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MULTI -PLY FACI AL TI SSUE PAPER PRCDUCT COVPRI SI NG Bl CDEGRADABLE, CHEM CAL
SOFTENI NG COVPGOSI TI ONS AND Bl NDER MATERI ALS FI ELD OF THE | N\/EW% T
invention relates to nulti-ply facial tissue paper products. MRS fr3-2.
particularly, It relates to nulti-ply facial tissue paper product’s
conpri-si ng bi odegradabl e cheni¢al softener conpositi#ns and a combi nation
of wet.strength binders, either permanent and/or tenporary, and dry
strength binders. The treated tissue wehs can be used to make soft,

absorbent and lint resistant paper products such as facial tissue products.
BACKGROUND OF THE | NVENTIMULPRPEY RAGIALOTISSUE PAPERBRD called tissue

or paper tissue webs ' ' e | n nodern society. Such
items as facial and t@@?@%&@ﬁg@@gﬁﬁﬁméﬁ# SOFHENING |t " has

| ong been recogni zed that COMPOSITIONSNMANDBINDER MATERIALS:S of these
products are their strength, their softness, their absorbency, |ncluding
their absorbency for agueous SyREWKCEﬁHQH%%@ T"r§‘ resi st ance, i.ncl udi ng

their lint resistance when ?)eces.ear.c, _gn , devel opnpnt | efforts have been”
directed to the inpr ovemantg AN OBf PRER sg'"aﬁﬁaig t&s- i t hout seriously

affecting the others as wel a{S) ¢ e PRASRGr -eﬁ%ﬁi‘ﬁe‘b-fﬁj-t-wn or three
attributes sinultaneously. RYPAGE s Pagsd -1 19Ragedf-t-hp product, and its
constituent webs, to maint didh AWyt cal Présdegt topagedl- To.- [ esi st tearing,
bursting, and shreddi ng und®ATE QR &RIRIPONS.,...particul.ar]ly when wet.
Softness is the tactile sensation perceived by the consuner as he/she hol ds
a particular product, rubs it across his/her skin, or crunples it, within

hi s/ her hand. This tactile sensation is provided by a conbination of

sever al 2 physical -properties \ | properties related to
softness are generally consi deregl%?%ﬁégﬁmﬁaw the art to be the
stiffness, the surface snoothness and lubricity of the paper web from which
the product is ma¥pis irvenhtidASfelated toUkiultiiply 4 " be
directly dep§g&feﬁr‘1'tkl ?n"t-he dr%htensi llegfytr' n_gtﬁa_ﬁgt kit\éﬁgg\rggggr{%ggﬁgtsst N?Wess
of the fiber5" 3M¥ra e relptes, 2o myiti-plys faeiah disspe paperpreduatsocompeising
ability of abjadegradablanchemical softener compositions and a combination of wet
: ~strength Dbinders, either permanent and/or temporary, and dry strength
binders. The treated tissue webs can be used to make soft, absorbent and
lint resistant paper products such as facial tissue products.

BACKGROUND. OF- THE INVENTION

Paper webs or sheets, sometimes called tissue or paper tissue webs or
sheets, find extensive use in modern society. Such items as facial and toilet
tissues are staple items of commerce. It has long been recognized that four
important physical attributes of these products are their strength, their
softness, their absorbency, including their absorbency for aqueous systems;
and their lint resistance, including their lint resistance 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
improvement of two or three attributes simultaneously. _

Strength is the ability of the product, and its constituent webs, to
maintain physical integrity and to resist tearing, bursting, and shredding
under use conditions, particularly when wet.

Softness is the tactile sensation perceived by the consumer as he/she
holds a particular product, rubs it across his/her skin, or crumples it within
his/her hand. This tactile sensation is provided by a combination of several
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constituent webs, to absorb” quantltles of Iqu|d partlcularly aqueous

sol utions or dispersions. Overall absorbency as perceived by the consuner
|'s generally considered to be a conbination of the total quantity of liquid
a given mass of multi-ply facial tissue paper will absorb at saturation as
well as the rate at which the mass absorbs the liquid. Lint resistance is
the ability of the fibrous product, and its constituent webs, to bind

t oget her under use conditions, includingawhen wet. In other words, the

hi gher the lint resistance is, the |ower the propensity of the web to |int

will be. The grigical mbesﬁésen%bohaﬁt rtﬂwy‘s‘ih#nbr’wé?tuééﬁeﬁté@“ﬂi *ko@{ne%spaw

web is widely kno

t, des b
mat eri al s an@%&%s§gﬂsldﬁé?mmém§? i}ﬁhﬁ’ dfgl :Bget@%a nUWEF; o&ﬂgss, the
Technol ogy, \sufrface srBoothinesacmd BibficRe of(the1tper Aweb frork whxcalthel produtt is

Zgél t :\I\C/)és knom@@%{;ﬁﬁg@?dﬁ‘l&ﬂ?tls%ﬁuaﬁﬁ ngg{&é@‘i?tﬂéa%ir&ﬁa}} aéﬂ?ﬁ&ﬁ? Gif'the
fiber-to-fi bmﬂﬁﬁﬂ'ﬁﬁt'@ﬂﬂﬁh BE(‘, é’V%RuPPHgf hgriffness ofatheofibers ywhicky makeiyr

processes. Thhe weﬁi_uctlon in bonding | eads to a softer, or Iess harsh
sheet of paper. se en .
resins in conj unct #&&%Pﬁ} %etng "ge%shgeooﬁ ﬁﬁﬁ %ﬁ&!ﬁ\' Of ao ‘i‘{ﬁt s
undesi r abl e ofonstityenti wWabs.detoonabvsarbaquangitiesh of e liduish n gianticulgent aqdeous

d bot h h i
IrDSt Ucﬁo Og 8%&6%&5?'&:@ gllj ; rﬁBﬁE g%%ﬂ"ﬁﬁsérﬁaég%?ssbiﬁa%ﬁ bysliﬁé"cohgvHé is

debonder s caﬂ%@‘ﬂ%‘ad’% cté" Pﬁeas‘f‘?mp'ﬁ%@" ahd thabHHﬁﬂE@ Me"qu'd a
sof t ness, of gvémsmm ofipsultivpiy fadiabtissued papérondi! absm%ttatbeatmrbesmll as

di scl osed in r . 3,554,862, issued to
Hervey et al t‘ﬁ% |Ja?%%uar 'Eégngﬁﬁ#g%&ggqngt"éﬁ aI S |ncI ude guaternary
anmoni um sal ts sudnt f%wsmettmtmwhﬂ"a!nﬂbmmmbmut preguate and its constituent
ol eyl tri met-hyaBgP R Wihd to@Bﬂ?ér' dRderd UsE Y rRIMTSIT, qﬁhﬁﬂ’.ﬁ@\wmmmlm other

STELT AP 0Pras.cihe-bioRet she AWtatPQi\étanaF%g'tﬁﬁal?wem‘we@reaanam o {tae b
March 13, to lint will be.
| The use of wet strength resins to enhance the strength of a paper web
is widely known. For example, Westfelt described a number of such materials
‘and discussed their chemistry in Cellulose Chemistry and Technology, Volume
13, at pages 813-825 (1979) Freimark et al. in .U.S. Pat. No. 3,755,220
issued August 28, 1973 mention that certain chemical additives known as
debonding agents interfere with the natural fiber-to-fiber bonding that occurs
during sheet formation in paper making processes. This reduction in bonding
leads to a softer, or less harsh, sheet of paper. Freimark et al. go on to teach
the use of wet strength resins in conjunction with the use of debonding
agents to off-set the undesirable effects of the debonding agents. These
debonding agénts do reduce both dry tensile strength and wet tensile
strength
Shaw, in U.S. Pat. No. 3,821, 068 issued June 28, 1974, also.teaches
that chemica!l debonders can be used to reduce the stiffness, and thus
enhance the softness, of a tissue paper web.
Chemical debonding agents have been disclosed in various references
such as U.S. Pat. No. 3,554,862, issued to Hervey et al. on January 12,
1971. These materials include quaternary ammonium salts such as
cocotrimethylammonium chioride, oleyltrimethylammonium chloride,
dilfhydrogenated)tallow dimethyl ammonium chloride -and stearyltrimethyl
ammonium chloride. )
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1979, -teach the use of conpl ex quaternary ammoni um conpounds such as

bi s(al koxy(2-hydroxy) propyl ene) quaternary amoni um chl orides to soften
webs. These. authors al so attenpt to overcone any decrease in absorbency
caused by the -debonders through the use of nonlonic surfactants such as

et hyl ene oxi de and propyl ene oxi de adducts of fatty al cohols. Armak
Conpany, of Chicago, Illinois, in their bulletin 76-17 (1977) disclose the
use of dinethyl di(hydrogenated)tallow agnoni um chloride in conbination
with fatty acid esters of polyoxyethylene glycols to inpart both softness

3?%2?2?%3? to sﬂrngﬁuaseg@eért ‘éﬁbfin o, %fmg\ru Tﬁ'ﬁﬂb&b%suw%éﬁi?\ 13,
3 501, 7as, | <La28. Ferch: e ie pe %ﬂ“?l%q BﬁWaPQ‘@&"'“fbﬁ?mﬂﬂémst gugh, as
hi gh qual i ty bi (ghlemey (2viydroxyibropylenek qnaiemydammoduad\ ichlofides tat soften
and despite thgy pS THEES! agltha@ssgsaﬂémgﬁ%w cbfiel g*sﬂ!f mé&ea%aweagmnﬁx

research efforts dire rove ave conti nue
exanpl e, Beckeaused By the,debonders; th"RHQ gthesysepf nppioniG syaﬁa@awswcmwg

ﬁ/gscri be af rreéhmbl | ﬁdﬂﬁwdemﬁdeptbpplﬁléﬁe brige @ddﬁd‘tﬁmj fattyfdicoliolbr ous sheet .

re specifically, re o a

(whi ch may have beéh“%f#gﬁ@%n& aéfhgﬂiccf?q' @ﬁ’t L%gﬂéféaﬁmgeé@b% Ezeg'g"ﬂ’s)
can be enhancdﬁcbﬁeadﬂi@r use, ofddmetgvbndbvdmmatedﬂeaunmqommﬁumhehhedetm a
crepi ng surf aggmbih I Qﬁeﬁ@ ch
as an acryli ceﬁ texa%'rcfj r errt{[f sﬂ% oterd gb %ﬁ@lﬁﬂ%ﬁlm ﬁhba& B
el ast oneri c b8PQNESS AQ ar er‘m@nﬂ% Bﬁ?ﬁf WEREred to one surface of the
web and to the creerxunfpmv résulheoff reseapeht direexddatowagd: niemproved dpaper

Conventi onal * NERS-BradsFioBloR U5 o0ar, 36 3 £l e i BapiaRong Swen
di net hyl ammnnu-ﬂﬂMTVs3‘[.e1§57d|Q@Eﬂthﬁ highhgualitvnohipapet iwebs aeadelibyatheow
di met hyl ammog ﬁbﬁﬁwhﬁi{#?ﬁé& fiAt fhi Cbétgﬁfjr aaggaéﬁﬂié ahk OdomMmBIElRY | s §i gy

chloride etc are e ve c em ca wever

nts Se
quaternary a Jom aheser wWabsoi Eesgﬁb‘g'ho& ots, digeciedn t@, tf'&ﬁﬁ"g
can adver sel yirnpfovad bfwmnabcwtnheuhe treated paper webs. Applicants

Chese quaternary. ababaHe, BECKE AR IF US: Pl 5@0%'§§§%oun'§§§%&‘g'aﬂﬂﬁrspf
gl ycerol, pol 8. yt78i gescntpmwymemwmtbewmeeq \Milll foram Basteenghosofts dibrouss s

and absor bencneat,oMate 'spBERICaIGSthey feh TR thel strength of a tissue paper web

| (which may have been softened by the addition of chemical debonding

agents) can be enhanced by adhering, during processing, one surface of the

web to a creping surface in a fine patterned arrangement by a bonding

matenal (such as an acrylic latex rubber emulston. a. water soluble resin, or

an elastomeric bonding material) which has been adhered to one surface of

the web and to the creping surface in the fine patterned arrangement, and

creping the web from the creping surface to form a sheet material.

Conventional quaternary ammonium compounds such as the well

. known dialkyl dimethyl ammonium salts (e.g. ditallow dimethyl ammonium

chloride, ditallow dimethyl ammonium methyl sulfate, di(hydrogenated)tallow

dimethyl ammonium chloride etc ...) are effective chemical debonding agents.

However, these quaternary ammonium compounds are hydrophobic and not

biodegradable, and can adversely affect the absorbency of the treated paper

webs. Applicants have discovered that mixing biodegradable mono- and di-

ester variations of these quaternary ammonium compounds with a

. polyhydroxy compound (e.g., glycerol, polyglycerols or polyethylene glycols)

will enhance both softness and absorbency rate of fibrous cellulose materials.
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4 Unfortunately the wuse of biodegradable chem cal softening

conposi tions conprising a bi odegradabl e quat ernary ammoni um conpound and a
pol yhydr oxy conpound can decrease the strength and the 1int resistance of

the treated paper webs. Applicants have discovered that both strength and

lint resistance can be inproved through the use of suitable binder

mat erials such as wet and dry strength resins and retention aid resins
known in the paper maeking art. The presgnt invention is applicable to

ti ssue paper in general, but particularily applicable to nulti-ply,

gmg t i4 - |7 ayer ed ti Synforpamrelypr ahuct aslsucbf ast:fobggn%déggézr ilég%nibal (ljJ.- s%fttﬁrﬁﬁsﬁnt |
, _ o £ Jr. et n Ve r ,.and in U S
patent 4, s aR0s 88 CdtAB g, 8 oRysefabRe HUETerRER sRAOBiMsormpgys
i ncor por at edantkr@i Rolypydeaxy ecorppotng nant deptepseathel stresgiie grapethe lint
products of [3mtan@seRithe Wittt Pared Wb, Kp [dantd 'néGe IRV 8l 5t both
strength binders,  eit e‘E tgerrranent and/or te oraré, cQO mecfvmt dry
strength bi rRESREt,apd Nt fesistance  cam be ¥ad dbfoughe thesuse of suiteblee
strength, ifbiadgr materialsi such agwethand sity Gtrenigth resine girt pdteAti6A &Il Gasins
sof t eni ng cqg?gg'b' : 4&9@ , 1t has been found that the
conbi nation o Qt'ﬁqﬁgt"a t?eng I&ﬁtybr?énders_, ei ther pernmanent and/or
tenporary, and - UM® RFESERytRventiareis apnlicebles tontissue papepninogenkeal, but
cheni cal = sof panticatarihg appticabletd Fulfisiy, Aftiiti-lddred suk! Sapd? prodh
sof t ness of %ggmg%bl :(:g%l ac'ya# %i s?z pﬂgfrjwr qQduct Tﬁaés s%f r\\.\&’%@_uch
i mpr ovenent i f%q‘i IhHe? s PRI 3 ﬁﬁa'i'ﬁﬁ%ﬁ‘?&ﬁ_ roeR Yn&tA- ABre
of the foll oNowgmbepeB80pr ¥926; i and irhdliS.ePabenti t4,300(88%, iGarstérsk issued
coefficient Gk | fygqo I ok.agi.cal:
Ampul ski et g Y,Hfggi‘qpnterdapf’%é? a'ggraqgr'\?/ésdll@é%ﬁ?{ggk‘wﬁfgﬁiﬁ'ngs, ,
book 1, page 19 - 30, incorporated herein by reference). The increased '
sof tener retenti oThé SmuRF-PRPFALRS tsubi bé{:@r eroa'@ct%d@lftth%n%tv?§egﬁsgi\énki_eﬁs
versus a t|$§$eta£per égeet% formed w %hou t he CtBnbl naj1on Q I nder
mat erial s. I, 3 SIS, amQynt, of o WeL SIEength; ¢ dingers, githefgpermanent
addi ti onal napdiorvtemparacy,s combiihed pwittiuc dryarstrength ebindets toscentrobjlintingof
this inventi g I Od¢l : | § ' t l.- pL
facial &1 ssuahale? B o¥eef updidss ARASHE Srshifh, it Sy, RsafAl; bl the Bl o,
to provide attift dtededragableaighemicsl softaping isompositions.r bisiexpaatediul it hasy
fﬁCl al tissubepapfound QHatthe EbRInARSh W DotRbIveE! Stréf@hobiRhdEd, Usitiet
the present b@ylﬁgltiéﬁ)tn’an%?or temporary, and dry strength binders improves the
retention of the chemical softening composition in the sheet. This results in
improved softness of the muiti-ply facial tissue paper product. This softness
improvement can be further understood by noting improvement in one or
more of the following paper properties: the flexibility, the slip-stick coefficient
of friction and/or physiological surface smoothness (see Ampulski et al.,
1991 International Paper Physics Conference Proceedings, book 1, page 19 -
30, incorporated herein by reference). The increased softener retention is
~ accompanied by little or no additional tensile loss versus a tissue paper sheet
formed without the combination of binder materials. This maximizes the
softening capabilities with minimal additional negative impacts on the product
and process.
It is an object of this invention to provide soft, absorbent and lint
resistant multi-ply facial tissue paper products. '
It is also a further object of this invention to provide a process for
making soft, absorbent, lint resistant multi-ply facial tissue paper products.
These and other objects are obtained using the present invention, as
will become readily apparent from a reading of the following disclosure.

3
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wi || becone readily apparent froma reading of the follow ng disclosure.
REPLACEMENT SHEET SUMVARY OF THE | NVENTI ON The present invention provides
soft, absorbent, lint resistant nulti-ply facial tissue paper products
conprising paper making fibers, biodegradabl e chem cal softening

conmposi tions and a conbination of wet strength binders, either permanent
and/or_ tenporary, and dry strength binders. Briefly, the chem cal
sof t eni ng conposition conprises a nmixture of: (a) fromabout 0.01 %to
about 3.0% of a bi odegradabl e quaternary ammoni um conpound, preferably
having the fornula [err] 6 wherein each R2 substituent is a [err] -

[err] alkyl or hydroxyal kyl gr % Y m xtures thereof;
each Rl substituent is a Cl2 % g?oé%r-rtﬁﬁ ﬂg\?gﬁ.[;%'gr substituted
hydrocarbyl group or mixtures thereof; each R3 substituent is a

[err]-[err] hydroegidyle n?qﬁveﬁtrloﬁ §de§t§ﬁt h%ﬂétﬂ'ﬁ@ﬁpyﬁntofesnstﬁhf(hmlﬁa%\6
thereof; Yis - C (0 C )

- NH -, and fegl t-é?”FﬁB %%ff P"?F“f“s‘s 1° 'Bpﬂs'é’ﬂdp%?eﬁ E“aé"’é%ffb@i‘?&?'e béﬂﬂ"@ﬁad‘? ¢
exanpl e, chl ahetnicabsofteniag cornbysisions =ng a aombinatioh aifewenstreagth cbiddeise

| i ke; and (b) %“%H thIFB} 0 | egps

pol yhydr oxy ceo'{rrpr{@eglr]% r r& é%/oé} & Hb{a'da go% ﬁg éﬁjpﬁ:&ongl s efl bthe
gl ycerol , sorgheraicsl sg@ewnmm@tma\mﬂgmseﬁea Wﬂé{ﬂeqfa-ge mol ecul ar wei ght
of from about 150 to about 800 and pol yoxyet hyl ene gl ycols and

pol yoxypr opyl g cols h r nol ecu t from
about 200 to (fgoogHixJF‘e? adﬁq’ﬁé%ﬁ’rﬁ % iof &, ploieg QA%&PQ BRY

quat er nary ammoni um corgromuhiom ¢drappohg hprfecaply bapingrtiher fononeta f r om about
1.0 : 0.1to 0.1 1.0. It has been discovered that the bi odegradable

cheni cal softening conposition is nmore effective when the pol yhydr oxy
compound is mixed with said bi odegradabl e quat ernary ammoni um conpound at a
t enperature wherein sai d bi odegradabl e quaternary anmoni um conpound and

sai d

R2_ (CHala- Y - Rg
N+ . : X
R2 \(CHZ)n' Y -R3
or
R7\ (CHz)n Y - R3-
N+ N x-
N
or
R3- Y -CH2
CH-CH2-N* -(R2)3 X
R3 - Y
I
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pol yhydr oxy conpound are miscible. Exanples of preferred
ester-functional quaternary ammonium conpounds suitable for use in the
present invention include conpounds having the f or mul as: [err] ‘and [err]
and REPLACEMENT SHEET [err] wherein each R2 substituent is a [err] - -
[err] al kyl or hydroxyal kyl group, benzyl group or n xtures thereof; . each
[err] substituent is a [err] - [err] hydrocarbyl group, or substituted 4
hydrocarbyl group or mxtures thereof; egch R3 substituent is a [err] -
[err] hydrocarbyl group, or substituted hydrocarbyl or m xtures thereof

These conpounds mram @aBAI B Ribstifudit RO P!- éseakgr oYal'wo%kgé;lvﬁ d'fjke‘s‘ﬂ“?f

Il -k di al ky| di met hyl 't t al
rmoni um chi RN i cst GOGh O BARFeRRTGRT SARRON SHPEHIUSTR]R 3 FiRos e

dital | ow chydrobatbyl agnoup, use substitueed dwdrocdnmﬁtgmup or mixtures thereof;
di (hydr ogenateg (gLl ow s&iaéiﬁ&%m is W’ urem Wﬁé#ﬁl‘ﬂyfl ?rgumm)' & %Eituted

di (hydr ogenat I ow )
di (hydr ogenat rpgamxhoau netmwumﬁrepﬁ a‘hqsOr-.(ae C 4R -nioxt uﬁe@khé} eo@f -

WIhIth tge dlDI eﬂﬂr- €30)at ppnscof §i¥o:);:mlhyd.ras@ﬁﬁn’kﬁﬂ)ehahbﬁafuégrniethxb AERRTX-UM
chlori de Qu allo DNJ UM

( DEDTHTDMVAC) ﬁrﬁgﬂ‘%ﬁ‘gﬂg d)°?‘§|'“‘\%'llﬁf [f%ﬂﬁ% Ah m'rﬁ’ieum"&ﬁéds“ﬁé‘e' ethyl

( DEDHTDVAC) , sulfatei nttmtesaﬂdlmeeofhleeang preferred. Dependi ng upon the

product characteristic requirenents, the saturation |evel of t-he ditallow
can be tailored from non hydro&gnated (soft) to touch, partjally

Qr

conpl etely hy® o JEomR: 8Rout 09 % \ta about hd; ghun® woterhagluple RO'YQYGPOXV

bel i eveg thatcéhpoaaa.erpremrabw( eﬁedteadsrda?omrgdmy | édnsisting hefs gylycerol,

conpounds. e 0

oeh herei n RSB o bIEFal BrHE A, WHBN: H\HrEbE iR W R AR

ammoni um chenabout §5Dt tmebout 800 and polyoxyethylene glycols and polyoxypropylene
glycols having a weight average molecular weight from about 200 to 1000.

_ Preferably the weight ratio of the biodegradable quaternary ammonium
compound to the polyhydroxy compound ranges from about 1.0 : 0.1 to 0.1
+ 1.0. It has been discovered that the biodegradable. chemical softening
composition is more effective when the polyhydroxy compound is mixed
with said biodegradable quaternary ammonium compound at a temperature
wherein said biodegradable quaternary ammonium compound and said
polyhydroxy compound are miscible.

~ Examples of preferred ester-functional 'quaternary ammonium
compounds - suitable for use in the present invention inciude compounds
having the formulas: ' '

o]
"
{CH3)2 - Nt - {{CH2)2- O - C - R3)2 Ccr
and
(CH3)2 - N+ - (CH2)2-0-C- R3 ct-
R1
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REPLACEMENT SHEET 8 Exanpl es of pol yhydroxy conpounds useful in the present
i nvention include glycerol, polyglycerols having a wei ght average nol ecul ar
wei ght of from about 150 to about 800 and pol yoxyet hyl ene gl ycols having a
wei ght average nol ecul ar wei ght of from about 200 to about 1000, with

pol yoxyet hyl ene gl ycol s having a wei ght average nol ecul ar melght of from
about 200 to about 600 being preferred. The term binder refers to the
various wet and dry strength additives, and retention aids known in the
art. These materials inprove the lint resistance of the tissue paper webs
of the present invention as well as counteracting anyglecrease in tensile

strength caused by ftg&ni npo Exarrpl es
of suitable bi nder(éngpﬁggﬁ%a u@ gmip 6y ¢qs‘f§§ng¢H E%ers (1.
[err] 557H marketed by Hercul es Incorporat ed of W m ngton, DE), terrporary
wet “strength bi ndeggd cationic dial dehyde starch-based resins (such as

Cal das produced by Japan Carl et or Cobond 1000 produced by National Starch)
and dry strength binders (i.e. carboxynethyl cellul ose marketed by Hercul es
| ncor porated of W I m ngton, DEOand Redl bond 5320 marketed by Nati onal
Starch and Chem cal corporﬁé pdgewater, NJ). The nulti-ply facial

ti ssue paper products of t present ention preferably conprise from

about 0.01%to about 3.0% of a wet stren bi nder, either permanent and/or
tenmporary, and from about 0.01 %to about SCPfe CH2- NHy - qhg Bnat hpiei nder .
W t hout being bound by theory, it is beliexsed that t he bi odegradabl e

quat ernary ammoni um sof-t ener conpounds awe effective debondi ng agents t hat
act to debond the fiber-to-fiber R;dr@geﬂl bonds in the tissue sheet. The
conbi nati on of debondi ng hydrogen bon\?tg with the softener, along with the

I ntroduction of chem cal bonds with the wet and dry strength binders
decreases the overall bond density of the tissue sheet w thout conprom si ng

strength and Iwhuretreeaai éﬂ}cmbs%tueﬁﬂi‘sed drocalang oy Wdrbx%lﬁg ﬁrcﬁ:r%q{
a asur

fl bl h d f Of t
4 CELDL Dby, ordll R e ) GRS AL oo
bul k flexibil 9!’9"9.3% pubstituted bydrovarbylcgreup arf mixtures thereafn @aph)Ry ol ogi cal

surface smoot hness sgpstigient! REA ANCITPY! Teh CthydlrocarbyP lgrotbt’ BAt s®éthtuted

Paper Ph C
P ysics hydrocarbyl or mixtures thereof.

These compounds can be considered to be mono or diester variations
of the well-known dialkyldimethylammonium salts such as diester ditallow
dimethyl ammonium chloride, diester distearyl dimethyl ammoniurﬁ chioride,
monoester ditallow dimethy! ammonium chloride, diester
di(hydrogenated)tallow dimethyl ammonium  methyisulfate, diester
di(hydrogenated)tallow - dimethyl ammonium chioride, monoester
di(hydrogenated)tallow dimethyl ammonium chloride, and mixtures thereof,.
with the diester variations of di{non hydrogenated)taliow dimethyl ammonium
chloride, Di(Touch Hydrogenated)Tallow DiMethyl Ammonium Chloride
(DEDTHTDMAC) and Di(Hydrogenated)Tallow DiMeth&l Ammonium Chloride
(DEDHTDMAC), and mixtures thereof being preferred. Depending upon the
product characteristic requirements, the saturation level of the ditallow can
be tailored from non hydrogenated (soft) to touch, partlally or completely
hydrogenated (hard).

Without being bound by theory, it is believed that the ester moiety(ies)
lends biodegradability to these compounds. Importantly, the ester-functional
quaternary' ammonium compounds used herein biodegrade more rapidly than
do conventional dialkyl dimethyl ammonium chemical softeners. |
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Conf erence Proceedi ngs, book 1, page 19 - 30, incorporated herein by
reference . Briefly, the process for nmaking the multi-ply facial tissue

paper products of the present invention conpri slq,,essgaeHa%tB% 5:5 cejOr mati on of

a 9 (angi osperns): wherein softwood pul ps are | derived from

t he woody substance of coniferous trees (gynnbsp d pulps such

as eucal yptus are particularily suitable for the of the -

mul ti-layered tissue webs described hereigafter, whereas northern softwood
Kraft pulps are preferrred for the inner layer(s) or ply(s). Al so

\:mpl ihcabl e to the Exempids bﬂ\wwmid‘roﬂvecdrhbé?ﬁdsiﬁfs'e%ﬁdmf fh@fri’ﬁ‘eﬁhﬁde@@&?r
ich may con a a ahove cate es_as a

non-fi br gus Hhﬁ@?ﬁa%cg{%hb .L}'%Néetq@rssgg 'Bga%%%pbtévﬁﬁqf W'?‘é‘@?r "’Yedgfét phe
original papefromaabout 18Reta ehbus80eand muwpxpethyteme Jlyeolsr bawing a rweight on
contains as oduetagenmalcGiaih Wiight 2of!! b Cabdul S06" 36" AbYuE ™ HRHG. Mwith

conpound and a oxy ? The ratio guat ernary
conpound to tRRIYS yﬁymﬁﬁé’gﬁ)‘p aving anysghftr%\fﬁfassum@cylar yyegl'ttoot)frpm
1.0; prefer abét;outtZQD\tnla@bUtlaﬂO beinf greterepdat ernary anmoni um corrpound to

th | yhyd 0
e polyiyar oxy commg i indbidtels S 1 e ork By el SBile
conpound is a¥¥ht 'ft@t‘orb ajds o |G‘°)W" 1ino they| artio @esehmtemlsmmwevmq/ Ilnt
deg/endl ng ;Jp%stdiﬂnéﬁﬂcﬁctﬁ@ftls&bgbhp@rf vtéétss RﬁL iﬁegtt%rﬁéerholtlwwro?ﬂscwmouéld
and/ or quatern m co se ach_o ese S ynds
will beq desc??'ﬂé&rqravn@etaé\vl c@g:rme An Eﬁfﬁf@nﬁ?‘?"%ﬂnﬁﬂ%ﬁﬁé gﬂﬂﬂ;gr}g&
cheni cal sof t elmémigat osgfteningocoaupusitiorss. a Examples cof | sitablepbinder hiaedials
bout 0.01 %
about 0.01 > bfgenﬁ@p&na?ﬂer@ W%t"‘ffrg% th_Blridlefd APe: m}fon‘?%ﬂaé"h gggﬁ Plarketell by
[err] In the equ&%%ﬂtacmaﬁﬁ%edw\/w'bwatqmrD}EM stepmmprmytmostaemmh binders:
pref erably tabémmc[diardlehvaeastbﬂfﬁ-baﬁédwéslﬁé (BuEH %yehi@ék ﬂfd&%ed%\?fﬁbﬁm y

bOr omcge? | (I;)r/l Carle{ C%% 180 mp?gduc lficqayailat:ona?1 étarcl'S) agd ¢ lr\? rsltrengt{'-

binders (i.e. carboxymethyl cellulose marketed by Hercules Incorporated of
Wllmmgton, DE, and Redibond 5320 marketed by National Starch and
Chemical corporation of Bridgewater, NJ).

The multi-ply facial tissue paper products of the present invention
preferably comprise from about 0.01% to about 3.0% of a wet strength
binder, either permanent and/or temporary, and from about 0.01% to about
3.0% of a dry strength binder.

Without being bound by theory, it is believed that the biodegradable
quaternéry ammonium softener compounds are effective debonding agents
that act to debond the fiber-to-fiber hydrogen bonds in the tissue sheet. The
combination of debond'ing hydrogen bonds with the softener, along with the
introduction of chemical bonds with the wet and dry strength binders
decreases the overall bond density of the tissue sheet without compromising
strength and lint resistance. A reduced bond density will create a more
flexible sheet overall, with improved surface softness. important measures of
these physical property changes are the FFE-Index {Carstens) and the bulk
flexibility, slip-and-stick coefficient of friction, and physiological surface
smoothness as described in -Ampulski et al., 1991 International Paper Physics

Conference Proceedings, book 1, page 19 - 30, incorporated herein by
reference . |

s

Briefly, the process for making the m_ulﬁ-ply facial tissue paper
products of the present invention comprises the steps of formation of a



met hyl sulfate. As discussed in Swern, Ed in Baliey s Industrlal Gl and
Fat REPLACEMENT SHEET 0 2 APR 1997 10 As used herein, the terns tissue
paper web, paper web, web, paper sheet and paper product all refer to
sheets of paper nade by a process conprising the steps of form ng an
aqueous paper making furni sh, depositing this furnish on a foram nous
surface, such as a Fourdrinier wire, and renoving the water fromthe
furnish as by gravity or vacuuntassi sted gralnage with or wthout

pressi ng, and by evaporation. As used herein, an "aqueous paper naking

furnish” is aqaagmauﬁnsi : UWvhérdih waoa%l@s Jrébﬁsr%uéngunbged

descri bed herel nafter rei erm " nmu ere tlssue paper

web, mul ti- -1 2yePay s;%’a@"‘%ﬁeﬁpcmifFEOHSaVE?%&Qmaosmmﬁh pedwgod puips suelat
?nd rr;JI ti- | ayss edcglgprss areopharticllasily soitéisie fop tﬁ?@ﬁta Iﬁ?eWﬁfh@ﬁﬁﬂ’@-‘l%red
romtwo or a

preferably cgtr#’pﬁdge%bg g%‘?er enrl 3*(9?@22!?&{ r%hé%ﬁ ﬁsﬂ’gﬁ} ghmoc‘{;\?ﬂ?ﬂbe‘?‘%s
rel atively | orfifesefefemead &rdtheemqrvlévyr(gf;m tPlyks) s applicable 4o theeprésent
t} ssue paltoer trinkenaon “ékcﬁlbaveafsngé@fwlmfreéméa phaéfraﬁihfdrpmav%rﬁsmyt bPBY
of separate s i ber slprri

f or ampnous scréfeﬁ?a% ?ﬁ@lﬂéﬁgﬁﬁ ﬁf]éﬂ’e Elélépgnnfmrppmrp?tqf&?srégcla@s fillers
separ at e wi r esand pdhesiyes slsedeod‘abthmmethelqngmaﬂpam roakinge wet) to forma
| ayer ed corrposcﬁg?y&tp Sﬂﬁﬂﬁ%lﬂé&ﬁhﬂt\&he term"nmulti-ply facial tissue

paper product’ e s to tissu er consisting of at least two plies.
Each i ndividual ply mpr%ﬁqmdanewrs FQf‘tQSﬂs S57)) essential componantta mixtuse of

ti ssue paper velguatdinarynahirnofium iﬁohh&ddﬂ@éndraepBWhW?chbﬁWdﬁﬂ t PREtAARb

e o onese, of 3 e FRssBRn SrRloriutc inEbul S SRS BebADAEY reRrapund

furni sh. The frangesifremnaboutet.CpaPet t1aRihgy 1f.0bepmf¢rlablxe|thefWeigh$(vaﬂblofashe-

amoni um ESWSEU%‘%“‘%%@E‘%“ e cOinboURg 15,118’ polg ARl o ahBbEhd T kot 1,0,
a

bi nder, permane 0 aQ-y,m‘Hﬁd preferably: thagweighthdetio of fthef qmﬁeémarv
will be herei nafrintonides eomipaiind to ithe PUIVINdrakgdedrhpbu®as abdu i10ad 0.71t®

varieties wll o't n?abl yalfl%ﬁ)gh Mis ratio will vary depending upon the molecular weight
of the particular polyhydroxy compound and/or quaternary - ammonium
compound used.
' Each of these types of compounds will be- described in detail below.
A. Quaternary Ammonium Compound | _

The chemical softening composition contains as an essential
component from about 0.01% to about 3.00% by weight, preferably from
about 0.01% to about 1.00% by weight of a quaternary ammonium
compound having the formula '

a i

I —

In the structure named above each R{ is C14-C22 hydrocarbon group,
preferably tallow, R2 is a C1 - C6 alkyl or hydroxyalkyl group, preferably C1-
C3 alkyl, X" is a suitable anion, such as an halide (e.g. chloride or bromide) or
methyl sulfate. As discussed in Swern, Ed. in Bailey's Industrial Oil and Fat
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t he paper making fibers used in this invention. However, other cellul ose"
fi brous pul ps, such as cotton liners, bagasse, rayon, etc., can be used and
none are disclaimed. Wod pul ps useful herein include chem cal pul ps such
as Kraft, sulfite and sulfate pulps as well as mechanical pulps including
for exanple, ground wood, thernonmechanical pul ps and Chem -

Ther noMechani cal Pul p (CTNP) Pul ps derived from both deci duous and )
coni ferous trees can be used. Bot h handwood pul ps and softwood pul ps as
wel | as blends of the two. may be enpl oyed. The terms hardwood pul ps as
used herein refer sAs aséd Hevein, theé nexns i"tissud papet iMebpopdperswed! avels Paper

deci duous tr p us puI

derived fro ?ﬂee modﬂggﬁbdce o%ﬁc{oérflt?'?fe[zr’\(l)%ggegefsa géﬁn"% ﬁ o'?:ess
Har dwood pul peerepesingsthe siepy of ferming maguewamaqprsuamag|fgrmam. dennamrl\@r
| ayers of themwlfumisnyehe@ tfbﬁaﬂﬁuouebrauﬁaéerlm hRr @ Wufr&ﬁmelmﬁﬁr%asand

nort hern soft 8k t he inner
ply(s). Al so éﬁ%ﬂf Eéa{ tl%ﬁe rB%?éﬁt ‘frmfg‘nt |a5n by, gravitye L Hé‘l"l‘ thlslsGﬂ‘il
recycl ed papedraindges wvml&promhwqumsym@r, aad by evaperasibove cat egori es as

wel | as other non- Ashssyasmé.ﬁrlaﬁl saaﬁednsas php Cf gﬁ&:@%ﬁﬂ?ﬁﬁé g&e%ﬁﬁgobé’

facilitate th or| naI 5 de ner
Conposi ti ons king: % s%(mt erﬁ?%m'ca I# dascribed-hereinafiefient a

m xt ur edof Tﬁ bi odegs adséﬂ megam,ethaart;rmrmmmmlamwoumeabdper aves) ygmtimoxy
conpoun i u NI um, corpoun \
Che’ pol yhyar agyeiesh pbet Wan sOREBARAY i Thftr Bl desd el Aregl R i
preferably, tlay¥ergsd paper qu(blcb'f ali mefesitoshgetsiabpepguprepaned frommwa anmore
conpound to tl%?eﬁ@bf’“&éﬁé’dﬂs epe Pikkihg faRAK l\frﬁch e ?r&fbrgblg coxﬂpﬁseme

SEELTAR e te o g b Rk i
al t houglh t hi sretatively \wholrt hardwdee dfitstirs aisupsed ﬁmmsg}ié qsapgflgrr\anlg?ghtmé ldyeis
Porpound useae eEbrgrabIy RBRASG A (g achaifidh DY amBrald HERaIRs s RS iter |
bel ow. A Bi o8itifiiesiadpen @ne @rnmqremminssufpwnmmsdsmenm odtghedadividual
Chem cal Sor t Riyerd 6 AN GG G Kepdard"wies? the2loyRE “Ribdeiithtly
about ot 80% med ?wqul) 3 élt) to fgrm a layered composite web.
As used herein the term "multi-ply facial tissue paper product” refers to
a tissue paper consisting of at least two plies. Each individual ply in turn can
consist of single-layered or multi-layered tissue paper webs. The multi-ply
structures are formed by bonding together two or more tissue webs such as
by glueing or embossing. ' |
The first step in the process of this invention is the forming of an
aqueous paper making furnish. The furnish comprises paper making fibers
(hereinafter sometimes referred to as wood pulp), and a mixture of at least
one quaternary ammonium compound, a polyhydroxy compound and a
. combination of wet strength binder, permanent' and temporary, and a dry
strength binder, all of which will be hereinafter described.-
It is anticipated that wood pulp in all its varieties will normally comprise
- the paper making fibers used in this invention. However, other cellulose
fibrous pulps, such as cotton liners, bagasse, rayon, etc., can be used and
none are disclaimed. Wood pulps useful herein include chemical pulps such
as Kraft, sulfite and sulfate pulps as well as mechanical pulps including for
" example, ground wood, thermomechanical pulps and Chemi-
" ThermoMechanical Pulp (CTMP). Pulps derived from both deciduous and
comferous trees can be used. :
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plfﬂeferably f}.om about 0.-01 %to about 1.00% by weight of a biodegradabl e
quat ernary anmoni um conpound, preferably biodegradabl e quaternary
anmoni um conpounds havi ng the forml a: 12. or [err] wherein each [err]
substituent is a [err] - [err] alkyl or hydroxyal kyl group, benzyl, group or
m xtures thereof; each [err] substituent is a Cl2 - C22 hydrocarbyl group,
or. substituted hydrocarbyl group or mxtures thereof; each R3 substituent
is a [err] hydrocarbyl group, (C):EO)SUbStOItlﬂed hmﬂrocgggll or mC?tO;JresNH
thereof; Yis - O- C(O- or - - - or - NH - or - - -
or mxtures thereofBoth haltdwld]?d ﬁlulpsdanh-sdfswaotﬁtbdlﬁbltae vt'o‘éll Eﬁat‘alér?]&s ﬁfﬁlﬂéﬁ’{\ﬁg
chl oride, brom y e, nitra an | ke.
di scussed in %g? H’F%Bﬁ"%asﬂ’g}e’z‘wﬁé[fg"fd?ﬁg@p”_!ﬂﬁ a%H&?&'gﬂe’?’Pd& B0 Thi rd
Edi tion, John fillrbuy puini dgtved (frmm/tlvter\»«x:uwss_):b,_v.talnalel3 ofgliecsdmusatmefl ly
occurring nat qpj | ' dIPADs : | ve-
| denti fi gd re?g?gioggéggigﬁégh%ﬁms%gvi ndi @%thedsre?hbét at y?f%aﬁ}f?/v 4 ﬁ%’?‘%re
of the fatty HPOSY SHOPANCEPTRANIEArAUS dress lgymNasRsHMAL. o MardwppdRulpy suphl f
of tlhe fattydaas elscaly ptusrarei partietlacily anleablﬁsfqt u:ijib&der lfawlaﬁ%i_ the t;imtlt?]-gi{g% 21
of ol eic acid.g t : NBhae N
of the present'ﬂs?%l\ge‘ﬂte?%ggeﬁu\‘% hg@g&ﬁ%ﬁv\ﬁ ?rﬁag &%@%&i%&*"dﬁ%ﬂ'ﬁ& |9ru ct
char act er i st i AreYaTarEREfos the irnerdavierisl onplvésic|Alse applicahle abithe preserite
hydr ogenat ed (haga gl o oy ron POV papar, hichimaf cHTBSMY br al
rogenat e of ahove-desgcri . ]
ei pressly nea%??@!enﬁﬁggﬂewaﬁlﬁvﬁﬁ Pﬁlé’tgﬁfl) B@"‘stb'PHﬁ "Eﬁtégéht syclyas filless.
13 1t will be ansiadiBesives used te foeilitateche origimal]paped mheking. may optional |y
be substitut echi%%&ra\‘l%leo %ﬁup%ﬁéﬁ‘g' err"?‘;e&}qﬁ%s hydroxyl, or can be

branched, but suc terials are no ref erein. Preferably, each
[err] is [err] - [eﬂaﬂ PERSEpt iRyRNYom FORTatRS 35 amessentiab companent acmixtere pof
I's straight - chei biddegrad4blé Jusrérnahgl anfhomiukeNEbmpdiuptie’s Ya Sfivhydroky
methyl or hydrco&%w‘){(l“. The ratio of the biodegradable quaternary ammonium compound
to the polyhydroxy compound ranges from about 1.0: 0.1 to 0.1 : 1.0;
preferably, the weight ratio of the biodegradable quaternary ammonium
compound to the polyhydroxy compound is about 1.0 : 0.3 to 0.3 : 1.0;
more preferably, the weight ratio of the biodegradable quaternary ammonium
compound to the polyhydroxy compound is about 1.0 : 0.7 to 0.7 : 1.0,
although this ratio will vary depending upon the molecular weight of the
particular polyhydroxy compound and/or biodegradable quaternary ammonium
compound used. T
Each of these types of compounds will be described in detail below.
A. Biodegradable Quaternary Ammonium Compound
The biodegradable chemical softening composition contains as an
essential component from about 0.01% to about 3.00% by weight,
preferably from about 0.01% to about 1.00% by weight of a biodegradable
quaternary ammonium compound, preferably biodegradable quaternary
ammonium compounds having the formula: '

Rz /tCHz)n- Y - R3
N

N+

/

\ _

X-

Ra {CH2)n- Y -R3 | -
' : This Sheet Has Been Rerlaced '
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Preferably [err] is [err] alkyl® and 7~ of “al kenyl , nost preferabi’y [err] is
straight chain [err] alkyl and / or alkenyl, and X- is chloride or nethyl
sulfate. Furthernore the ester-functional quaternary anmoni um conpounds can
optionally contain up to about 10% of the nono(long chain alkyl)
derivatives, €.g., [err] X- as mnor i ngredi ents. These mi nor |ngred|ents
can act as enulsiflers and are useful in the present invention. Specific
exanples of ester-functional quaternary, anmonium conpounds having the
structures naned above and suitable for use in the present invention

i nclude the well-kn@an diester dialkyl dinmethyl ammonium salts such as
diester ditallow di nethyl amoni um chl ori de, nonoester ditall ow dinethyl
anmoni um chl ori de, diester ditallow di nethyl amoni um net hyl sulfate,

di ester di (hydrogenat ed)tal Rpw di net hyl hmai-udh afshyl sul fate, diester

di (hydrogenated)tall ow di net ammonjdm chl ori de, .and m xtures thereof.

Di ester ditallow di nethyl anmon m ¢ | ori de and di ester

di (hydrogenat ed)tal | ow di net hyl ni um chl oride are particul arXy
preferred. These particul ar qp?éflal are avail able commercially fromWtco
Chem cal Conpany Inc. of Euﬁ In, Ohio er. the tradenane "ADOGEN DDMC
[err]". Di-quat variations of the ester- linct i onal quat ernary anmmoni um
conmpound can al so be used, and are neant to fall within the scope of the
present invention. gfhese conpounds have the formula: [err] In the structure
naned above each R2 iis a [err] alkyl or hydroxyal kyl group, R3 is [err]
hydr.ocarbyl group, nis 2 to 4 and X- is a suitable anion, such as an
halide (e.g., chloride or bron1ﬁe) or nethyl sulfate. Preferably, each R3
i's C13-C17 al kyl and / oriﬁgkgﬁy t preferably each R3is -
straight-chain [err] alkyl or enyl, and [err] is a nethyl.
REPLACEMENT SHEET 14 B. Pol yhydr oxy Cb nd The biodegradable chem cal

sof teni ng conposition contains as an essent g§ - .o ReAL (R bput 0.01 %
to about 3.00% by weight, preferably from about %to a ut 1 00% by
Wei ght of a water sol uble /
R3-C-0
o

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl group, ben'zyl
group or mixtures thereof; each R; substituent is a C12 - C22 hydrocarby!
group, or substituted hydrocarbyl group or mixtures thereof; each Rj3
substituent is a C11 - C21 hydrocarbyl group, or substituted hydrocarbyl or
mixtures thereof; Yis -0 -C(O)- or - C(O)-0-or -NH- C(O) or - C(O) -
NH - or mixtures thereof; n is 1 to 4 and X- is a suitable anion, for example,
chloride, bromide, methylsulfate, ethyl sulfate, nitrate and the like.

' As discussed in Swern, Ed. in Bailey's Industrial Oil and Fat Products,
Third Edition, John Wiley and Sons (New York 1964}, tallow is a naturally
occurring material having a variable composition. Table 6.13 in the above-
identified reference edited by Swern indicates that typically 78% or more of
the fatty acids of tallow contain 16 or 18 carbon atoms. Typically, half of the

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

pol yhydr oxy conpound. Exanples of . polyhydroxy conpounds useful in the
present invention include glycerol, polyglycerols having a wei ght average
nol ecul ar wei ght of from about -150 to about 800 and pol yoxyet hyl ene

gl ycol s and pol yoxypr opyl ene gl ycol s having a wei ght average nol ecul ar

wei ght of from about 200 to about 4000, preferably from about 200 to about
1000, nost preferably from about 200 to about 600. Pol yoxyethyl ene glycols
havi ng an wei ght average nol ecul ar wei ght 18f from about 200 to about 600
are especially preferred M xtures of the above-described pol yhydroxy
conpounds may” al so bavillRejungeristeqd thetesubstituentssR of RylapdeRp imandptionally be

pol yoxyet hyl enﬁ;mﬁtuaﬁids \J\mw %néusve 1] saVéi‘fc%g%smHlI&S‘*Ularh%ﬁbQW BF O&ﬁbﬁat
200 to 1000, npre P‘ﬁ»&gf ¥ aout 200 to, 600, are US§L#
present i nvent PIARCNEAPUF SHED mB POt preferred B?S%r fe f"@b"/' each R1 is
pol yoxyet hyl enG12}+ €d8lalkylaanyt$ of ratkersthomost preferably leachOR1 45 prraight«chair C16

f d | yh d I I =0l | - \W\el
g;grggreemfgcﬁ. ggéosrwynga 9'6%aikenPl’ PRREFAEIY, RBEBh Y 1 mdRY| BF MlriEvéthY. -

comercial ly f?'i?r?? 'ﬁnc'@aqu\7d€"‘ﬂ)?rﬂﬁr(3pfo¢“‘%\ﬁ|btﬁﬁ95t rreferably Bads straight
the tradenane ERdindOfs - GihEalkadﬁdrﬁdalﬁlheﬁVl.eﬁhdaX w%hﬁj?ldwoﬁmﬂﬁd 'suftate.

d bed ab t

conpounds and FurshErmdre” 6° SelretiaRal Jdefodys aHhmaDlt: SomRaags o gan
concentration @bﬂ@mw aomaapupstrooabw IG% qtr&he anehgitonghebiainxalkyld dedvatiees,
before being ag%ed (RQ)'} heNaﬂ“quHiiiUHV (@Hmw(dm?[ G Bébﬁlrr%r gé'edlentst

furnish, in th sone suit

end
ahead of the U?%ﬁ |"HP9F “Wrre “’6&5 SQ?é'chﬁ‘ 8f rﬂ"g@s&e&%@“dkﬂﬁe%ﬁ ful &bﬁh? dli@ﬂiﬂts
of the above dms/entrbad bi odegr adabl e chemnical softening conposition

Co conpletion wii i SPEErS, o baiBeps  Bf  AEeBdipRiotl ; fubled &f’f%rtn?reqrré“ﬁr%
strengt h benef comp@#ﬂdarl@\eugrtegsstyummsmemaﬂ ahove tand suitable offot kise in the
present invent bﬂa%en'ttm@@ﬁu&?‘?ﬁblg?égtﬂlée\fvﬁﬁl-khaa\?rhh%lt@ B%‘ﬂ%atﬂﬁ@tﬁn %ﬁr \dr

sof tening conposition is nore e tive odegr ada

anmoni um conpoSAlS afYEh Has pgieﬁﬁferSS@)W%n?fﬂ?ﬁ Yhrammoniymy, chlafidee d“@Qﬂﬂﬁs
bef ore bei ng aditatiowodirhethyhrammuoniuragchletides fdledieprmfﬂbwthlﬁﬁtmdamﬁ%mhi |

be 15_ - methyl sulfate, diester di{hydrogenated)taliow dimethyl ammonium methyl
sulfate, diester di(hydrogenated)taliow dimethyl ammonium chloride, and
mixtures thereof. Diester ditallow dimethyl ammonium chloride and diester
di(hydrogenated)tallow dimethyl ammonium chioride are particularly
preferred. These particular materials are available commercially from Witco
Chemical Company Inc. of Dublin, Ohio under the tradename “ADOGEN
DDMC ™~, | , _
Di-quat variations of the ester-functional quaternary ammonium
compound can also be used, and are meant to fall within the scope of the
present invention. These compounds have the formula:

(R2)2 {R2)2 ' (0] .
/

R3 - C O - (CH2)2 - N/+ - {CH2)n- N+ - (CH2)2 - O - C/R3 2

x-

in the structure named above each R2 is a C1 - Cé alkyl or hydroxyalky!
group, R3 is C11-C21 hydrocarbyl group, n is 2 to 4 and X" is a suitable
anion, such as an halide (e.g., chloride or bromide) or methyl sulfate.
Preferably, each R3 is C13-C17 alkyl and / or alkenyl, most preferably each R3
is straight-chain C15 - C17 alkyl and / or alkenyl, and Rz is a methyl.
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described in greater detail hereinafter in Exanple 1, consists of first
heating the pol yhydroxy conpound to a tenperature of about [err] ([err]),
and then addi ng the bi odegradabl e quaternary amoni um conpound to the hot
pol yhydr oxy conpound to form a honogenous fluid. The weight ratio of the
quat ernary ammoni um conmpound to the pol yhydroxy conpound ranges from about
1.0 : 0.1 to 0.1: 1.0; preferably, the weight ratio of the biodegradahl e
quat ernary anmoni um  conpound to the po|yhydroxy conmpound .is about 1.0 :
0.3t0 0.3: 1.0; nore preferably, the weight ratio of the bi odegradabl e

quaternary anBoPolyRy&RyoCompoundhe poI yhydroxy conpound is about 1.0 : 0.7
to 0.7 : 1.0, alt 0 r endi n_the Iecular
wei ght of the pol %ﬁ%&gééﬁﬁém&\ﬁf %‘a% ﬁ?ﬁ ‘?ﬂﬂ?ggﬁﬂﬁt §PH QSa%D"ﬁri‘um
conpound usedesslentnabscqmpepem ettomn batoutf ALAA% hae Bhouthd8OQ%hi dyy odveidhe,

pol yhydr oxy CorgperaBf, @oh® abdkie0.0% 9% t6 MEdut1100% B\ 30&igHt W& virdtel Soluble
prem xed with thﬁ %ode radabl e quat ernary ammoni um conpound and ad ec}’to
the paper by ROh¥dmRXY %@QEP\"'& d process. Inportantly, adsorption occurs at

a concentrati on arExamplesnofi polyhydroxyreeompouradse usefultinctie bwsemeinduht'iﬂ

Ki | hi
Perention rarnclogfichll polidijéditls HORECS Weioht verddy hidifdtukr Wélght of
of the nel tedffgm uﬁPBHt ar‘?@q héan%QQHI 809pcard orDQiVO’aVﬂDhE!ﬁﬂér glycotsucand
Har dened) Tal | gty !HThQWn ra dﬁeleE'aW ﬁoleé\.ﬂér welght of from

I t hyl tu W
theory, or tc 3%9%#@?5@ Fgﬂﬂ aDeD. pﬂ'&g"é’ﬂP' HOBH abokT %ﬂ t a5 100, most
gir%c)lrjlss'rnogol spm‘fé(abdzsd fifomn abqultaﬂOO gugabpwttﬁﬂ? ef‘owoﬁwﬁmlegenzdlycplathawmg ;no .
iu
paper . DEDTWHEI)' tp ter rﬁé?‘f‘g%ghﬁﬁadr@eﬁgd r#hfl%ﬂvzé% }E%‘ i%mo% e
Chi ori de) eX|§$Be“d%'\h M?(fle[ﬁeé of IM'éfEf-l"Gscr‘}fsth @@oaﬁzﬂta@pgibem | natehysiraxys,
at equilibri uabnﬁsoumsdﬁfaq Ianw e cudedat Fermaxample, DhiRtUrdsVIE phRscerdl Baat

a liquid crystalline phase no evidence, of cr st at.e
Vi xtures of CROYBRHBIRRT (SRR 1Baving: Ss valot asTege  Molesfar, WRIGE:
using the st epbwsﬁomtbuwm meré pdeféeably fromt abauta200 htei Goorgreluselful m the

behavior is SgFﬁée‘i‘\"t nﬁ@er&ﬂﬁ% ?Fefélvéﬂl%{jﬂ&gm’iﬁrﬁ%hg' $P§{XQHH?HBV$ 0

chl oride. The raues (
50 [err] whi cEM%F%ﬂQﬁsf"Pﬁh@b@M%b@rﬁ M be prepared fromthese

m xtures over & COWOQia?ﬂbelaH?n@?eﬁfreHefﬁwmbﬂﬁ cOimpeigr i§ eﬁﬁl?ﬁﬁéth?lene
limt of m . P'clo'l rI‘%Vlr\g an welgn? averag% molecular weight of about 400. This material
is available commercially from the Union Carbide Company of Danbury,
. Connecticut under the tradename “PEG-400".
- The biodegradable chemical softening composition described above i.e.
mixture of a biodegradable quaternary ammonium compounds and a
. polyhydroxy combbund are preferably diluted to a desired concentration to
form a dispersion of the quat and polyhydroxy compounds before being
added to the aqueous slurry of paper making fibers, or furnish, in the wet end
of the paper making machine at some suitable point ahead of the Fourdrinier
wire or sheet forming stage. However, applications of the above described
biodegradable chemical softening composition subsequent to formation of a
wet tissue web and prior to drying of the web to completion will also provide
significant softness, absorbency, and wet strength benefits and are expressly
included within the scope of the present invention.
it has been discovered that the biodegradable chemncal softenmg
composition is more effective when the biodegradable quaternary ammonium
compound and the polyhydroxy compound are first pre-mixed together before
being added to the paper making furnish. A preferred method, as will be
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16 data show that a nixture of crystal and |iquid phases do, in fact, exist
i n DEDTHTDVMAC | PEG 400 m xtures. M xtures of DEDTHTDMAC wth glycerol. A1

: 1 weight ratio m xture of DEDTHTDVAC and gl ycerol apfRgahs: id Bsmrdbiaest
observation and X-ray data) to be a |liquid phase. Wile apabl e
of formng liquid crystal phases in conbination with ot Hmlﬂ%mgg!u 'Ils, It
appears not to do so in this systemat this conposition ! -

DEDHTDMAC wi t h PEG 400. Phase studies of I5hese two materials using the
step-wi se dilution nethod denonstrate that their physical behavior is

simlar to thggscoibeBERTHTERMCdettiicheretrafarlindExampleTi s cohsigtove first Wedfing

range of te ra . | l.pdl ' r,SeQRS, My  be.
pr egar ed f rgﬁﬁ% ¢ héé@ﬁ%dﬁfxﬁ gg hﬁ/dédr")dat%woyn%égpggﬁéetﬁfetaﬁgeédﬁktg#rffeﬁa@ S@eg)' Réd
upper tenper atheneadding: ther bindegradable yquatesnary amgoinium eompound w0 theihes

of quats | popotpnydRy Bufd ol forat & hormdgaifius! Ama. OThe vidight Phtid BFtRe
materials may_b repared di lutin ture, .that is held gt a

t enper at ur e a‘ﬂu%ﬁf) tm"}?&YVRy&P oﬁ}f’dPaW&VBFfB‘VeE?'é\PPPUﬁJPPQﬁa|ff°m
quat er nary aralouturh.Qalt Oat e 1o sOibl £, 1.0;t h prefesably NethieheweihDTHEERVISF 1the
DEDHTDVAC ar ep; | b I 0 ke dr. '

water w | p?%l%iﬂbpf%ﬁ% é" anhgaggrg?&?u%@ﬁ%ﬂg I u%@ﬂg?@@a%’?mr#ﬁﬂ@‘ %rhgyas
smal | particl €MPeHEd §8 3004 by: Qodald i 3.Qomease Prafarablvattbe weight ratio
pr Opfrt i otns, ‘obtheé Tuiadégrhdab@ch?te@haw arirRomide t 'gaﬁ\ nﬂi'ttf ‘!ﬁ@spt?]{(h EG&XOO
equal parts o n X s, (e. .ycerol .

e'(t:]c. . I.O.) to éﬁﬁggu@%&gggfﬁﬁmygd‘% 39&???3& i @} ﬁuaﬁoﬂ}'glra&)é’o?‘v" vary
DEDTHTDVAC wi dependiog pipen ¢he lreoleEDIEFTWEIght dfbthe pokyygroxh eobiidimtDEAG/or
phase near r ogmdb-g%bqé “"?}%’"H" Qﬁ’gg&?u}s’?a@dﬁﬂéu“ gyé@l.hcr ystal . Col | oi dal

structure of dispéysions. Lquid c ase In the diluted m xtures
exi sts as vesi cl esttiigscHnexpactedly bean found that thecadsasatian #fthRA9lvhydroxye

for (rjrw_at i on 01;1 eumlpodhapmt?i papér ike%ilgna_ﬁeaﬂtl Serlhanted hﬁhl_arﬁﬁg% p@m&bf& \nﬁﬁsﬁiér e
pressure or adPREorsdatie stefdinay Ypmani c BRI and aelente 1 geper by
t her nodynani ctheabove gescribedipeocessat are
Importantly, adsorption occurs at a concentration and within a time
frame that are practical for use during paper making. In an effort to better
~ understand the surprisingly high retention rate of polyhydroxy compound
onto the paper, the physical science of the melted solution and the aqueous
dispersion of a DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium
Chloride (DEDTHTDMAC), and polyoxyethylene glycol 400 were studied.
Without wishing to be bound by ‘theory, or to otherwise limit the
present invention, the following discussion is offered for explaining how the
ester-functional quaternary ammonium compound promotes the adsorption of
the polyhydroxy compound onto paper. o
DEDTHTDMAC (DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium
Chiloride) exists as a mixture of liquid crystalline and crystalline phases, at
equilibrium. X-ray data indicate that commercial DEDTHTDMAC is, in fact, a
liquid crystalline phase showing no evidence of crystalline states.
Mixtures of DEDTHTDMAC with PEG-400. ,
, Phase studies of these two materials using the step-wise dilution method
demonstrate that their physical behavior is similar to that of
di(hydrogenated)tallow dimethyl ammonium chloride. These compounds are
miscible over a wide range of temperatures (_ 50 °C), which indicates that
dispersions may be piepared from these mixtures over a comparable range of
temperatures. No upper temperature limit of miscibility exists. The X-ray




. wibg o .

created. Since the liquid phase of DEDTHTDMAC / gl ycerol m xtures may exi st
over a wi de range of tenperature, one nmay al so produce di spersions over a
wi de range of tenperatures. 17 Cryoel ectron m croscopy denonstrates that
the particles present are about 0.1 to 1.0 mcroneters in size, and highly
varied in structure. Sone are sheets (curved or flat), while others are

cl osed vesicles. The nenbranes of all these particles are bilayers of .

nol ecul ar di mensions in which the head gneups are exposed to water, the
tails are together. The PEG is presuned to be associated with these

particles. TG&@%%W%?P% ﬁﬁxt@'rérzﬁréﬂy@.fﬁl S NiyuRd phasédido, MAnfes, temsaamer

results in attachnen er -functional quaternary ammoniumi.on to
t he paper, stOEMEHTD M%‘Frdtesse WEYFR-i on of the pol yhydroxy conpound
onto paper, %ﬂﬂtWe@WBD‘G’Hﬂ'D’#AUwﬂhngiﬁbéﬂot.ation of softness and retention

of wettabilit t te f
di spersi ons a%/e I edf) vf’%gﬁbdr:a?' J(‘:'éragét afl\/\ﬁ@;bat [ onmﬁ]&e é}SF’ appears{ n
the col | oi dal(froan ﬂnrecegbnwa@eemnd Potay, datalito be 3 figdd,phase: Ee glycero

att ?Ih n)rrent ofj tegpageu I bgrfdigﬁ:ﬁé afiquivi chrystslphases imrng:mmrratm:pewmlmher .
nmont hs), so t i sordered partic a |iqui
crystal or a%ﬁ@%ﬁse& REr N p ﬁgsdeo FWE&S%P(;&%%?{]E?&EB%{O" |
Pref erably, tMRtbrasdu@DEMﬁW&deg‘r BEGHAQ0chen caI sof t eni ng conpositions
descri bed her@h&na% ﬁé?%fbﬂ{ﬁﬁet\kaenﬁ%hélk hiding" theakfepiise Altioht metiast

It is believ vesl| C

es containin blode r adabl. e
pol yhydr oxy cderpensisate thay theiryphysiga al bepaviRsds éf'?:" ar 1o)that 3335@3@9?06%9
drying of therhégy Qbﬁ\p@ﬁhbsﬂa% infisoiblecoved a videaahpe ofeenmeeauusesmaks'h °Glhe

el Lul obe 11 SRS GicABE (B RPECGHE il B tbBofedCTroft Bioel mBrutgover g

of the PEG i scomparabiel range lof tempearetures. Nweupperexemnemum |l€1tft§ mS@hHﬁche
t he absorbencxx ?ge of the cellulose fibers. Due to ionic |nteract|on t he
cationic portlon of the biodegradahbl e §2 co&onent st a on the surface

of the cell ul Bhsicabstate af snixtyres of PXy oM AWt ness of
t he paper productpispétsieig of Withd?i ol eiesethwatedals may be prepared by diluting a

mixture, that is held at a temperaturé at which the polyhydroxy compound
and the ester-functional quaternary ammonium salt are miscible, with water.
Neither DEDTHTDMAC nor DEDHTDMAC are soluble in water, so the
dilution of either dry phase with water will precipitate the ester-functional
quaternary ammonium compound as small particles. The polyhydroxy
compound is soluble with water in all proportions, so it is not precipitated.
The addition of mixtures of about equal parts of DEDTHTDMAC and
polyhydroxy compounds (e.g. glycerol, PEG-400 etc. ...) to water, so as to
. form a mixture containing about 1% of DEDTHTDMAC will precipitate the
DEDTHTDMAC. Most likely, the DEDTHTDMAC phase near room temperature
will be the lamellar liquid crystal.
Colloidal structure of dispersions.
~ The hquud crystal phase in the diluted mixtures exists as veslcles which,
for the most part, are closed and sphencal The formation of such d:spersnon
likely results from the large osmotic pressure gradients that momentarily exist
during the process. The origin of these pressure gradients is the spatial
gradients in the composition (and thermodynamic activity) of water that are
created. Since the liquid phase of DEDTHTDMAC / glycero! mixtures may
exist over a wide range of temperature, one may also produce dispersions
over a wide range of temperatures.
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The present invention contains as an essential conmponent from about 0.01 %
to about 3.0% preferably fromabout 0.01 %to about 1.0% by wei ght of wet
strength, either permanent and/or tenporary, binder materials. A~ Permanent
wet strength binder materials The permanent wet S”ﬁﬂgédéet%@éje%ﬁg DRL&r | aI S

are chosen fromthe follow ng group of chem cals:

pol yam de- epi chl orohydrin, polyacryl am des, styrene- m%mlﬂeml IHH es;

i nsol ubi li zed pol yvi nyl aIcohoI ur ea- f ofymal dehyde;

pol yet hyl enei m ne; chitosan pol yrrers and m xtures ‘thereof. Preferably the

per manent wet ‘st tﬁP&éIEchHdﬁW& V%én@ﬁ&ri@sefﬁftdtﬁé%%mh!}% Préddin are

consi sting of polya drin resins acr esi ns, and

e
mi xtures the@bgut OFH‘e 9, O miche ISsiy 8128+« gngi 'NSBW Nafiad jin| structure.oSome
control lintiang shedtsalcurved crffiatpt while dthers are bmul vesitleSNThE . menbrées

Pol yan de- ep U febeCoFYcCateC iRV ot maicidl bichéHEgRs, i Wi the, g
have been fo@faupsar ezstwp%d o ovater, the xaltsyaresmgeabe@ TheBEGois preskmedstons

d b t 6 d
gr $72e3 g g . e;ﬁe'uée%éécfatea’ah&ﬂ thwee p%n?&@s ‘?ﬁe dp%ﬁé@doﬁ'bf%&ﬁ’é?@fon%“% e@a%?%deuﬁn

er 13, 197 dta
her eby i ncor Pa?‘@ﬂ"BSIN?? (ﬂa@reéﬁﬁﬁ"ltmagaﬁﬁmee tg‘&ﬁ%@" "cé'%?éﬂh'ﬁtemafy
pol yani de- epiashinonismy diom toesthes papetiestrongly promotes tié nadsprptionDelf avee e,
whi ch mar ket | - 15@{?1 e
Pol yacryl am Z’ e5| E§§r@\/dg d o ‘?o :Fra? ﬁnﬁ?ﬁ 0 t{e {’é%'gle%gé'la\f\’éft'castoreﬂft h .
resins. Thes&oftnes @tee@% tYé@Ft?lP!‘lY S. Patent No. 3,556,932, issued on
January 19, Sidte ofmﬂmﬂe@sioﬁé al . and 3,556,933, issued on January 19,

|1 bat h d
Teerence. (e cONBEPCItR oaheveb” EScsThert . Alpafriane , ot ncobldacines qpartia
Cyanam d Co. osystallizationd, ofcmtmematmal withinh ther gelicidaharticlesr esay ocelat
the trade- ”arlvlfo\ﬁﬁ(lﬁtz l{?{ ilic?lﬁs'&\a't\'(ﬁ\e SttdidmBht' 6F t?‘n‘@te‘{aﬁllfiﬂn@pﬁ?ac}%a\;vhpmr@ire a

resins findin nvention are ure and am ne
f or mal dehyde Pesutﬁme (Pﬁﬁ,haﬁ‘ir mordhshe $of thedta gisardesed partisie wrws membranes

IOOljyf Unﬁt : Olnaéreréiﬁhdisa ﬁﬁ&ldnd:tty'st?é]&fr sﬂiﬁoﬁdé&'eﬂﬁc t?dllltﬂla%EQB inferadting vativ YR
g e o AP BRI e o BeAgnbR, Rl eRaL StEniRG
bi nder mat er i cdrgpositions descnbed herenn are used before the equilibrium state has been
attained.
it is believed that the vesicles containing biodegradable quats and
polyhydroxy compounds (e.g. glycerol; PEG-400 etc. ...) break apart upon
drying of the fibrous cellulosic material. Once the vesicle is broken, the
majority of the PEG component may penetrate .into the interior of the
cellulose fibers where it enhances the fiber flexibility. Importantly, some of
the PEG is retained on the surface of the fiber where it acts to enhance the
absorbency rate of the cellulose fibers. Due to ionic interaction, the cationic
portion' of the biodegradable quats compohent stays on the surface of the
cellulose fiber, where it enhances the surface feel and softness of the paper
product.
Wet strength binder materials
The present invention contains as an essential component from about
0.01% to about 3.0%, preferably from about 0.01% to about 1.0% by
weight of wet strength, either permanent and/or temporary, binder materials.
A. Permanent wet strength binder materials
The permanent wet strength binder materials are chosen from the
following group of chemicals: polyamide-epichlorohydrin, polyacrylamides,
styrene-butadiene latexes; insolubilized polyvinyl alcohol; urea-formaldehyde; _




If tenporary wet strength is desired, the binder nmaterials can be chesen
fromthe follow ng group of starch-based tenporary wet strength resins:
cationi c dial dehyde starch-based resin (such as Cal dasS ﬁo&oﬂu@e@ﬁa@ép

Carl et or Cobond 1000 produced by National Starch); rch;-
and/ or the resins described in U S. Patent No. 4, 981 January
1, 1991, to Blorkquist and incorporated herein by reference Dry strength
bi nder materials The present invention dontains as an essenti al corrponént
from about 0.01%to about 3.0% preferably fromabout 0.01%to about 1.0%

by wei ght ofpolyethyleneimingt [thiosdarpdlpineis aindchimadred tesreblle TFabiePdbpOtHer oup

o (T 11 1 o ek i OB B L S

(such as Red;olnmaﬁnngtf) mluam%)apwmrbabﬂenfr&sms\.lapolyaarvlanarecheand and

Chem cal r Meahel!
Ai rvol 540 ,roduced b {’r o% cts eif \ﬁ@b’?tr@ﬁ#ﬁbgﬁéﬂerﬁﬁ?hgisuéﬁt”@:c ({8'5
bean gurms; Qﬁ%‘f‘gra MPF%I“@)%"T‘@J@H chfian¥.d; PBFEUT’@@‘ thenc .

of W I m ngt Qrbdéﬁbdaﬂeedmiraicbysottbﬂetdcmnpbsmogsh bi nder nmaterials are

lected f t ! b St0gaaf d
nmodi 11 ed ot ar OO aRIEe-BBEHIIohDGrf rof s WHe/CHRIANG vidk st feBls e
bi nder mat erhayesbegn fewwumbe)pfmamw%r Aty %wtahie aypesioftsush tasins are
tensile str%hhbeufmams Peﬁaﬂttwag:#wmaiaa -hs@@krgrna%%@ercbamm#z and

e il 078 1B emblr {GE Fo25r bt isgudd 35" KT S Poth y.
Exenpl ary stheing hezeby ||ad:srp|ommieddby aeferencer Oneacampwereiab seuroec bf aalibefiul it
I's not Intengg g?arc Bﬁ{gﬂi&fghvgm x’egﬁmssﬁofr%réi.[l?ss“ir{cabéfe\mlrﬁnhp’fbr{mb‘éfa'v@ér%

and waxy cor nown. I ndus ar ¢h
particul arl yw bicks markets saehoesinsupdemthe traee@arkdmeMn BB¥H.starch in

; halt ol te c't Isnentl erWaéfWéﬁmr Itrgg?smaoﬁgagﬁao&mr e efrsgha 1 arecbfcer;l&el as \Re}]
e er Sbengt s, TREsSuasin g8 aSe et FL TR Barery 6. O3 558,352
Schopneyer, |§smu lond Wanuaes, 19)ed§ﬁ‘tlertol%§cnapret 4D GarkD 38,556|933pissued on
1476-1476) . Jifuail {1897 36 wnuar.ewarr %thﬁ#?ﬁgﬁ{ssﬁgrr:}gofn%ﬂhaﬁ%i Aeai! ar

formis preferr
swel | i ng of py,gegqrgﬁgeeg)nqvgggmerclal source of polyacrylamide resins is Amencan _

Cyanamid Co. of Stanford, Connecticut, which markets one such resin under
the trade-mark Parez ™ 631 NC.

Still other water-soluble cationic resins finding utility in this invention
are urea formaldehyde and melamine formaldehyde resins. The more common
functional grbups of these polyfunctional resins are nitrogen containing
groups such es amino grbups and methylol groups attached to nitrogen.
. Polyethylenimine type resins may also find utility in the present invention.

B. Temporary wet strength binder materials _ _

if temporary wet strength is desired, the binder materials can be chosen
from the following group of starch-based temporary wet strength resins:
cationic dialdehyde starch-based resin {such as Caldas produced by Japan
Carlet or Cobond 1000 produced by National Starch); dialdehyde starch;
and/or the resins described in U.S. Patent No. 4,981,557 issued on January
1, 1991, to Bjorkquist and incorporated herein by reference.

Dry strength binder materials :

The present invention contains as an essential component from about
0.01% to about 3.0%, preferably from about 0.01% to about 1.0% by
weight of a dry strength binder material chosen from the following group of
materials: polyacrylamide (such as combinations of Cypro 514 and
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preferably, the starch granules are smollen *as by cooklng, to a_point just®
prior to dispersion of the starch granule. Such thth—smnTT€ﬁ“§f§?tﬂ

granul es shall be.referred.to as being fully cooked". Th %ggmgﬂaﬁﬁ for
di spersion ip general can vary dependi ng upon the §W h

granul es, the degree of crystallinity of the granule nt of
anmyl ose present. Fully cooked am oca starch, for exa repared

by heating an aqueous slurry of about 4%q consi stency of starch granul es at
about 190 [err] (about 88 [err]) for between about 30 and about 40 m nutes.

a ther exerTl ch‘.o§£réﬁ§ih c::}ﬂaﬂlu‘éeu/fbyc Arhgticdit Ov%ﬁdm:ﬂfﬂf%yﬁés IN.U9¢ starch
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I ncr ease wet erlng
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Chem cal - sof Senad SRSt fring ) afsh, oIS TR BN horehle AT iPkny."e
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a dry strﬁngth bllndgenegulefmuﬁulq stawmbfmatprammhgatlperpmsent lmenﬁbneiagé h
resin such a an r n
to the sheet %h?)éé%? 6?% vg?tgé ﬁ¥wﬁl{t§hg£€%n§§hﬁp§ﬂ‘§a§f g%éﬁf? I#%craﬂg}éﬂs
upon drying raaterials include mmn tstathdy and cpotatp istarch: ralbeit 4k is aottintendedntoet .
Preferably, l%ﬁ&ﬂgﬁ'hﬁﬁ‘s)%e & e%ﬁ‘@Gltﬁ@ﬁuﬁtécﬁ%ﬁgerﬁwd@ﬁd rWéi?%'cﬂrﬁ §t”a?ch

efar

retained int heet, calc
rmreI prefera59 t is) kneyen ingdssstially ;ﬁ%%m!?c&bﬁi‘fgl ‘%%Wc‘ﬂmﬁﬂg?’ f%dr ﬁma"’?%

retai ned. Thetamtodiffersefrom ddmbhoeoms stdrchhirs thaw énis entirely t armylopectin,
el ng. ¢ he abouhSfal, niipoRy ERFL Farcl' doritaes elin® BRiobBid thnd | dihlbse.
materi al s as Varipus wniqee maracmﬁsmmsoﬁmmm atarchhara Hﬂf@eét@?ﬁqflbeﬂhéﬂ
removing of tgmidtatl The Gtakdif from Waxy Corn®, H. H. Schopmeyer, Food Industries, -
December 1945, pp. 106-108 (Vol. pp. 1476-1478). The starch can be in
granular or dispersed form albeit granular form is preferred. The starch is
preferably sufficiently cooked to induce swelling of the granules. More
preferably, the starch granules are swollen, as by cooking, to a point just
prior to dispersion of the starch granule. Such highly swollen starch granules
shall be referred to as being "fully cooked”. The conditions for dispersion in
general can vary depending upon the size of the starch granules, the degree
of crystallinity of the granules, and the amount of amylose present. Fully
cooked amioca starch, for example, can. be prepared by heating an aqueous
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 modified cationic starches such as
‘those modified to have nitrogen containing groups such as amino groups and
methylol groups attached to nitrogen, available from National Starch and
Chemical Company, (Bridgewater, New Jersey). Such -modified starch
materials ére used primarily as a pulp furnish additive to increase wet and/or
dry strength. Considering that such modified starch materials are more
expensive than unmodlfied starches, the latter have generally been preferred.
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furnish so deposited. Techniques and equi prent MLCD—C%[S%'W
acconpl i sh these two processing steps will be readily apparent to those
skilled in the paper making art. Preferred rruItTfHdShy@Heg:beEﬂﬁ H&qPaper
enbodi ments of the present invention contain fro 0 about -
3.0% nore preferably fromabout 0.1 %to 1. O%by H“m M@dry fiber
basis of the chem cal softening conposition and bi nder s descri bed
herein. The resulting single-layered or mglti-layered tissue webs are
conbined with one or nore other tissue webs to forma nulti-ply tissue. The
present inventi onMethagsl ot apipticatiomuintiudel, ytheasaee ure\sueslyanescmtred with

|, | | y-
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si ngl e-1 ayered or a sue stru
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et al. issuedefigotive@mamt abaccomhinationoohwertsttengshdbindes; eitierr peromanenitn
general, a mﬁnbﬂrQeWQN ténd $3Py s'?c‘dn'ﬁi‘h HiRger? %%hﬁﬂﬁlypé‘ ﬁﬁl%’tiﬁﬁ%tea' S

pr epar ed fromtwo or ger ur ni s \éﬁv (g npri sed
of different PFH@?"?% t st hspg '@eEeA f ﬂﬁ\é qtéﬁftﬂ*g
are preferabl esimrsuh faso@MQe lieppphéd ao die Sshwt,atte pmmlmfcdmﬂrﬂt and

telativel'y shoepeitshf ShieriaR ifetdate ShoH drifinl [efftVe 18 #, ELHURRE kteo
meki ng, upon but athefwise ndnatueelsshentarﬁrawgbwertmmem alelteol-Ql’t%/Budaabout

| ayers are i nigt y
S A L 0% by bﬁﬁmafé}.awe?é %ﬂnﬁéd P the Gﬁehasfférei éét%uﬁi'@é gﬂvsnarlb

o form er ed ayer e
subsequent | y E'EE 'BE? t basisr Pd"go o1 Q[ﬁ'F 'o eﬁﬂe@)‘beﬁp%ﬁs %' and 'about

dryi ng/ i npri ntli.0% bathlndebmattéﬂalapglreuaMGd)n of afluid force to the web and
thereafter thermally predried on said fabric as part of a | ow density paper
maki ng process. The |ayered web may be stratified with respect to fiber
type or the fiber J&@t8eronst stepin dbpdroress phthissinveptiop issthendepositing hef

same. The nul &helﬁngreeléyéteiﬁl& RUMlayired ebaﬁ&ry rﬁaén% ﬂﬁﬁ:bﬁ W?thﬁhfthé)fabove
Fet ween 10 [ e[gre%craged c?lemncaq J‘ft 4 reJr c%r}rqusf‘;txon a¥\d bmger matenals Js adJimves on
ess. Prefera
: a foraminous surface and the third step is the removing of the water from the
furnish so deposited. Techniques and equipment which can be used to
accomplish these two processing steps will be readily apparent to those
skilled in the paper making art. Preferred multi-layered tissue paper
embodiments of the present invention contain from about 0.01% to about
3.0%,'more preferably from about 0.1% to 1.0% by weight, on a dry fiber
- .- basis of the chemical softening composition and binder materials described
- herein. The resulting single-layered or multi-layered tissue webs are combined
with one or more other tissue webs to form a multi-ply tissue.
~ The present invention is applicable to multi-ply facial tissue paper in
general, including but not limited to conventionally felt-pressed multi-ply
facial tissue paper; high bulk pattern densified multi-plv facial tissue paper;
and high bulk, uncompacted multi-ply facial tissue paper. The multi-ply facial
tissue paper products made therefrom may be of a single-layered or muiti-
layered construction. Tissue structures formed from layered paper webs are
described in U.S. Patent 3,994,771 Morgan Jr. et al. issued November 30,
1976, and incorporated herein by reference.  In general, a wet-laid
composite, soft, bulky and absorbent paper structure is prepared from two or
more layers of furnish which are preferably comprised of different fiber types.




basis weight will be bel ow about 35 g/n2 or |less; and density will be about
0.30 [err] or less. Mst preferably, density will be between 0.04 [err] and
about 0.20 [err]. In a preferred enbodi mrent of this invention, tissue
structures are forped fromnulti-|layered paper webs as described in U S

Pat ent 4, 300, 981, Carstens, issued Novenber 17, 1981 and i ncor porated
herein by reference. According to Carstens, such paper has a high degree
of subjectively perceivable softness by yjrtue of being: nulti-I|ayered,
having a top surface |layer conprising at |east about 60% and preferable

about 85% or THE Ryers %F@rptreim@lwnfeubﬁbm tmuegssmnkaﬂsédshm sti@ahiy 8f
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an FFE (Free EldmelyEshk)r{lhaidwamﬂ ﬁbastaqoused iraumlnﬂawﬂredttlmeopapmrmaklagd
preferably a o, 8 g ny he
step of breaalﬂ%g %R f‘igc@{? ?H%\ ?fggfﬁ@g ‘Ibl:eg‘{‘/\genﬁt {iu#}l %bfgpsegré
fibers defi nl'ﬂtj'ai' Vs Q"H}Pdsm é@éafﬂfep?"ﬁ(ﬁsdeﬂ@ufweﬁ efe ﬁHEﬁewﬂﬁoPpﬂmﬁed
thereof to acviilee wer) lteqmomdaFIH‘s/érede»onfpdshe twebsurfnselavferémevklbsssle

Such
R epi o surfubBeB B Salied® th o ihrbitn 'tb SHEP dittdce® of SGHY AR mekh™
been adhesi vedryingliraprinting fﬁhéccb%rihﬂgam’l!ﬂﬂﬂﬁﬂb@f aﬁ‘ floigd darce: 1o, thenwebt andy
(dryness) of sHerddtesr tidtRidllySpPediivd Bhesfid afdbricads Imtofa@qatv Qebisity paper -

consi stency rou COﬂV nti ona

Such
Ports.t orY ormaking arogkss | e tayped weBinaY e, Statiped vith fesnast n, e Be
necessar ijl y otbr the ﬁbewebmdmgif thel respective layers nﬁvabe redsentiallyl the sarme. The
t n
oot o TR Hiud Y RN REE R WL URine e bR Rer 20 im2

| ayer and an %ﬂﬂabquiy@‘i gf gndlﬂewt\rnofmbqui &Q@}@m ohdessut Rieferaphy, s
preferably cogggis Sﬁe:ﬁh?rwmvdé’ b&ld@wrss tblt 38! anbl ddiiy GAPoeradBure

et ween about OGP0 GRS aF dBet MESS prRereRls AR Wik i BRRRPRG 000 RO
typi cal |y har andatolit 0c20 g/pma‘ erably, eucal yptus fibers. Alternatively,
ool o Shen Ther ol BRI OE, GrBUiih@R B bbbl s TRIBEHRES Cle
M xt ur 65t her 8fmeshnfioEn | smdtirlavered RARSr |wgks sas described in U.S. Patent
: 4,300,981, Carstens, issued November 17, 1981 and incorporated herein by
reference. According to Carstens, such paper has a high degree of
subjectively perceivable softness by virtue of being : multi-layered; having a
top surface layer comprising at least about 60% and preferable about 85% or
more of short hardwood fibers; having an HTR (Human Texture Response)-
Texture of the top surface layer of about 1.0 or less, and more preferably
about 0.7 or less, and most preferably about 0.1 or less; having an FFE (Free
Fiber End)-Index of the top surface of about 60 or more, and preferably about
90 or more. The process for making such paper includes the step of breaking
sufficient interfiber bonds between the short hardwood fibers defining its top
Surface to provide sufficient free end portions thereof to achieve the required
FFE-Index of the top surface of the tissue paper. Such bond breaking is
achieved by dry creping the tissue paper from a creping surface to which the
top surface layer (short fiber layer) has been adhesive secured, and the
creping should be affected at a consistency (drynéss) of at least about 80%
and preferably at least about 95_% consistency. Such tissue paper may be
made through the use of conventional felts, or foraminous carrier fabrics.
Such tissue paper may be but is not necessarily of relatively high bulk

density. _ -
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or blended in the inner layer; if désrred. The inner |ayer“preferably
conprises a primary filanmentary constituent of about 60% or nore by wei ght
of relatively |ong paper naking fibers having an average fiber |ength of

| east about 2.0 nm These |ong paper making fibers are typically softwood
fibers, preferably, northern softwood Kraft fibers. In a preferred

enbodi ment of the present invention, multi-ply facial tissue paper prodycts .
are formed by placing at |east two mJIt|zi ayered facial tissue paper webs
i n juxtaposed relation. For exanple, a two-layered, two- ply tissue paper
product can be na®@bebindividoahpliesf cobtainew-inayke echulti-piy efagighetisswed papbra

second two-| ﬁ}’&f;ﬁﬂst lo¥S the pq:?&ﬁeﬁ‘leqw@nﬂl g[’é}@%l{(elcﬁH ke | & tl@hﬁ%yg’yo and |

exanpl e, eac a two-layer tissue s i sing an i nner
an outer | ayéﬂpefplﬁ’éeéu‘@hfﬁfﬁoa@'ér'nmfei%bﬁﬁd canmmgreéaxesec@mwousammaue

fT Lge:alo aglolI 2 tsrmernwerj apted guitef eﬁ@ﬁisy n?ﬁfé?ébl?e%oiﬁtﬁ'tdeorw ;ﬁﬁﬁhér q{ilarfnbh’éhgzr
in the outer Pﬁé‘éﬁ”@ag%f}z%‘fn :ﬁc&af &glﬁi’&a‘w&w‘% oafn%?ﬂt H%& rgafq
cont ai ni ng t fiberohgvingl ancaxerage diber fhetweenvabouty . 0|2‘nnunhmd ‘abods 1.5ham.
guter Iaygr fl‘hﬁﬁé\(‘dho?{' bai:@i‘ rmalaﬁe mesa@ wéa&ehafdakbed 5P éﬁﬁ:‘l@'
nterior of - EHEANRLIS fioere, AltpaiAtvel, fiV 008 SOUERS T Sﬁc?eréé’ér*%ém &%l
view of a twsulfitydibeis; thermoméciaEncaltpulp ChemiTthenmdMechanided) Rulg (CTRaRNt
ompr | sed of THEES: Wbyt hBLS sha hiGdl thést Sin bUTiedhl b #RPoGHs i
of inner |ay®f bieﬁ %m mﬁ@neré@m isiesmsﬂerm%lmes lmﬂerarpée vmnses
QL' mralrlsla)é 01; Iﬁ*ﬁ?{r\?arﬁaﬂﬁmgﬁ{ﬁrvgcéhﬁ%éni%f \Hgggeaeoww dmaﬁeevgg NT HE EfT
oo n ancalt chRvel fina, BRBeF ShRekins ubr cheving an dbisreos TRer:FOATh (o 8BSt
ply facial tisbout 2permm ﬁrtmtecbagapape‘ranabﬂgb&bﬁl‘saarerwptdwlvacﬁftwgbd-f_itmfe,r ed
ti ssue paper rdpgg?ablgu eet §§gt(¥w%fk\‘£’f?‘flbepsth' s exanple, each ply is a

single- layere twood or hardwood fibers. The outer
plies preferably dbnﬂ)m@éﬁffﬂb embediment job dbie fpreseat imventian, | muliti-pjy facial

preferably cqpaueSsper Grodaets #Ofbririedehy pladifg it 1eastP S midte Ihyenbd Hasial n
a manner tissue paper webs in juxtaposed relation. For example, a two-layered, two-
ply tissue paper product can be made by joining a first two-layered tissue
paper web and a sécdnd two-layered tissue paper web in juxtaposed relation.
In this example, each ply is a two-layer tissue sheet comprising .an' inner layer

and an outer layer. The outer layer preferably comprises the short hardwood -
fibers and the inner layer preferably comprises the long softwood fibers. 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 layers containing
the long softwood fibers face inwardly. In other words, the outer layer of
each ply forms one exposed surface of the multi-ply facial tissue and each of
said inner layer of each ply are disposed toward the interior of the facial
tissue web. _ :
Figure 1 is a schematic cross-sectional view of a two-layered two-ply
facial tissue in accordance with the present invention. Referring to figure 1,
the two-layered, two- ply web 20, is comprised of two plies 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 making
fibers 16; whereas inner layers 19 are comprised primarily of long paper

making fibers 17. '
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such that the short hardmood fibers face outmardly Figure 2 is a schemati c
cross-sectional view of a single-layered three-ply facial tissue in
accordance with the present invention. Referring to figure 2. the
single-layered three-ply web 10, is conprised of three plies in juxtaposed
relation. Two outer plies 11 are conprised primarily of short paper making
"fibers 16; whereas inner ply 12 is conprised primarily of |ong paper naking
fibers 17. In a variation of this enbodipggnt (not shown) each of two outer
plies can be conprised of - two superposed |layers. I't should not be inferred

fromthe 3bo¥e di ﬁﬁla_ﬁséﬁékriar;k@tpréféli‘rélf eﬁmﬁdrdnarrferdfim bﬁesbhtﬁiﬁeé'hﬁam,: mubile
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conposition is

I
Char et ssue el B, ifiGobriser 4t \hreq Bt it fpsagesed, Bietit ke s pies 11
quat ernary campaomprset poinydrily rafxshomr ngaperdmaking ﬁbershaac:ewhm'ehstlhaer ply

sof t ness and af. t esgnt
mventi on. RAYA ?ﬁﬁ‘*{"%"eﬁcgfﬂaﬂ‘ﬁ (G ok reRRHE ABBAL 1T dncs, VeteuBhnsP
sof t eni ng coﬁb@sﬁmb&#'mgﬂb ney shownyieachy ef swo putes; plirsg £anl e @oqumssdnafy
anmoni um conaSupérposba 1dgershydr oxy conpound is schematically represent ed

by dark | 1 d,2 that t f
The bl adeur aden e‘*t:ﬁbwfirnoéﬁqq GFfRrs0, %ﬁ%ﬂéﬁ?.%ﬁ&%drsgue%ﬂpar% ° Piseot
| ayers 18 andnwvention ji$ ilieviteldl 1o tisspe @apes! groducts%ﬂnﬁﬁ&lﬂﬁl\mh&dElﬁTeHemWe

1 has al 5o Hegg: o SRYENCL. Wb flfrd |k, AP LSLAY Hape] pLOSuG! et L

ti ssue paper uct's d reases W us on’ o
two or more plies in combination wrth each ply consisting of one or more

layers are also expressly meant to be included within the scope of the
present invention. :
Preferably, the majority of the biodegradable quaternary ammonium
compound and the polyhydroxy compound is contained in at least one of the
~ outer layers (or outer plies of the three-ply, single-layered product) of the
multi-ply facial tissue paper product of the present invention. More
preferably, the majority of the biodegradable quaternary ammonium
compound and the polyhydroxy compound is contained in both of the outer
layers or plies. It has been discovered that the biodegradable chemical
: softening'composition is most effective when added to the outer layers or
plies of the tissue paper products. There, the mixture of the biodegradable -
quaternary compound and polyhydroxy compound act to enhance both the
softness and the absorbency of the multi-ply tissue products of the present
invention. Referring to figures 1 and 2, the biodegradable chemical softening
composition cornprising a mixture of the biodegradable quaternary ammonium
compound and the polyhydroxy compound is schematically represented by
dark circles 14. It can be seen in figures 1 and 2 that the majority of the
biodegradable chemical softening composition 14 is contained in outer layers
18 and outer plies 11, respectively.
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bi odegr adabl e quat ernary ammoni um conpound and t he pol yhydroxy conpound.
Therefore, binder materials are used for linting control and to_increase
the tensile strength. Preferably, the binder materials are contai ned | n the

inner layers or plies and at | east one of the outer Thig m&hmb Rﬂ t he
mul ti-ply facial tissue paper products of the present S
he i pner

preferably, the majority of the binder materials are

| ayers (or inner ply of a three-ply prodgt) of the nu t|- y faC|aI ti ssue
paper product. Referring to figures 1 an t he permanent and/or tenporary

i Tcles 15, the oY ot o e et oo Bt b g A e ot he
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i nner | ayers %8H'§i%nunnelfhe%ﬁ6r&2bnr{d“e?pﬁﬁiéﬁ(é?& Yare %&?&Phlﬂgﬁgg&r&@ L35 0
bi odegr adabl e, c a‘_‘ sof t eni nghm I on conprisin
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linting. Howeve g osi tion, e bi
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to in the art damands@bri kiean \bier seemnia cfigurest Lirands 12 ithatdthe shajority oft the

formng wire, Ulﬁdérsn'l"a?éﬁﬁ’lf.efé hﬁdam Aréddntdingd iR bdth Glﬁift? firie IEYers 19 and
transferring t,o erin t, pressing the web and drying at el evated

t enper at ure. P/ Jeépg?%\éﬂ)h ques and typical equipment for making
webs accor di ng to t‘lme pombﬁmmmef thediodégrddable ekeérnicah@oftening Boamosition

orovided in 2%& visiod, ' HReBiadéelc Wethoal', SUMRRAMRE  eohdnd " Bhd" d ©
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bet ween about . . :
properties. Selectively adding the majority of the biodegradable chemical
softening composition to the outer layers or plys of the tissue paper,
enhances its effectiveness. Typically the binder materials are dispersed
throughout the tissue sheet to control linting. However, like the chemical
softening composition, the binder materials can be selectively added where
most needed. _
Conventionally pressed multi-layered tissue paper and methods for
making such paper are known in the art. Such paper is typically made by
depositing p'aper making furnish on a foraminous forming wire. This forming
wire is often referred to in the art as a Fourdrinier wire. Once the furnish is
. deposited on the forming wire, it is referred to as a web. The web is
dewatered by transferring to a dewatering felt, pressing the web and drying
at elevated temperature. The particular techniques and typical equipment for
making webs according to the process just described are well known to those
skilled in the art. In a typical process, a low conslstency pulp furnish is
provided fn a pressurized headbox. The headbox has an opening for delivering
a thin deposit of pulp furnish onto the Fourdrinier wire to form a wet web.
The web is then typically dewatered to a fiber consistency of between about



REPLACEMENT SHEET 25 7% and about 25% (total web wei ght basis) by vacuum
dewat eri ng and further dewatered by pressing operations wherein the web is
subj ected to pressure devel oped by opposing nmechani cal menbers, for.
exanple, cylindrical rolls. The dewatered web is then further pressed-
during transfer and is dried by a stream drum apparatus known in the art as
a Yankee dryer. Pressure can be devel oped at the Yankee dryer by mechani cal
means such as an opposing cylindrical dr2in pressing agai nst the web. Vacuum
may al so be applied to the web as it is pressed against the Yankee surface.
Mul tiple Yanki%h @ndeaboutui25 %ultotal wepl weight basisktby addutim dewatedngi and i s
optionally i %bg]h@?chéwaww By préd -op}hsﬁaﬁﬁ twhéfé(r?rtﬁé el >iesitiBEled to
structures which are forqedﬁgr refefred to hereinafter as conventl onal,
pressed, nul tRTeFSHIE: cdevelar pePPRISING t Jpechanicaly membess.or torc oparapleed

t o be conpacteingricakrdlise entire web is subjected to substantial nechani cal
conpression force | flRer: | r e ried Lle.in a
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reference. | r | fd - refer p
deposi ting an%%g?é%lia% Iri:g Sr‘ﬁllhgﬁqﬁ% ﬁab%?%\rgg?nﬁﬂ%g a?‘gr én'%nng‘\'ny Pﬁégu%ﬁ%sﬁga
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array of supports.pdftern\8ensifie@ rRgItiOEyS@d 1issue! Pébet'is ThaPict8HPRP by having a
Lher eby resu (dibtvely nigh Bulk “Reid o reldtively’ 16% fiber’ densify “and’ ' f
geogr aphi cal | [ y hig Y e sity and an array o
.densified zones of relatively high fiber density. The high bulk field is

alternatively characterized as a field of pillow regions. The densified zones are

alternatively referred to as knuckle regions. The densified zones may be

discretely spaced within the high bulk field or may be interconnected, either

fully or partially, within the high bulk fieid. Preferred processes for making

pattern densified tissue webs are disclosed in U.S. Patent No. 3,301,746,

issued to Sanford and Sisson on January 31, 1967, U.S. Patent No.

3,974,025, issued to Peter G. 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 4,637,859, issued to Paul D. Trokhan on January 20, 1987; all of
which are incorporated herein by reference. :

~ In general, pattern densified webs are preferably prepared by

depositing a paper making furnish on a foraminous forming wire such as a

Fourdrinier wire to form a wet web and then juxtaposing the web against an

array of supports. The web is pressed against the array of supports, thereby

resulting in densified zones in the web at the locations geographicaily

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

wet web. The remainder of the web not compressed during this operation is

referred to as the high bulk field. This high bulk field can be further
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correspondlng to the p0|nts of contact between the array of supports and

the wet web. The remai nder of the web not conpressed during this operation
is referred to as the high bulk field. This high bulk field can be further
2 6 dedensified by application of ‘fluid pressure, such as with a vacuum

type. device or a blowthrough dryer. The web is dewatered, and optionally
predried, in such a manner so as to substantially avoid conpression of the
high bulk field. This is preferably accomglished by fluid pressure, such as*®
‘Wi th a vacuum type device or blowthrough dryer, or alternately by

nmechani cal | y dagefsified W@ami&aﬁﬂﬁl of tfluid mfsweofswwaermwaeo&dumhﬁ/dy gh
bulk field is, npt corrgr cjt @}]o er at i-ons of d.evvaterl rg o$ at "
predrying angeVEegri Thie WeLy J5hdeh IS gewaterely o 'é‘?j gptionaily
partial | y i niprededdint suchacmmmioe sooeal tonsulbstantially avoisk sompressipns of the

per f or med. S %I?Wtfhélﬁ’ &%m 2@&@*\5«;9&@&.%&%& rgﬁtf‘é&‘@ﬂ'@r sfiéh d

optional pre etion

avoi di ng nechMithc8l vacuum nHPePr@r"é‘Feab?S/ blp FH'&HSht 8"? o°éb3l§?"'§3%/ofb% he
mul ti -1 ayer ednéchamicallyapressing freec eveboagainsean deray 6f edppovts lvbmehamengngh

relative dengjy ﬂ&%datlsl ‘?’Eﬁt Tcaz?n}gr%géecf h%ﬂerﬁéé%tt%st gf Qé% g\;ﬁi:ggal

The array of supports Ts carrier
patterned di me%ﬁmﬁndoiormm @fsthmnen%permsagawbs mte@ryteﬁ osumtsalm
which facili tiﬁie@réiéﬁ ftar TeducE e ttdealditmbdrebfZ precessiy KBRS paifofmed!

tt | stitut, th .
Dy e ousi 1 S lisaaef o, il o i Kb P, bl ogosl
Pat ent No. 3,predryidg, thitawfedris drietl ® sempletiors upréferablyastill 8¢oidirRmectiafical
Patent No. 3,
Catent N0 s Preaytont s 8% o ot 3 eyt ssue
3,573, 164, Frﬂﬂﬂﬂﬁe‘#‘lgfﬂﬁe aaomprlse§ssjeﬂsma¢ cknugkles: daving agelative: density of at

3,473, 576, Arl@&t.tsuss@uf—'@hp%ﬁ o?lhe buh&ﬁeldpatent NO 4 239, 065,

Tr okhan, issued enber ent No, 4 Tr okhan
i ssued July 9, 198 e QY'PVo?f WRW%I%PT Eﬂ%‘b?&t'&?'ﬁ\é&“@u ¢P’H§* %é?"&‘? baving a
Preferably, tﬂmtténmedl displacememntt off knouekies which opérate lasotheaafrayaofi sopports

form ng car ! Shict? 48BiifRe i tofinbfibR ! obithE: odiinE brdrsdGhBhS rggg@fén of

transferred to
initially depRressuee. Jrheapatsemﬁlsngclgaw@nﬁtmge%m .aérravm SYPRArEHPERYIPUSIE S

as an referred to. Imprinting carrier fabrics are disclosed in U.S. Patent No.
' 3,301,746, Sanford and Sisson, issued January 31, 1967, U.S. Patent No.
3,821,068, Salvucci, Jr. et al ., issued May 21, 1974, U.S. Patent No.
- 3,974,025, Ayers, issued August 10, 1976, U.S. 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. 4,239,065, Trokhan,
.. issued December 16, 1980, and U.S. Patent No. 4,528,239, Trokhan, issued
July 9, 1985, all of which are incorporated herein by reference.

Preferably, the furnish is first formed into a wet web on a foraminous
forming carrier, such as a Fourdrinier wire. The web is dewatered and
transferred to an imprinting fabric. The furnish may alternately be initially
deposited on a foraminous supporting carrier which also operates as an
imprinting fabric. Once formed, the wet web is dewatered and, preferably,
thermally predried to a selected fiber consistency of between about 40% and
about 80%. Dewatering can be performed with suction boxes or other
vacuum devices or with blow-through dryers. The knuckle imprint of the
imprinting fabric is impressed in the web as discussed above, prior to drying
the web to completion. One method for accomplishing this is through
application of mechanical pressure. This can be done, for example, by
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Inprinting fabric. Once forned, the wet web is dewatered and, preferably,
thermally predried to a selected fiber consistency of between about 40% and
about 80% Dewatering can be performed with suction boxes or other vacuum
devices or with bl owthrough dryers. The knuckle inprint of the Inprinting
fabri.c is inpressed in the web as di scussed above, prior to drying the web
to completion. One nethod for acconplishing this is through application of
mechani cal pressure. This can be done, fo%7exanple, by 27 pressing a nip
rol | which supports the inprinting fabric against the face of a drying

dr H’n sgcg as paeséimg @enigr 5ol whidte sappotts etheeimprintifigs m&ﬁabﬁhh@‘%ﬁe tfhce O
ro an ryi i-nst

i mprinting ?a@gY ﬂb”&rﬁugf" ?@c BE? Vaﬁg%éloqﬁgr,yl @%%@ tgg gge{fqﬁ???ﬁed; Bgﬁv&een
pressure wththe mwlllnaaéwrwgs dewna Also.spraferablnothe webv\IStmolﬁeld against thagh
dryer. Fluid phpfptihng faBbic iicrRB! wﬁpreeuohné*ﬂeﬁym@myeﬁﬁbmtﬁfn dﬁﬂﬁio‘ Qf‘éisure
zones during inttial dewat separate, Subsequent proces

or a conbi nat MSJH‘ EnEPEHm %Yd%%ﬁ&ﬁaéf ﬁ'!?ﬁ';?&'t P@?‘ﬂ"ﬁé’ﬂ%l ha b W'M]qugh ﬁ%ﬂfed
ti ssue paper Fiuidyesswe may bteappliéd: to iinduteSimprassiun db defsified, 2Hesi durireg

}Dgt é gtseer)] '—-4 %ilMPg%}éin Hda Pﬁgﬁfaté' s I'é%ég:ﬁ%r% %g@é’% g{agemgoéo%ﬁgﬂ?blljnéh@

R chard Schut tRef8Rfgune 17, 1980 both of which are incorporated herein by
reference. In genellkicomuimevacmﬁpamérnp@éﬁsméu deRmuitfilidgbred! t itissaye’ @

on" 2 Tof ant no i EyHE dreChpecHRETE .5 RRRE Nol. o 1 2860 srisent &é{erﬂniﬂ
drai ni ng t he Baivugei Jensnd r@euthNmMosvxaneMaw 2hotlt9743<ahdnUc&J Patent No.
conpressi on ugg pH8I4%Y Wiy RAS 16! I-Bét?‘?om t 'lgﬁeﬂf Lathgaﬁﬂ é‘hgaﬁ%&\ard

creping the ter 1S renpve vacuum
t hermal dryi @W Qs funen gl 4t (1880, S’OF'% ﬁf swhtcfblﬁremmormme%uh«reyhem

of {el ati vfel %/refurenmcmedgémémr SunB@ﬁiﬁaatdeHt %habah?r@re%ﬁtiﬂ@& Yrriititidyfled O
ortions o r-epin acial tissue
Broduct of th?%sﬂﬁ\tj) c?ﬁ"‘tchF egrﬁsgrgppﬁeddw éﬁﬂfﬁ'%’lﬂ PO?PWJPQEU Furpusi'n on

absorbent nul @ fqmaymnaus dlorming weirp gueh 8s al Fousdrnier veigeiitoetbrnPar wetuhvaeb), y
advant ageous uighird the WHY | aﬁﬁy Rovitlg tb&&lﬂ‘anaﬁpﬁfat@’ ihbu?’ midéhanical
|nvention are (:IO%IET%ISSI%E'I tuln%n?l{ﬁea\r)veb %g;aa fiber conslstency of at least 80%, and
creping the web. Water is removed from the web by vacuum dewatering and
thermal drying. The resulting structure is a soft but weak high bulk sheet of
relatively uncompacted fibers. Bonding material is preferably applied to
portions of the web prior to creping.
The multi-ply facial tissue paper product of this invention can be used
in any application where soft, absorbent multi-ply facial tissue paper products
are required. Particularly advantageous uses of the multi-ply facial tissue

paper product of this invention are in toilet tissue and facial tissue products.

Molecular Weight Determination

A. Introduction :

The essential distinguishing characteristic of polymeric materials is their
molecular size. The properties which have enabled polymers to be used in a
diversity of applications derive almost entirely from their macro-molecular
nature. In order to characterize fully these materials it is essential to have
some means of defining and determining their molecular wéights and
molecular weight distributions. It is more correct to use the term relative
molecular mass rather the molecular weight, but the latter is used more
generally in polymer technology. It is not always practical to determine
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Mol ecul ar Wei ght Determ nation A Introduction The essential distinguishing
characteristic of polyneric materials is their nolecul ar size. The
properties which have enabl ed polynmers to be used in a diversity of
applications derive alnost entirely fromtheir nmacro-nol ecul ar nature. -in
order to characterize fully these materials it is essential to have sone
means of defining and determ ning their nol ecular weights and nol ecul ar,

wei ght distributions. It is nore correcggto use the termrelative mol ecul ar
mass rather the nol ecular weight, but the latter is used nore generally in

pol ymer techppli@iiar Meibft MtriBLYBNS. PHOWVER] thi felbREBieg mofERleftRoRNT
SHEET 28 nol ecul ar vvel'%nt di stri but hons. ﬁiqwever ,thﬁgl S IS _becon ng‘\ r@rﬁa
common pr act PEACtIGE; M§INGHLWAMELPIIRNE (tEERNIAYER:s Rataeh o FECoUIsy /5N de
t 0 expressi ngxpidssirig mblevular size fretermdf muleculaaweightguerages.ages. B. -
Mol ecul ar wei ght awer : ' si npl e nol ecul ar wei ght

di stribution whi chﬁe%&gg%flrﬁrswgﬁée% action é_er[] of mol ecul es havi ng
rel ative nol ecul arlf v sopgider p)simple sgleculapweight distribition.wivich represents
avler agle va'[ Ugife v&igﬁﬁﬂaagpﬁqw @d;rsunléc[m@s hhei_n@a%haftw miolecutarnimass ¢M;), it is
nmol ecul es' [err] of agticul ar .siz err r

Mol ecul ar V‘éPQ%?'gIF E" ng'Pf sﬁHeTW?‘é!rﬂveé%%%&éﬁ%ﬁb 2%(#@ @Egs"#g‘éﬁ %?‘l? Ofhthes

t hat the NunbesisAoérthee niiriberubtimatecyles (Ni) faes padiaulamsizey Middgives the
Nunmber of nol ' L Di1dd Abi nmol ecul ar weight is consistent with
t hat of mnoaﬁgﬁ)%ﬁévnﬁg}eﬂ@géwslé)ﬂe%é@t I .e. nol ecul es having the sane

nol ecul ar weight. OF nore significance is the recognition that if the
nunber of nolecules in a gi ygn=MBN;M; a pol ydi sperse pol yner can be
determned in some way then n, can;g@,l- calculated readily. This is the basis
of. colligative property neasurenents. Averaging on the basis of the weight
fractions [err] of nolecules of a given mass [err] leads to the definition

of Weight Average Apl ﬁﬁbﬁﬁénmcﬂ{%ﬁuﬁﬁﬁé] of' this ddéfifon SR’ Uhatregies N@mber
expressing polynmer nol ecular wei ght's than n
Average -
Molecular Weight in grams contains Avogadro's Number of molecules.
This definition of molecular weight is consistent with that of monodisperse
molecular species, i.e. molecules having the same molecular weight. Of more
significance is the recognition that if the number of molecules in a given mass
of a polydisperse polymer can be determined in some way then pn, can be
calculated readily. This is the basis of colligative property measurements.
Averaging on the basis of the weight fractions (Wj) of _molequ_les of a
given mass (Mj) leads to the definition of Weight Average Molecular Weights

w = ZWiNi_ = ZNjM?
Z Wi Z Nj Mj

w is a more useful means for exbressing polymer molecular weights than n
since it reflects more accurately such properties as melt viscosity and
mechanical properties of polymers and is therefor used in the present‘
invention.

Analytical and Testing Procedures
Analysis of the amount of biodegradable treatment chemicals used

herein or retained on tissue paper webs can be performed by any method
accepted in the applicable art. '
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since it reflects nore accurately such ﬁropertles as nelt VISCOSIty and
mechani cal properties of polynmers and is therefor_used in the present

i nvention. Analytical and Testing Procedures Analysis of the anount of

bi odegr adabl e treat ment chemicals used herein or rdhaShecHaBeaniRegased paper
webs can be perfornmed by any nethod accepted in the i

A. Quantitative analysis for ester-functional quater

i
and

pol yhydr oxy conpounds For exanple, the |egel of the ester-tunctional

guat ernary ammoni um conpound, such as Di Ester D (Hydrogenat ed) Tal | ow

Di Met hyl  Ammoni um £hpg t(m%%r(ést@r-funﬁlagﬁgl\'q[xﬁferrﬁvy ﬁﬁﬁﬁ’éﬁlﬁﬁl Qﬁd

Bl
the tissue paper can termned by solvent extraction of th
by an or gani PAERYAOXYICAMBONRASy an ani onic/cationic titrati on u5| ng

Di nmi di um Broni de aepri egampley! thel hevel eofethefestérefuneitivhgll iquayeraanp a@mweioniung h

nater Tol | ondiPBoUAE SHEbTBE BIEH "I Srdeneti TR iRl nritiid
PEG- 400 i n t H@hloxideddDEDHTRMA tl#ﬂadéQQGE@ BMGrly retginediby thettissugrnanes
excl ude ot her c4fpbaodeteriirdy Hvysdwewtsei#bcmﬁ ofaher DEDH'I!DI\III?\@b? & organic

t I
(absor bency) QPR HRIIGEd \PYo pantnipPic/atsls PEEen Wlind Biriflim, Bpipide as
g_e?ﬁr % : e£ 0 th%?ﬁﬁéml ?yebgf thet'pu;hvdrba’ggfue:mﬂpomd;,usumpsrPEG-m.vﬂrt be
W d Bk é’x@ ctiBH lid ﬂéﬁpé 'soint

tified by de Q_Wm’
(1'5eue paper 995 ISRaMmEteampNY: HGRNAUES 40 HEWTInE the ave! Séra%ﬁo o

referred to agxRu6d tTHase! hidthods rar@réi@ﬁnmarwrahu dfe hotomeant eotexeNste other
repeat abl e test for

wet 1 img 1 e Shotapds Minie foay bruseruCiar erphihd SRR DL ol cdbBBohits

ggv&(ryongeut al retahwdtbwmtlssuempeng of paper sanples are 23+1 [err] and
+2% as spe P T 402), approximtely 4-3/8 inch Xx
4-3/4 inch (about @ﬁy‘ﬁﬁ’@ﬁhn{i@?é& S6ibBREY) y

ti-layered tissue paper structure
i s provided; -secontiydrophiligipetofi E\tﬂ%'l'aj@!ed n't'%ﬁqeoﬂﬁpeﬂ)fefeu%t Hh @eBEraudpt thes

and then propensity of the multi-layered tissue paper to be wetted with water.
Hydrophilicity of multl—layered tissue paper may be somewhat quantlfled by
. determining the period of time required for dry multi-layered tissue paper to
become complétely wetted with water. This period of time is referred to as
“wetting time". In order to provide a consistent and repeatable test for
wetting time, the following procedure may. be used for wetting time
determinations: first, a conditioned sample unit sheet (the environmental
conditions for testing of paper samples are 23+1°C and 50+2% R.H. as
specified in TAPPl Method T 402), approximately 4-3/8 inch x 4-3/4 inch
(about 11.1 cm x 12 cm) of multi-layered tiésue paper structure is provided;
second, the sheet is folded into four (4) juxtaposed quarters, and then
- crumpled into a ball approximately 0.75 inches (about 1.9 cm) to about 1
inch (about 2.5 cm) in diameter; third, the balled sheet is placed on the
surface of a body of distiled water at 23 £ 1°C and a timer -is
simultaneously started; fourth, the timer is stopped and read when wetting of
the balled sheet is completed. Complete wetting is observed visually. .
Hydrophilicity characters of multi-layered tissue paper embodiments of
the present invention may, of course, be determined immediately after
manufacture. However, substantial increases in hydrophobicity may occur
during the first two weeks after the multi-layered tissue paper is made: i.e.,
after the paper has aged two (2) weeks following its manufacture. Thus, the
wetting times are preferably measured at the end of such two week period.




crunpled into a ball approximately 0.75 inches (about 1.9 cm to about 1
inch (about 2.5 cm) in dianmeter; third, the balled sheet is placed on the
surface of a body of distilled water at 23 [err] [err] and a tinmer is

si mul taneously started; fourth, the tiner is stopped and read when wetting
of the balled sheet is conpleted. Conplete wetting is observed visually.
Hydrophilicity characters of nulti-layered tissue paper enbodi nents of the
present invention nmay, of course, be detdrmned i mediately after ’
manuf act ure. However, substantial increases in hydrophobicity may occur
during the flkmordmlw.vaabmmg tievest measuted at theeend df aam nmragzﬁgr‘ﬁé}ﬁ;d

|.e., after g, Bﬁ'aofermﬁ@%t@r%%jre r\é@erg%] t(’{‘%gkﬁvjoovdeg Qgttf ugi?Q“f acture.

Thus, the wetting t| nes are efera neasured a such two week
peri od. Accor dihJigdegrada !?g times neasured at the end of a two week
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of that paper dV|ded he propriate unit conversions
i ncor por gt gd Garbo m)él wuthmaié ays Vidhe softenerg used in the present invention
meet such biodegradability criteria.
C. Density

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

.. Caliper of the multi-layered tissue paper, as used herein, is the thickness of
~ the paper when subjected to a compressive load of 95 gfin2 (15.5 g/cm2).
- D. Lint
Dry lint

Dry lint can be measured using a Sutherland Rub Tester, a piéce of
black feit, a four pound weight and a Hunter Color meter. The Sutherland
tester is a motor-driven instrument which can stroke a weighted sample back
and forth across a stationary sample. The piece of black felt is attached to
the four pound weight. The tester then rubs or moves the weighted feit over

" a stationary issue sample for five strokes. The Hunter Color L value of the
black felt is determined before and after rubbing. The difference in the two
Hunter Color readings constitutes a measurement of dry linting. Other
methods known in the prior arts for measuring dry lint aiso can be used.

Wet lint —_—
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Caliper of the nulti-layered tissue paper, as used herein, is the thickness
of the paper when subjected to a conpressive load of 95 [err] (15.5 g/cnR).
D. Lint Dry lint Dry lint can be neasured using a Sutherland Rub Tester, a
pi ece of black felt, a four pound weight and a Hunter Color neter. The

Sut herland tester is a notor-driven instrunent which can stroke a wei ghted
sanpl e back and forth across a stationary sanple. The piece of black felt
is attached to the four pound weight. Thestester then rubs or noves the

wei ghted felt over a stationary issue sanple for five strokes. The Hunter:
Col or L val ue of tMesditabik gretédure fbrt measoridg [théowet dindngf properybbf Rgsudhe

di ff | t . of
dry ©inting. Stpies 8 d¥Beg 1 0'S. PREGY N0 11680.945 Ss LAl RY WGHE bt .,
al so can be -ueRdAugust 21011990, 3a__ndmleenrpamtedphef@wmerefefemasl'me pepcedureet
1 LU TS asuses e s il D o o o
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sanpl e thr ougttansieradeeo thel Isseelonal o#highi ish maeistened byl yhe wvatergbdth.nThe
wat er bat h. Lesﬂt.ﬁams fioh! S tfe SABH )1 feposRTHE"irftdnte thé watef Bath OlThe

whi ch s noi stened e wat e tlnue r ot
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O her net hods ri art for neasuring wet lint also can
used. OptlonaYJélqg\é‘?e en%ﬁ% ‘chemi cal s commonly used in paper makl ng

can be added to the b| odegradabl e chemical softening conposition described

herein, or to the paper nmaking furnish’ sg kiohgl farédientgdo not S|gn|f|cantly:
and adversely affect the softening, absor ency g‘? ﬁ‘ ﬁjbrous material, and

enhanci ng actions of the bi odegradabl e chem cal softening conposition. For
exanpl e, surfact anmhmvhmawedohﬂnbﬁwaﬁsémm papbf tﬂla‘l&ﬁg %dntb§%b16e§6tbethe

e o o PR AGPical YpriaFiSb oBlrBBhLBE, BBkt KGR g the
paper making furnish so long as they do not significantly and adversely affect
the softening, absorbency of the fibrous material, and enhancing actions of
the biodegradable chemical softening composition.

For example, surfactants may be used to treat the multi-layered tissue
paper webs of the present invention. 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 multi-layered tissue paper. The surfactants preferably have
alkyl chains with eight or more carbon atoms. Exemplary anionic surfactants
are linear alkyl sulfonates, and alkylbenzene suifonates. Exemplary nonionic
surfactants are alkylglycosides including alkylglycoside esters such as
Crodesta SL-40 which is available - from Croda, Inc. (New York, NY);
alkylglycoside ethers as described in U.S. Patent 4.011,389, issued to W. K.
Langdon, et al. on March 8, 1977; and alkylpolyethoxylated esters such as
Pegosperse 200 ML available from Glyco Chemicals, Inc. (Greenwich, CT)
and IGEPAL RC-520 available from Rhone Poulenc Corporation (Cranbury,
N.J.). | | |

The above listings of optional chemical additives is intended to be
merely exemplary in nature, and are not meant to limit the scope of the
invention.

The following examples illustrate the practice of the present invention
but are not intended to be limiting thereof.
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i ber melght of the nultl-tayered tlssue paper The surfactants preferably
have al kyl chains with eight or nore carbon atons. Exenplary anionic
surfactants are linear al kyl sulfonates, and al kyl benzene sul f onat es.
Exenpl ary nonionic surfactants are al kyl gl ycosi des i'ncl udi ng- al kyl gl ycosi de
esters such as Crodesta SL-40 which is available from Croda, Inc. (New
York, NY); al kylglycoside ethers as described in U. S, Patent 4.011, 389,
issued to W K. Langdon, et al. on March_8, 1977; and al Kyl potyethexylat  ed

esters such as Pegosperse 200 M. avail abl36 from Glyco-r@h Inc

(G eenwi ch, CT) and | GEPAL RC-520 avail able from Rhone at I on
(Cranbury, N.J.). The above |istings oéxm‘,e@all chem

intended to be nerely exenplary in nature, and are not the

scope of the invention. The follow ng exanples illustrate the pr actlce of
the present inventyn b#ﬂosér@f S exahﬁﬂeiwtéqmmrdtera méetdod hﬁa?etan be used

EXAMPLE 1 Th f to | u ha b
used to make- gy ‘g’iﬁsﬁmmtﬁ&a%ﬁfteg Sa-prifaihieh®; Slotgomdanls Faediias
chem cal sof tmftanea:onq:mnposmnn coopprising a nmikkurer eof of DiEBteEst Bi{Touch

[P)lel(;ggtclgt E;llr gﬁieb%g';e:gi 400@&1‘?@! gn{?gg%ggt"gﬂ gss se({eDEenuEPmM?‘@ and

bi odegr adabl PoAvexy V his prepared according to the
foll owi ng procedur®R :whterldss e@elfvernalsifiatté ghbiode é%ﬂﬂ'mrﬁi&dl Prhfoftderi s

v 9ned, neP 2 Bl & orb e o o1 s, i) o
[err] ([ err])equivalentiwgightofDEDTHTRMAG vanik REGe400Q isrweeipbed sepanatelyi x2ur e
of DEDTHTDVMAGEGR i§Hgated uE‘ﬁ) 993%830 (59! “F)ﬁ 0§, (ﬂEDTFITWk\@jl dgi¢Boiv8d 2.

solid form at roon%éé ture tant| yvvate
sel f- emul si fiiBghe Jremame ?ﬁﬁ'e?ﬁ'EHP“ﬁfﬁt@f\’érGQ:oﬁ:p@sﬁq Eh of (Adequatepe

pre-m xed (stmpdng-i$ mbotde):l ® forhe acmgahoeslmkttﬁé 6£DED1WTMAC |n PEG;
Coer2" o TheS: HdublpabboSkn iih"lr 4P TP Bl Yol W5 bl i bt 1Sk
emperature
The substantlally ‘waterless seif-emulsifiable bnodegradable ‘chemical
softener composition of (5) can be pre-mixed (steps 1-5 above) at the
chemical supplier (e.g. Witco Corporation of Dublin, Ohio) and then
" economically shipped to the ultimate users of the biodegradable chemical
. softening composition where it can then be diluted to the desired
concentration. '

EXAMPLE 2

The purpose of this example is to illustrate a method that can be used to
make-up a substantially waterless self-emulsifiable biodegradable chemical
softener composition which comprises a mixture of DiEster Di(Touch
Hardened)Tallow DiMethyl Ammonium Chiloride (DEDTHTDMAC) and a
mixture of Glycerol and PEG-400.

A substantially waterless self-emulsifiable biodegradable chemical
softener composition is prepared according to the following procedure : 1. A
mixture of Glycerol and PEG-400 is blended at about 75 : 25 by weight ratio;
2. Equivalent weights of DEDTHTDMAC and the mixture of (1) are weighted
separately; 3. Mixture of (1) is heated up to about 66 °C (150 °F); 4.
DEDTHTDMAC is dissolved in (3) to form a melted solution at 66 °C (150
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sof t eni ng conposition where it can then be diluted to the desired
concentration. EXAMPLE 2 The purpose of this exanple is to illustrate a
nmethod that can be used to make-up a substantially waterl ess

sel f-enul sifiable biodegradabl e chem cal softener conposition whi.ch..

conprises a nmixture of Di Ester Di (Touch Hardened)Tallow Di Methyl Ammonium
Chl ori de (DEDTHTDMAC) and a m xture of G ycerol and PEG 400. A

substantially waterl ess self-enulsifiablgs bi odegradabl e chem cal softener
conposition is prepared according to the foll owi ng procedure: 1. A m xture

Ef a ylcer ?' apyl PES: 4QQequald enistity @& prdvided o fodd dhomogeriousamiixturé. of
ooy DTSR S, ﬂ%é%*&%‘eﬁé“%%a'ﬁiw S 87 EBo fown 1o
DEDTHTDI\/AC | | sblgsformeat oo 3pmperatyren a nel ted sol ution at 66 [err] (150

33 [err]); 5. Adeqygtgy téhﬁsw Swhidilésg eselt-enfudsifiaplieh o BRERGPaEabIE Xdheaical
DEDTHTDMAC i n

f I ed
solid form atsoﬁ'Gﬂﬁft%‘PfBBPé‘F'BFe%?T%SEﬁBs g[lg'i 2 "éf"i/\dfgerchgsg agow ‘et fhe
sel f-emul si f ichlehticall miwhedalﬂ g. cWitcoc aCospdrationr oforBubding i @hiof #mJ then be

Sy xed ( sggemé,:@@gﬁ?a { 16 "theC IRihER uﬁa&o:dfefrhe( %dhch\‘\é&&ﬂe chemical

en econom ca

users of the sioftemning asammsaimm wdiere oft; e‘Pﬂ"hgﬂ&!’hpBQl IqD'HFF%E‘? ethe éﬁﬁ"?‘hen

be diluted t gdnegnti@tibhed concentration. EXAMPLE 3 The purpose of this
exanple is to illustrate a nethod using bl ow through drying and | ayered
paper maki ng techni ques to nmake soft, absorbent and |int resistant

multi-ply facial tissue paper treated with a chenmi cal softener conposition

conprising D Ester Di (Touch Hardened) E?szggl_? thyI Ammoni um Chl ori de
( DEDTHTDVAC) and Pol yoxyet hyl ene G yco G 400), a permanent wet

strength resin and a dry strength resin. A pilot scale Fourdrinier paper
maki ng machi ne i s e Puipode st Hiid ExaAmi@is td fiustrateat methed using. bloW through

ol o1 aheteing ong ﬁgg&gﬁaagr”@%ﬁﬁggmﬂusﬁs% aRE dott,' H5sdtbasE HESirkt"
resistant multi-ply facial tissue paper treated with a chemical softener
composition comprising DiEster Di(Touch Hardened)Tallow DiMethyl
Ammonium Chioride (DEDTHTDMAC) and Polyoxyethylene Glycol 400 (PEG-
400), a permanent wet strength resin and a dry strength resin.

A pilot scale Fourdrinier paper making machine is used in the practice of
the present invention. First, the chemical softener composition is prepared
according to the procedure in Example 1 wherein the homogenous premix of
DEDTHTDMAC and polyhydroxy compounds in a solid state is re-melted at a
temperature of about 66 °C (150°F). The melted mixture is then dispersed in a
conditioned water tank (Temperaturé = 80 °C; pH "3) to.form a sub-micron
vesicle dispersion. The particle size of the vesicle dispersion is determined
using an opiical microscopic technique. The particle size range is from about
0.1 to 1.0 micron.

' Second, a 3% by weight aqueous slurry of northern softwood Kraft
fibers is made up in a conventional re-pulper. The NSK slurry is refined gently
and a 2% solution of the permanent wet strength resin (i.e. Kymene™ 557H
marketed by Hercules Incorporated of Wilmington, DE) is added to the NSK
stock pipe at a rate of 0.75% by weight of the dry fibers. The adsorption of
the permanent wet strength resin onto NSK fibers is enhanced by an in-line
mixer. A 1% solution of the dry strength resin {i.e. CMC from Hercules
Incorporated of Wilmington, DE) is added to the NSK stock before the fan
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DEDTHTDVMAC and pol yhydroxy conmpounds in a solid state is re-nelted at a
tenperature of about 66 [err] ([err]). The nelted m xture is then dispersed
in a conditioned water tank (Tenperature - 50 [err] pH[err]) to forma
sub-m cron vesicle dispersion. The particle size of the vesicle dispersion
i s determ ned using an optical mcroscopic technlque The particle size
range is fromabout 0.1 to 1.0 micron. Second, a 3% by wei ght aqueous
slurry of northern softwood Kraft fibers is made up in a conventional

re-pul per. The NSK slurry is refined géﬁtly and a 2% sol ution of the

per manent wepurdpratngtrater 65012 % by weight bf $he ldryefitders  dTHey NS slurgsis diluted

| ncor porate t e NSK stock pipe at a rate of
0. 75% by V\Bd‘&ﬂ%bwéq‘ ﬂhs}g%riﬁt?ﬂg? ?ﬂrﬂpﬂll on of the permanent wet
strength resin onfr(b“fﬂSKaf %eb‘é weight [agueeds isjurey of FFydaluptus fibers is made up
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"ot of o 2otesn fie-cRvTenert B A e ieabianys rowk B EER e of
about 0.2% cm&%sbven@gtgm aththd any dfibegrs, Tollowed ab\B%dU;tlomogra 186 usodution of
slurry of Eu m#em}é@g

sol ut |>/on of éﬁ{dgé? r%é:)SW) Oggt rength l?tgglprt]ﬁzwznﬁ% leg @@Fh’; %f%%b
added to theChem nef JxtyseJs atided to the T‘":i'?)“@“}fi/“’()§t @fﬁ? Qﬁf"f%g‘%i'}r
fi 'beL f ;olt Ihtmadmhf;r ajda nramog)fo.as% %ysobeigl?'ﬁof ahe @iy ﬁbe:&f r aTheoEucalpdtiusby
wei o} . f . eJa e_.C a tener mxture is
addgd to theg't'ﬂ'é’é'ﬁﬁmééé??&%%ﬁé%osgﬁ?'g{%’a 7%&%]niaﬁe$?ﬁ'§ér at a rate of
0. 25% by wei ght oThe individuaily sreated fotnistEstreamst (streamuil r 1Q0% NSKetistream
about 0. 2% cengi f
streans (s(; rgam ?b@@%ﬁoﬁawﬁﬁ 3 wﬁfﬁe&‘%é%ww&qf %ét ﬁg?&@%%&d J?'éﬁBs?{éd
separate thr80ha ﬁ@“ﬁ’éﬁ!ﬂfo)@’“@néo J@HBS@ e {Rvies emperanis |"M¢‘ér°qm?'8"tgoeﬂﬂ?‘m
a two |ayer pohiormsot NSK arith EacalyptusiduDéwateringdecafs Ninéughdthiel Falistrinier.

ot o At S 1 B8ndd By P et o Vi B s P SRy e i
weave confi gof & Beshedaysatin weave configuatiarn: havingah0 gpachine-direction and 95

cross- machi n%r&astﬁﬁhh%-m'idd ?ﬁﬂﬂ&fﬂarﬂ@ﬁté Bﬁhinéﬁasﬁﬁﬁéd{ﬁ)ew The Pyl C
wet web is transferred romt%geigrour rinier er consistency of

About 15 eIl transrRrTalJTa. the, BONTAsHeTo With itk 2 e RRRRISIERCY 0
about 15% at the point of transfer, to a photo-polymer belt made in
accordance with U.S. Patent No. 4,528,239, Trokhan, issued on 9 July 1985.
Referring to Figure 3, such a belt has 425 discrete deflection conduits 31 per
square inch, a repeating random weave pattern 32, 35% photopolymer land
area 33 and 5 mils of polymer depth above the woven reinforcing element 34.

- Further de-watering is accomplished by vacuum assisted drainage until the
sweb has a fiber consistency of about 28%. The patterned web is pre-dried by
air blow-through to a fiber consistency of about 65% by weight. The web is
then adhered to the surface of a Yankee dryer with a sprayed creping adhesive
comprising 0.25% aqueous solution of Polyvinyl Alcohol (PVA). The fiber
consistency is increased to an estimated 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 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). The dry web is formed into roll at a
speed of 680 fpm (208 meters per minutes). '
The web is converted into a two-layér. two-ply facial tissue paper. The
-multi-ply facial tissue paper has about 20 #/3M Sq. Ft basis weight, contains
about 0.475% of the permanent wet strength resin, about 0.125% of the dry
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accordance with U S. Patent No. 4,528,239, Trokhan, issued on 9 July 1985.
Referring to Figure 3, such a belt has 425 discrete deflection conduits 31
per square inch, a repeating random weave pattern 32, 35% photopol yner | and
area 33 and 5 mls of polynmer depth above the woven reinforcing el enent 34.
Further de-watering is acconplished by vacuum assi sted drai nage until the
web has. a fiber consistency of about 28% The patterned web is pre-dried by
air blowthrough to a fiber consistency 3& about 65% by weight. The web is
t hen adhered to the surface of a Yankee dryer with a sprayed creping

adhesi ve conpstrengi (redir?o a@naoubowt! @.125%f oPothe/i Bxémitat 0B8ttehENAnixtihe
“fiber consistgn iS,lNC i mat ed 96% bef o i

C eased to an. es e d r epi t he
web i th a doloRIraTte therEsHsing, Ml Ry tRsde paper &t softy abserbept, bisgood
degrees and i intresistanthanid s shitakle foc use @st facialadiskves.dr yer to provi de an
| npact angl e of about 81 degrees; the Yankee dryer is operated at about 800
fpm (feet per mnute) (about 244 mete:éf&er mnute). The dry web is forned
into roll at a speed of 680 fpm (208 M?Lﬁe‘} m nutes). The web is
converted into a two-layer, two-ply facial tissue paper. The multi-ply

facial ti o . EL has i.ghs I baut
0475% of “the_per mineauria bf s exithall is T ESdrs'S sdethonPHbé qinaRtiha
strengt h resi fryiag @nghlavered papengmaling Hechniswes o sakeesast, absorivest and lint
Importantly, idspstafe UidltiplyUtddialP tissubS PapeP2fRatdd Wathl -a 2BR t %ﬁgﬁer
good lint resistant.and is suitable for use facial tissues. F_

The purpose ofOTROESItIAN, . gompdsipg iIQ'g?FF at Q?(jbh'ﬁf‘ho(!l"‘ﬁg?ﬂ%deﬁ'éﬂ?\é’nt iRjMathyl
dryi g a{]d I?Mmdnllﬂp_fﬂhlaﬁﬂé NDEDTHTDMAL) ard @eRel ; yoR{éthytdreo wa tmmm&'csu
resi stant nu . ' sof t ener
conposi tion cgggwas%%%hahﬁét 2@!&%@ ﬁaﬁﬁféﬁ%g"%‘ﬁ%&‘@?@%ﬁhw Anmoni um
Chl ori de ( DEDTHTDMVAGpilatnsrale Pouydriniet pgpenaaking machie {sPesed i0the practice of

per manent wet ti5d [ppegdrdt invehtiorNd RirsY, Vene! ER&vidal rs%?iéher’%d?ﬁb@ﬂtiéﬁﬁkepre ared
Fourdri ni er f the present,

nventi on. | FRPeording 40 EPIaABAUER iR EXamRlad S ReBIN 1S Hameaanpus.Biaref

to the proced DEDTHTEMAQ| and pubhghydroxy heornpougds dnssalidestateofs FE=RigiteBdVat a
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conditioned water tank {Temperature = 50 °C, pH ~ 3) to form a sub-micron
vesicle dispersion. The particle size of the vesicle dispersion is determined
using an optical microscopic technique. The particle size range is from about
0.1 to 1.0 micron.

Second, a 3% by weight aqueous slurry of NSK is made up in a

conventional re-pulper. The NSK slurry is refined gently and a 2% solution of

. the permanent wet strength resin {i.e. Kymene™ 557H marketed by Hercules
Incorporated of Wilmington, DE) is added to the NSK stock pipe at a rate of
0.3% by weight of the dry fibers. The adsorption of the permanent wet
strength resin onto NSK fibers is enhanced by an in-line mixer. A 1% solution
of the dry strength resin (i.e. CMC from Hercules Incorporated of Wilmington,
DE) is added to the NSK stock before the fan pump at a rate of 0.05% by
weight of the dry fibers. The NSK slurry is diluted to about 0.2% consistency
at the fan pump. :

- Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made up
in a conventional re-pulper. A 2% solution of the permanent wet strength
resin {i.e. Kymene™ 557H) is added to the Eucalyptus stock pipe at a rate of
0.1% by weight of the dry fibers, followed by addition of a 1% solution of
CMC at a rate of 0.025% by weight of the dry fibers. A 1% solution'_of the
chemical softener mixture is added to the Eucalyptus stock pipe before the in-
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conditioned water tank (Tenperature - 50 [err], pH- 3) to forma '
sub-m cron vesicle dispersion. The particle size of the vesicle dispersion
is determned using an optical mcroscopic technique. The particle size
range is from-about 0.1 to 1.0 mcron. Second, a 3% by wei ght aqueous
slurry of NSK is made up in a conventional re-pulper. The NSK slurry is
fefined gently and a 2% sol ution of the permanent wet strength resin (i,
Kynmene[err] 557H marketed by Hercul es | nggrporated of WI m ngton, DE) |s
added to the NSK stock pipe at a rate of 0.3%by weight of the dry fibers.

Thﬁ adsgr Bt i ohneafmrbcbe apea marecof 0425 % thye wadight fes ithe QT Ofi6¥s; f | WﬁéSEuc?alyptus
enhance %S t strength resin
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stock before the fE*me gmfwdyalhatm@@d tf)\ﬂrrllﬁmmwswwgam bf=tHRO%r NSKi bstream
The NSK slurrg &s 100%tBtléabet@§’PH|te Qe&"/%éﬁ’é}%téiﬁ%bhaihet Hé‘aétﬁfk HHH’FBepUyltreg
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convent i onal P& g iy 50}% I TR Vﬁéﬁﬁ%ﬁf"w‘* PPBFE]E‘WQr equal
(i.e. Kynene[ portjors5oHNSK mmldédcalupmse Emmagqmtngsoscmktmopghadhea%ﬁfdenmér
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surface of a per mlnute) (about 244 meters per minute). The dry web

is formed into roll at a speed of 650 fpm (200 meters per minutes).
| The web is converted into a two-layer, two-ply facial tissue paper. The
multi-ply facial tissue paper has about 18 #/3M Sq. Ft basis weight, contains
about 0.2% of the permanent wet strength. resin, about 0.0375% of the dry
strength resin and about 0.125% of the chemical softener mixture.
. Importantly, the resulting multi-ply tissue paper is soft, absorbent, has good

lint resistance and is suitable for use as facial tissues.
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Yankee dryer. The fiber consistency is increased to an estimated 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 t%o
provi de an inpact angle of about 81 degrees; the Yankee dryer 1s ©

at about 800 fpm (feet per mnute) (about 244 neters p

web iis fornmed into roll at a speed of 650 fpm (200 rret w'gg,ﬂi The

web is converted into a two-1layer, two-plg7facial tlssue pcapér

mul ti-ply faci alWhiatsiuelpaedrisias about 18 #/3M Sq. Ft basis wei ght,

cont ai ns about (.2% owlti-ply ta;naimaaue papgergirodagt bompsising: about 0. 0375% of
the dry strength I’gﬁl P Hgﬁb gre”% of the chem cal softener mxture.
| mportantly, the resul t? | - fissue Paper is soft, absorbent, has
good lint resistanbPb anﬁog"saggﬁ o %fE? abeut 30%xef al biodegrageble quatesnarys
clainmed is: 1. A mul ti - gnyndrdamacompaand; paper product conprising: a) paper

maki ng fi bers; om t Ut bo Q% o bi odeqgr adabl e

quat ernary anmoni ué{ con%gﬁd Egﬂf (BQRZ" gé m:%P h?%m& elgn water | sQluple
substituent is a Cl-C6 Belwhydmxnhoampeuadkyl gr oup, benzyl group or
mixtures thereof; gpch frhd laboiRso] omntalavomCé?o%Z%fhadmeaétPa/ tA" Bitier.”
substituted hydrocar byl % ou m xt U'Eﬁ her eof B$ [err] tituen
is a[err] -C21 hydrocaf {’? &'me'ﬁr Béf?"f‘ﬂ?@di‘“n? ocar byl or m xt ur es
thereof; Y is -O CeD - from b6yt 0:01% to\bb6iitB:-0%rof £d6) stiength bifiderur es
thereof; nis 1to 4 and [err] is a suitable anion; c) fromabout 0.01%to

about 3.0% of a water soI ubI e pol t/h_ydroxy conpound sel ected fromthe group
consi sting of glécdhg multiiplyfaeial sissuepapey producyhof Heimgt havirg wtadeast

wei ght of ffOW‘pﬂés}Wér@uﬁlé%h 5@%1@%%@&6&1’&)‘&?@%19‘%%?'ﬁvﬁrﬂ*perposed
pol yoxypr opyl gl cols havin aver a ecu] ar wel
about 200 to i éﬂd“'?ﬁ’ MF'ég"S %Meff jauons wish Gaitb/aftf@l’d%\tﬁﬁ 3. 0%

of a wet Strength bi nder, either perrranent and/or tenporary; and e) from

about 0.01%to apo ) e I ei

tissue paper pr %uﬁhe le%i ﬁiy ?a(ﬁél t'éﬁwe é@ﬁé} Ht?)@g’gégg\qgﬁlj;ﬁ%ﬁg"m%éq ZFﬁ'al

each of said msisgg paper product compnses two phes in juxtaposed relation, said plies
being oriented in said facial tissue so that said outer layer of each ply forms
one exposed surface of said multi-ply facial tissue and each of said inner

layers of said plies are disposed toward the interior of said facial tissue paper
- web. - | ' |

4. The multi-ply facial tissue paper product of Claim 3 wherein the
majority of the biodegradable quaternary ammonium compound and the

polyhydroxy compound is contained in at least one of said outer layers of
said plies.

5. The multi-ply facial tissue paper product of Claim 4 wherein the
majority of the wet strength binders and dry strength binders is contained in
at least one of said inner layers.

6. The multi-ply facial tissue paper product of Claim 3 wherein the
majority of the biodegradablequaternary ammonium compound and the
polyhydroxy compound is contained in both of said outer layers.

7. The multi-ply facial tissue paper product of Claim 5 wherein the |
majority of the binders is contained in both of said inner layers.
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38 conprises at |east two superposed Iaﬁers, an inner |ayer and an outer

| ayer contiguous with said inner | aye:”l “ﬂulllun mlu)ullng oriented in said
rORl! / ms one exposed

facial tissue so that said outer |aye 3

surface of said.multj-ply facial tissue and each of said inner |ayers of
said plies are disposed toward the interior of said facial tissue paper
product, and.wherein the majority of the biodegradabl e quaternary amonjum
conmpound and the pol yhydroxy conmpound is sgpntained in at | east one of said
outer layers of said plies. 2. The nmulti-ply facial tissue paper products

oI cl aj[ hm é \M;er e8.n THee multioplyt Yaciél ttissuwepapérr @ﬂdﬂlhk_:tgiqidemain?lﬁi ﬂh&re:i),n Elhﬁ
mul £1 pl y  aciapiore SAEhE HTers s ShotaiaRd if BBHFbf SRR Byvefs o ¢y of

the bi odegradabl e quat er nary ammoni um conpound and the pol yhydroxy conpound
i s contained in §otthedmuiidigly RHERI tis8u6 Papef - proBBcif i CralhY3 fifbRin ldaehuss
paper product of cI@lmZ g]erel n theeg:?ef”t Pf the binders | s contal ned
"n bot h of  saitha AR gy fers somprises fefatively lang. paper meking fiapis: haviba.an
of clai m 3 wheawerage lengthjafr at ieast abbet Bi0densand wheneiai eech of tiwot faidfourer d
I nner | ayers. h ) a0l aknbdeS LRI : |

wher ei n each o‘?v?;\%o%ggﬁaégleﬁngériaf'g&gr éhéﬂgnggﬁes'ggﬂglépgt ﬁggf‘; q%&h@ Sdé'{;ea}lerage

maki ng fi bers |gBgthbBetwean abayt 04 mynianss akaut bbsmmypout 2. 0 nun and
wherein each of two said outer |ayers conprises relatively short paper

maki ng fibers hayg verage, . t h between abgut 2 nd about 1.5
7 The: mal ¢ 19 ond Tty F8eial Bk ABPE AR Ot Cisfm B iRerely Relepper
i nner | ayers. deversi compsisevsaiiwioiode fibeesndnd asaid couter laygesr sooprisei bardwood '
har dwood fibergperg, 39 8. The nulti-ply facial tissue paper product of

claim 7 wherein said softwood fibers are northern softwood Kraft fibers and
wherein said hardwood fibers are eucal yptus fibers. 9. The multi-ply facial

ti ssue paper protitcThemaltRpy $adibetigkie &i&ﬁériﬁWuckadﬁrGaa?oM IviRérein said
COS | ber,s

ftwood fib i f 'sof tuood fi d
east one. of <SRG MHEES o Ple CBHRRREL SqrIPRY SRPTt, dioere and ; Wirisef said

har dwood fi berhardwood fibers are eucalyptus fibers.

12. The multi-ply facial tissue paper product of Claim 9 wherein said inner
layers comprises softwood fibers or mixtures of softwood fibers and low cost
fibers, and at least one of said outer layers comprises low cost fibers or
mixtures of hardwood fibers and low cost fibers.

13. The multi-ply facial tissue paper product of Claim 12 wherein said low
cost fibers are selected from the group consisting of sulfite fibers,
thermomechanical pulp fibers, chemi-thermomechanical pulb fibers, recycled
fibers, and mixtures thereof. '

14.The multi-ply facial tissue paper product of Claim 3 wherein said wet
strength binders are permanent wet strength binders selected from the group
consisting of polyamide-epichlorohydrin resins, polyacrylamide resins, and
mixtures thereof. '

15.The multi-ply facial tissue paper product of Claim 14 wherein said
permanent wet strength binders are polyamide-epichlorohydrin resins.
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and | ow cost fibers. 10. The multi-pl'y facial tissue paper product of claim

9 wherein said | ow cost fibers are selected fromthe group consisting of
sulfite fibers, thernmonechanical pulp fibers, ch(frr'r-{—he.t_m)_w?\ala pul p
fibers, recycled fibers, and m xtures thereof. 11. mul ti-ply Tacial
tissue papé “product of claim1l wherein said wet! j’,jﬂ ’uﬂ” re
permanent wet strength binders selected fromthei gfy ' nwylﬁf

.pol yani de- epi chl orohydrin resins, pol yagyylanide resins, ant ni xtures
thereof. 12. The nmulti-ply facial tissue paper product of claim 1l wherein

sai d_per manenty i siaf esSua ipaper préduccot G @ anedéinnsaid sies .
13. The rrulti-“pq\'sﬁ.’fezsiI;(;'lhg‘{i%'im fhel uetipapRt of

d .of. glaim.1 ' ' :
Strength bi IRANGHR NGRS R ERRIANG Wah e i pe SRt BID AT oEodf o
consi sting qfonsaitingnicf datiodihydieldehyde hstaachdasedi resinsli dialdehvde sstarch

resins and mxture The nmulti-ply facial tissue paper product
of clai m 13 "SRt e?'id ég)l%{éﬁ?%rtr%%égF'y wet strength binders are cationic

di al dehyde starch-based resins. 15. The multi-ply facial tissue paper
product of cl ay M fheViRGRI-plys RadialdtigsGé reamairhploduder of Biains el @ owhdrdin osaid he
group consi sting of carbqgx I I lul . €S ) r 2std3S,
“and m xturest rap¥ yvelt()sﬂr%h%pg?r_%p%@ ‘f’%@"@‘?%@%" e eg%t%g?mgrgg uc‘?%g .
claim 15 wherein said dry strength binders are carboxynet hyl cell ul ose

resins. om0 18 THY ndkt. Ig'f%cYalffi’Q\ﬁ' phBES PROARAGH LIahi B whbreih daid dry
nmet hyl, rel |

wherein [err] IS [ s Cl5-Cl17 al kyl or_ al kenyl and s C16-,C18
al kyl or al ketsgngthy bindese 7@ F?'BFEﬁ%?E‘H“ the ﬁ%‘ﬁ’ m%ﬁéer"?p‘ﬂgﬂﬂ"\#hy'
claim 1 wherggifuldsé fesifd,Etatch Basedréding) and thixtlires theéreof) ayered faci al

ti ssue paper product of claiml1l wherein [err] is chloride or nethyl

sulfate. 20. The nmulti-ply facial tissue paper product of claim1l wherein
the wei ght rat 18, Thetrhualtbplydtagialdissiue papercpiedugt ahfiain & yyiasaindisaid dmve

pol yhydr oxy_cOERGHDHIcERS%e LaAAuthyl cidlode tesiaout 0. 1:1.0. 21. The

multi-ply fa ssue paper product of claim 1 wherein the pol yhydroxy
conpound is pol yoxyethyl ene glycols having a wei ght average nol ecul ar
wei ght of frompebgwe RMtidsyerde fackdQisstie. pdper prodictpofy Claici 3 whieseinethe

T Slacip B AR Ay AR fof s sy armoni um
Rz (CHa)nY-Rs

N
& s

~ (CHa)n-¥-Rs

X

or |
R2 (CH2)n-Y¥-R3-

.
' R;,/ N\ §1

wherein each R2 substituent is a C.1' - C6 alkyl or hydroxyalkyl group, benzyl
group or mixtures thereof; each R1 substituent is a C12 - C22 hydrocarbyl
group, or substituted hydrocarbyl group or mixtures thereof; _ each R3
substituent is a C11 - C21 hydrocarbyl group, or substituted hydrocarby! or
mixtures thereof; Y is -0-C(0)- or -C{0)-0-o0or -NH-C
(O) - or -C (O) - NH- or mixtures thereof; nis 1t0o 4 and X" is a suitable

anion. . _
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chloride or methyl sulfate, said pol yhydroxy conpound i s pol yoxyet hyl ene
gl ycol having a wei ght average nol ecul ar wei ght of from about 200 to about
600, said permanent wet strength binder is polyam de-epichlorohydrin resin
and said dry strength binder is carboxymethyl
majority of said biodegradabl e quaternary ammoni um
pol yhydroxy conpound are contained in both of sai d o ﬂ}ﬂi‘g’l‘m”ﬂl
wherein the majority of said binder mate}; als is contal ne sal d

inner layers. 23. The nmulti-ply facial tTssue paper‘ product of claim1
wherein said facial tissue paper product conprises three plies in

j uxtaposed r el 4 f 18R fl%la‘i’%sﬁ fiél gaer b ﬂ@gjctmfycnaﬁa'zbwﬂé@ iy s

being | ocated between u er es ereln
plies conpri eshy . 53@\,\6 q;}/r?élﬁ%“ Q'é §fa'l<We°’ alkenyl.

bi odegr adabl e quat ernary ammnl um corrpound and the poI yhydr oxy conpound is

41 contained igat d t n
wet strength b?&diﬁg%ﬁk@"ﬁ%&@ ?Aedr%tstf%ﬁ %%é% ﬁ%dl%:lct:g%fe Emﬁla‘és(gl ‘%’Eﬁ‘gr ' ly.
24. The nultt Opt & (Qci @r t| - Paper product of claim23 wherein each of
said two outer plies corrprl ses two superposed layers. 25. The nulti-ply

facial tissue p oduct of 23 wherein id i ri ses .

| ong sof tvood EabIhe iRt Gyetec Tadal issus papsnprodiG of Liaiaf Ao Bdareibort.
26. The mul t.is phipride@ranethy sulfapmper product of claim 23 wherein said

bi odegr adabl e quat.ernary ammoni um conpound i s diester di(touch

har dened) t att ow di met hyl chloride or nethyl sulfate, said poI hydr oxy
conpound i s poRfeThe: Multilayesed fariah issHg RARRS BrAdust Qfa&la éeﬂhea?mvﬁleght
of from aboubjigdiyra@alit Yilatéfary SmfoARITRBAPoUMRE had fmﬂsrh\mander is

pol yan de- epi chl orohydrin resin and said dry strength binder is

car boxynet hyl cel |l ul gse res 27. The multi-ply facial tissue paper
product of claim 24 SR gai d bi odegradabl e quaternary amoni um conpound
is diester di(touch har dened)té*}gw di ret hyl chloride or nethyl sulfate,

sai d pol yhydroxy conpound is pol i i

e gl ycol haying a weight average
nol ecul ar wei ght of from aboutg?% ﬁ{aﬁ'&- U,((i:&%d er mnent wet
p!

strength binder is polyam de-e | orohydrin resin and said dry strength
bi nder is carboxynethyl cgluyeSe resin. 28. A nmulti-ply facial tissue
paper product conpri sing: 3) paper making fibers; b) fromabout 0.01%to
about 3.0% of a bi odegradabl e quat ernary ammoni um

wherein each R2 is a C1 - C4 alkyl or hydroxyalkyl group, benzyl group, or
mixtures thereof; each R3 is a C11 - C21 hydrocarbyl or substituted
hydrocarbyl group or mixtures thereof; Yis -O0-C(0)- or -C(O)- O -
or - NH-C (0) or - C {O) - NH - or mixtures thereof and X" is a suitable
.. anion.

25. Thé multi-layered facial tissue paper product of Claim 24 wherein each
R2 is methyl, R3 is C15 - C17 alkyl or alkenyl and Rq is C16 -C18 alkyl or
alkenyl.

- 26.The multi-layered facial tissue paper product of Claim 24 wherein Y is
-0-C(0)- or -C(0)-0-.

27.The multi-layered facial tissue paper product of Claim 24 wherein X~
is chioride or methy! sulfate.
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conpound having the fornul a 42 wherein each [err] is a C1-C4 al kyl or
hydr oxyal kyl group, benzyl group, or m xtures thergof; each [err] is a
[err] hydrocarbyl or substituted hydrocar byl groufﬁm; Y
is -OC(O- or -C(O -0 or -NHC(O or -C(O-NH oglm eof and X
is a suitable anion; c) from about 0.01%to about 3./ ’lg]%@gﬂ”fl ubl e
pol yhydr oxy conpound sel ected fromthe group consistind oft g Ny

pol ygl ycerol s having a wei ght average mghecul ar wei ght of from about 150 to
about 800, pol yoxyethyl ene glycols and pol yoxypropyl ene glycols having a
wei ght aver age2gpTRe Umailti-py} datial rigsuebpape? @rotlactl X0 Claind 3ri wherels said

th f; " d bout_ 0. 019%. %,Q t y h_bi

ci'thor per maePVAIRAC Edmaie s Selviael ARy uhe rllB, cBhSERRbZRE oy, of
a dry strengpblygiyaeeols havingiarweight avarage malecular yeight ofr samcabewind®0 ges
|ast tuo sua2ott 800% HO Sk Ilbne ICSIS afa bofbiapyns” Sycald hasd &
with said i nWEIONGpuprate. moleeyiat Weiohy TpMm: AbaUT | 208 16 1000, #1q mudires,
t hat sai d outlesrebfiyer of each ply forns one exposed surface of said

multi-ply facial tissue and each of said inner layers of said plies are

di sposed toward the interior of said facial tissue paper product, and,
wher ei n t he a9 Ty BRItk BlY fagial dlsAue PaReRPFRUHRTCOt SIAIMCS Mereinsthe weight

pol éhyfl_roxy %ﬁwgﬁmd thlﬁt Qﬂ?&@éﬂ%ﬁgb%eﬁ aﬁ?ie?m oARNTIniGM dcmbau?uam_r Sthg.;
said plies. nulti-layered facial tis paner . produc f ,chkaim
wherein eachpP!.yrhry]ﬁ?éy ﬁﬂ'fﬂﬂ%‘{wsﬁ?'&l@@%gl 147! Bé)aggﬁ&hy z;né [err]
is Cl6-Cl18 al kyl or alkenyl. 30. The nulti-layered facial tissue paper
product of clai WAsTIBldv Yedctal~ fis D = T :
mul ti-Iayered aéﬁ‘g\a Tl s'ng*’pfadp"i‘}' g?%deuoé)tap% %rlggtji%'nt %f ﬁép‘eiir?)?vpgr%ﬂl tohrei de
or met hyl sulPpithydroxy compound is polyoxyethylene glycols having a weight average
molecular weight of from about 200 to about 600.

31.The muiti-ply facial tissue paper product of Claim 3 wherein said
biodegradable quaternary ammonium compound is diester di{touch
hardened)tallow . dimethyl .chloride, said polyhydroxy compqund_ is
polyoxyethylene glycol having a weight average molecular weight of from
about 200 to about 600, said permanent wet strength binder is polyamide-
epichlorohydrin resin and said dry strength binder is carboxymethy! cellulose
resin, wherein the majority of said biodegradable quaternary ammonium
compound and said polyhydroxy compound are contained in both of said
outer layers, and wherein the majority of said binder materials is contained in
both of said inner layers. | ' '

32. The multi-ply facial tissue paper product of Claim 1 wherein said facial
tissue paper product comprises three plies in juxtaposed relation, two outer
plies and one inner ply, said inner ply being located between two said outer
plies and wherein each of said three plies comprises a single layer web.

33. The multi-ply facial tissue paper product of Claim 32 wherein each of
said two outer plies comprises two superposed layers.

34. The multi-ply facia! tissue paper product of Claim 32 wherein said inner
ply comprises long softwood fibers and said outer plies comprise short

hardwood fibers. I
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35. The multi-ply facial tissue paper product of Claim 33 wherein the
majority of the biodegradable quaternary ammonium compound and the
polyhydroxy compound is contained in two said outer plies, and the majority

of said permanent wet strength binders and dry strength binders is located in
said inner ply. '

36. The muiti-ply facial tissue paper product of Claim 34 wherein the
majority of the biodegradable quaternary ammonium compound and the
polyhydroxy compound is contained in two said outer plies, and the majority

of said permanent wet strength binders and dry strength binders is located in
said inner ply.

37. The multi-ply facial tissue paper product of Claim 35 ‘wherein said
biodegradable quaternary ammonium compound is diester di{touch
hardened)taliow dimethyl chloride, said polyhydroxy compound is
polyoxyethylene glycol having a weight average molecular weight of from
about 200 to about 600, said permanent wet strength binder is polyamide-

epichlorohydrin resin and said dry strength binder is carboxymethy! cellulose
resin.

38. The multi-ply facial tissue papér product of Claim 36 wherein said
biodegradable quaternary ammonium compound is diester diltouch
hardened)tallow dimethyl chloride, said polyhydroxy compound s
 polyoxyethylene glyco! having a weight average molecular weight of from
about 200 to about 600, said permanent wet strength binder is polyamide-

epichlorohydrin resin and said dry strength binder is carboxymethyl cellulose
resin. :
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