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,'-relates to tissue paper products compnsing a two-component chemlcal"
. softener composrtlon, an -ester-fuctional ammonium compound “and a -
' polysiloxane compound. Binder materials, either permanent or temporary wet -
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Chemically Softened Tlssue Paper Products Contamtng a
Polyslloxane and an Ester-Functlonal Ammomum Compound

HELo OF THE _!NVENTION

" This rnventnon relates to tissue paper products More particularly, r-t

strength binders, andlor dry ‘strength binders can also be used. The treated

_tissue paper- can be used 1o make soft, absorbent and lint resistant paper .

products such as faclal tlssue paper products or tonlet tlssue paper. products
| eAcxcRouno OF TH_E INVENTION -

Paper webs or sheets, sometimes called tissue or paper tissue webs' or
sheets, flnd extenswe use in modern society. Such items as facial and toilet’

'-tlssues are staple |tems of commerce. it has long been recognized that four _
'_lmportant physical attnbutes of these products are their strength thenr -
_ softness, their absorbency, including their absorbency for aqueous systems; =

and their fint res:stance, including their tint reststance when wet. Research

. and development efforts have been directed to the improvement of each of -
: these attributes without seriously affecting the others as “well as to the "

o |mprovement of two or three attributes sumultaneously

35
" .. under use cb’nditions, particularly when wet.” . -

Strength is the ability ‘of the product, and its constltuent webs, to‘ '
maintain physical integrity and to résist tearing, burstmg, and shreddmg
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Softness rs the tactrle sensatron percewed by the consumier as he/she'-

L holds a partncular product, rubs rt across hrslher skrn, or crumples it within

' :.hrs/her hand. This tactrle sensatron is provrded by a combmation of several

physical prop_ertres Important physical propertres related to softness are -

_ generally considered by those skilled in’ the art ' to be ‘the stiffness, the

surface- smoothness and Iubricrty of the paper web from which'the product is

made. Stiffness, in turn, is usually considered to be drrectly dependent on the

T dry tensile strength of the web and the strffness of the fibers whrch make up '

5

: " the web.
10 -

Absorbency is the: measure of the abrhty of a product. and its .
constituent ~'webs, to- absorb quantmes of liquid, partrcularly aqueous'
solutions or dispersions. Overall absorbency as perceived by the consumer is

*generally. considered to be a combination of the total quantity of liquid a
_given mass of tissue paper will absorb at saturatron as. well as the rate at
which the mass’ absorbs the hquld Ce : :

- Lint reslstance is the abrhty of the fibrous product, and rts constituent

'webs. 10 bind together- under use condrtrons, mcludmg when wet in other
- words, ‘the hrgher the lint resistance rs, the Iower the propensity of the weéb -
- -to fint will be.. : T . : '

The use of wet strength reslns to enhance the strength of a paper web

: rs wrdely known. For example, 'Westfelt described a number of such materials - -

" and discussed therr_ chernistry in Cellulose Chemistry and Technologv. Volume

. 13, &t pages 813-825.(1979). Freimark st al. in. U.S. Pat. No. 3,755,220
- issued August 28, 1973 mention that certain chernical addrtives known as .
" debondmg agents interfere with the natural frber-to-frber bondmg that occurs
-__"..dunng sheet’ formatron in paper makmg processes. This reductron in bondrng
~leads to a softer, or less ‘harsh, sheet of paper. * Freimark et al. go on to teach -

the use of wet strength resins in con;unctron with the use of debonding

"~ agents to offf-set the undesirable effects of the debonding agents.’ These
_debonding agents do reduce both dry tensrle strength and wet tensrle_
-strength - C . S

Shaw, in u. S Pat. No. 3, 821 068 issued June 28, 1974 also teaches

" that chemrcal debonders can ‘be used 10 reduce the strffness, and thus
'enhance the softness, of a tissue paper web.” : '

Chemical debondmg agents have been drsclosed in vanous references 8

'- 'such as U.S. Pat. No. 3,554,862, issued 10 Hervey ‘et al. on’ January 12,

' _"'.197_1 These materrals mclude ester—functronal quaternarv emmomum-.
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compound .. salts - such- as =~ cocotrrmethylammonrum : 'chloride, _

oleyltnmethylammonrum chloride, dr(hydrogenated)tallow drmethyl ammonrum

" chloride and stearyltrrmethyl ammonium chloride.

Emanuelsson ‘et al., in 'U.S. Pat. No. 4, 144,122, issued March 13, :

1879, and Hellsten et al., In U.S. patent 4,476,323, issued October'9, 1984,

teach the use of complex aster-functional quaternary ammomum compounds

such as bis(alkoxy(z-hydroxy)propylene) ester-functronal quaternarv -

-ammonium compound chiorides to soften webs These authors also attempt :

10
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to overcome any decrease in absorbency caused by the debonders ‘through ; _
the use ‘of nonionic surfactants such as ethylene oxrde and propylene oxrde-

adducts of fatty alcohols.
. Armak Company, of Chicago, mrnors. in therr bu|letrn 76—17 (1977)

.- drsclose the use of dimethyl dr(hvdrogenated)tallow ammonrum chlorrde in - )

oombrnatron with fatty acid esters of Poivethylene Glycols to rmpart botl:r'

'softness and absorbency to tissue paper webs."

One exemplary resuit of research directed toward rmproved paper

" .'webs is descrrbed in U.S. Pat. No. 3,301,746, issued to Sanford and Sisson

on January 31, 1967 Desprte the high quality of - paper webs made by the

i process descrrbed in this patent, and despite the. commercral success of _
products formed from these webs, research efforts directed to finding - - '
. 'rmproved products have contrnued :

For example, Becker et al. in u's Pat. No. 4,158, 594 rssued January .

-19, 1979, describe a method they contend will form a strong, soft f'brous

sheet. More specrfrcally, they teach that the strength of a tissue paper web -

'.(whrch may have ‘been softened by the addition of chemrcal debonding -

gents) can be enhanced by adherrng, during processing, - one surface of the

.web to a creping surface in a fine patterned arrangement by ‘a bondrng .
- material (such as an acrylrc latex rubber emulsion, a water soluble resrn, or
- an elastomerrc bondrng material} which has been adhered tc one surface of'
the web and to the creprng surface in the fine patterned arrangement, and
-'creprng the web from the creping surface to form a sheet material. '
: “The two component chemical softenrng ‘compositions of the present- B
invention comprise an ester-functional quaternarv ammonium compound and .
8 polysiloxane compound Unexpectedly, it has been found that the "two s
' component chemical softenrng composition - rmproves the - softness of the -

treated tissue paper compared to the softness benefits obtarned from the use . :
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- --of erther component mdwrdually In addmon, the lint / softness relatronshrp of
L the treated tissue is also greatly |mproved ' o S

10,
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Unfortunately the use: of chemrcal softenmg composltlons compnsmg a .-

.ester-functlonal quaternary ammomum compound and a polysrloxane
" compound can decrease the strength and the lint resrstance of the treated _
' paper webs Apphcants have discovered that both strength and lint resrstance '
- can be 1mproved through the use of suitable bmder materials such as wet and

: dry strength resins and retentron ard resms known ln the paper makmg art.

‘The present .invention ‘is appllcable to tissue paper in genera! but

'partrculanly app!rcable to multi-ply, multr-layered tissue paper products such

as those described in U. S. Patent 3, 994 771, issued to Morgan Jr. et al. on

November .30, - 1976, and.in ‘U.S. Patent 4, 300 981, Carstens, 1ssued
: November 17, 1981 both of which are incorporated herem by reference.

The tissue paper products of the present rnventron contain an effective

_amount .of binder materials, ‘either permanent or temporary wet strength
-'bmders. andlor dry strength binders to control hntrng and/or to offset the loss

in tensile strength, if any. resultrng from ‘the - use of the two component -

' chemrcal softening composrtions

It is an. object of .this mvention to provrde soft absorbent and hnt.

-reslstant tlssue paper products. - T e e T e

It is also a further object of this mvent:on to provrde a process for

' makmg soft absorbent, lint resistant “tissue paper products. R

- These and other objects are obtained using the present rnventron, as _

| :wrll become readlly apparent from a readrng of the followmg drsclosure

v SUMMABY DF THE INVENTION

The present mventnon provrdes soft absorbent. hnt resnstant tissue

: -paper products compnsrng

“ca) -pap.er m‘aking ﬁb_ers: .

b) from about O 01% .to about 3. 0% of an ester-functronal

L quaternary e ammomum compound

) frorn about__.o._of,%_to about 3.(_)% of a'polusitoxane co_r'n_pou'n'd'ﬁ
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d) - from about 0.01% to about 3.0% of binder materrals. either '\.i\'ret ,
. strength binders andlor dry strength blnders .

' -..5' R Examples .of preferred ester-functronal quaternary ammonlum .
eompounds suitable for use in the present invention include compor_rnds'
- having the formulas-' : C SR
c . -0
S o S | | .
10 ... (CHa2-N¥ - ([CH2)2- 0 - C - Ral2 I~ T
and .
0
- 31 : : . '
15 . (CHa)z N"' (CHz)z 0-C- 'Ry - Cr-
| Ry

_and .

‘0
- (CH3) (HO-(CH2)2) - Nt - ((CH_z)z -0-C-R3)2 - (_:H380_4'

25 . and

o '.Ra.-C- O'.-CHz
o o L\ Cn T

R3 c- 0
-\

is
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~ wherein each Ry substituent is & C12 - sz"h\)drocarbvl group,  or substituted
. hydrocarbyl group or’ mxxtures thereof each Rz substrtuent i$aC1.-Cs alkyl

of hydroxyalkyl group, benzyl group or mixtures thereof each R3 substltuent
is:a C11-C21 h_ydroosrb_yl group, or substltuted hydrocarbyl or mixtures

These compounds can be consrdered to be mono or di-ester vanatrons

'_ of the well-known dralkyldlmethylammomum salts such as-di-ester di(tallow)

dlmethyl ammomum chioride, di-ester dl(stearyl) drmethyl ammonium chiloride,

S .mono,-ester . dl(tallow) dlmethyl - ammonium ,ch.londe, .- di-ester
. ‘.; -10

di(hydrogenated)tatiow drmethyl . ammonium .~ methylsulfate, '-. di-ester
dl(hydrogenated)tallow dimethyl  ammonium: chloride, . mono-ester

C dl(hydrogenatedltallow dlmethyl ammomum chlonde, and mlxtures thereof,

15

'35
L _ester, and thlol groups Of these effectlve substrtuent groups. the famrly of . '

'-wrth the di-ester _variations . of da(non hydrogenated)tallow drmethyl -

ammomum chlonde, DilTouch Hydrogenated)Tallow DiMethyl Ammonlum'

" Chioride (DEDTHTDMAC) and Dl(Hydrogenateleallow DiMethyl Ammonium
: Chlorlde (DEDHTDMAC}, ‘and mixtures thereof being preferred. Dependmg

upon the product characteristic requrrements, the saturation level of the

drtallow can be tailored from non hvdrogenated (soft) to touch partrally or '
-= completely hydrogenated (hard).- '

Wlthout bemg bound by theort', It is beheved that the ester morety(resl

. lends blodegradablllty 10 these compounds. lmportantly, the ester—functronal .

quaternary ammonium compounds used ‘herein blodegrade more rapldly thln

. do conventional dlalkyl dlmethyl ammomum chemzcal softeners.

Examples -of - polyslloxane materlals for use in’ the present mventron

'_ _-mclude an amlno-functional polvdrmethylpolvsrloxane wherern less than about '
- 10 mole- percent of the :side chams on the polymer . contann an_amino-
B functional group Because molecular welghts of polysiloxanes can be- dlfflcult_

to ascertam, the viscosrty of a polysrloxane is used herein as an ob;ectwely

_.’ascertamable indicia of molecular weight, Accordmgly, for example, about 2
. mole percent ‘substitution ‘has been found to- be 'very effective for.
polyslloxanes havnng a vrscosnty of about one-hundred—twenty—flve (1 25)
.- centistokes; and vrscosrtles of about flve-mrlhon {5, OO0,000l centlstokes or- .
, 'more aré effective wnth or. wrthout _substitution. In addition- to such
~subst|tut|on with amnno-functlonal groups, effective substitution may be

made ‘with carboxyl hydroxyl ether. polyether, aldehyde, - ketorie, amide,
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- groups comprlsrng amino, carboxyl, and hydroxyl groups are more preferred

e - than the others; and amino-functional groups are most preferred.’

Exemplary commercially available poiysrloxanes include DOW 8075 and

- DOW 200 which are available from Dow Cormng, and Sr!wet 720 and Ucarsrl '
~ EPS which are available from Union Carbide. : : BN
_ .The term binder refers to the various wet and dry strength addltlves. )
“-and retention aids known in the art, These materials produce the functlonal'---

- strength required by the product, improve the lint reslstance of the trssue

10

15
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paper webs of the present invention as well as counteractrng any decrease in .
tensrle strength caused by chemical softening compositions. Examples of__

: surtable ‘binder materials include: permanent wet’ strength bmders {i.e. R
Kymene o 557H marketed by Hercules Incorporated of . ermlngton, DE) .
_ 'temporary wet strength resins: cationic disidehyde starch—based resin {such : '

as Caldas produced by Japan Carlet or Cobond 1000 produced by Natronal. .
Starch) and drv strength binders fi.e. carboxymethyl cellulose marketed by_ L
Hercules lncorporated of Wr!mmgton, DE, and Redibond 5320 marketed by_' s

] Natronal Starch and Chemical corporation of Bndgewater NJ).

The tissue paper products of the present invention preferably compnse

“from about 0. 01% to about 3.0% of binder materials, either permanent or

temporary wet strength blnders, and!or from about 0 01% to about 3 0% of

" a dry strength binder. -

Without being bound by theory, itis belleved that the ester-functronal '
quaternary ammomum compound softener compounds are effective:

debondlng agents that act to debond the fiber-to-fiber hydrogen bonds in the -

" tissue sheet. The combrnatron ‘of debonding hydrogen bonds with . the{ :

. polysnloxane softener, along with the introduction of chemrcal bonds with the

~ wet and dry strength binders decreases the overall bond densrty of the trssue _- _

h sheet without’ comprorrusmg strength and lint resistance. A reduced b_ond -

S 'densrty wrll create a more flexible sheet overall ~with 'rmp'ro'ved' surface -
20 "

softness. lmportant measures of these physical property changes are. the 'FFE- |
Index (Carstens) and the bulk flexlblhty, slip-and-stick coeff‘crent of fnctlon,

“and physrologrcal surface smoothness as described .in Ampulskr at al., 19911 : _
_lnternatronal Paper Physrcs Conference Proceedmgs, book 1, page 19 30 _-
- ',rncorporated hereln by reference.. L S
35 -
" invention comprises the steps of formation of a srngle—layered or mutti-layered
:paper makrng furmsh from the aforementloned components except for the - '

Bnefiy. the’ process for makrng the tissue paper. products of the present -
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- polys:loxane compound deposrtron of the paper making furmsh onto a
: . foraminous surface such as a Fourdnmer wrre, and removal of the water from

10

15

‘the deposrted furnrsh The poIvsrloxane compound is preferably added to at
jeast one surface of the dried tlssue paper web. The resultmg srngIe-layered
- or multl-layered trssue webs can'be combrned wrth one or more other trssue-

webs to form a. multl-ply tissue. L .
AlI percentages, " ratios and proportio_ns _here_in are by welght unless

other\_mse specrfied

BRIEF DESCRIPTION OF THE DRAWINGS

Whrle the Specrfrcatlon concludes wrth clarms partrcularly pornting'-out -

-.and distinctly claiming the present mventron, ‘it is beheved the invention is-
. better understood from. the foIIowrng descrrptron taken in con;unctron with
‘the assoclated drawrngs, |n which-: - '

Figure 1 ‘is a schematlc cross-sectlonal vrew of a two-ply; two-layer

" _tlssue paper in accordance with the present mventron

Flgure 2isa schematrc cross-sectlonal view of a. three—ply, srngIe-layer

o tissue paper in accordance wrth the present mventron. :

Flgure 3isaa schematrc cross-sectronal vrew of a srngle-ply, three-

Iayer tissue paper in accordance with the present inverntion. .

Flgure 4 rs a schematlc representatron of a papermakrng machine

.- useful for produclng a soft trssue paper in accordance wrth the present
invention. - : :

The present mventron is descnbed Il"I more detall below.’
DETAILED DESCRIPTION OF THE INVENTION

WhrIe thls specrfrcatron concludes wrth cIalms partrcularly porntmg out

. and drstmctly claiming the sub;ect matter regarded as’ the invention, |t is
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._'beheved that the invention can be better understood from 3 readlng of the

following detailed description and of the appended examples
- As .used herein, the term "fint resistance” is the ablhty of the frbrous

. _product. and rts constituent webs, to bind together under use condmons. N
:mcludrng when wet. in other words, the higher the lint reslstance rs, the

Iower the propensrty of the ‘web to lint will be. .
As used herein, the term “binder” refers to the various wet and dry_

- strength resins and retention aid resins known in the paper makmg art.

As used herern. the term "water solubie” refers to matenals that are

' soluble in water to at least 3% at 25 °C.

As used hereln. the terms "tissue paper web, paper web web paper '

' -sheet and paper product® all refer to sheets of paper made by a process_'."
..compnsmg the steps of forming an aqueous paper making furnish, deposrtmg
:thrs furnish on a forammous surface, such as a Fourdrinier’ wrre, and

removing the water from the furnish  as by gravity or vacuum-assrsted'
dramage, wrth or without pressmg, and by evaporation. L .
As used herein, an “aqueous paper makrng furnish™ - is an ‘aqueous

.slurry of paper. makmg fibers and the chemrcals described herernafter. :

As used herein, the term multr—layered tissue paper web multi- layered )
paper web multr-layered web, multr-layered paper sheet and multr-layered

| 'paper product all refer to sheets of paper prepared from two or more layers
.of aqueous paper making furmsh which are preferably compnsed of different _
“fiber types, the fibers typ:cally berng relatrvely long softwood and relatlvety
- short hardwood fibers as used in tissue paper makrng The layers are

preferably formed from the deposrtron of separate streams - of dilute : fiber .

'slurrres, upon one or more endless foraminous screens. lf the individual
-_Iayers are initially formed on separate wires, the layers are subsequently
.comblned {(while wet) to form a layered composite web.. -

As used herein ‘the term. "multi~ply tissue paper product refers to a..

tissue paper consisting of at least two plres. Each rndrvrdual ply in turn can"-,
consist of singie- -layered or muiti-layered. tissue paper webs The' multr-p!y
~ structures are formed by bonding together two or more tissue webs such as'_j '
'.bv gluemg or embossing. S o "

Itis antrcrpated that wood pulp in all its vanetres wrll norrnally compnse Y
-the paper makmg fibers used in this invention. However, other cellulose_ .
?ﬂbrous pulps, such ‘as cotton liners, bagasse, rayon, etc., can be used- and' o
. none are drsclanmed Wood pulps useful herem rnclude chemical pulps such _ '_
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as Kraft.'s.ulfite'.and sulfate pulps as well as mechanica! puips including for -
'e:tample. - ‘ground - wood, 'therm_om_echariical pulps - and ~ Chemi-

ThermoMechanical Pulp lCTMPl Pulps deriye’d' fr'om both deciduous an_d

' comferous trees can be used. -

Synthetrc fibers such as rayon, polyethylene and polypropylene fsbers.
may ‘also be utrlrzed in combrnatron with the above—rdentlﬂed natural celluose’

i - fibers. One exemplary polyethylene fiber whrch may -be utrlrzed is Pulpex ®,
_ -avarlable from Hercules, Inc. (Wllmmgton, Del.).

10

15

.. . .30

* Both hardwood pulps and softwood pulps as 'well as blends of the two .

: may be’ employed - The terms hardwood pulps as .used herem refers to
- fibrous’ pulp derived from " the woody substance of deciduous " trees
z_(anglosperr_nsl wherein ‘softwood p.ulps. are’ fibrous puips derived from the - .

woody sdbstance of coniferou's .tr"ees' (g'ymnosperms).__ Ha_rdwood pulps such

as eucalyptus are particularily suitable for the outer layers of the multi-layered

tissue webs descnbed herernafter, whereas northern softwood Kraft pulps
are preferrred for. the inner layer(s} or ply(sl ‘Also appllcab!e to the present

: Inventron are low cost fibers derived from recycled paper, which may contain -
' any or all of the above categories as well as other non-ﬂbrous materlals such
- -as f'llers and adhesrves used to facrlrtate the orrgrnal paper makmg

: ‘l'wo Component Chemrcal SOftener Composmons
The present mventlon contains as an essential component a chermcal o
) softemng ‘composition comprlsrng an ester-functronal quaternary ammonium

compound .and a polysiloxane compound The ratio of the ester-functional

quaternary ammomurn compound to the polysrloxane compound ranges’ from
.' about 3.0: 0. 01 to 0.01 : 3.0; - preferably, the weight ratio of the ester-

functronal quaternary ammomum compound to the polysiloxane ‘compound is

_'~about 1.0:03t003:1 O more preferably, the weight ratio of the ester-
" . functional quaternary ammomum compound to the polysrloxane compound is

about 1.0:0. 7 t0 0. 7 -1.0 . Each of these types of compounds wrll be

RS descnbed in detail below

35

.A Ester-functronal Quaternary Ammonlum Compound

The ester-functional chemrcal softenrng composmon contains as an

'-essentral component from ‘about Q. 01% to - about 3.00% by -weight, . . -

- preferably from about 001% to about 100% by we:ght of an ester—
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: wherem each R substituent isa C12 sz hydrocarbyl group, or substltuted"_ - '
: hydrocarby! group or mixtures thereof; each Rz substltuent isa Ct - Cs alky} )
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functlonal quaternary ammonium compound, preferabiy ‘ester-functional
quaternary ammomum compounds having the formula:

.' (CHZ)n Y - RS

S Rz _ ' tCHz)n'- Y -R3
o
. (CHz)n Y -H3
R2 " _R1'
or
. @ :
1\
R3-C-0-CHy
~ CH-CHz2-N+* -(Rl3  X-
-C-0

|
0.

or hydroxyalkyl group, benzyl group or mixtures thereof each R3 substituent
is'a Ci1 - C21 hydrocarbyl group, or substltuted hydrocarbyl or mlxtures

thereof Yis -0-ClO) - or - C(O) - ‘0 -o0r -NH-C(O) or.- C(O) - NH - LOF T

mixtures thereof; n is 1 to 4 and X" is a suitable anion, for example, chlonde,

: 'bromlde, methylsulfate, ethyl sulfate, nitrate and the like.



- |dent|fred reference edited by Swern indicates that typrcally 78% or more of -
‘the fatty aclds of tallow contain 16 or 18 carbon atoms Typrcally, half of the -
j fatty acids present in tallow are unsaturated pnmarrly in the form’ of oleic
_' acid. Synthetlc as well as natural “tallows” fall wrthrn the scope of the
'~‘present rnventron It is also known that’ dependmg upon “the - product
: .characteristrc requrrements, the saturation level of the ditallow c¢an be tailored .
from non hydrogenated {soft) to touch, partially or completely hydrogenated - -
- (hard) All of above-descnbed levels of saturations are expressly meant to be

10
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As drscussed rn Swern, Ed. in Balley s Industnal 0|l and Fat Products,

' 'Thlrd Edltron, John Wlley and Sons (New York 1964), tallow is a naturally

occurring material having a variable composrtlon Table 8.13 in the above-

mcluded wrthln the scope of the present lnventlon

. It will be’ understood that substituents R1, Rz, and R3 may optronally be '
o substltuted wrth various groups such - as “alkoxy!, hydroxyl or can be
15
.-C12 - C18 alky! and /or alkenyl most preferably each R1- is strarght-charn Cis
. C18 alkyl and ./ or alkenyl Preferably, each Rz is methyl or. hydroxyethyi.

branched, but such materials are not preferred herein. Preferably, each Ry is

Preferably R3 is Cta -C17 alkyl and / or alkenyl most preferably Rais stra:ght
chain C15 - C17 alkyl and / or alkenyl, and’ X is chloride-or methyl sulfate.

‘Furthermore the ester-functronal ‘quaternary - ammonium compounds can
optronally contarn up to about 10% of the monof{iong charn alkyl) denvatrves,
"-e.g., (R2)2. - - N+ - ((CH2)20H) ((CH2)20C(0)R3) X-.as minor ingredients.
_Thesé minor. :ngredlents can act as emulsrfrers and are useful in the present. -
" -invention. T A . - _
Spemflc 'examples of _.ester-functlonal quaternary ammonium’
compounds having "the structurés named above and suitable for use in the. '
: - present mventron include - ‘the’ well-known di-ester dr(alkyl) dimethy!-
-ammomum ‘salts - such -as- dl-ester drtallow drmethyl ammonium chlonde,' _ E
-mono-ester drtallow dlmethyl ammonlum chlorlde, di-ester ‘ditallow drmethyl

ammo_mum_ methyl sulfate, di-ester dl(hydrogenated)tallow dimethyl

" ammonium | methyl sulfate, dr-ester dr(hydrogenated)tallow drmethyl_
-ammonrum. chlorrde, and mrxtures thereof Di-ester drtallow drmethyl _
~ ammonium. chioride and’ di-ester dl(hydrogenated)tallow dlmethyl arnmonrum L.

',chlonde are :particularly’ preferred These particular :materials - are .available
commercrally ‘from Witco Chemrcal Company Inc. of Dublm, .Ohio under the'

. tradename "ADOGEN DDMC O, 2 L - '

T .
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Dl-quat variations of  the ester-functional quaternary ammonium

.'.'compound can also be used and are meant to fall wrthln the scope of the

present lnvent:on These compounds have the formula

-0
" w

) R3-C-O- (CHz)z N+ (CHz)n-N"'-(CHzlz 0-C-Rg X . 2

In the. structure named above each Rz isa C1 -Cs alkyl or hydroxyalkyl"

“group, R3 is C11-C21 hydrocarbyl -group, n is 2to4and X is a suitable
~ . anion, such as an halide f{e.g., chloride or bromide) or rnethyl sulfate
- . Preferably, each Rs is C13-C17 alkyl and / or alkenyl, most preferably each R;; a
is strarght—cham C15- 17 alkyl and I or alkenyl and Rz isa methyl '

B., Po_l_ysiloxane .Compound

. .In general surtable polyslloxane materlals for use in the present S
. inven'__tion ‘include those having monomenc siloxane umts of the followmg
" structure: : : T

oy
.'f‘[-'Si';O-.]-ﬁ

_ :'wherem, ‘Rt and R2, for each rndependent siloxane monomerlc unit can each'
,--.rndependently be hydrogen or- any alkyl, aiyl, alkenvl alkaryl, arakyl,

S cycloalkyl halogenated hydrocarbon, or other radlcal. Any of such radicals o
© 30

can be substltuted or unsubstituted. R1 ‘and Rz radicals of any partrcular
monomeric unit may drffer from the correspondmg functionalmes of the next’

B ad]ommg monomeric unit. . - Additionally, the polysrloxane can be erther a
’ strarght charn, a branched chain or have a cycllc structure The radrcals R1~'- :
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N straught cham, a branched cham or have a cycllc structure. The radicals R1

and R2 can addmonally mdependently be other s:laceous functronalrtres such

.88, but not Irmlted to snloxanes. polysrloxanes, snlanes, and polysilanes. "The
' rad|cals R1 and R2 may contam any of a varlety of orgamc functlonaht:es

mcludmg, for example, alcohol carboxyhc acid, aldehyde, ketone and amine, -

" amide functronalrtres.

Exernplary' alkyl radicals are methyl, ethyl, propyl, butyl, ‘pentyl, he:_r‘y!,

s octyl, ‘decyl, octadecyl and the like. . Exemplary alkenyl radicals are vinyl,

10 .
o Exemplary arakyl radlcals are benzyl, alpha-phenylethyl beta-phenylethyl

: alpha—phenylbutyl and the _Irlce Exemplary cycloalkyl radrcals are cyclobutyl, B

~ cyclopentyl, cyclohexyl, and the like. Exemplary "hal'o'g'enated hydrocarbop

.15

© 20 -
o '.2 826.551 issued March 11, 1958 to. Geen. U. S. Patent No. 3964 500,
. assued June 22 1976 to Drakoff US -Patent No.- 4364 837, issued

30
i "'should be contacted wnth the polys:loxane The polysrloxane :s preferably

aliyl, and the like. Exemplary aryl radlcals are phenyl, diphenyl, naphthyl and -
the like. Exemplary alkaryl radicals are’ “toyl, xylyl ethylphenyl and the like.

radrcals are chloromethyl bromoethyl tetrafluorethyl fluorethyl tnﬂuorethyl

.trlfluorotoyl hexafluoroxylyl and the like.

Vlscoslty of polyslloxanes useful may vary as wrdely as the viscosity of . '

- polysrloxanes in general vary, so- long as the polysnloxane is flowable or can .
.'be made to be ﬂowable for appllcatlon fo the tissue paper. Preferably the
.polyslloxane has an mtnnslc vrscoslty ranging from about 100 to about 1000 -

centlporses References dtsclosmg polyslloxanes mclude U. S. Patent No.

December 21 1982 Pader, U.S. Patent No. 5, 059 282, 1ssued October 22,

1991 to Ampulksr et al.; and Brrttsh Patent No. 849, 433 published

September 28, 1960 to Woolston “All of these patents are incorporated -

‘herein by reference Also, mcorporated herein by reference is Silicon -
Qg_mp_qund_s pp 181-217, dlstrlbuted by Petrarch Systems, Inc., 1984, whlch
. conta:ns an extensive llstmg and descnptlon of polys:loxanes |n general '

The polysrloxane can be apphed to the tlssue paper by wet web
appllcatlon or- by dry web a'ppllcatlon.. At least one surface of the web'

- applled to a dry web in an aqueous solution erther in neat form or emulsrfred- _

: E with a suntable surfactant emulsrf‘ er Emulsrfred s|I|cone |s most preferable'
. for ease of apphcatron smce a neat srlrcone aqueous solutlon will tend to -

This Sheet Has Been Replaced
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'rapidly separate into water and s:llcone phases, thereby tmpamng even '
. distribution of the silicone on the web. The polysrloxane is preferablv applred i
,.to the dry web after the web is creped. : -

. Preferred methods of applymg the polys:loxane compound to a dryj

‘. tigsue web are described in U.S. Patent Nos. 5,246,548 lssued 10 Ampulskl
"on September 21, 1993, and 5,215,626 issued to Ampulksi et al, on June 1,
1893, both of which are incorporated herenn by reference In the preferred"f -
"process described in the '546 patent, the polysrloxane compound )
) preferably sprayed onto the calendar rolls :

- Itis also contemplated to apply the polysrloxane to paper webs before '-

the paper webs are dried and/or creped, though in most cases the dned web - N
- .'wlll have ' been creped prior 1o polysiloxane treatment as part. of the' o
' papermaking process. ‘It is preferred to apply the polysiloxane to dry- webs
" using as little water as possible, since aqueous wetting of the dry sheet is
believed to reduce sheet strength which can only be partlally recovered upon

"_drymg Application of polysiloxane in a solutlon containing a surtable'

. solvent, such as hexane, in which the polvslloxane drssolves or is mrscrble in

- s thus contemplated

20

Preferably, a sufﬁcient amount of polyslloxane to rmpart a tact:le sense

of softness is applied to both- surfaces of the tissue paper. ‘When & o
':polyslloxane is applied to one surface of the tissue paper, some of it wrll at
- least partlallv penetrate to the tlssue paper interior. “This is especrally true

when the polysrloxane ls app!red in solution. One method found to be useful ,'

for facilitating polysaloxane penetratuon to the opposmg surface when the : - _
) _polysrloxane is applied to a wet tissue paper web is to-vacuum dewater the
" .tissue paper subsequent to applrcatlon A preferred method of applyrng the
_ "--polys:loxane compound to a wet tissue web |s descnbed in U S. Patent No. -
.. B, 164, 046 issued to Ampulskl et al. on November 17, 1992, rncorporated

' hereln by reference.

.30

..'Wet Strength Brnder Materrals - ; _
.. The present invention contains ‘as an essentral component from about _ -
"001% to about 3.0%, preferably from about 0.01%. to about 1.0% by’

. weight of. wet strength, either permanent or ternporary, ‘binder matenals ’
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A, Permanent wet strength binder materrals

. The permanent wet strength ‘binder - matenals are chosen from the

followmg group of chemicals: polyamrde—eprchlorohydnn. polyacrylamrdes,
. 'styrene-butadrene latexes, msolubrlrzed polyvrnyl alcohol urea-formaldehyde,

polyethylenelmme. chitosan: polymers and mixtures thereof.  Preferably the

‘permanent wet strength binder - materials are selected from the group
'C onslstlng of polyamlde-ep|chlorohydnn reslns. polyacrylamrde resms, and

mrxtures thereof. The permanent wet strength’ bmder materials’ act to control

' '-_lmtrng and also to offset the loss ‘in tensile strength if any, resultrng from the' ' :_ )
'_chemrcal softener composrtrons L

Polyamlde-eprchlorohydrm resins are catronrc wet strength resrns whrch_

" have been found to be of partrcular utility., Surtable types of such resins are

.-descnbed in U.S. Patent No. 3, 700 623, rssued on -October 24 1972, and

15 :

, 3 772,076, issued on November 13, 1973, both issued to Kerm and both

being hereby mcorporated by reference One commercial source of a useful

.-polyamrde-eprchlorohydnn resins -is Hercules, Inc. of ermlngton, Delaware,
-~ which markets such resin under the trade-mark Kymeme O s57H.

Polyacrylamlde resms have also been found to be of utility as wet

o - strength resms. These resms -are described in U.S. Patent No. 3,556, 932,
.. 20 -

issued on January 19, 1971 to Coscia, et al.’ and 3,558, 933, issued on

_ .January 19, 1971, to erlrams et al., both patents berng mcorporated hefein
" by reference One commercial source of polyacrylamrde resins is American

Cyanamid Co. of Stanford, Connectlcut, whrch markets one such resrn under

35

. the trade-mark Parez H 631 NC.

_ Stlll other water—soluble catlomc resins fmdlng utrlrty m thrs invention
are urea formaldehyde and melamme formaldehyde resins. The ' more common

' functronal groups of these polyfunctlonal resins .are ‘nitrogen - contarmng
. groups .such as amino groups and methylol groups attached to nltrogen
~ Polyethylenimine type resins may also find utlllty in the present mventron '
:B Temporary wet strength binder materials :

- The above-rnentroned wet strength addltlves typlcally result in. paper

' products wuth permanent wet strength i.e., paper which when placed in an_'
- aqueous medium retains a substantral portron of |ts rnrtral wet strength over

time. However, permanent wet strength in sorne types of paper products can

be an unnecessary and undesrrable property. Paper .products such as torlet e
_-tissues, .etc., are generally drsposed of after bnef penods .of use into septlc

systems’ and the Irke Cloggmg of these systems ‘can result |f the paper .

Sheet Has Been Reﬂlaced '
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~ product permanently retams its hydrolysrs-resrstant strength propertles More_’ _

) recently, manufacturers have added temporary wet strength addmves to.
'paper products for which wet strength is sufficient for the intended use, but_ :

- which then decays upon soaking in water. Decay of the wet strength' B
,facllitates flow of the paper product through septic systems

Examples of suitable temporary wet- strength resins mclude modrfled"

“'starch temporary wet strength agents, such as Natronal ‘Starch 78 0080, o
. marketed by the National Starch and Chemical Corporatron {New York New .

York). This type 'of wet strength agent- can . be made . by reactmg

'drmethoxyethyl-N-methyl-chloroacetamrde with catrbmc starch - polymers
.Modmed starch temporary wet strength agents are also’described in u.s. Pat.
" No. 4,675, 394 Solarek, et al ., issued June 23, .1987, and rncorporated
herein by reference Preferred temporary wet strength resins include ‘those _' -

described in U.S. Pat. No. 4,981,557, Bjorkqmst, issued . January 1 1991 '

_ and incorporated herein by reference.

With respect to the classes and specific examples of both permanent
and temporary wet strength resins listed above, it should be understood that
the resins listed are exemplary in nature and are not meant to lrmlt the scope ;

" of thrs mventlon

. Mixtures of compatlble wet strength resms can also be used rn the i

- practrce of this invention.

Dry strength bmder materials .
The present invention contains as an optronal component from about

‘0. 01% to . about 3.0%, preferably from about 0.01% to about 1.0% by

30

weight of a-dry strength_ binder. materlal chosen from the followmg group.of

- materials: polyacrylamrde {such as combinations -of Cypro 514 and.', _
Accostrength 711 produced by American Cyanamrd ‘of Wayne, ‘N.J.); starch' o -
‘{(such as’ Redrbond 5320 and - 2005) avallable from Natronal ‘Starch and
' "Chemlcal Company, Bridgewater, New Jersey; polyvinyl alcohol lsuch as
.-_Arrvol 540 produced by Air Products Inc of Allentown, PA); guar or locust
" .bean gums; and/or carboxymethyl cellulose lsuch as CMC from. Hercules. Inc.”

of Wilmlngton, DE). Preferably, the dry strength binder materials are selected

.35

- -from the group conslstmg of carboxymethy! cellulose resins, and unmoclrfled. :
' starch based resins ‘and mtxtures thereof. The dry strength binder materiais - -
, act to control lmting and also 1o offset the loss |n tenslle strength if any, .
-resultrng from the chemlcal softener composmons : A
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ln general suntable starch for practrcmg the present tnventlon ‘is

) '-charactenzed by water solubllrty, and hydrophnlrcrty ‘Exemplary “starch -
" materials mclude corn_starch and potato starch, albent it. is not intended to
' thereby {imit the scope of sultable starch matenals, and waxy .corn starch '
" that is known industrially as amioca starch is partrcularly preferred Amloca o
~ starch dlffers from common corn starch in that it is entirely "amylopectin,
-Whereas - common coin . starch contams both amplopectm and amylose.
. Various unrque charactenstlcs of ‘amioca starch -are: further described in’ '
. "Amioca - The Starch from Waxy Cormn", H. H. ‘Schopmeyer, Food Industries, -
,December 1945, p ' 106-108- (Vol. pp. 1476—1478) “The"starch can bein

granular or dnspersed form albeit granular form is preferred The starch is
preferably suffrclently ‘cooked to induce swelling of the granules More.

---'_preferably, the starch granules are swollen, as by’ cooking, to a ‘point |ust

15

~ prior to dispersion of the. starch granule. Such highly swollen starch granules

shall be referred to' as being "fully cooked”. The condltlons for’ drspersron in

: general can vary dependmg upon the size of the starch granules. the degree

of crystallimty of the granules, and the amount’ of amylose present. Fully

- _cooked -amioca starch, for example, can be prepared by heating an aqueous

20

“slurry of about 4X consistency of starch granules at about 190 °F (about 88

°C) for between about 30 and ‘about 40 minutes. Other’ exemplary starch

- -materials - which may be -used include . modlfled ‘cationic- starches such as
- those modifi ed to have mtrogen containing groups such as ammo groups and
methylol groups attached to’ nitrogen, - .available from Natlonal Starch and

: Z-Chemrcal .Company,’ (Brrdgewater, New Jersey) Such modifred_ starch -

Co3s

' materials are used pnmanly as a pulp furnish addrtrve to increase wet andlor

dry strength Consrdenng that such modrﬁed starch matenals are more

expensrve than unmodlfled starches, the latter have generally been preferred
Methods of- applrcatron lnclude, the same prevrously descrrbed ‘with

reference to’ apphcatron of other chemical additives’ preferably by wet end'

= addition,’ sprayrng, and, less preferebly, by printing. The binder . matenal may

. be applied to the tissue paper web alone, slmultaneously with, prior to, of .
_ subsequent to the addrtlon of the chemncal softenmg composmon. At least an_ '_ _

: _effectrve amount of binder materials, either permanent or temporary wet -

strength | bmders. and/or’ dry strength blnders, preferably a combmatlon of a.

permanent wet strength resin such as Kymene 557H - and a dry. strength
. resin- such ‘as CMC is apphed to the ‘'sheet, . 10 provnde fint control and
-'concomrtant strength mcrease upon drymg relative. 10 a non—blnder treated' :
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,- but otherwise: identical sheet. Preferably, between about 0.01% ‘and about
~ '3.0% of binder materials are retained in the dried sheet, calculated on a dry

- fiber werght basis; and, more preferably, between about 0. 1% and “about .

- 1.0% of brnder materials is retarned '

The seccind step in the process of this 'invention" is the depositing of

.the srngle—layered or multi-layered paper making furnish using the above

described chemical softener compaosition and binder matenals as addmves on -

‘a forammous surface and the third step is the removing of the water from the

furnish so deposited. Technrques and equrpment which can be used ‘to
accomplrsh these two processmg steps wrll be readily apparent to’ those. h

. skilled in. the paper making art. Preferred multi-layered * tissue. paper :
-'embodlments of the present invention contain from about O. 01% 1o about
- 3. O% more preferably from about O. 1% to’ 1. O% bv wezght on a dry fiber- '_
basis of the chemical softening composrtron and binder materials descrrbed_'_'

herein. The resultmg smgle-layered or multr-layered -tissue webs can be
combined with one or more other tissue webs to form a multr-ply tissue. -
The present invention is applrcable to tissue paper in generat, rncludrng

) but not lrmrted to conventionally felt-pressed tissue paper; high bulk pattern

" densified tissue paper; and high bulk, uncompacted tissue paper. The tlssue

' 'paper products made’ therefrom may be of a srngle-layered or multr-layered ‘

_'constructron Tissue structures ‘formed from Iayered -paper webs are .
described in U. S. Patent 3,994,771, Morgan, "Jr. et al. issued November 30

- 1976, U.S. Patent No. 4,300,981, Carstens, issued November 17, 1981,

" U.S. Patent No. 4,166,001, Dunning et al.,. issued August 28, 1979, and . -

European Patent Publication No. 0 613 979 A1, Edwards et al., published
September 7, 1994, all of which are |ncorporated hérein by reference In

general a wet-laid composrte, soft, bulky and absorbent paper structure is . |
.prepared from two or more lavers of furnish whrch are preferably comprised -

of drfferent fiber types The layers are preferably formed from the deposition

. of separate streams of dilute fiber slurrres, the fibers. .typically berng relatrvely S
-. "long softwood and relatively short hardwood ‘fibers -as used in multr-layered '

“tissue paper making, upon one or more endless foramlnous screens if the..
' '-'.'rndrvrdual layers ‘are initially formed on separate wires, the Iavers are
subsequently combined (while wet) to form a Iayered composzte web. .. The .

layered web ‘is subsequently caused to conform to the surface of an opén -

'meSh dryrng/‘mprrntmg fabnc by the appllcatron of a flurd force to the web _
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. -and thereafter thermally predned on said fabric as part of a low denslty paper
o maklng process The web may be stratified with respect to flber type or the = -

fiber content of the respective. Iayers may. be essentlally the same. The rmulti-

" layered tlssue paper preferably has a basns weight of between 10 g/m2 and
. about 65 g/m2, and density of about’ 0.60 gicm3 or less. Preferably, basis
- weight will be below about 35 glm2 or less; and densuty -will be about 0.30 -
: glcm3 or Iess Most preferably, denslty will be between 004 g/cm3 and

. about 0.20 g/em3.

"-:-10..

135

e

In a preferred embodlment .of thls mventlon, tlssue structures are
formed from multr-layered paper webs | as: .described 'in U.S. Patent
4, 300 981, Carstens, rssued November’ 17 1981 and mcorporated herern by

-reference. Accordrng to Carstens, such paper has a hlgh degree of .
- .. subjectively percelvable -softhess by vrrtue of bemg multr-layered having a -

top surface layer comprssmg at least about 60% and preferable about 85% ar
more' of short hardwood fibers; having an HTR (Human Texture Response)-
Texture of the top surface: layer of about 1.0 or Iess. and more preferably
about 0.7. or less, and most preferably about 0.1 or less, having an FFE (Free .

'_ ‘Fiber End)-lndex of the top surface of about 60 or more, and preferably about

90 or more. The process for makirig such paper includes the step of breaking

'-sufflclent rnterfrber bonds_between the short hardwood fibers defining its top _
_ surface 10 provrde suffrclent free end portions thereof to achreve the requsred_ -

FFE-lndex of the top. surface of the tnssue paper Such bond breakmg is

L achieved by dry creplng the tissue paper from a creping sutface to which the

35

top surface Iayer {short frber layer) has been adhesive secured, and the . .
" creping should be affected at.a conslstencv (drynessl of at least about 80% '
- and preferably at least about 95% consrstency Such tissue paper may be
made through the use of ccnventronal felts, or foraminous carrier fabrics.
-Such’ -tissue paper may be but is not necessanly of relatlvely hlgh bulk
' _';denslty s :

The md:vrdual plres contalned m the tlssue paper products of the_

. present invention. preferably comprrse at least two superposed layers, an
- inner- Iayer and an outer. layer -contiguous wrth the mner Iayer The outer
. layers preferably compnse a pnmary filamentary constituent of about 60% or

. more by welght of relatwely short paper makmg flbers havmg an average -

fiber’ between about O 2. mm and about 1.5 mm. These short paper makmg '

o fibers are typlcally hardwood ﬁbers,' preferably, " eucalyptus -fibers.
‘_Alternatsvely, |ow cost sources of short flbers such as sulflte flbers.
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.thermomechanical 'pu'l'p, Chemi-ThermoMechanical Pulp (bTMPl f'bers'.

recycled fibers, and mixtures thereof can be used in the outer- layers or

-blended in the inner Iayer, if desired: The inner layer preferably compnses a '.._ .
primary frlamentary constituent of about 60% or more by werght of relatwely _
'long paper making frbers having an average fiber length- of least about 20

mm. These long paper makmg fibers are typlcally softwood frbers, preferably,,. .

T _'_northern softwood Kraft fibers. -

10 .
. product can be: made by joimng a first two-layered tissue paper_ web and a _'3 :

- Ina preferred embodiment of the present lnventlon, faclal tlssue paper :

'products are formed by placing at least two multr-layered tlssue paper webs

in ]uxtaposed relat:on For example, a two-layered, two-plv trssue paper .

' second two-layered tissue paper web in juxtaposed relation. ‘In this example, . -

15

35

each ply is. a two-layer trssue sheet comprising an inner Iayer and an outer

layer.. The outer layer preferably comprises the short hardwood fibers and = -
‘the inner layer preferably comprises the long softwood flbers The two plies -
, are combined in a manner such that the short hardwood fibers in the outer .. - -
: -layers of each ply face outwardly, and the inner lavers contammg the long .

softwood fibers face inwardly. In other words, the outer layer of gach- ply -

i __forms one exposed surface of the tissue and each of said inner Iayer of each

ply are disposed toward the interior of the facial tissue web.” = - :
Frgure 1is a8 -schematic cross-sectional view of a two-layered two-ply”

. Tacial tissue in accordance with the present mventron Refernng to ﬁgure 1.

the two-layered, two- ply web 10, s compnsed of two phes 15 in -

_ juxtaposed.relation. Each ply 15 is comprised of inner layer 19, and outer
layer 18, Outer layers 18 are comprised primarily of short paper rnkin‘g -

fibers 16; Whereas inner layers 19 ‘are comprised primarily of long paper

making fibers 17. ' TR
" In an -alternate embodrment ‘of the . present rnventlon, trssue paper

products are formed by placrng three single—layered trssue ‘paper webs in

: juxtaposed relation. ln this example, each ply is a snngle-layered tlssue sheet

.made of softwood or hardwood fibers. The outer plies preferably ccmpnse'
the short hardwood fibers and ‘the inner ply- _preferably comprises long

_fsoftwood fibers. The three plies. are ‘comibined in a manner such that the'-"_ o
“short hardwood flbers face outwardly. Figure 2 is a schematic cross-ser:tlonal'f.s L

view of a smgle-layered three-ply facial tlssue in accordance with the present

_ invention.  Referring to figure 2, the single-layered three-ply web 20, |s.. '
N comprised of ‘three plies in juxtaposed relation. Two outer phes 11 are L
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compnsed pnmanly of short paper making frbers 16; whereas inner ply 12 is

'. _comprlsed prrmarrly of long’ paper making frbers 17. Ina variation. of thrs
.embodlment (not shown) each of two outer phes can be compnsed of two

: -superposed layers. - S : : '

- in an other alternate preferred embodlment of the present rnventron, '

tissue paper products are formed by combrmng three Iayers ‘of -tissue webs

into & srngle-ply. In this’ example, a smgle—ply tissue paper. product compnses_
a three-layer tissue sheet made of softwood and/or hardwood fibers. The

~ .outer layers preferably comprrse the short hardwood frbers and . the inner .
layer preferably comprrses long softwood fibers. The three layers are formed -

.. in a manner such that the short hardwood fibers face outwardly Figure 3 is a

schematic cross-sectional vlew of a smgle-ply three-layer toilet tissue in

.accordance with the present mventlon Referring to figure 3, the srngle-ply
.three-layer web 30, is comprised of three layers in juxtaposed relatlon “Two
‘outer layers 18 are comprused primarily .of short paper making fibers 16;
- whereas inner la_yer 19 is comprised prrmarrly of-long paper makln_g fibers 17.

U 1 should not be inferred from- the above discuss'ion -that the present-

' inventron is l|m|ted to tissue paper products comprrsmg ‘three plres -~ single
~ tayer or two-ply ---two layers, smgle—ply -- three-layers, etc. All tissue paper '
: products layered or. homogenous, compnsrng an ester-functional quaternary o
. ammonium compound a polysiloxane- compound and brnder materials are
: expressly meant to-be included within the scope of the present rnvent:on.

Preferably. the _majority of the ester-functlonal quaternary ammomum '

cornpound and the polysrloxane compound is contained in at- least one of the '
_..outer layers (or outer plres of a three ply smgle—layer ‘product) of the tissue -

paper product of the present invention. More preferably, ‘the majonty of the

_',ester-functlonal quaternary ammomum compound and the polyslloxane
g.compound s contained in both of the outer layers {or outer plaes of a three-
- - ply srngle-layer product) it has been drscovered that the chemlcal softemng
.30

composltlon is most effectlve when added 10 the outer layers or plres of the

.tlssue paper products There, the .mixture of the quaternary compound and

o polyslloxane compound act 1o ‘enhance the softness of the multr-ply or multi- -

- 35

- layered tissue paper products of the present invention. Flefernng to figures 1,

-2 and 3 the ester-functlonal quaternary ammomum compound is represented

-by dark clrcles 14 and ‘the polyslloxane compound’is. represented by "S" fllled_

carcles_zz It can be -seen m f”gures 1 2 and 3 that the majonty of the ester- :
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= ,.functlonal quaternary ammonrum compound 14 the polysrloxane compound "

15

20

22 are  contained in outer tayers 18 "and outer plies 11, respectrvely

. . However, it has. aiso been discovered that the lint resistance of- the "~

] multrlayered tissue paper products decreases with the inclusion of the “ester- '_ '

. functional quaternary ammonium compound and the polysrloxane compound o
" “Therefore, binder materials are used for linting control and to rncrease the =

' _tensrle strength. Preferab)y, the binder materials are contarned in the - rnner N

layer (or inner ply of a three-ply product) and at least one of the outer layers

. . - or outer plres of a three-ply single-iayer product) of the trssue paper products’ - '
S0

of the present invention. More preferably, the ma;orrty of . the binder

’matenals are contamed in the rnner layers (or .inner ply of a three-ply -
' product) of the trssue paper product. Referring to flgures 1, 2 and 3 the .
permanent andlor temporary wet strength binder materials are schematically N S

represented by white circles 13, the dry strength bmder materials are
schematically represented by cross-filled crrcles 21 It can be seen in figures

1,2 and 3 that the majority of the binder materials 13 and 21 are contarned '

in both of the inner layers 19 and inner ply 12, respectrvely
The combinatron of the chemical softening composrtron comprlsrng an
ester-functlonal quaternary ammonium compound and. 8 polysrloxane

__.compound in con]unctlon wrth binder materrals results in a tissue paper - .
'product having superror softness and lint resistant propertres Selectively C

.addlng the ma)orrty of the chemical softening composition to- ‘the outer )ayers

- or: plies of the trssue paper, enhances its effectweness Typically the bmder s
'_'-.materlals are drspersed throughout the trssue sheet 10: control - lrntrng '
"However, like the- chemrcal softening composmon, the blnder matenals can -
_ be selectively added where most needed. - A : S
Conventronany pressed multr Iayered tissue paper and methods for :
_makmg such paper are known in the art. Such paper is typrcally made by
' ~-depos|t|ng ‘paper makmg furnrsh on a forammous forming wrre This formmg

wire is often-referred to in the art as a Fourdrinier wire. Once ‘the furn_rsh is

" deposited on the formmg wire, it is referred to.as a web. ‘The web is

s -'dewatered by transferring to a dewatering felt, pressmg the .web and drymg '

. _..'.35-

‘at elevated temperature. The partlcular techmques and typical equrpment “for '
' - making webs accordlng to the process just descnbed are well known to those |
skilled in the art. In a typical. process, a Iow consrstency pulp furmsh rs . '
", .° provided ina. pressunzed headbox. The headbox has an openrng for delrvermg L
" a thln deposrt of pulp furmsh onto the Fourdrrnler wrre to form a wet web
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. The web is then typrcally dewatered to a frber conslstency of between about

:'. 10

- 7% and about 25% {total web werght basrs) by- vacuum dewatenng and
- further dewatered by pressing operatrons whereln the web" rs subjected to
,_pressure developed by opposmg mechanrcal members. for __example,
cylindrical folls. - : Lo e

The' dewatered web is then further pressed dunng transfer and is dned

by~ a stream drum apparatus known in the art as a Yankee .dryer.- Pressure '
“'can be developed ‘at the Yankee - dryer by mechamcal means such as an. .

opposmg cylmdncal drum pressmg against the web. Vacuum may also be

-applied to-the web as it is pressed agarnst the Yankee surface. Multiple
-Yankee -dryer drums may be employed whereby "additional - presslng is
. optionally incuried between _ the- drums. The. multr-layered tissue paper

- - stryctures ‘which -are ‘formed are - referred ‘to herernafter as ‘conventional,

15 .

20

.30
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- pressed,’ multl-layered ‘tissue paper’ structures Such sheets are consrdered 10
be compacted since the ‘entireweb is subjected to substantral mechamcal :

compression forces whrle the ﬁbers are morst and are then drled while in a '
compressed state. o
Pattern densified tissue paper is charactenzed by having a .relatively

~hlgh bulk field of relatrvely jow fiber density and an array of densified zones

of - relatwely hlgh fi ber - density..- The hrgh bulk “field is alternatively

=character|zed as a field of p|l|ow reglons ‘The densrfred zones are alternatrvely

referred to as- knuckle regions. The densrfred z6nes may be drscretely spaced

: within the high bulk freld or may be mterconnected -either fuIIy or partially,
- within the hrgh bulk ﬁeld Preferred processes for making pattern ‘densified '
_tissue webs are drsclosed in U.S. -Patent No. 3, 301 746, ‘issued to Sanford
o and Sisson on January 31 1967,"U. S. Patent No -3, 974 025, issued to Peteér
TG Ayers on -August 10, 1976, and .U:S. Patent No. 4,191, ,609, issued to
*’: paul D, Trokhan on March 4, 1980, and U.S: Patent No. 4, 637,859, issued

to Paul D. Trokhan on January 20, 1987, u.s. Patent 4,942,077 issued to

--:-Wendt et al. on July. 17, 1990, European Patent Publlcatlon No. 0 617 164 -

At, Hyland .et al., publxshed September 28, 1994, European Patent
Publication No. O 616 074 ‘A1, Hermans_ et al., pubhshed September 21,

' 1994; all of which are mcorporated herern by. reference

In general pattern densrfred webs .are- preferably prepared by .

deposrtrng a paper making furmsh on a forammous formmg wire such as a - -
'Fourdnnrer wrre to ‘form a wet web and then’ juxtaposmg the web against an _ -
: array of supports The web is pressed agamst the array of supports, thereby .
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: resultmg m densrfred zones in the web at ‘the Iocatlons geographrcally _

orrespondmg to the points of contact between the array of supports and the

" wet web. The remainder of the web not compressed during this operatlon is
B referred to ias the high bulk freld Thls hrgh bulk “field ‘éan - be further o
dedensified by applicat:on of fluid pressure, such’ as with a vacuum type:"" o
g '.'dewce or a blow-through dryer The web is dewatered and optronally SR
- predrled in-such a manner 0 as to substantially avoid compressron of the"
:.hlgh bulk field. Thls is preferably accomplished by fluid pressure, such as . B
with -a vacuum type device or blow-through dryer, or alternately by" E
: mechanically pressing the web against an array of supports wherem the ‘high -
"'bulk freld is ' not .compressed. The operatlons of dewatering, optronal
predrymg and formatron of the densified zones may be mtegrated or partially .
' mtegrated to reduce the total number’ of processing steps performed. .
Subsequent to formation of the densrfled zones, dewatering, and optional . R
predrying, the web is dried to completlon, preferably still avordmg mechamcal o
: 'pressmg Preferably, from about 8% to about 55% of the multr-layered tissue - .- '

paper surface comprises densified knuckles having a relatlve densrty of at .

' Ieast 125% of the density of the high bulk field..

The array of supports is preferably an |mpr|nt|ng carrier fabric having a -

:patterned drsplacement of knuckles which operate as the array of supports o
which facilitate the formation of the densified zones upon application of . .-
'pressure The pattern of- knuckles constitutes the array of supports previously '
" . referred to.’ lmpnntmg carrier fabrics are disclosed- in U.S. .Patent No.-

3,301,746, Sanford and Slsson, issued January 31, 1967, U.S. Patent No. -

"3 821, 068 Salvucci, Jr. et al ., lssued May 21, 1974 U.S. Patent No. -
© 3,974,025, Ayers, issued -‘August 10, 1976, us ‘Patent’ No.- 3,573,164, =

Friedberg et al ., issued March 30, 1971, U.S. Patent No. 3,473,576, .

. Amneus, issued October 21, 1969, U.S. Patent No. 4239 065, Trokhan,
" issued December 16, 1980, and U.S. Patent No. 4,528, 239, Trokhan, |ssued _
July 9, 1985 all of whrch are lncorporated hereln by reference : )
E Preferably, the furnish is_first formed into a wet web on, a forammous' .
forming carrier, such as a Fourdrinier wire. The web is. dewatered and ©
transferred 10 an’ |mprint|ng fabric. The furnish may alternately be mmally_'_-'

deposrted on ‘a foramnnous supportlng carrier whrch also operates as an

'-.rmpnntlng fabric. Once formed, the wet web is dewatered ‘and, preferably,' "

thermally predrred t0a selected flber consrstency of between about 40% and

about '80%. Dewatermg can be performed wrth suctlon boxes or. other
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-, vacuum devices or with bl'ow-through drye‘rs ‘The knuckle irnprint of the

|mpnnt|ng fabrlc is mpressed in the web as drscussed abave, prior to drying.
the web to completron One method for accomplrshmg this is through

K applrcatron of mechanical pressure Thrs can be done, for example,” by'
' pressing a mp roii whrch supports the imprinting fabrrc agalnst the face of a

: drylng drum, ‘'such as a Yankee dryer, wherein the web is drsposed between

" the nip roll and drylng drum. Also, preferably, the web is molded against the "

E ': - imprinting fabric prior to completion of dryrng by appilcatxon of fluid pressure '

S 15

R _‘with a vacuum device such as a_suction box, or with a blow-through dryer.
L 100

Fluid pressure"may be applied to induce impression of densified zones during

_ - initial dewaterlng, ina separate, subsequent process stage, ora combrnatron
L ..r.thereof ' T . ' ’

Uncompacted, nonpattern;densified multi—layered tiss'ue paper

- structures are described in U: S. Patent No. 3 812,000 |ssued to Joseph L.
' Saivuccl, Jr. and Peter N. Ylannos on May 21, 1974 and U.S. Patent No. |

4,208,459, 1ssued to Henry E. Becker,; Albert L. McConnell, and Richard

j"Schutte on June 17, 1980, both of whrch are lncorporated herem by
o reference in generai uncompacted non pattern -densified multi-layered '
. - tissue paper structures are prepared by deposrtrng a paper making furmsh on
2
-.: draining the web and removing addrtronal water - ‘without -mechanical
.compression until the- web has a fiber consistency of at least 80%, and ~*

a foraminous formmg wire 'such as a. ‘Fourdrinier wrre to form a wet web

crepmg the web. Water is removed from the web by vacuum dewatenng and

) _thermal drying. The resultrng structure is a soft but weak high bulk sheet of
relatlvely uncompacted fibers. Bondmg matenal |s preferably appired to

: '_ portions of the web prior to creplng

- The trssue “paper product of this : mventron can be used in any'

- ”appiicatton where soft absorbent tlssue paper . products are requrred

)

' Partrcularly advantageous uses of the tissue paper product of this mventron

are in toilet tissue and facial tissue products R L
The flrst step-in the process of this rnventron is the forming’ of an"

. aqueous paper: making furnrsh The furmsh compnses paper making fibers:

s (herelnafter sometimes referred to as wood pulp), and a mlxture .of at least

SO :one ester—functional quaternary ammonium compound ‘and bmder materrais,.

either permanent or temporary wet strength binders, andlor optronally dry

-strength -binders: and a -wetting agent; all. of whrch will be heremafter ,
described -The second step in the process of this inventlon is spraylng a



"WO 96/36768 . ' ' ict'msssl_ossss"

27

solutlon ofa poiyslloxane compound and a surfactant on at least one surface

o of the dry tlssue web after creplng

. 10°

15

20

Figure 4 is 'a schematic . representation illustrating  preferred -

'zembodrments of the papermaking process of the present invention' for .
o producrng a soft creped tissue paper These preferred embodimerits are” -
- '--described in-the followmg drscusslon, wherein reference is made 10 flgure 4.

- Figure 4 is a side elevational view of a _preferred papermaking machine_ .

80 for manufacturing paper according to the present invention. - ' Referring o . .

figure 4, papermaking.machine 80 comprlses a layered headbox 81 havrng a

" top chamber 82 a center chamber 82b, and a bottom chamber 83, a slice .
- roof 84, and a Fourdrinier wire 85 which |s looped over and about breast roll _
_ '86 deflector 80, vacuum suction boxes 91 couch roll 92, and a plurahty o.f_ -

turning rolls 924. In operatron, one papermaklng furnish is pumped through '

" top chamber 82 a second papermaking furnish is pumped through center "
. chamber 82b while a third furnish is pumped through bottom. chamber 83
~and thence out of the slice roof 84 in over and under relatron onto Fourdnmer'_

wrre 85 to ‘form thereon an embryonic web 88 compnsmg Iavers 88a. and
88b ‘and 88c. Dewatenng occurs through the Fourdrinier wire’ 85 and rs'___

'_assrsted by deﬂector 90 and vacuum boxes 91.:.‘As the’ Fourdrinier wire -
. makes its return run in the drrectron shown by the arrow, showers 95 clean it

prior to its commencmg another pass over breast roll 86. At web transfer:"

‘zone 93, the embrydnic web 88 is transferred to a forammous carrier fabric -
.. 96 by the action of vacuum transfer box 97. -Carrier fabric 96 carries the
.- web from the transfer zone 93 past vacuum dewatering box 98, through'_
o blow-through predryers 100 and past two turmng rolis 101 after which the .

. web is transferred to a Yankee dryer 108 by the actlon of pressure roil 102. - '
- The carrier fabnc 96 is then cleaned and dewatered as it completes its loop, _'

" by passl_ng over and around additional turning rolls 101._ showers .1.0_3 and ) '

-vacuum dewatering box 105. The predried paper web is adhesively secured .
.. to the cylindrical surface of Yankee dryer 108 aided- by adhesive -applied by : '
":spray appllcator 109. Drylng is completed on the steam heated Yankee dryer

o 108 and by hot air which is heated and circulated through drymg hood 110

! . :35 .

by means not shown. The’ web is then dry creped from the Yankee dryer'-; '
108 by doctor biade 111 after whrch it is desrgnated paper sheet 70 .
,comprrsrng a Yankee-srde tayer 71 a center layer 73 and an off-Yankee-srde o
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_ :"_layer 75 Paper sheet 70 then passes between calendar rolls 112 and 113,
- " about-a@ circumferential portion of reel- 115, and thence IS wound into a roll -
-1 16 ona. core 117 dlsposed on shaft 118 ' : '

The polysiloxane compound is apphed to - paper sheet 70 In the

' :-embodlment |llustrated in figure 4, an aqueous mixture. contamrng an
: _emulslfied polyslloxane compound is sprayed onto - paper sheet 70 through
‘spray apphcators 124 and 125, dependmg on ‘whether the polysrloxane is to
; 'be applied to both sides of the tissue we eb or just to one side. Although E
-frgure 4 shows the polysiloxane compound sprayed onto the calendar roils,
_the polyslloxane compound could also be added 10 dry paper sheet 70 after
the calendar rolls 1 12 and 113

_Stil refernng to frgure 4, the genesrs of Yankee-srde layer 71 of paper
sheet 70 is the furnish pumped through bottom chamber 83 of headbox 81,

“and whlch furnish is applied dlrectly to- the Fourdrinier wire 85 whereupon it
'-jbecomes layer 88c of embryonrc web 88. The genesis of the center layer 73
~-.of paper sheet 70 is the furnish dehvered through ‘¢hamber 82b of headbox -
81, and which furnish forms layer 88b on top of Iayer 88¢. The ‘genesis of

' the off-Yankee-srde layer 75. of paper sheet 70 is the furnish -delivered

207

through top chamber 82 of headbox 81, and which furnrsh forms Iayer 88a .

.on top of layer ‘88b of . embryonic web’ 88 Although frgure 4 shows )

o .___papermachrne 80 having headbox 81 adapted to’ make a three-layer web,

. ;headbox 81 may alternatlvely be adapted to make unlayered two layer or
- other multr—layered webs. Co : .

- Further, with respect to makmg paper sheet 70 embodyrng the present

- invention on papermakrng machine 80, frgure 4, .the’ Fourdrmler wire 85 must'
be of a fine mesh having relatlvelv small spans with respect to the average -
-..lengths ‘of the fibers . constituting - the ‘'short fiber furmsh 'so “that good

| :' '_:formatron will occur;: and the foramrnous carrier fabric 96 should have a fine
- mesh havmg relatrvely small openlng spans wrth respect to the. average

. Iengths of ‘the fibers constltutlng the long fiber" “furnish "to substantlally -
. *obviate bulkmg the fabric side of the emibryonic_ web into.. the inter- .-
-, - filamentary spaces of ‘the fabric’ 96 “Also, with respect to the’ process
- 'condmons for maknng exemplary paper sheet 70 the paper web is preferably
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: drled to about 80% fiber consistency, and- more 'preferably to about 95% -

flber consistency prlor to creping

Analytical and Testin Procedures

Analysrs of the amounts of treatment chemlcals herem retalned on

'tlssue paper ‘webs can be performed by any method accepted in the |
_.applicable art. For example, ‘the level of the ester-functnonal quaternary h

ammonium compounds, “such as di-ester diloleyl)dimethyl - ammonium’ '

" chloride, dl-ester di(tallow)dimethyl "ammonium chloride . retained by the' T
' tlssue paper can be determined by solvent extraction of the ester-functlonal -
-quaternary ammomum compound by an organlc solvent such as drchloro ,
methane followed by an anionic/cationic titration using Dnmldnum Bromlde:

Disulphine Blue mlxed mdlcator, ‘product '# 19189 available from - Gallard-
Schlesmger Industries of Carle Place, NY. The level of polysiloxane compound'

. can be determrned by solvent extraction of the oil compound with_an organic

solvent followed by atomic' absorption spectroscopy to determine ‘the level of .

'__oll compound in the extract. Srmrlanly, the level of the polyhydroxy." :

compound retained by the tissue paper ‘can be "determined by solvent a

-_extractzon of the polyhydroxy compound with a ‘solvent. .In some cases, - o

additional procedures may be necessary to remove interfering compounds"

from the polyhydroxy species of .interest. For mstance, the Weibull solvent . '
- extraction method employs ‘2 brme "solution to isolate polyethylene glycols _
" from nonionic surfactants (Longman, G.F., -Lh_A_n_J_y_s_ls_o_f_DJLgtgﬂEﬁ_.'
" Detergerit_Products erey Interscience,. New York, 197%, p.- 312).  The .
polyhydroxy species _could then - be - analyzed by . spectroscoplc or

chromatographrc techmques For example, compounds with at least srx'_

ethylene oxide .units can typlcally be .analyzed’ spectroscoplcally by the .

- Ammonrum cobaltoth:ocyanate method lLongman, _h_e__A_l_‘lgl_y_S_LS__O_.-
jetergen nd ‘Detergent P Wlley interscience, New York, 1975, Pp.

346) " Gas chromatography techmques can- also be used to separate and E -_'

: analyze polyhydroxy type ccmpounds Graphmzed polyl2 6—d|phenyl-p—'

phenylene oxlde) gas chromatography columns have been used to separate_

"polyethylene glycols with the number of ethylene oxide unlts rangmg from 3 T
to 9 (Alltech chromatography catalog, number 300, p. 158). o
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The level of’ nomomc surfactants, such as alkyl glycosrdes, can be:

i determmed “by chromatographrc technrques Bruns reported a High

'Performance quutd chromatography method with light scattenng detection -
~ for the analysrs of alkyl glycosides lBruns, A., Waldhoff, H.,Winkle, W.,

Cmgm_amgr_apma vol. 27, 1989, p. 340). A -Supercritical Flurd"_ '
Chromatography lSFCl techmque was also descnbed in the analysrs of alkyl

- glycosides and related species (Lafosse. M., Rollm, -P.,” Eifakir, c., . Morin:

" Allory, L., Martens, M., Dreux, M., Journal of chromatography, vol. 505,

-- ..'_ 10 -

1990, p. 191). The level of ‘anionic - surfactants, such as finear alkyl
sulfonates, r:an be determlned by water extraction followed by titration of the
anlonlc surfactant in the extract “In some cases, isolation of the linear alkyl )
sulfonate from mterferences ‘may be necessary before the two phase titration

_analysrs (Cross, J., Amgn;g Surfact ants - Chgmrcgl Anglygsg, ‘Dekker, New
" York, 1977 p. 18 p 222) The level of starch can be determrned by - - -

15

amylase dlgestlon of the starch to glucose followed’ by colorimetry analysls 10
determme glucose level. For this starch analysis, background analyses of the
paper not contarmng the starch _must .be run to subtract out possrble

contnbutlons made by rnterferrng background species. These methods are
'examplary. and are not’ meant to exclude other methods whlch may be useful

for determmmg levels of partrcular components retamed by the tlssue paper
A. Pane'l Softness '

ldeally, prior to softness testmg, the paper samples to be tested shouid

. be conditioned accordrng to Tappl Method #T4020M-88. Here, samples are -

: precondmoned for 24 hours at a relatwe hurhidity level of 10 to- 35% and "

'.wrthm a temperature range of 22 16 40 °C. After this precondltromng step.

- samples should be conditioned for '24 hours at a relative humldrty of 48 to

30

. 52% and wnhm a temperature range ‘of 22 to 24 °C

' ldeally,' the softness panel testing should take' -p_lace w_it'hin the confines
of a constant temperature and humrdrty room. If this is not feasible, ali

" 'samples, rncludrng the controls, should experrence ldentical envrronmentalj

o exposure conditlons
35 - o

Softness testmg is performed as a parred companson in a form srmnlar

. to that descrlbed in "Manual on Sensory Testrng Methods ' ASTM Specral
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- Techmcal Publlcatlon 434 publrshed by the American Socrety For Testmg BRSO
. 'and Materlals 1968 and is rncorporated herein by reference. Softness is -
'__.evaluated by subjectlve testing using what -is. " referred to ‘as” @ - Palred

" Difference Test. The method employs a standard external to the test material

itself. For tactile percerved softness two samples are presented such that the

- subject cannot see the samples, and the subject is required to choose one of
-_them on thé basis of tactile softness. “The result of the test is feported in
: _what is referred to as Panel Score Unit {PSU). With respect'to softness -,
testlng to obtain the softness -data reported herern in PSU, a. nuimber of . '
'.softness panel tests are performed. In each test ten practrced softness
: .__judges are asked to rate the relative softness of three sets of paired samples. o

The pairs of samples are judged one pair at a time by each judge: one sample.‘
of each pair bemg destgnated X and the other Y Briefly, each X sample is
graded agasnst its palred Y sample as follows ' <

1 a grade of plus one Is given if Xis judged to may be a Ilttle softer _
' than Y and a grade of mrnus one is given if Y is |udged to may  be a -
' Irttle softer than X; . S
) 2. a grade of plus two is given if- X is |udged to surely.be a little
- softer than Y, and a grade of mmus two is given if Y is judged to .

surely be a little softer than X; . ' S
3. a grade of plus three is given to X ifitis ;udged to be a .lot softer

. Y,and a grade‘ of minus three is grven if Y is |udged 1o be a lot softer
“than X; and, lastly: - o B

4 a grade of plus four is gwen to X if it is judged'.to _be a whole lot -

than Y, and a grade of mlnus 4is grven if Y is judged to be a vvhole L

softer than X

The grades are averaged and the resultant value is in- unlts of PSU '

"~ The resuilting data are considered the fesuits of one panel test. *'If moré than -

one-sample pair is evaluated then all sample parrs are rank ordered accordrng o

to their grades ‘by paired statistical analysis. Then, the rank is shlfted up -or

.down in value as required to give a zero PSU value 10 whrch ever sample is _
' -".c_hosen to be the zero—base standard The other samples then have plus or . g
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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 slgnlfrcant drfference |n subjectwely
. percerved softness : '

B Hydrophrlrcrty (absorbency) .
Hydrophrlrcrty of tissue paper refers, in general to- the propensrty of

trssue paper to become completely wetted with water This period of time is

referred to as “wetting time™ " In .order to provide a consistent and repeatable
; test for wettrng time, the followrng procedure may be used for .wetting time
- determinations: flrst. a -conditioned. sample unit sheet (the envrronmental.
.-'"'condltrons for testlng of paper samples are 22 to 24 °C and 48 to 52% R.H.
. as specif'ed in TAPPt Method T 402), approximately 4—3/8 mch x 4-3/4 inch
labout 11.1 em X 12 cm) of tissue paper ‘structure is provided; second the

" :sheet is folded into four (4) juxtaposed quarters, ‘and then crumpled by hand
. {either covered with clean ‘plastic gloves or coprously washed with'a grease

S sheet is placed on the surface of a body of 3 liters of drstrlled water-at 22 to
L. 24 °C contarned in a 3 liter pyrex glass beaker ‘it should also ‘be noted all
i -'-_testrng of the paper through this ‘technique should take’ place within the
._ ‘confines of the controlled temperature and humrdrty room at 22 to 24 °C and
‘48 to 52% relative humidity. The sample ball is then carefully placed on the
. .surface of the water from a distance no.greater than 1 cm above the water

L .30
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removing detergent such as Dawnl |nto a ball approximately O. 75 inches

(about' 1.9 cm) to about 1 mch (about 2.5 cm) in diameter; third, the balled

surface At the exact moment the ball touches the water surface, a timer is B

:-_ srmultaneously started; fourth, the second ball is placed in- the water after the
frrst ball rs completely wetted out. Thrs is easrly noted by the paper color

transrtronrng from its -dry white color to a darker grayish coloration upon -

~ complete wettrng The timer is stopped and the time recorded after the fifth -
ball ‘has completely wet out. Tl ’

- At least 5 sets of b balls lfor a total of 25 ballsl should be run for

N .‘each sample. The final reported result should be’ the calculated average ‘and
'_.-standard devratron taken for -the 5 sets of data - The ' ‘units of the
o measurement are seconds The water must be changed after the 5 sets of 5
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balls (total = 25 ballsl have been tested. coplous cleanmg of the beaker may

. be necessary if a. fllm or residue is noted on the inside wall of the beaker.

10
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Another technlque to measure the water absorptlon rate is through pad :

sink ‘measurements. After condxtmmng the tlssue paper of interest and all o
‘controls for a minimum of 24 hours at 22 to 24 °C and 48 to 52% relative a

humidity (T appr method #T4020M-88), a stack of 5 1o 20 sheets of tissue -

paper is cut to dimensions of 2. 5" to 3.0". The cuttmg can take place o
) . through the use ‘of dye cutting presses, a conventional paper cutter, or laser

-cutting technsques Manual scissors cutting is not preferred due to both the .
meproduciblllty m handlmg of the samples, and the potent:al for paper o
-' .contammatlon. ' : : -

..

' After the paper sample stack has been cut, it is carefully placed o'n g

-wire mesh sample holder.. The function of this holder is to position the -
'sample on the surface of the water with minimal disruption. This holder is * -

circular .in shape and has’ a -diameter of'approximat'ely 4.2". It has five

'stralght and evenly spaced metal wires runnrng parallet to' one another and
- @cross to spot welded points on. the wire’s crrcumference The spacmg -
" between the wires' is approximately 0.7". This wire ‘mesh screen should be
clean and dry pnor to placing the paper on its surface. A 3 liter beaker is .
- filled wnth about 3 liters of distilled water stabilized at a temperature of 22 to

24 °C, After i msunng oneself that the water surface is free of any waves or '

B surface motlon, the screen contalnmg the paper is carefully placed. ori top of *
the water surface. The screen sample holder ‘is allowed to contmue -

. downward after the sample floats on ‘the surface so the sample holder screen-_
.. handle catches on the side of the beaker. In this way. the screen does not
' mterfere with the -water absorptton of the paper- sample At the exact' T

moment the paper sample touches the surface of the water, a timer is .
started. The tlmer is stopped after the paper stack is completely wetted out.

" This‘is easily visually observed by noting a transition in the paper color from.
- its dry whlte color to a darker grayish coloratlon upon complete wettmg At

the" mstant of complete wettmg, the timer is stopped and the total time’
recorded Thls total time is the time requured for the paper pad to completely_ :

. wet OUt
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: and post cleanlng and refrllmg of” the beaker wrth fresh water ‘at a
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~This procedure is repeated for. at least 2 additional tlssue paper pads

temperature of. 22 1o 24 °C, Also, if new and’ umque sample is to be run,

" the water should alwavs be changed to the fresh starting ‘state. The final

- . reported time value for a grven “sample should be the average and standard

" 10

deviations for the 3t0.5 stacks measured The units of the measurement are

seconds

Hydrophlhcrty characteristlcs of trssue paper embodlments of the

'_-.present invention ' may, of course, be determmed “immediately * after

_-manufacture However, substantlal mcreases in hydrophoblmty may occur _'

' "-during the first two weeks after the tissue paper is made: l.e., after the paper

| 15.
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-, has aged two (2) weeks followmg its manufacture. Thus, the wettmg times
-.are preferably measured at the end of such two week period. Accordingly,
'wettmg times measured at the .end of a two week agmg period at room.
' -temperature are referred to as "two week wettmg times.” Also, optional
-. aging conditions of the paper samples may be requnred {¢] try and mlmrc both
" long term storage condrtions and/or possrble severe temperature and humrdltyﬁ
_exposures of the paper products of interest. For instance, exposure of the
‘paper ‘sample of interest to temperatures in the range of 49 t0 82 °C for 1 .
" hour to 1 year can mimic some of potentlally severe exposures condmons a’
'.paper sample may expenence in the trade. - Also, autoclavmg of the paper .

samples can mimic severe aging condmons the paper may expenence in the

_trade it must be- reiterated ‘that after any severe ‘temperature testmg. -the

samples must be re-condutloned at & temperature of 22 to 24 °C and a
relatlve humrdlty of 48 to 52% All testmg should also be done withm the

'-confmes of the controlled temperature and humldrty room

C Denslty -
The denslty of tnssue paper, as that term is used herem, |s the average

"densrty calculated as the basns welght of that paper divided by the cal;per._. .

with the appropriate unit conversrons incorporated therein to convert to- -g/ce.

"Callper of the trssue paper, as used herem,_ls the thickness of the paper.
: when subjected to0 a compressive ioad of 95 glm2 (18.5 g!cmzl The cahper'
" is measured with a Thwing-Albert model 89-ll. thrckness tester lThwmg-AIbert _

'l . Co of Philadelphra, PA) The basrs wenght of the paper is typlcally
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. determmed ori a 4"X4" pad which is 8 plies thick, This pad is precondmoned
" according to Tappi Method #T4020M-88 and then the weught 1s measured in

. _._umts of grams to the nearest ten-thousanths of a gram. Approprlate .

10
" .- of about 0.2 gm/cc. Such felt material is readily available form. retail fabric

15

20

: - 'Wet lint

35

. Dry Imt

' converslons are made to report the basis werght in units of pounds per 3000
' square feet. : ~

D Lint-

Dry lint can be measured usmg a Sutherland Rub Tester, a plece of
black ,felt (made of wool havmg a thrcknes_s_of about. 2.4 mm and a density

stores such as Hancock Fabrlc), a four pound we:ght and a Hunter Color

: meter The Sutherland tester is a motor-dnven instrument whlch can stroke a )
'welghted sample back and forth across a stationary sample The plece of

black felt is attached to the four pound waeight. The tlssue sample is
mounted on a piece of cardboard {Crescent #300 obtained from Cordage of

. '_-Cmcinnatl, OH.} The tester ‘then rubs or moves the weighted felt over a
- stationary tissue sample for five strokes The load applied to the tissue
.-during rubbmg is about 33. 1 gm/sq. cm.’ .The Hunter Calor L value of the -

black felt is determmed before and after rubbrng The difference in the two

- Hunter Color readmgs constrtutes a measurement of dry llntrng Other '

methods known in the pnor arts for measunng dry lint a!so can be used

A surtable procedure for measuring the wet hntmg property of tissue

'samples is described in U.S. Patent: No. 4,950,545; lissued to’ Walter et al.;; L

on August 21, 1990, and incorporated herein by reference The procedure

_'essentlally involves passing a tissue sample through two stee! rolls, one of
whlch |s partrallv submerged in a water bath. Lint’ from the tissue sample is
- transferred to the ‘steel roll which is moustened by the water bath The. :
- contlnued rotatlon of the steel roll deposrts the lint into the water bath The
- lint is recovered and then counted. See colk 5, line 45 - - col: -6, line’ 27 of '
" the Walter et al. patent. Other methods known in the pnor art for measurmg

wet lint also can be used.
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| .thio_nal lngredients

Other chemrcals commonly used in papermakmg can be added to the.

-.chemical softemng composmon descnbed herem, or to the papermakrng_

furmsh so long as they do not srgmﬁcantly and adversely "affect the.
softemng, absorbency of the flbrous material, and softness enhancmg actlons
of the. ester-functlonal quaternary ammonium compound and polysrloxane
softemng compounds of the present rnventnon :

We;ﬁng Aggn; ; -

15

- Thie present mventron may contaln as an optlonal mgredlent from about

0. 005% to about 3. 0%, more: preferably from about’ 003% to 1 O% by

.welght, on a dry fiber basls of a wettlng agent IR IR :
Polyhydroxy COmpound e e T
. The chemlcal softemng composrtron contams as an optional component

. from about 0.01% to about 3.00% by weight, preferably from about 0. 01% _

'y

_-to about 1 .00% by welght of a water soluble polyhydroxy compound.

Examples of polyhydroxy compounds useful in the present invention

'mclude glycerol, polyglycerols having a welght average molecular weight of
. from abaut 150 to about 800 and Polyethylene Glycols and polyoxypropylene

glycols having a werght average molecular welght of from about 200 to about

' 4000, preferably from about 200 to about 1000 most preferably from about

'200 to about 600 Polyethylene Glycols havrng an weight average molecular

- welght. of from about 200 to ‘about 600 are- especlally preferred. " Mixtures of

- the above-descnbed polyhydroxy compounds may &lso be used. - For -
' example, mixtures of glycerol and’ Polyethylene Glycols havmg a weught .

' .average molecular welght from about 200 to- 1000, mare preferably from

-about 200 to 600 are useful in the present invention. -Preferably, the werght _

"ratlo of glycerol to Polyethylene Glycol ranges from ‘about 10 :'1 to 1: 10.

A partxcularly preferred polyhydroxy compound is Polyethylene Glycol'.

: : _havmg an we:ght average | molecular _weight of about 400. This material is
available commerclally from " the Union 'Carbide Company of Danbury,

Connectlcut under the tradename “PEG 400"
Nomomc _Surfactant (Alkoxylated_ l\llatenals)
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Surtable nonromc surfactants that can be used as wettmg agents in the

"~ present invention’ mclude addxtlon products of ethylene oxrde and, optlonally,'
- propylene oxlde, with fatty alcohols, fatty aclds, fatty amines, etc.

~Any of the alkoxylated materials of the partlcular type, descnbed. "

heremafter can be used as the nonionic surfactant. "Suitable compounds are’ - -
: substantrally water-soluble surfactants of the general formula:

R2-Y- (C2H40)z CaH40H

wherem R2 for both solid and liquid compositions is selected from the group |

consisting. of primary, secondary and branched chain alkyl andlor acyl -

-hydrocarbyl groups, ~ primary, secondary and branched chain alkenyl

hydrocarbyl groups, and primary, secondary and branched chain alkyl- and' '

o alkenyl—substltuted phenolic hydrocarby! groups; said" hydrocarbyl groups _ -
‘having a hydrocarbyl chain length of from about 8 to about 20, preferably
- from about 10 to about 18 carbon atomis. . More preférably the ‘hydrocarby! - .

chain length for liquid compositions is from about 16 to about 18 carbon

atoms and for solid compositions from about 10 to about 14 carbon 'atoms.:
in the general formuta for the ethoxylated nonionic . surfactants herein, Y is °
typically -0-, -C{0)0-, -C{OIN(R}-, or. -C(O)N(R)R— “in which R2, and R,
when present, have the meanings given herein before,” and/or R can be

" hydrogen, and z is at .least .about 8, preferably at -least about -10-11.
-Performance and, usuaily, stabrllty of the softener composltlon decrease
. when fewer ethoxylate groups are present. . : '

"The nonionic .surfactants herein “are characterlzed by an -HLB
(hydrophrlrc—lrpophrlrc balance) of from about 7 to about 20, preferably from

“‘about 8° to ‘about 15. 'Of course, by defining R2 and 'the " number of__
'*ethoxylate groups, ‘the HLB of the’ surfactant ‘is, in general determined.

However, it is to be noted that the rionionic ethoxylated surfactants useful'

hereln, far concentrated liquid composrtrons, contain relatively long chain Rz. _
*.groups. and are relatrvely hrghly ethoxylated  While shorter alkyl’ " chain.
_ surfactants havrng short ethoxylated -groups may possess the reqursrte HLB '

e they are not as effective herein.

Examples of nonionic surfactants follow The nomomc surfactants of'

" this invention ‘are not limited to-these examples. In the examples, the mteger'
: -defmes the number of ethoxyl (EO) groups in the molecule ' :

Linear Alkoxylated Alcohols
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The deca- undeca— dodeca- tetradeca- and pentadeca-ethoxylates of
'n-hexadecanol and n-octadecanol ‘having an HLB ‘within the range recited

- hereln are useful wetting agents in_the context of this invention. Exemplary

_ethoxylated pnmarv alcohois’ useful herein ‘as the vrscoszty/d:spersrbrlrty
_modifiers of the: composltrons are n-C13E0(10). -and n-C1oEO(11l The
. ethoxylates of mlxed natural or synthetlc alcohols in the "oleyl" chain’ length

range are also useful herern. Specific examples of such matenals mclude

_ _oleylalcohol—EO(l 1), oleylalcohol EO(18l. and oleylalcohol -EQ(25).

- b nga . §gcgnggm Alcohol Alkgxy!gtgs

10 :_
,nonadeca—ethoxylates of 3-hexadecanol 2-octadecanol, 4-ercosanol "and 5-°
.ercosanol havrng and HLB wrthm the range recited - herern can be used as .
-wetting agents in the present mventron Exemplary ethclxylated secondary _

15

. The deca-, undeca- dodeca-, tetradéca-, 'pentadeca'— octadeca- and.

alcohols can be used ‘as wetting agents in the present mventron are: 2-
C1GEO(11), 2-C20E0(11), and 2-CqgEO(14). o
,' " Linear Alkyl Phenoxylated Alcohols _
As in the case of the alcohof afkoxylates, the hexa- through octadeca-

. ethoxylates of alkylated phenols, partrcularly monohydnc alkylphenols, havmg

30
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an * HLB within . the . range .recited  herein_ are - useful - the .
_vrscosrtyldlsperslblllty modrf’ers of the instant composmons ' The "hexa-

through oct_adeca-ethoxylates of p-tridecylphenol, m-pentadecylphenol and

the like, are (useful herein. Exemplary ethoxylated alkylphenols useful as the )
. wetting agents ‘of. the: mrxtures herem are p-trrdecylphenol EO(11) and p--
: _pentadecylphenol EOl‘lB) : : '

" As -used herein and as generallv recogmzed m the art, a phenylene'

'group in the . nonlomc formula is " the equrvalent of an alkylene group

contarmng from 2 t0°4 carbon atoms, - For’ present purposes, nonionics

contammg a. phenylene group are considered to’ contam an equrvalent number .-

of carbon atoms calculated as the sum of the carbon atoms in the alkyl group
plus about 3 3 carbon atoms for each phenylene group : '

- : _ Olef‘nlc Alkoxylates | i < .
The alkenyl alcohols, ‘both prrmary and secondary, and alkenyl phenols

'correspondmg 10 - those drsclosed immediately. herem above :can be

ethoxylated to0 an HLB wrthrn the range recsted herem can ‘be used as wettmg .

'agents in the present unventlon :

' Branched Chaln Alkoxylates '
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Branched chain primary and secondary alcohols whlch are avallable

| from the well-known "OX0" process can be ethoxylated and can be used as N
. wetting agents in the present invention. -

“The above ethoxylated nonionic surfactants are useful in the present

' composltrons alone“or in combination, and the term "nomonic surfactant _
..encompasses mixed nonionic surface active agents. '

- The level of surfactant, if used, is preferably from about 0 01% to '

-about 2. 0% by weight, based on the dry fiber weight of the tissue paper The' :

surfactants preferably have alkyl chains with eight or more carbon’ atoms

-'Exemplary anionic surfactants -are hnear alkyl sulfonates, and - alkylbenzene
"sulfonates. Exemplary nonionic surfactants " are alkylglycosrdes mcludmg'
". alkylglycoside esters such as Crodesta SL-40 which is available from Croda, _'1
" Inc. (New York, NY), alkylglycoslde .ethers as described in U.S, Patent No. .
' 4.011,389, issued to W. K. tangdon, et al..on March 8, “1977; and
-_alkylpolyethoxylated esters such as Pegosperse 200 ML ava:lable from Glyco -
- Chemicals, Inc. {Greenwich, CT) and lGEPAL RC- 520 avaulable from Rhone

. Poulenc Corporatlon (Cranbury, N.J.).

20
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- The’ above lrstlngs of optronal chemncal additives is intended to 'be

merely exemplary in nature, and are not meant to hmrt_ the scope of _the '_ o

mventron

"The following examples 1llustrate the practlce of the present mventlon' o
but are not intended to be hmltmg thereof : :

EXAMPLE 1

. The purpose of thrs example is to tllustrate a method usmg conventlonal :

~-dry|ng and layered paper makmg techmques to make soft, absorbent and lmt X

-resistant multi-ply facial tissue paper treated with two chemical - .softener
"'composrttons, a permanent wet stréngth resin and a dry strength resin. One
- chemical softening system (hereafter refered to as’ the first chemlcal softener}
' _compnses Dr-ester Di(Touch Hardened)Tallow DiMethyl Ammomum Chlonde:
: ,(DEDTHTDMAC) and a Polvethylene Glycol 400 (PEG 400), the other’ lhereafter' )
" refered to as the second chemrcal softener) is compnsed of an amnno-:f o
: functional polydlmethylslloxane and a surtable wettlng agent 1o offset the o

. - hydrophobic 'character of the siloxane.
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' A plant scale S-wrap. twm wire formrng paper makrng machme is used

~,':-|n the practrce of the present invention. The frrst chemrcal softener'

composmon is a homogenous prem:x of DEDTHTDMAC and PEG-4OO m solid
state which is’ ‘melted ata temperature of about .88 °C (190°F). The melted

_-mixture is then dispersed in a condmoned water tank (Temperature ” 66 °C) to
- form 'a sub-micron . vesicle dlspersion ‘The particle size . of the vesicle

_'drsperslon is_ determmed using an optical mlcroscoprc techmque The partlcle
;7 size - range is from about 0.1t 1 0 micron. The second chemical softener is-

10

15

as

- _prepared by first mixing an aqueous emulsron of am:no-polyd:methyl siloxane _
{i.e. CM2266 marketed by GE Slllcones of Waterford, NY) wnth water and then. .

blending in a wetting agent li.e. Acconon, marketed by Karlshamns USA, Inc.

_‘of Columbus, ‘OH) at a weight ratio.of 2 snloxane per 1 wetting agent. .

Second a 3% by welght -agueous ‘slurry’ of NSK is made up in.a

: conventlonal re-pulper The NSK slurry is refined gently and a 1% solution of
-+ the permanent wet strength resin- (r e., l(ymeneD 557LX marketed by Hercules -

lncorporated of Wilmmgton, DE) is added ‘to the NSK stock prpe at a rate of

1 0.25% by weight of the tdtal sheet. dry fibers. - The' adsorption .of the
B permanent wet. strength resm onto NSK fibers is enhanced by ‘an in-line mixer.

A 2% solution of the dry strength resin {i.e. CMC from Hercules' lncorporated

of W:lmmgton, ‘DE)is added to the NSK’ stock before the fan pump at a rate of =

0.083% by welght of the total sheet dry fibers. The NSK slurry is diluted to-

3 about 0.2% consnstency at the fan pump.

Thlrd a 3% by welght aqueous slurry of Eucalyptus fibers is made up'

in a conventlonal re-pulper. A 2%. solution of the first .chemiical softener B

mlxture is added to the Eucalyptus stock plpe before the m-lme mixer at a rate

0f:-0,15% by ‘weight of the total sheet dry fibers.” The Eucalyptus shurry is
: -'dlluted to about 0.2% consistency ‘at the fan pump :

" The individually treated furnish streams (stream 1= 100% NSK Istream

- 2 = 100% Eucalyptus) aré kept separate through the headbox and deposrted
‘onto a wire 10 form a two layer' embryonic web’ containing equal portions of *

‘ ___'NSK and Euoalyptus De"watering occurs through the wire. . The forming \n'rire. .

i is a. Llndsay, Senes 2164 (marketed by Lindsay Wire inc. of Florence, Miss.} S

or similar design. The embryomc wet web is transferred from the wire, ata

;. -fiber consistency of about 8% at the point of transfer, to a conventional felt.
" Further de-watenng is accomplished by pressing and vacuum assisted drainage

'_.:'__'untrl the web has a f‘ber consastency of ‘at least :35%. . The web is then
.'__:adhered 10 the surface of a Yankee dryer wrth the Eucalyptus flber layer.
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'-'contactrng the Yankee dryer. The fiber cons:stency |s mcreased t0- an

estlmated 96% before dry creping the web with a doctor blade The doctor _

- blade ‘has a bevel angle of about 16 degrees and is posrtloned with respect 1o

10
" web is formed into roll at a'speed of about 880 mpm. (2860 feet per minute).

15

the Yankee dryer to provrde an impact angle of about.85 degrees. the Yankee

' -dryer is operated at about 1100 mpm. lmeters per mrnute) -- about 3607 feet
. per mlnute. The dry web is passed through a rubber-6 yn-steel calender mp An

18% drsperslon of the second chemical softener composmon is spaved_
uniformly -on the lower, -steel roll of the calender system, from which it

:transfers to the Eucalyptus layer-of the paper web at the rate of 0.15% by

weight of total sheet dry fiber with a minimum amount of morsture The dry

The web is converted into a two-layer, two-ply facial tissue paper as
descnbed rn flgure 1. The multi-ply facial tissue paper has about 18 #/3M

.Sq. Ft basis werght, contams about 0.25% of the permanent wet strength
'resm. about O. 083% of the dry strength. resin, about- 0. 15% of the first

- chemrcal softener mixture and about 0.15% of the second chemrcal softener -

20

" mixture. - importantly, the resulting multi-ply tissue paper is soft, - absorbent. '

has good Tint resistance and is surtable for use as facial tassues.
EXAMPLE -2

_ " "“The purpose of this example is to rllustrate a method using conventlonal
dryrng and Iayered ‘paper making techniques 10 make ‘soft, absorbent and lint '

.- resistant multl-ply facial tissue .paper treated . with two chemlcal softener L

compositions, a- permanent wet strength resin and a dry strength resin. One'
chemical softenlng system (hereafter’ refered to as the first chemrcal softener)

.comprlses Di-ester Dr(Touch Hardened)Tallow DxMethyI Ammonium Methyl

L Suifate lDEDTHTDMAC) and a Polyethylene Glycol 400 (PEG-400). the other -

30
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(hereafter refered to as the second chemical softener) is. con_t_pr_lsed .of an

- amrno—functronal polydrmethylsrloxane and a surtable wett,i'ng agent to offset -
. the hydrophobic character of the siloxane. ' :

A pilot scale Fourdnmer paper ‘making machine is used in the practrce of -

- the. present invention. - The first chemlcal softener composition is" a8 .
: .homogenous premrx of DEDTHTDMAC and PEG-400 in solid state which is
melted at a temperature of about 88 °C {190°F). The melted mrxture is then .~
dlspersed in a conditioned water tank lTemperature 66 °C) 1o’ form a sub-' _
' mlcron vesrcle drspersron The partrcle srze of the veslcle dlspersron |s R
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determrned usmg an optlcal mrcroscoprc technrque The partlcle srze range is
from about 0.1 t0 1. 0 mlcron The second chemical softener is prepared by

. first mlxrng ‘an aqueous emulsron of ammo—polydrmethyl srloxane {i.;e. CM2266

-marketed by GE Silicones of Waterford, NY) with water and then blending in a"

. wetting agent {i.e. Neodol 251 2, ‘marketed by Shell Chemical Co. of Houston.
TX)ata weight ratio of 2 parts siloxane per 1 part wetting agent :

Second ‘a 3% by weight -aqueous slurry of NSK is made -up in a’
conventronal re-pulper. " The NSK slurry is refined gently and a 1% solution of-

the permanent ‘wet strength resin {i.e. KymeneD 557H marketed by Hercules:
_ lncorporated of Wllmmgton, DEl is added to the NSK stock pipe at a rate of
- 0.2% by wenght of the total sheet dry fibers. The. adsorptlon of the permanent’ '

- .wet strength resin onto NSK fibers is enhanced by an in-line mixer. A O. 25%

15

) solutlon of the dry strength resin - (i.e. CMC frorn’ Hercules Incorporated of
. ermmgton, DE) is added to the NSK stock before the fan pump at a rate of
. 0. 05% by ‘weight of the total sheet dry fibers The NSK slurry |s dlluted 10
- ‘about O. 2% consistency at the fan pump. -

‘Third, 8 3% by weight aqueous slurry of Eucalyptus fibers is made up -

L m a conventlonal re-pulper A 1% solutlon of the permanent wet strength :

.35

~ resin (l.e. Kymene‘:l 557H) is added to the Eucalyptus stock plpe at a rate of

0.05% by weight of the total sheet dry fibers, followed by addrtlon of 2 0.25%
solution of CMC at a rate of O. 025% by werght of the total sheet dry fibers. A

. 2% solution of the first chemlcal softener mixture is added to the Eucalyptus
- stock pipe before the fan pump ‘at. a rate of 0.1 5% by weight of the total sheet

- dry flbers, The Eucalyptus slurry rs diluted _to abo_ut _0.2% conslstency at the
' fan pump. S :

s The sndlvrdually treated furnrsh streams (stream 1 = 100% NSK / stream

2= 100% Eucalyptus} are kept separate through the headbox and deposrted '-

onto a Fourdrinier wire 1o form a two layer embryomc web ‘containing ‘equal

. portlons of NSK and Eucalyptus Dewatenng OCCUrs through the Fourdrinier
_-wire and IS assrsted by a deflector and vacuum boxes “The Fourdrmrer wire is

of a 5-shed, -satin weave conflguratron having 105 machlne-dlrectron and 107 o

: 'cross-machme-drrectron monofllaments per mch respectlvely The embryomc
- .wet. web- is transferred from the Fourdnnler wire, at a fiber- consrstency of
. "about 8% at.the pomt of transfer,” 1o a conventional felt Further de—watenng
"is accomplrshed by pressrng and vacuum assisted drainage until the web has a .
fiber consrstency of at least 35%. The web is then adhered to the surface of

- a Yankee dryer wrth the Eucalyptus frber layer contactmg the Yankee dryer
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_The frber consrstency is increased to an estimated 96% before dry crepmg the S
. web wath a doctor blade. The doctor blade has a bevel angle of about 25 "
" degrees “and is positioned with respect to the Yankee dryer to provrde an L
. rmpact ‘angle of about 81 degrees, the Yankee dryer is operated at about 800
:fpm {feet per minute) -- about 244 meters per minute. The dry web is passed .
_through a rubber-on-steel ca(ender nip. A 15% dispersion of .the second';...-. o

chemical softener composition is spayed unlform(y on the lower, stee( roll of

_the ca(ender system, from which it transfers to the Eucalyptus layer of the

.paper web_ at the rate of 0.15% by weight of total sheet -dry fiber wrth a'_"

.10

:mimmum amount of moisture. - The dry web is formed into ro(ls ata speed of -

650 fpm (about 198 meters per minute).

- The web is converted into a two-layer, two-ply facxal tissue paper as‘ o

-+ described in’ figure 1. The multr-ply facial tissue paper has about 18 #/3M '_

- : the present invention. The first chemical softener composxtron is a.. -
' homogenous premix of DTHTDMAC and PEG-400 in a solid" “state” which is

'-_.35 - melted at a temperature of ‘about 88 °C. (190°F) The melted mrxture is then -

" 8q. Ft basis ‘weight, contains about 0. 25% of the permanent wet strength .
. resin, about 0075% of the dry strength résin, about Q. 15% of the first.

. chemical softener mrxture and about 0.15% of the second chemical softener
' -.mxxture Importantly, the resulting mu(tr-plv tissue paper is soft absorbent.
.has good (mt reslstance and is suitable for use as facial trssues

. EXAMPL_E 3.

- The purpose of this example is to illustrate a’ method' using blow through

' drymg and (ayered paper makmg techniques to make soft,. absorbent -and lint
g resistant muiti-ply facial tissue paper treated with. two chemlcal softener

eomposltions, a permanent wet strength resin and a dry strength resm .One

. -chemical softemng system (hereafter refered to as the first chemncal softener) '
__comprises Di-ester Di(Touch Hardened)'!'allow DrMethyl Ammomum Chlorrde o
- (DEDTHTDMAC) and a Polyethylene Glycol 400 (PEG-400). the other (hereafter -
.refered to as the second chemical softener} is compnsed of an ammo- "
' functronal polydnmethylslloxane and a suitable wettmg agent to offset the

hydrophobrc character of the siloxane. : R |
" A pilot scale Fourdrinier paper makrng machine is used in the practrce of -

dzspersed in a conditioned water tank (Temperature ~ 66 °C) to form a. sub~ '

' mrcron vesrcle dlspersron The partrcle -size of the ' vesrcle drspersron |s .
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"determmed usmg an cptrcal mrcroscoprc technrque The particle gize range is
. from about 0.1 to 1.0 micron. The second chernical' softener is prepared by

first mixing 'an aqueous emulsion of amlno-polydlmethyl siloxane {i.e. CM2266 -
marketed by GE Silicones of Waterford, NY) with water and then blending in a

~ wetting agent (i.e. Neodol 25-12, marketed by Shelt Chemical Co. of Houston,' '
TX)ata werght ratio of 2 parts siloxane per 1 part wetting agent.

Second, . a 3% by weight aqueous slurry ‘of northern softwood Kraft -

-frbers is made up'in a conventlonal re-pulper The NSK slurry-is refined gently .
. and ‘a 2% solution of the permanent wet strength resin {i.e. KymeneD 557H

10

_'marketed ‘by Hercules Incorporated of ermrngton, DE) is added to the NSK-

stock -pipe at a rate of 0.75% by ‘weight of the ‘total sheet dry fibers. The .

: adsorption of the permanent wet strength resin onto NSK fibers is enhanced by

E an in-line mixer. -A. ‘1% solution of the -dry strength resin {i.e., . CMC from’

15

20

R )

Hercules Incorporated of ermrngton, DE) is added to the NSK stock before the
fan- pump ata rate ‘of 0.2% by werght of the total sheet dry fibers.” The NSK .

slurry is drluted to about 0 2% consrstency at the fan pump. .

~ Third, a 3% by weight aqueous slurry of Eucalyptus flbers ls made up -

|n a conventional re-pulper. A 2% solutlon of the permanent wet strength
: resln (i.e. Kymene‘:l 557H) rs added to- the Eucalyptus stock pipe at a rate of . '
. 0.2% by ‘weight of the total sheet dry fibers, followed. by addition. of a 1%
" 'solution of CMC at a rate of 0.05% by werght of the total sheet dry fibers. A-
2% solutlon of the frrst chemrcal softener mixture rs added to the Eucalyptusf
"-stock pipe before the fan pump at a rate of 0.2% by welght of the total sheet
: dry fibers. The Eucalyptus slurry is dlluted to about 0. 2% conslstency at the
 fan’ pump . :

“The lndlwdually treated furmsh streams (stream 1 100% NSK l stream -

2 100% Eucalyptus) are kept separate through the headbox ‘and deposited
_ onto a Fourdrmrer -wire to form a two layer embryomc web containing equal
e portrons of NSK and Eucalyptus Dewaterlng occurs through the Fourdrinier
. wire and is assrsted by a deflector and vacuum boxes. The Fourdrrmer wire is” .

ofa 5-shed satin weave conflguratlon havmg 105 machme-dlrectron and 107.

cross-machlne-drrectron monofllaments per inch, respectrvely ‘The embryonic .

. wet web is transferred from the Fourdrinier wire, at a fiber consistency of -

. : .' ;- about 15% - at the point ‘of transfer; 10" 3 photo-polymer belt made’ in -
~ 35

accordance wrth u. S. Patent No. 4,528,239, Trokhan, ‘issued on 9 July 1985. -
Further de-watenng is accomplrshed by . vacuum -assisted drarnage untrl the '

. -web has a ﬁber consrstency of about 28% The patterned web is pre-dned by'
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" air blow—through to a fiber consistency of about 65% by weight.’ The web is
. then adhered to the surface of a Yankee dryer wrth a sprayed creping adhesive -
- comprising 0. 25% aqueous solution of Polyvinyl Alcohol” (PVA) The fiber -

" consistency is increased to an estimated 96% before dry crepmg the web with
--a doctor blade. ‘The doctor blade has a bevel angle of about 25 degrees and is

positioned with respect to the Yankee dryer to providé an 'impact angle of

".about 81 degrees; the Yankee dryer is operated at about 800 fpm (feet per B
_ ‘minute) (about 244 meters per mmute) The dry web is’ passed through a.
- '_Irubber-on-steel calender nip. A 15% solution of the second chemlcal softener
'composrtron is spayed uniformly on the lower, steel roll of the calender Sl
' . -'-system, from which it transfers to the Eucalyptus layer of the paper web at the o

rate of 0.15% by weight of total sheet dry fiber wrth a mmrmum amount of ..

moisture. The dry ‘web is formed mto roll at a speed of 680 fpm (about 208 _'

meters per minute). . o - : : .
The web ‘is converted rnto a  two-layer, two-ply facial trssue paper as

_'descrrbed in figure 1. The multr—ply facial tissue paper has about 20 #/3M Sq.
Ft. basis weight contalns about 0.95% of the permanent wet strength resin,
about 0. 125% of the dry strength resin and about 0.25% of the chemical
“softener mixture.” Importantly, the resuiting multr-ply trssue paper is soft,- . B

absorbent. has good hnt resistance and is suitable for use as facral tnssues

EXAMPLE i

The purpose of this example is to illustrate a method usrng conventronal e

' ‘drying paper makmg techniques ‘to’ make soft, absorbent and lint resrstant. _ .

: . multi-ply facial trssue paper treated with two chemical softener composmons.

35 -

'permanent wet strength resin and a dry strength resin. One chemrcal "

softemng system (hereafter refered to as the first chemxcal softener) comprrses'

' "Dn-ester Di(Touch Hardened)Tallow DiMethyl . Ammoniurn Methyl Sulfate -

"(DEDTHTDMAC) and a Polyethylene Glycol 400 (PEG-400), the other (hereafter- .
- refered to as the " second chemical softener) is comprrsed of an amino- -
".functional polydimethylsiloxane and a surtable wettrng agent to offset the

hydrophobrc character of the siloxane. . o
_.A pilot scale Fourdrrmer paper makrng machine is used n the practrce of

_the present invention. The first chemical softener composrtron zs a .
' .homogenous premix of DTHTDMAC and PEG-400 in solid state wh:ch is melted

: at a. temperature of about 88 °C- ( 190°F) The meited mrxture is then drspersed '
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" in a ¢onditioned .water tank (Temperature ~ 66 °C)'" to form a sub-micron -

C10
' - {ie. KymeneD 557H marketed by Hercules Incorporated of Wilmington, DE) is
' ;added to. the furnish stock pipe at a rate of 0. 25% by wezght of the total sheet =~

- vesrcle dispersion. The partrcle size of. the’ vesicle dispersion is determined

using an optlcal mlcroscoplc technlque - The part:cle srze ‘range is from about .

- 0.11t01 0 micron. -The second chemical softener is’ prepared by first mixing

an aqueous emulsron of ammo-polydumethyl srloxane (i.e. CM2266 marketed

* by GE Silicones of Waterford NY). wrth water and then blendrng in.a wettrng . ’
_agent (i.e. Neodol 25-12 marketed by SheII Chemicai Co. of Houston, TX) at a
- weight ratio of 2 parts srloxane per 1 part wetting agent. :

Flrst a 3% by ‘ weight - aqueous slurry of NSK s made up in a'
conventional re-pulper A 1% solution of the permanent wet strength resin

... . dry fibers. A 0. 25% solutron of the dry strength resin {i. e cMmC from Hercules

15 -

Incorporated of ermington, DE) is added 1o the furmsh stock before the fan
pump ata rate of O 05% by weight - of the total sheet dry frbers ‘The furnish
slurry is dlluted to about 0.2% consrstency at the fan pump, The treated
f_urn_lsh strear_n is deposlted onto a Fourdrinier wrre to form a single layer -

' _embryonic’ web. - Dewatenng occurs through the Fourdnnrer wire and is
- .7 " assisted by a deflector and vacuum boxes. The Fourdrrnrer wire is of a 5-shed,
20

satin - weave conflguratron havmg 105 machrne-dxrectlon and 107 cross-

_' . machlne-dnrectlon monofllaments per lnch respectrvely The .embryoni¢ wet
- web is transferred from the Fourdnmer wire, at a fiber consistency of about

3

. 8% at the point of transfer. t0 a conventional felt. Further de-watering is
‘accornpllshed by pressmg and. vacuum assisted dramage until the web has a
_ _fiber consistency of at least 35%. . -The. web is then adhered to the surface of

a Yankee dryer, and the fiber consrstency is mcreased to an estlmated 96% -

" before dry crepmg the web with a doctor blade. The doctor blade has a beve!

angle of about 25 degrees and is- posmoned with. respect to the Yankee dryer

L ; ~-to provrde an impact angle of about ‘81 degrees; " the- Yankee dryer is operated

at about 800 fpm (feet per mrnutel - about 244 meters per mrnute

Second a 3% by werght aqueous slurry of Eucalyptus is- made up in a'
conventronal re-pulper A 1% solution of the permanent wet strength resin
{i. e. KymeneD 557H marketed by Hercules lncorporated of ermmgton, DE) is

. _ added to the furnrsh stock pipe at ‘a rate of 0.25% by werght of the total sheet
“dry fibers. A 0.25%. solution of the dry strength resin (i.e. CMC from Hercules
Incorporated of Wilmington, DE) is added 10 the furmsh stock before the fan

' . :pump ata rate of 0 05% by werght of the total sheet dry flbers A 2% solutlon
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. of the flrst chemrcal softener mixture is added to the furnish stock pipe before o
“the fan. pump at a rate of O. 15% by weight of the total sheet dry flbers -The © .
furnish - slurry is drluted to about -0.2% consrstency at the fan pump The"_".-

treated furnish stream is deposrted onto a Fourdrinier wire to “form a single _'

_ _layer embryonlc web. Dewatenng occurs through the Fourdnnler ‘wire and is
' -assrsted by a deflector and vacuum boxes The Fourdnmer wire is of & 5-shed
-satm weave_ configuration havmg 105 machrne—drrectron and 107 cross— .
.machme-drrectlon monof' laments per inch, respectlvely The embryomc wet S
“web is transferred from the Fourdrrnner wire, .at a fiber consrstency of about '
8% at the point of transfer, to a conventronal felt. Further de-watenng is - .
) accomplrshed by. pressmg and vacuum assisted dramage until the ‘web has ]

fiber consistency of at least 35%. The web is'then adhered to the surface of':

'. a Yankee dryer, and the frber consrstency is increased to an estlmated 96%_
' before dry creprng the web with a doctor blade. The doctor blade has a bevel

angle of about 25 degrees and is posrtroned with respect to the Yankee dryer'-'

. 1o provrde an impact angle of about 81 degrees; the Yankee dryer is operated -

20

30

at about 800 fpm (feet per minute) -- about 244 meters per minute. The dry -
" web is passed through a ‘rubber-on-stee! calender nip. ‘A 15% solution of the -
jsecond chemrcal softener composition is spayed uniformly ‘on the lower, steel -
'roll of the calender system, from which it transfers to the paper web at- the' _
.- rate of O. 15% by weight of total sheet dry fiber with a minimum amount of -
- moisturé. The dry ‘web is formed mto rolls at a speed of 650 fpm l200 meters -
g per minute). : :

".The. webs ‘are converted ll"ltO a three-ply faclal tissue paper as descrrbed

‘ln figure 2. ‘The soft Eucalyptus piies are on the outside and the strong NSK -
-ply is on "the inside. The multl-ply facial tlssue paper has about 26 #/3M Sq. Ft
: basrs werght,. contains about O. 25% of the permanent wet strength resin,
: about 0. 033% of the dry strength resin, about 0.10% of the frrst chemrcal
-softener mixture and about O. 10% of the second chemlcal softener mixture. .

Importantly. ‘the resultmg multr-ply tissue paper is soft, absorbent, has go'od -

o lint reslstance and is surtable for use as faclal tissues.

35

| EXAMPLE 5 -

The purpose of this example is to |llustrate a method using blow through _

drylng and layered paper makmg techniques to make soft, absorbent and lrnt. .
o re3|stant srngle-ply torlet trssue “paper treated with two chemlcal softener'
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' compo_'sltions, a temporary wet strenéth'resin and a dry strength resin. One

. chemical softenlng system (hereafter refered' to as the first chemical softener)}

compnses Di-ester Di(Touch. Hardened)TalIow DrMethyl Ammomum Chloride

{(DEDTHTDMAC) and a Polyethylene Glycol 400 (PEG-400), the other {(hereafter

.refered to .as the second chemical softener) |s compnsed of an amino-
- functional, polydrmethylsrloxane and a surtable wettrng agent to offset the '

o hydrophobrc character of the siloxane.

. A prlot scale Fourdnmer paper makmg machlne is used in the practlce of .

the present mventron . The first chemical softener composition is a

10

homogenous premrx of. DTHTDMAC and PEG-400 .in a solid state whrch is -
. 'melted ata temperature of about 88 °C {(190°F). The melted mixture rs then

_.._dlspersed in a condltloned water -tank {Temperature .66 °C) to form a sub-
-+ micron vesicle dnsperslon The partlcle size . of the vesrcle dzspersron .is

determined usrng an optrcal mlcroscoprc technrque The particle size range.is '

~ from about 0.1 to 1.0 micron. The second chemrcal softener is prepared by
. first mlxmg an aqueous emulsron of amrno-polydrmethyl siloxane (i.e. CM2266 -

marketed by ‘GE Silicones of Waterford NY) with water and then blendmg ina
. wetting agent {i. e. Neodol 25-12 marketed by Shell Chemrcal Co. of Houston,

"TX) ata weight ratro of 2 siloxane per T wetting agent.

Second a 3% by weight aqueous slurry of northern softwood Kraft '

‘ fibers is made upina conventronal re-puiper. The NSK slurry is refined gently

.and'a 2% solutlon of the temporary wet strength resin (i.e. Natronal Starch 78-

0080, marketed ' by the National Starch’ and Chemlcal Corporatron of New

L3S

York, NY) is added to- the NSK stock plpe at a rate of 0. 4% by werght of the
',total sheet dry fibers. The adsorptlon of the temporary wet strength resin’ onto
: NSK fibers is enhanced. by an m-lme mlxer The NSK slurry is drluted to about

T 0. 2% conslstency at the fan pump

" Third, a 3% by welght aqueous slurry of Eucalyptus frbers is made up

.. - ina conventronal re-pulper, " A 2% “solution of the - first chemrcal softener
30 . .
S _of 0.3% by werght of the totat sheet: dry fibers, followed by addition ofa. 1% _ :

mixture is added to the Eucalyptus stock plpe before the in- -fine mixer at a rate ’

solution of CMC at a rate of 0. 25% by werght of the total sheet dry- fibers.
The Eucalyptus slurry is divided rnto two equal streams and drluted to about

" =0, 2% consrstency at the fan pump. -

The mdrvrdually treated furnlsh streams (stream 1 100% NSK / stream-

'2.& 3 100% Eucalyptusl are kept separate through the headbox ‘and

o deposrted onto a Fourdrxnrer wrre to form a- three Iayer embryonrc web
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" containing about 30% NSK and 70% -Eucalyptus' The web is formed as
"described in Frgure 3 with the Eucalyptus on the outside and the NSK on the -

inside. Dewatenng occurs through the Fourdrinier wire and is assrsted by a

_deflector and vacuum boxes. The Fourdrinier .wire is a 5-shed 84am design. _
" The embryonic wet web is transferred from the Fourdrlnler wire,. at a fiber L
' conslstency of about 15% at the point of transfer, to a 44x33 BA
' : drylnghmprrntmg fabric. Further de-watenng is accomplished by vacuum -
- assisted drainage until the web has a fiber consrstency of about 28% The:

.. patterned web is pre-dried by air blow-through to a flber consistency ‘of about -

10 -

" - . with ‘a sprayed creping adhesive comprrsing 0.25% aqueous solutron of. =
- Polyvunyl ‘Alcohol (PVA). The fiber consistency is increased to an estlmated" :
- 96% before dry .creping the web with a doctor blade. The doctor blade has a -
"bevel angle of about 25 degrees and is positioned with respect to the Yankee

‘15

65% by weight. The web |s ‘then adhered to’ the surface of a Yankee dryer

dryer to provide an impact angle of about 81 'degrees, the Yankee'dryer is

- .operated at about 800 fpm (feet per minute} (about 244 meters per minute).

20

35

The dry web is passed through a rubber-on-steel calender nip. A 15% solution

"of the second chemical softener composition -is spayed umformly on both rolis
of the calender system, from which it transfers to the Eucalyptus layers of the .
.paper web at the rate of 0. 15% by weight of total sheet dry fuber -with a
_-minimum amount of moisture. The dry web is’ formed into roll at a speed of .
"' 680 fom (about 208 meters per minute). - - '

The web is converted into a three-layer, single-ply torlet ‘tissue paper

- The smgie-ply toilet tissue paper has about 18 #/3M Sq 'Ft. basis weight.
_contains about O. 4% of the temporary wet strength resin, about O. 25% of the'

dry strength resin, about 0.3% of the first chemical softener mixture and -about .

0.15% of the second chemrcal softener mixture. lmportantiy, the resultmg . -
~s|ngle-ply tisstie paper is soft, absorbent has good lmt resrstance and rs.' .

: . 'suitable for use as toilet tissue.
i 30 . : . Tt .
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.' WHAT is CLAIMED 1S:

1.

A tissue paper product characterrzed in that it compnses

- .a) .-paper makrng fibers,

. b) h from 0 01 % to 3.0% of an ester—functronal quaternary

: _ammonrum compound. o

c) '_from 0. 01 % to 3 0% of a polysrloxane compound and

d) from 0. 01 % 1o 3. 0% of brnder materrals, either wet

_ strength binders and/or dry strength brnders, preferably both a
. wet strength binder _and a dry strength binder, '

The tissue paper product of Clarm 1 comprrsrng at least two plres, .
. wherein each of said plies comprises at least two superposed layers,

- -an mner layer and an outer layer contrguous wrth said inner layer,
_ - wherern said tissue paper product preferably comprrses two plies in
’__]uxtaposed relation, said plres berng oriented in sard tissue so that said
o outer layer of each ply forms one exposed surface of said multr-layered
- tissue and each of said inner layers of said plres are drsposed toward )

the mterror of sard trssue paper web.

The.mulﬁ-layered tlsst‘re paper pr_oduct of Claim 2 wherein the majority

' 'of the éster-functional quaternary ammonium ‘compotnd and the
‘ majority of the polysrloxane compound is contamed in-at least one of

sard outer layers, preferably m both of sard outer layers

-The multr-layered tissue paper product of Clarm 2 or 3 wherem the

: .-:majority of the binders is contamed inat least one of sard inner layers

The multi-layered trssue paper product of any of Clarms 2- 4 wherein

" each. of two said mner layers-comprise relatrvely long paper makrng

T _frbers having an average iength of at least 2.0 mm, and wherern each
- of two said outer layers comprrses relatwely short paper makrng frbers :
havrng an average length between 0.2 mm and 1.5 mm, wherein said
. _ inner layers preferably compnse softwood frbers, most preferably

* [+ L M H *
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- _northern softwood Kraft fibers, and said outer layers preferab_ly

: c,omprise hardwood fibers, most prefefably eucalyptus fib'er's;

The tissue paper product of any of Claims 1-5 wherein said wet
' strength binders are permanent wet strength binders selected

polyamrde-eprchlorohydnn resins, polyacrylamrde resins, ‘and mlxtures :

. The tissue paper product of any of Claims 1 - 6 wherein the ester-
" functional quaternary ammonium compound has the formula - '

thereof preferably polyamude—eprchlorohydnn resins or temporary wet
.strength binders selected from cationic draldehyde starch-based resins, .
dlaldehyde starch resins and mlxtures thereof, preferably catiomc
dialdehyde starch-based resins; and wherem said dry strength brnder is
~ selected from carboxymethyl cellulose resrns, starch based resins, -
-polyacrylamrde resins, polyvinyl alcohol resins and mlxtures thereof,
preferably carboxymethyl cellulose resms ’

R2 - (CH2)n- Y - R3

"Ry . - - (CH2ln-'Y -R3 ..

or

R2 . (CH2in- Y -R3
N_.,‘; - : R
" R2 B R1
: whereln each R2 substituentis a C1 - CG alkyl or hydroxyalkyl group,
'benzyl group or mixtures thereof, preferably methyl each R1 '

" "substituent is a C12 - C22 hydrocarbyl group, or subst_ltuted o
hydroca'rhyl group or mixtures thereof, preferably C16-C18 al"kylz or.

* c L M S *
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' ,“'alkenyl -each R3 substituent is a C11 - C21 hydrocarbyl group, or -
‘substituted hydrocarbyl or mixtures thereof preferably Cc15 - Cl7 alkyl
. orakeny Yis | .-0~C{O)-.or -C{0O})-O-0or -NH-C

(O) - or C (0) NH- or mlxtures thereof preferably 0 C (0) - or
. -Clo)- O ;nis1to4and X~isa suitable amon, preferably X- is
chlonde or methyl sulfate. - :

‘B, The tlssue paper product of any of Clalms 1 - 6 wherem the ester-
functlonal quaternary ammonium compound has the formula

Rz - Y '--_CH'z |
‘CH-CH2-N* -(R2)3 - X .

R3 - Y

.wherem each Rz is @ C1 c4 alkyl or hydroxyalkyl group, benzyl
group, or mixtures thereof preferably methyl each R3isaC11 - ‘c21
hydrocarbyl or substltuted hydrocarby! group or. mixtures thereof
preferably C15 c17 alkyl or alkenyl Yis -0-C(0)- or -C(0) - .
0- or -NH-C (O) or -C lO) NH - or mixtures thereof, preferably -
. .o0-¢€ (0)- or -C(0)-0-,and X- is ‘a suitable anion, preferably -
: chl_onde or methyl sulfate. ' . '

- B The tlssue paper product of any of Claims 1 - 8 wherem said
o polyslloxane rs polydlmethylsiloxane having a hydrogen bondmg
functional group selected from ammo, carboxyt, hydroxyl, ether,
_polyether, aldehyde. ketone. mlde, ester, and thiol groups, preferably..
an ammo-functlonal group, said hydrogen bondmg functuonal group
’ bemg present in a molar percentage of substltutlon of 20% or Iess,
o preferably 10% or fess, most preferably from 1.0% to 5%, said
o polys:loxane havmg a vrscos:ty ‘of from 25 centlstokes to about .
: 20 000,000 centsstokes or more. - : '
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10 The tissue paper product of any of Claims 1 - 9 wherem said ester— :
" functlonal quaternary ammonium compound is di-ester diftouch -
hardenedijtallow dimethyl ammonium chloride or methylsulfate, saad
'polysnloxane compound is an amino functional polysiloxane compound

. 'said temporary wet strength binder is cationic starch resin and ‘said dry :

strength blnder ls carboxymethyl cellulose resm
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