tester can also be set
up in the 10% range with the 5000 gram load cell such that samples with predicted
tensiles of 125 grams to 375 grams could be tested.

Take one of the tensile strips and place one end of it in one clamp of the tensile
tester. Place the other end of the paper strip in the other clamp. Make sure the long
dimension of the strip is running parallel to the sides of the tensile tester. Also make
sure the strips are not overhanging to the either side of the two clamps. In addition,
the pressure of each of the clamps must be in full contact with the paper sample.
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Dry Tensile Strength The tensile strength is deternmined on one inch
wi de strips of ség*bﬁéesatsqmgltlan isinat perfonnbé automatically by thelinsBumenta perfdrensi | e

Tester, avai kpbhsceks: Y ] g,pgﬁn f i lphi:a, PA.
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breaks in or at the edge of the clamps while performing the test.

Calculations

For the four machine direction 1" wide finished product strips, sum the four
individual recorded tensile readings. Divide this sum by the number of strips
tested. This number should normally be four. Also divide the sum of recorded
tensiles by the number of usable units per tensile strip. This is normally five for
both 1-ply and 2-ply products.

Repeat this calculation for the cross direction finished product strips.

For the unconverted stock or reel samples cut in the machine direction, sum the
four individual recorded tensile readings. Divide this sum by the number of
strips tested. This number should normally be four. Also divide the sum of
recorded tensiles by the number of usable units per tensile strip. This is
normally eight.

Repeat this calculation for the cross direction unconverted or reel sample paper
strips.

All results are in units of grams/inch.
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strips for cr osTFhislexanle dlustratesiheaise of an nffsetFoto-glassre ;fnmirstbqﬂenamduct
sanpl es, " i i

sheets) thi {‘K&bwhatﬂl tl%hg%ﬂﬁ&%n% lgsétréoégkd@ag}s OPP eé@s{gg{r‘% cut a 15"
by 15" sarrppb,erwﬁlévﬁm&mmr@gnpnﬁ@ﬁ«tSfWasm&gps;n of interest of t he
sanpl e using a paper cutter (JDC-1-10 or JDC-1-12 with safety shield

avai | abl e from Mawriag-utdrfrepansthe sofbening@@mpakitibhiateadel phia, PA). Mike sure
one 15" cut runs parallel to the nmachine direction while the other runs

parallel to the gross o) for
46 at least 2 hgurs g’?ﬂ&ﬁﬁ{r Ch] u%ﬁaégrﬁ &Qﬁmﬁm ggjﬂﬁ/o 3%(? rn
tenperature range of 3PMG) zwmlph!e rf]le Vﬁﬂiﬁd hemigsh (Gompany alﬂcﬁlabnwmb,pect s of

the tensile testing sipgqul d al so take pl ace W|th|n the confines of the
constant tenperature and hum dity room Fromthis precondi tioned 15"

by 15" sanpl e whi ch i i C r i 1" 7" with.the
| ong 7" di mensi ol" run |%&1{’5‘ mgﬁ ﬁ}ta})oqeﬁisirégﬂ\mf%@ e!‘(?ﬂw@ CONBW ?%ese
sanpl es as machi ne di Ggeenwaeh, Cdel or unconverted stock sanpl es. Cut an
additionat four strips 1" by 7" with the long 7" dinension running parallel

to the cross diractiogoriiahembhGsi@raanSpas 66 FoRSKCIdiSuARithRE TRE! o'
unconverted stock Sa%‘fmmgton DE).

4, Ethoxylated sorbitan monostearate (Tween 60 from ICI Surfactants,
Inc. of Wilmington, DE).

The softening composition is prepared by weighing appropriate amounts of
each of the above identified materials, melting them and mixing them in a constant
temperature vessel held at 140°F to prepare a composition comprising: 60% tallow
diester chloride quaternary ammonium compound, 22% petrolatum, 14% sorbitan
monostearate, and 4% ethyloxylated sorbitan monostearate. The softening
composition is then fed to a gravure pan that allows the softening composition to fill
the recessed areas of the rotating gravure cylinder.

The gravure cylinder construction includes a central void area suitable for
circulation of a heating fluid to maintain the surface of the roller at approximately
140°F. The surface of the gravure cylinder is clad with an aluminum oxide ceramic
into which the recessed areas are engraved by a laser technique. The recessed areas



Make sure all previous cuts are nmade using a paper cutter (JDC-1-10 or
JDC-1-12 w ty shield avail abl e from Thwi ng- Al bert Ir&t,lr . of
Phi | adel pWa‘?gi‘}%é There are now a total of eight sanples: foﬁéglamlbsgo?'
strips which are 8 plies thick with the 7" dinmension running parallel to

t he machine direction and four 1" by 7" strips which are 8 plies thick with
the 7" dinmension running parallel to t 2 cross direction. Oper ati on of
Tensil e Tester . . For the actual neasurenent of the tensi|e strength,
use a Thwi ngm%mhevwﬁ& P@&?E: eafh a5ea havineca diameter 6f shout %90»'( Mﬁgfom bert

I nstr um;nt l@giepﬂi‘ oﬂ%'ﬁhtaalmhpmh@patﬁﬁi of the P@esfsé% hrtess i hatagbndl and frequency nt o L he
unit and cal jhrate t tester according to i nstrucgtions given in the
oper at i on mh g Feopsse e 0 R Bl e B B0AF thded BACHS, 418 i e
crosshead speahd Thoresulodt pertentage afitbtdllacea overedhbly 2aeksefbareas is dhoyt B2%.0 2. 00

I nches. The break sensitivity should be set to 20.0 grans and the sanple

width should  bangRkcds® sdtedfr crishskidh i 860biRd tHint MREMaES of 2B avure

A load cell i elected such that th redi ct tensile result for the
sanple to béyﬁ?@&%a F’F‘E‘gpﬂ&e\%@‘?f’rﬁﬁ%gﬁcﬁj@%ﬁ €the range in use, For
exanple, a 5000 gramload cell my be used for sanples with a predicted
tensil e range ofThé2fBetprintes i§ 2p&rated sudOhet the sniceaspded3abibs gylmders and % of

5000 grans). i I@fﬂ e set up in the 10%range with
t he 5000 gr gr%gﬁag)é%&gz’f%b%g%e?ﬁ;ﬁoa%&rsbae?fp egé')with predicted tensiles of 125

grans to 375 grans coul d_be tested. : Take one of the tensile strips
and pl ace one eridhedHiIset; printerdh eperpted suely that theisurfage speed phits gylindersasd ¢ he

ot her end of theRforoeHeavebSpedds 8O0 febipepiiviite.Cl anp. Make sure the |ong

di rension of the strip is running parallel to the sides of the tensile

tester. Also ma r hangi i-ther side
of the two cl arrpkl‘;i'.e %r%%g%&%lpl ?8'?1%8 Ap%faﬁég(’f ‘S‘r gog‘gﬁ?\éﬁ%‘f %eg&cpﬁ]sg%tkpf ﬂgﬁ?:'ﬁéltr}r‘gs nmust
be in full cenplicater eplinderthhea pehber caygring ef SO P&J hardness. The two cylinders are

Fhstrunent " 1 opaed et/ ftdnce MctPARAthe Wiith of hich Bf ahtide bithe tD PRy
[ u | | | val u

nore, the saffpte °F§‘eta‘{%8’"[“é?ﬂ“. Oéégﬁng?éW‘?nqgf0%“%@91‘8@05?3’!‘251? 13 g@%n‘bfs passes
after starti swircheTheesdftehing @ompasityon thiisl eransfers dont tedgrivge toglivalet € dterip i s
too slack. . e tornéﬁiﬁé the tensile tester as described in the tensile
tester instrten nual. The test is conplete after the crosshead

automatically returns to its initial starting . . . . .
The applicator cylinder is operated in proximity with an impression cylinder.

The impression cylinder is of steel construction. The cylinders are loaded to stops
such that a gap of 7 mil exists between the two cylinders.

A two-ply bath tissue paper web consisting of one ply of pattern densified tissue
having about 15.5 mil thickness combined with one ply of conventionally pressed
tissue paper having about 7.5 mil of thickness forms a two-ply tissue paper web. The
tissue paper web is passed through the gap formed between the applicator and
impression cylinders wherein which the softening composition transfers from the
applicator cylinder to the tissue paper web. The tissue paper web that exits the gap
formed by the applicator cylinder and the impression cylinder contains about 1.5% by
weight of uniformly affixed softener corresponding to the recessed areas of the
gravure cylinder.

The resultant two-ply tissue web is converted into rolls of bath tissue.



position. Read and record the tensile load in units of grans fromthe

I nstrunent_scal e or the digital panel neter to the nearest | | f
t he reset Wgr?aﬁlﬁsgn is not perforned automatically by the |¢1{‘551#/IJ 8/21{84

performthe necessary adjustnent to set the instrunent clanps to their
initial starting positions. Insert the_next paper strip into the two clanps
as described above and obtain a tensil®reading in units of grams. Obtain
tensile readings fromall the paper test strips. It should be noted that
readi ngs shBxample2 rejected if the strip slips or breaks in or at the edge
of the clanps while performng the test. Calculations For the four

machi ne direct |'p|ﬂs bxam;ﬂ&dlhlsﬁdtsdﬂﬂd usé off an loffSétrrosgrasune prineerftoprepanelavi dual

recorded teps D| yi e y tested
This nanber et RO novhl il dpelde Rpotld®of 4" WBaRivel,

tensiles bychdmcaiuwﬂenmgfmmtal The rehemicgle softeningi mectmerlspapphnd §0| bOthor mal |y
five for Eﬂeﬁorﬁju}‘fa@eﬁ%fa\prgﬁﬂgﬁﬂ%ﬁepr&@@at this calculation for the

cross direction finrs strips For the unconverted stock or reel

sanples cut in gp e di rec{h sum t he Four i ndi vi dual recorded
tensile reading ‘Tfia forfrepats, eBQR?WWHWS? Rt rips tested. This
nunber should normally be four. Al so divide the sumof recorded tensiles by.
t he nunber of usdbl e Talldve Péaster eGbloride sQnatpmaryhi(ADQGENr fIME) efrgmt .

Repeat this cal cuI at W‘] Qﬁcﬁr&?@aﬂﬂ' g,f@;éemcﬂr@-pnverted or reel sanple
0

paper strips. results are In unit grans/inch

The,fol | ow
exarrpl es are offeéred PS"’P‘P?“HEWQ‘E%PTW%Egﬁgp'@ﬁ?cq)@eﬁ?‘@égﬁf"pF‘m tion.
These exanpl es are iniGresghedci, €Tai d in the description of the present
I nvention, but, in no way, should be interpreted as limting the scope

thereof. The present isaygihi fanbdedSUNEHHn 060 Yrdt id1e SAPRERHEY 1AL abfTS-
Wilmington, DE).

4. Ethoxylated sorbitan monostearate (Tween 60 from ICI Surfactants,
Incorporated of Wilmington, DE).

The softening composition is prepared by weighing appropriate amounts of
each of the above identified materials, melting them and mixing them in a constant
temperature vessel held at 1400F to prepare a composition comprising: 60% tallow
diester chloride quaternary ammonium compound, 22% petrolatum, 14% sorbitan
monostearate, and 4% ethyloxylated sorbitan monostearate. The softening
composition is then fed to a gravure pan that allows the softening composition to fill
the recessed areas of the rotating gravure cylinder.

The gravure cylinder construction includes a central void area suitable for
circulation of a heating fluid to maintain the surface of the roller at approximately
1400F. The surface of the gravure cylinder is clad with an aluminum oxide ceramic
into which the recessed areas are engraved by a laser technique. The recessed areas
are hemispherically shaped; each area having a diameter of about 400 and therefore
a depth of about 200p. The frequency of the recessed areas is 10 per lineal inch, such
that there are 115 areas per square inch. The resultant percentage of total area
covered by recessed areas is about 2.2%.

The excess softener composition is doctored from the surface of the gravure
cylinder by a flexible polytetrafluoroethylene doctor blade.



Exanmple 1 This exanple illustrates the use of an offset rotogravure
printer to re a two-ply bath tissue having uniformdis sits
of a substﬁé?@gzgf af fi xed chem cal softening m xture on onlgéﬁbg%sgg&q

exterior surfaces. Materials used to prepare the softening
conposition are: 1. Tal | ow di ester chloride quaternary anmoni um
conpound ( ADOGEN SDVO) a\ﬁdl | abl e from W TCO Chem cal Conpany
of Greenwi ch, Petrol at um (V\hl te Pr ot opet

1S) from w TCO Ghernfiet prm;wﬁanyemed such that the surface speed: afiite ylinders and

3. Sor bi tg,eremfagﬁ,tws%@i i§ o0 fReOfer i, | G Surfactants, Inc. of
W | m ngton, DE). Et hoxyl at ed sorbitan nonostearate (Tvveen 60
fromICl Surfact

sof t eni ng conpos %Tfeﬁ E“'ﬁ?’e‘ﬁz??%’&teﬂf"%ﬁlj‘ﬁﬂﬁgs géfﬁ E%F‘?gfgseQMﬁfs and each
of the abovetherbforeitlie veeb spatdsis BOO feet peeintibutg t hem and mi xing themin a
constant tenperature vessel held at 140[err]F to prepare a conposition

conprisin 60% nd, 22%
pe{*fol StuY Doy T prdbhee YfiRicPls GuirAld HP ooltits SHAPLY aSUTRRRH CORIBEPIS b

Itan ~nonQ ar at e, a 4% et hyl oxyl at e rbitan
nonost ear at eaPPf‘ﬁ§°§8f¥‘€ﬁl*¥4§;a'@§‘ﬁb%‘ﬁef‘l‘&)ﬁ £ 3Q P bardness. The v Vg"r"ﬁa‘ﬁan t hat
al l ows the shiatehintOinReeRAS sutlpthat mefmdth of bRed ofemm eﬂtlﬁrtwa&ymfdetshg
rotating gravure avur nstr,

i ncl udes a c&h® 5’? ¥l§7041g°r5‘?'é(§' o the Q‘B’Pg (foé'?""%?'}@ﬁlaé’?lf%tr?? ¥hn§erhlée#ﬁ1‘b‘0f | ui d
to maintain smécbuTheaseftesingtdompostiorethuattraagfens drimreheegravure 4glimaler }a-theThe

surface of thegraViigd&y! inder is clad with an al um num oxi de ceram c
i nto which tEéprecegie areas are engraved by a | aser techni que The
recessed areas

hemi spheri cal |y Theapeplicater eylinderds opgtatedgin preimty (vith 8 “'%Hf&%iPM‘i}’b“‘i?fand
t heref ore a dhptilkpreisiabodindetG9 o€ sietl cohbteugtiah.t Thiecylindérb are lpadaisodstapseas i S

hexagonal an guéhrtﬁﬁtﬁeélﬁ%f 11 mil exists between the two cylinders.

A two-ply bath tissue paper web comprised of two pattern densified plies each
having a thickness of about 13 mil are combined to form two-ply tissue paper web.
The tissue paper web is passed through the gap formed between the applicator and
impression cylinders wherein which the softening composition transfers from the
applicator cylinder to the tissue paper web. The tissue paper web that exits the gap
formed by the applicator cylinder and the impression cylinder contains about 0.8% by
weight of uniformly affixed softener corresponding to the recessed areas of the
gravure cylinder.

The resultant two-ply bath tissue paper web is formed onto a roll and it is
passed through the printing operation in the same fashion once again. On the second
pass the tissue is oriented to apply a measure of softener to the surface which was not
printed on the first pass. The tissue paper web that exits the gap formed by the
applicator cylinder and the impression cylinder contains a total of about 1.3% by
weight of uniformly affixed softener corresponding to the recessed areas of the
gravure cylinder.

The resultant two-ply tissue web is passed through an opposing calender nip in
order to reduce its thickness further; it is then converted into rolls of bath tissue.



of the recessed areas is 10 per lineal inch, such that there are 115 areas
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The resultant two-ply tissue web is converted into

The Wsclosures of all patents, patent applications (and any patents which issue

thereon, as well as any corresponding published foreign patent applications), and
publications mentioned throughout this description are hereby incorporated by
reference herein. It is expressly not admitted, however, that any of the documents

incorporated by reference herein teach or disclose the present invention.

While particular embodiments of the present invention have been illustrated and

described, it would be obvious to those skilled in the art that various other changes

and modifications can be made without departing from the spirit and scope of the

invention. It is therefore intended to cover in the appended claims all such changes

and modifications that are within the scope of this invention.
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This exanple illustrates the use of an offset roto-gravure printer to
prepare a t th ti ssue having uniformdiscrete depos %
substantively af‘¥2 xed chem cal softening m xture. The chem h’gﬁ/‘% ?’?’e’?f‘l ng
m xture is applied to both exterior surfaces of the two-ply bath tissue
product . Materials used to prepare the_softening conposition are:
1. Tal | ow Di ester Chloride Quaterna¥y (ADOGEN

oo 1o RS o I
3. Sor bi tan nonostearate (Span 60 from 1Cl*

W | m ngton, DE). 4 Et hoxyl at ed SOI’bI tan m)nostear ate (Tvveen 60

fromICl Surfact ARLBA tissue paéer Igroduct hgah%gl%ro?'(%ntﬁ‘t eﬁno\fvhe\l%n % °3?‘r8unt s of

The softening conposition rop
each of the abovesuridentfi the asbuecrpsper halsﬂurﬂtytafrsgrﬁhd&el&p@xndomxumgnﬁ%@m in a

constant tenper es.s eld at 140[err]F to prepare a conposition
conprising: 60%t aéﬁf%vﬁ\(' Fagé?‘g"f““%ﬁv’s?'? %%ér%ﬁ?@aﬁmﬁ%&ﬁ%d, 22%
petrol atum 14% sardmollzht, andRieogilifpagedte, and 4% ethyloxylated sorbitan
nonost earate. The softening conposition is then fed to a gravure pan that

all ows the soft enThgrsswapes iof Clain 1 Whirtih baid flakraBCaERdRAGMA¢RDSuridhas 1he

rotatlng gravure %%vlnder The gravure cylinder construction

i ncludes a centraf™¥#d area suitable for circulation of a heating fluid
to maintain the surface of the roller at approximately 140[err]F. The
surface of the gravur(nl)gHJm e[rR2]n§xCI ad with an al um num oxi de ceram c
into which the recessed areas are engraved by a |l aser technique. The
recessed areas WherhgM spherical ly shaped; each area having a dianeter of
about 400[err]and t%erefore a depth of about 200[err]. The frequency of
the recessed areas Hﬁm%Qo rd%hﬁgil inch, such that there are 115 areas
per square inch. The resu r'centage of total area covered by
recessed areas i s aboyt excess, softener conp05|t|on IS

. 2% The
doctored fromthe sUPf lg‘s&féh‘ﬂ@al@“ﬂﬁlk"é‘yi ereupy hysaaxyallsy) sroup, hydrogrreyl or
pol ytetrafl uoroet hyl s%gs?im%clgygfoc:g{)ﬁ%?dup, alkoxylated group, benzyl group, or mixtures

thereof, preferably methyl;

eachRZisa C14-Cy7 alkyl or alkenyl group, hydroxyalkyl group, hydrocarbyl
or substituted hydrocarbyl group, alkoxylated group, benzyl group, or mixtures

thereof, preferably Cy¢-C) g alkyl or alkenyl; and
X’ is any softener-compatible anion.
3. The tissue paper of Claim 1 wherein said quaternary ammonium compound has the
formula:
+
R4 -N" - [(CHy - Y -R¥ X
wherein:

Y is -0-(0)C-, or -C(0)-O-, or -NH-C(0)-, or -C(0)-NH-, preferably -O-
(0)C-, or
-C(0)-0-;

mis 1 to 3, preferably 2;

n is 0 to 4, preferably 2; This Sheet Has Been Replaced

BRI |




51 The offset printer is operated such that the surface speed of its
cyl i nders efore the web speed is 300 feet per m nut he
of f set priﬁpﬁ?}l&ggoperat ed such that the surface speed of ilt%sTlgﬁsfzﬁggrs and
therefore the web speed is 300 feet per mnute. The gravure cylinder

is operated in contact with an applicator cylinder. The applicator cylinder
has a rubber covering of 50 P& hardne¥s. The two cylinders are |oaded into
interference such that ,the width of area of contact of the two cylinders by

virtue of the def ofafhiRdha G1-Getalkvl ensikeny! grove hysrgryaliyk srenps pydrocayler cyl i nder
is 5/32 of an inch_,The softeni,ng conmpasi t.i 0 hus. transfers fromthe
gravure cylinder t8“"€ﬁ“é‘°§g% ot ngfﬁ(ﬂ?%g?t.“?g}o“p’sbew §mgB’p?ri ’3%3‘5? cyl i nder
i's operated in proxtereof, prefidrdbly mahyl,npr essi on cyl i nder. The i npression
cylinder is of steel construction. The cylinders are | oaded to stops such

that a gap of 11 m - I ng@ '({}g@g drddadoVi0- P! Y
bath tissue paper ﬁ%‘gqegl&%%lgga 0 t%ﬁﬁwgﬁh‘%m |?Yleg(§°u6f‘|%s ea%‘ﬁ havi ng
a thickness of abouwk substitied hylifRabo HioupCalkdx§lated group,Wanayl Frolip, o6 mempaper web.
The tissue paper web i? S ?d throu%g,th%ﬁg formed between the

appl i cator and i nprt¥&oh® @Yﬁbﬁe‘?y AP n"h t he softening conposition
transfers fromthe applicator cylinder to the tissue paper web. The tissue

paper web that e§;fs§n§gﬁeﬂ?-90ngr%{iﬂ§g%m t he applicator cylinder and the

i npression cylinder contalns out 8% by wei ght of uniformy affixed

softener correspgnding to the recessed areas of j.he grgvure cylinder.
The resul t aflt t\/\gﬂ"p‘f P%°P’1’“§’ o) éFla’WéB"?‘F"gm l’srﬁ?g’“gﬁ?"d“eg‘y Wateand it is

passed throygh the printing_operation in the sane fashjon once _again. On
the second gpasst}l‘%'%s‘f‘ipégﬂé’fﬁ‘g"lf CSRPVEF i whorrin said qolficptyig sedacted fPM@ner o

the surface whi CBrowg&onsifting oPhindfabéll, péroldifin dridpolysiRAfR comptindsl SSUE paper web
that exits the gap fornmed by the applicator cylinder and the inpression

cylinder comtai NThel tiksat Papdfofadn9 WE the BB6vE Vlaint Wwhdtbin QhidUsbubiftizdeéntaik f Xed
softener corresponding tqQ the recessed areas of the gravure cylinder.
The resul tant twBohgroey &athyacigater; rreferably a gorpandeiiacid St8hposi ng” cal ender ni p

in order tg redyce.its thickness further; it iis then converted into rolls
of bath tisgue. e tissue paper of any of the above claims wherein said coupling agent has an HLB

value of between about 2 and about 8.

8. The tissue paper of any of the above claims wherein said chemical softening agent

comprises from about 0.1% to about 10% by weight of the paper.

. The tissue paper of any of the above claims wherein said surface deposits are
uniform, discrete and spaced apart at a frequency between about 1 area per lineal

inch and about 100 areas per lineal inch.

L



52 | nportant properties of the resultant tissue are neasured and the
softness is conpared to a product nade fromthe sane startinﬂﬂ#gsség
wi t hout pWWﬁ?W 89 The results of this evaluation are shownPEA/UR3EESS

Table 2 Ti ssue Properties

Exanpl e | Exanpl e 2 Sof tener content % 1. 5%

1.5% Cal i per, ml 16 11.2

Total Tensile Strength 360 2/4 425 ' (g/in)

Sof t ness score +0.5 +0. 8 The di scl osures of al

patents, patent applications (and any patents which issue thereon, as well
as any correspondi ng published foreign patent applications), and
publi cations nmentioned throughout this description are hereby incorporated

by reference herein. It is expressly not admtted, however, that any of the

docunents incorporated by reference herein teach or disclose the present

i nventi on. Wil e particul ar enbodi nents of the present invention
have been illustrated and described, it would be obvious to those skilled
in the art that various other changes and nodifications can be nade

Wi t hout departing fromthe spirit and scope of the invention. It is
therefore intended to cover in the appended clains all such changes and
nodi fications that are within the scope of this invention

53 What is clained is: 1. A soft tissue paper product having one or
nore plies, wherein at |least o out er surface of the tissue paper
has a plurality of surface dep@sits of a substantively

Sy




af fi xed chem cal softening m xture conprising a quaternary anmoni um

conpound, enol lient, and a coupling agent.

paper of C aogg/lsz\;\é/gerel n said quaternary amoni um corrpound ﬁg‘gﬁ{s%@ﬁ%e
formul a: (Rlerr][err]lm- Nerr]- [Rerr] X wher ei n:
mis 1 to 3, preferably 2; each Rerr] is a (Jerr] alkyl or

al kenyl group, hydroxyal kcyl group %ﬂrocarbyl or substituted
hydr ocar byl group, al koxylated gro enzyl group, or m xtures

t hereof, preferably nethyl; each Rlerr] is a CJerr] alkyl or

al kenyl group, hydroxyal kyl group, hydrocar byl or substituted
hydr ocar byl group, al koxyl ated group, benzyl group, or m xtures

thereof, preferably Clerr] al kyl or al kenyl; and X is any

sof tener-conpati bl e anion. 3. The tissue paper of Caiml wherein said
guat er nary anmmoni um conpound has the f or mul a:

(Rlerr])[err]m Nerr] - [(CHerr])n - Y - Rerr] X ' wher ei n:

Yis -OC(OC, or -CCO-0, or -NHC(O-, or -C(O-NH, preferably -0-

(O C, or
-C(O-0; mis 1 to 3, preferably 2; nis 0 to 4,
preferably 2; Thi s §peet Has Been Replaced
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54 each Rerr] is a (JQerr]-C6 al kyl or al kenyl group,

hydr oxyal k , hydrocarbyl or substituted I
group, al Q&#{}?g"g group, benzyl group, or mxtures I@m{s?%lg%f,

preferably methyl; each Rerr] is a (Jerr] al kyl or al kenyl
group, hydroxyal kyl group, hydrocar byl or substituted
hydr ocar byl group, al koxyl ated groyp benzyl group, or m xtures
thereof, preferably C [err] al kcﬂ (4 al kenyl ; and X is any
sof tener-conpati bl e ani on; 4. The tissue paper of any of the above
clainms wherein X[err] is chloride or nethyl sulfate. 5. The tissue
paper of any of the above clains wherein said enollient is selected froma
group consisting of mneral oil, petrolatum and pol ysil oxane conpounds. 6.
The tissue paper of any of the above clains wherein said coupling agent is
a pol yhydroxy fatty acid ester, preferably a sorbitan fatty acid
ester. 7. The tissue paper of any of the above clains wherein said
coupl i ng agent has an HLB val ue of between about 2 and about 8. 8.
The tissue paper of any of the above clains wheLg®E 88k.chenical softening
agent conprises fromabout 0.1%to ab#E E@/§§§ ght of the
paper. 9. The tissue paper of any of =c§§igr§§
surface deposits are uni form e &}69
0
0
Y

frequency between about | area per 243 S WYY
per lineal inch. ESSSSS 00y
Q 0y,

000
000 %
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