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SOFT TISSUE PAPER CONTAINING -
AN OIL AND A POLYHYDROXY COMPOUND -

- T FIELD OF THE INVENTION -

_ ' Thrs apphcatxon relates ‘to’ trssue p_apers, in pamcular pattern
densrf‘ ed tlssue papers, hevmg an enhanced ‘tactile sense of softness.
_'Thls appllcatlon particularly relates to tissue papers treated with certain
'~ oils- and water—soluble polyhydroxy compounds :

- BACKGROUND OF THE INVENTION

Paper webs or sheets, sometimés called tissue or 'pa'p'er tissue

~ such-staple items as paper towels, facial tissues and sanitary (or toilet) -

- tissues. These paper products can have varrous desirable propertles, T
including wet and dry tensnle strength absorbency for aqueous. fluids
(e g.. wettabrlrty), low lint properties, desirabie bulk, and softness. The

' partrcular challenge in papermakmg has been to appropnately balance

- thesa various propertles to provrde supenor trssue paper

Although somewhat desrrable for towel products, softness isa
particularly important property for facral and toilet tissues. Softness is’
the tactrle sensation perceived by the consumer who holds a partrcular'
paper product, rubs It across the skm, and crumples it within’ ‘the hand.
Such tactile perceivable softness can be characterized by, but is not
. limited to, _fnctlon flexibility, and smoothness, as well as Sub]ectlve_ _
' -descrrptors, such as a feeling- Irke velvet, ‘silk or ﬂannel This tactile
sensation is a combination of several physrcal propertres, mcludmg the
ﬂQXIblllty or- stiffness of ‘the sheet of paper, as well as the texture of
the surface of the paper and the frrctronal propertles of the sheet of

'paper :__---_ . . S

_ webs or sheets, find extensive use in modern socisty. These include

Strffness of paper is typrcallv affected by efforts to mcrease the o

- dry and/or wet tensile strength of ‘the web In_creases in d_ry tensr_l_e
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| 'strength €an be achleved erther by mechamcal processes to insure _ |

| "adequate formatlon of hydrogen- bondrng between the hydroxyl groups .'" :

of . acljacent papermakrng flbers, or by the . rncluslon of certain dry

' "*strength addntives. Wet strength is typlcally enhanced by the inclusion -

| 'f" of certain wet strength resans, that bemg typrcally catnonrc. are easnly
_' ""'deposrted on ‘and retarned by the amonlc carboxyl .groups of—the
"papermaklng fi bers However, the use of both mechamcal and chemical
o ’means to rmprove dry and wet tensrle strength can also result in stlffer.

S —,"'fharsher feellng, less soft tzssue papers. T

ST Certaln chemical addmves, commonly referred to as debondmg
_:agents can be added ‘to papermaking . fibers ‘to interfere with the
. "natural f'ber-to-flber _bonding that occurs _during sheet formation and
o drymg. and thus_ lead to softer _papers. .These debondmg agents are
. _:_'typrcally catromc and have certain dlsadvantages associated with their
- ;use in softemng trssue papers Some low molecular werght cationic
debondmg ‘agents can cause excessive irritation’ ‘upon contact wnth _
~human skin. Hrgher molecular welght cationic debondlng agents tan be ﬁ
 “'miore difficult to’ apply at low levels to trssue paper. and also tend to.
_ have undesrrable hydrophoblc effects on the trssue paper, e.g., result in
‘decreased absorbency and partrcularly wettabrllty Slnce these catromc
- debondmg agents operate by dlsruptmg mterfrber bondmg, they can-
' 'also decrease tens:le strength to such an extent that resrns, latex, or
other dry strength addrtlves can be requrred to provrde acceptable
_Ievels of tensrle strength These dry strength addmves not only increase
_ the cost of the tlssue paper but can also have other, deletenous effects
- on tissue softness. o : '

Examples of catlomc debondrng agents mclude conventxonal

. B ,_ "'drmethyl ammomum salts (e g dltallow drmethyl ammomum chlorlde,
."'-_'drtallow drmethyl ammonium methyl sulfate. dn(hydrogenated) taliow -
"dlmethyl ammomum chlorrde etc. ...l However. as mentioned above,
these catlomc quatemary ammomum compounds soften the paper by
"mterfermg wlth the natural fiber-to—f' ber bondmg that occurs during -

g sheet formanon and drymg ln addmon to decreasrng tensrle strength,
these quaternary ammonium compounds al?so tend to have undesrrable

o
|
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. :hydrophobic ‘effacts on the’ tlssue paper. e g " resultmg in decreased
'absorbency and wettabrlrty T _,. S i -

Mechanrcal pressmg operatrons are typrcally applred to trssue

paper _webs to dewater them and/or rncrease therr tensrle strength '

_ ' 'j'MechanrcaI pressrng can occur over the entrre area of the paper web, '
o such as m the case of conventlonal felt-pressed paper More preferably,
. dewatermg rs carned out m such a way that the paper is pattern
: "densrfned Pattern densrfred paper has certarn densrfred areas of
'relatrvely hrgh fiber densrty, as well as relatlvely Iow f'ber densrty, high
- bulk areas. Such hngh bulk” pattern denslf'ed papers are typlcally formed -

S from a partrelly drred paper web that has densifred areas rmparted toit

. 'by a foraminous’ fabnc havmg a patterned displacement of knuckles _
o ‘See, for example, 'U38. Patent No. 3 301,748 (Sanford et al), issued -
C January__31 1967; “U.S: Patent No. 3 994 771 (Morgan et al), issued

- November 30 1976 ‘and U S patent No. 4 529 480 (Trokhan), issued

-July16 1985 ____ - :
. Besrdes tensrle strength and bulk another advantage of such

' _patterned densrfrcatron processes rs that ornamental patterns can be

" "lmprrnted on the tlssue paper However, an mherent problem of

patterned densrf‘catron processes rs that the fabrlc srde of the tissue

' :paper, ie. the paper surface in contact wrth the foraminous fabrrc
“'durlng papermakmg, is sensed as rougher than the slde not in contact

_ “with the fabnc. Thls |s due to the hrgh bulk f'elds that form, in essence,

_'protrusrons outward from the surface of the ‘paper.. It is these

protrusions that can rmpart a tactrle sensatron of roughness

- The softness of these compressed and partlcularly patterned
| :-densrf'ed tlssue papers, can be |mproved by treatment with various -
agents such as vegetable, ammal or synthetrc hydrocarbon oils, and -
'_ especlally po!ysrloxane metenals typrcally referred to as silicone oils.
~ See Column 1, lines 30-45 of U.S. Patent No. 4, 959, 125 (Spendel),
issued September 25, 1990 These srlrcone' oils impart a silky, soft
'feelrng to the trssue paper However, some srlrcone orls are hydrophobrc _
i and can adversely affect the surface wettabrhty of the treated tlssue

'problems in sewer systems when flushed lndeed some silicone
~ softened papers can require. treatment with other surfactants to offset
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thls reductron in wettabrlrty caused by the srhcone See u. S Patent No.
5, 059 282 (Ampulskl et al), issued October 22, 1991

- Tissue paper has also been treated with softeners by "dry web" -
addmon methods One such method’ mvolves movmg the dry paper-
across one face ‘of a shaped block of wax-llke softener that is_then
deposnted on the paper surface by a rubbing actlon See U.S. Patent |
No. . 3,305,392 (Brittl, issued February 21, 1967 (softeners include
stearate soaps such as zrnc stearate, stearre acid esters, stearyl )
alcohol olyethylene glycols such as Carbowax, and polyethylene )
glycol esters of stearic and laurie aclds) Anether such method involves

drppmg the dry paper m a “solution’ or emulston contammg the seftenmg o

- agent. See U.S. Patent No 3, 296 065 [{sk Brien et al. ), issued January

_3, 1967 (aliphatic ‘esters of certam allphatlc or ' aromatic carboxyllc-'
_acxds as the softemng agentl A potentlal problem of these prior “dry
- web" addmon methods is that the softenmg agent can be applred less
' '-“'effectlve!y. orin a manner that could potentlally affect the absorbency'
~of -the - tissue paper ]ndeed the 392 patent teaches as desrrable

~_modification with certain cationic materrals te avoid the tendencv of the
- softener to migrate. Appllcatlon of softaners by either a rubbing actlon o

L ar by dipping the paper would also be dtfficult to adapt to .commercial
. .papermaklng systems that run at h:gh speeds o )

Accordmgly, lt would be deslrable 1o be able to soften trssue' .
paper, in partrcular hrgh bulk pattern densrfled tissue papers, by a"
process that (1) uses a wet web" method for. addmg the softening
agent (2) can be carrled out rn a commercral papermaking svstem .
" wrthout srgntflcantly lmpactmg on machine operabrllty, (3) uses -
softeners that are nontoxtc, and (4) can be -carried out in a manner so
 as ‘to maintain desirable ‘tensile strength absorbencv and low lint.

. propemes of the. tlssue paper

lt is an object of thrs mventron to provrde soft absorbent torlet

o tlssue ‘paper products L R _
1t is an object of th:s mvention to provrde soft absorbent faclal

tissue paper products, = _ : _ .
i is an object of tlus mventlon 10 ] rovrde soft absorbent paper"_

towel products

A ’.l' 'U" "
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It is-also a further object of this invantion to provide a process
.for makmg soft, - ‘absorbent tissue (i.e., facral andlor torlet trssue) and
- paper towel products.,_ P SR TEIR -
AT These and other objects are obtamed usmg the present invention,
_as wrll become readlly apparent from a readlng of the - followmg

- 'di“sclosure A

s@MﬁﬁAa{oskaE :rwlﬁ,ﬂflou .

. . The present inventron provldes soft, absorbent tlssue paper
_ 'products Brlefly, the soft trssue paper products cornprise. -

a) wet_-_laid._callulosic-fib_er_s; o

ERE polvhvdroxy compound based on the dry fiber . werght of said _'
’ bssue paper, and ' S

b) from about 0.91% to about 5% of -a - water soluble

« ) from about O 01% to about 5% of an. 0I| selected from the -
' group consnstrng of petroleum-based olls. polysrloxane-based oils,
and mrxtures thereof based on the dry fiber werght of sald tissue

“‘paper.- L

_ wherein said trssue paper has a basrs warght of from about 10 to

. about 65 glmz ‘and’ a densrty of less than about 0. 60 gloc, said
polyhydroxy compound and said orl havmg berng applred to a least one
-surface of a wat trssue paper web '

~ The present invention f_ur_ther 'rella'_te"s"' to a pro‘ééss' for m_aking __
these softened tissue pape‘rs. .The 'proce_ss include_s the steps: . '

a) wetlaylng an aqueous slurry contarnrng cellulosrc ﬁbers to |
"~ forma web " '

b) applyrng to sard web’ at fiber consrstency of from about 10%' ]
to about '
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o 80% total web werght basns, a suffrcrent amount of a water '
soluble _ ) R el o
- R polyhydroxy c'o_r__npo'u'nd a_nd an oil t'o'impa'r_t a bulk ‘softness
to said S o - S

'---_'__cl c_lrying a.nd..cre'ping-said w-eb.-"_- S

'- - Surprlsmgly, it has been found that these nonlomc_compounds'
) have hrgh rates of retention even in the absence of catromc retention

- aids or. debondtng agents when apphed ‘to- 'wet tissue paper webs in
, _accordance wrth the process disclosed . herern - This is especrally '
"_.unexpected because the nomomc oils and polyhdroxy compounds are'
- " :'applted to the wet webs under condmcns wherein they are not romcally
- substantlve to the cellulose fibers lmportantly, the wet web process )
" allows the polyhydroxy cempounds to mrgrete to the interior of the.-
~ paper web where they act to enhance the tlssue paper absorbency and
softness o " ' -

- T'ssue paper softened accordmg to the present mventlon has a _' '
- soft ~ feel. It is especlally useful in softenrng hlgh bulk pattern-
densrf‘ ed tissue - papers, mcludlng tsssue papers havmg patterned'

-deslgns The- present invention. can be carrled out rn a commercral_

‘paparmaking system without srgmfrcantly lmpactlng on machme' a

'_:operabrllty, rncludmg speed. ~The- rmproved softness beneﬁts of the
present invention can also be achreved while mamtarmng the desirable
. tensrle strength. absorbency (e g wettabrlrtyl, and low lint: propertres'

Cof the paper. e w - e |
e All percentages, ratlos and proportrons hereln are by we:ght -'
: -unless otherwrse specrfied ' - o T

: f'iemsr_bés'cmmoﬂ--br THE bﬁAW!Nefs- o
_ Flgure 1 |s a schematlc representatlon of one embodrment of a "
contrnuous papermakmg ‘machine whxch |llustrates the-, preferred

“l ll



. WO 96/24719

- . PCT/US96/01145
— - 7

process of ‘the present invention of addmg treatment chemrcals to a
pattern densxfned tlssue paper web _ - SR

= oermn.ep oescmmou OF Tl-IE mvenmou

While - thls speclflcatlon concludes wrth claims partlcularly _
pointing out and distinctly clalmmg the subject matter regarded as the .

) mventron, lt is belleved that the rnventron can be better understood_ .

from a readmg of the followlng detalled descrrptron and of the

' appended examples. -

' As used herem, the term comprzsmg means that the various
components, rngredrents, or steps, can be’ conjomtly employed in
practicing’ the present lnventlon Accordrngly, the term_ oomprlsmg

' encompasses the more restrlctlve terms con3|st|ng essentlally of" and

consnstlng of" =

_ As used heresn, the terms tlssue paper web paper web web, -
paper sheet and paper product all refer to sheets of paper made by a
process compnsing the. _Steps of. formrng an aqueous papermaking

' furmsh deposrting this furmsh on a forammous surface, such as a

Fourdnmer wrre, and removmg the water from the furnish as by gravity

| or vacuum-asszsted drainage, wrth or wrthout pressmg, and by

evaporatlon

As used hereln, ‘an aqueous papermaklng furnlsh is-an aqueous
slurry of papermaking fibers and the chemicals described heremafter "

As used’ hereln, the term cons:stency refers to the weight
" percentage of the cellulosic paper making f'bers (i.e., pulpl in the wat
.. tissue waeb., It is ‘expressed as a werght percentage of this fibrous
matenal in the wet web in terms of air dry fiber weight divided by the

weight of the wet web."

The first step in the process of thrs mventlon is the forming of an
- AQUeOUS papermakmg furnish. The fumish comprises papermakmg
fibers (heremafter sometrmes referred to as wood pulpl Itis antlclpated
that ‘wood pulp rn Call” its verretles wrll normally comprise the .
papermakmg fibers used in this mventron However, other cellulose
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; fi brous pulps, such as. t:otton liners, bagasse, rayon, etc., can be used -
and none are dlsclalmed Wood pulps ‘useful herein - include chemical
- =~ pulps such as Kraft sulfite and sulfate pulps as well as mechamcal o
‘pulps mcludmg for examiple, ground wood, thermomechamcal puips and '-
chemlcally mod:f‘ ed thermomechanical pulp {CTMP). Pulps denved from_
.- .- both deciduous and coniferous trees ‘can be used. Also applicable to
N ... the present lnventlon ‘are fi bers denved from recycled_ paper, which :
o may. contam -any. or all of the. above categories as well' as other non- - |
__':_'_.‘ﬂbrous matenals such as filers and. adhesives used to facilitate the -
B _ongn_nal papermakmg _Pre_ferably_, the. papermakmg fibers used in this
invention comprise Kraft pulp derived from northern softwoods. ‘The
~ aqueous papermaking furnish is formed into a wet web on a foraminous
.formmg carrier, such"_as_ -a Fourdrinier wire, -as will be discussed

_heremafter o - T

Polyhy npoun:

- The ptesent mventton contains as an essential component from
.. about O. 01% to about 5. 0% preferably from :0.05% to- about 2.0%,
. more preferably from about 0.1% to about - 1. 0% of a water soluble

- polyhydroxy . compound based on- the dry fnber welght ‘of the tnssue . ]
*. paper, § _ e e

Examples of' water, soluble polyhydroxy compounc'ls suitable for
" use in the present mventaon include glycerol, polyglycerois having a. _
weight average molecular welght of from: about 150 1o about 800 and =

o 'polvoxyethylene glvcol and polvoxypropvlene glycol having a welght-_
- .;average molecular weight of from. about 200 to about 4000, preferably' '
-:-from about 200: to- about 1000, most preferably from about 200 to

' about 600. Polyoxyethylene glycol having an’ welght average molecular. _

weight of from about 200 to about 600 are especially preferred. _
“Mixtures of the above-described polyhydroxy compounds may also be -
used. For example, mlxtures of glycerol and polyglycerols, mixtures of
glycerol and polyoxyethylene glycols mixtures of polyglycerols and
_polyoxyethylene glycols, etc. ..._ are useful in the_present mventlon A

. particularly preferred polyh_vdroxy compound is polypxyethylene glycol
having an Weight:average' molecular weight of about 400. This material =

. - —
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is avallable commerclelly from: the Umon Carblde Companv of Danbury.
Connectlcut under the tradename "PEG 400" e

The present mventlon contairs as an essentlal component from

._ ~about 0.01% to ‘about 5. 0% preferably from—O 05% to about 2.0%,
- -more preferably from about 0.1% to about: 1.0% by ‘weight of an oil

E selected from ‘the group consrstlng of petroleum-based orls,

polysuloxane-based oils, and mrxtures thereof based on the dry fiber

o welght of the tissue paper. Lo

 Petroleum-basedoils - o <. 0T

- As used herern. the term petroleum-based orTs refers to vnsccus E

-mlxtures of hydrocarbons havmg from about 16 to about 32 carbon
: atoms Preferably, the petroleum-based oil is a petroleum-based turbrne
- il compnsed primarily of saturated hydrocarbons.  An example of a-

the: compound which is' comprised of approxlmately 87% saturated
hydrocarbons and approximately 12. 6% aromatic hvdrocarbons with

traces of addltlves, manufactured as product number R & O 68 Code

_ 702 by the Texaco Oil ‘Company. of _Houston, T_exa_s.

In .gen'eral ' S'Uitable 'polys'il‘oxan'e‘ materials for use "in"‘" the present

E invention B mclude those havung monomerlc s:loxane units of .the _

_followmg structure
- R1

- : preferred petroleum-based- turblne oit: for use inthe present mventron is
.. known. as “Regal Oll" As used herem, the term "Regal ol refers to_
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whereln, R1 and R2 for each mdependent siloxane monomenc umt can

:-:___'each rndependently be hydrogen or. any alkyi aryl alkenyl alkaryl,_
‘arakyl, cycloalkyl halogenated hydrocarbon ‘or other radical Any of

-such radicals can be substrtute_d or unsubstrtu_t_ed. R1.and R2 radicals -

' - "ef" any particular monom'erfc' unit may- 'differ from the corresponding
- -functionalities .of the next 'a'djoinin'g monomeric unit. Addmonally, the
S poneroxane can be elther a _stralght ‘chain, a branched chain or have a

:_cycllc structure. The radncals R1 and R2" ‘can addmonally mdependently"“. _ :
:l_,:.e other sll_acepu_s _funct_nona_lrt_le__s_ such as, - but. not’ limited to siloxanes, .
._'_;polysi'ldxanes,' silanes, and polysilanes. - The radicals R1"and R2. may -
"contaln any of a varlety of orgamc ‘functionalities mclud:ng, for

;'.__:.;_,,_example, alcohol carboxyhc acld aldehyde. ketone and amme, amlde
__,_.functlonalrtres e : SR Co o

Exemplary alkyl rad' cais are methyl ethyl propyl butyl pentyl |

: :_ hexy! octy! decyl, octadecyl and the like.. Exemplary alkenyl radlcals
are vinyl, allyl ‘and _the. like. Exe,mpl_ary_ aryl rad_lr:a_ls are phenyl

."___drphenyl naphthy! and the lrke Exemplary--alkaryl'_'radicals are toyl,
.. xylyl,-ethylphenyl, and the like. Exemplary arakyl radicals are benzyl,

;__.alpha phenylethyl beta phenylethyl - alpha'-phen_ylbtrtyl-,'i-iiand __t'he _ like.

Exemplary cycloalkyl radicals are cyclobutyl, cyclopentyl, cyclohexyl,

and the Ilke .. Exemplary . haloge_nated_ ‘hydrocarbon. radicals. are
...~ chloromethyl, - bromo,_ethyl,; : te_trafl_uo're'thyl-,f-. fiuorethyl, - triflucrethyl,
.. trifiuorotoyl, hexaflucroxylyl, and the like. : L ' '

- Viscosity -of - polysiloxanes Gsaful rnay vary as widely as the

_viscosity of polysiloxanes in general vary, so long as the polysiloxane is
_.,_ﬂowable or. can.be. made to be flowable for: applrcatron to the tissue
- ___paper Preferably the polysrloxane-based oil- has an-intrinsic viscosity -

-.._rangrng from -about . 100 1o about 1000 ‘centipoises. - References

disclosing.. polysnloxanes include. U. S. Patent No. 2, 826 551, issued

‘March 11, 1958 to Geen. U. S. Patent No.. 3; 964 500, |ssued June 22,

_© 1976 to Drakoff; U.S. Patent.No. 4,364,837, issued December 21,
*.1982, Pader, U.S. Patent. No. 5,059,282, issued October 22, 1991 to

':f'f_'_._,._.-.Ampulksa et al.; and British Patent No. 848;433; published September
e 28, 1960 to Woolston. “All ‘of’ these patents are incorporated herein by

“reference. - Also, - mcorporated herem by reference is _Sﬂ_c_q_



. wosepams - SRS ' PCTIUS96/01145

g‘g_p_gym_g ‘pp 181-217 dlstrlbuted by Petrarch SVstems, inc., 1984

-+ which contalns an extenslve Ilstmg and descnptlon of polysrloxanes m '

o general

LS e T ..a_! I IR e

The present mventuon is- appllcable to t|s$ue paper in. general

N .mcludmg but not limited to conventtonalry felt-pressed tussue paper;
“pattern - densified ‘tissue —paper™ such ‘as. exemplufued -in the
aforementloned U.S. Patent by Sanford-Snsson ‘and its progeny, “and

'_ high bulk uncompacted tissue paper such as’ exempllf'ed by U.S.
. Patent No. 3, 812,000, Salvuccl, Jr o nssued May 21, 1974 The tissue
.paper: may be of a homogenous or multllayered constructron, and tissue
pape:—products made therefrom may be of a smgle-ply ‘or _multi- ply
constructron Tissue structures -formed from layered paper webs are

- described in: U.S. ‘Patent No. 3, 994 771, Morgan, Jr. et al. issued

- :._ November. 30, 1376, U.S. Patent No.. 14,300,981, Carstens, issued

November 17 1981, U.S. Patent No: 4, 166, 001 Dunmng et al., issued -

_‘August 28, 19789, and ‘European Patent Publzcatlon No O 613 979 A,
: Edwards ot al., publlshed September 7, 1994 all ‘of ‘which are

incorporated’ herein - by reference. : In genaraf a’-wet-laid composnte, .
soft, bulky and absorbent paper structurs is- prepared from two or more- _'
Iayers of furnish which are preferably comprlsed of dn‘ferent fiber

- types.. - The- layers are’ preferably formed from the deposmon of
separate streams of dllute fiber - slurries, the f'bers typlcally bemg
relatively long softwood and relatively short hardwood fibers as used in
tissue papermaking, upon one or more endless forammous screens.

- The layers are. subsequently combined to form a layered composne

: web. ‘The layered waeb is subsequently ‘caused - to conform to the-
surface of an open mesh: drying!'mprrntlng fabric by the applloat:on ofa
- fluid to force to. the web and thereafter thermally predried on: satd fabric

 as part of a low densaty papermakmg process -The layered web may

be stratifi ed ‘with respect to fi ber type or the f'ber content of the-
respectlve layers may ‘be essentlally ‘the same. The t:ssue paper
preferably has a basis’ welght of between 10 glm2 and about 65 g/mz -

- and density. of about 0.60 g/cc or less. Preferably, basxs weught will be - '
below about 35 g/rnZ or Iess, and denslty will be about O 30 g/cc or

R LY DO R
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deposmng papermakmg furmsh on a foramrnous formmg wire. This
formrng wrre is often referred to in the artas a .Fourdrinier wure Once
the furmsh is depesrted on the forming wire,-it is referred to as a web-
The web is dewatered by pressmg the web and drying at elevated

'. temperature The pamcular tecﬁmques and - typ:cal equipment for
: j maklng webs accerdmg to the process just descrrbed are-well known to
' those skllled in the art. In a typical process, a low consistency pulp '

furmsh is provrded ln a pressunzed headbox. The headbox has an

conslstency of between about 7% and ‘about 25% {total web weight
basrs) by- vacuum dewatenng and further dried by pressmg operatnons

. PCT/US96NII4S -

_ Iess Most preferably, densrty will be between O 04 g/cc and about _

D Conventnonally pressed tissue paper and - methods for maklng -
- such paper are. known in the art. Such- paper is ‘typically made by

_' - openmg for del:verlng a. thln deposit of pulp furmsh onto the Fourdrinier S
wure to form a wet web The. web is then typxcally dewatered to a fiber -

whereln the web is subjected to pressure developed by opposmg :

mechamcal members, for example, cylindrical rolls R -
The dewatered web is then further pressed and dried by a steam

heated drum apparatus known. in the art as a Yankee dryer. Pressure
) can be developed at the. Yankee dryer bv mechamcal means such as an
opposmg cyllndrlcal drum .pressing agalnst the web. . Vacuum may aiso

be applled to the web as. it is pressed agannst the Yankes surface.

o Multlple Yankee dryer drums may be- employed -whereby addmonal
pressmg is optaonally incurred ‘between the -drums. . The tissue. paper .
_ Structures whtch are formed are referred to heremafter as conventional,

pressed trssue peper structures Such sheets are consldered to be

'_ . compacted since the web.is sub;ected to substantial. overall mechanical
. . compressional. forces while the fibers are moist and are then dried (and
. optlonally crepedl whlle in a compressed state. .. ... . - :

- Pattern - densified . -tissue paper is. cheractenzed -by having a

relatwely high bulk field of relatively low fiber density and an array of.

-densified zones. of. relatwelv high fiber -density. The high bulk field is

alternatlvelv character:zed as a field of pillow. regiens The dens:f‘ ed_
. ‘Zones are. a!ternativelv referred to as knuckle. regions. The densified

zones- may be dlscretely spaced within . -the:high bulk field or may be
lnterconnected elther fully or pamally, wrth:n ‘the high bulk fleld



" WO 96/24719

- = of fluid pressure. such as’ wrth a vacuum type devrce ora blow-through- .

- - PCTNUS96/01145

13

Preferred processes for making pattern densrfied tlssua webs are

disclosed in U.S. Patent No: 3,301,748, 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 No 4,637,859,

rssued 10 Paul - D Trokhan on’ January 20 1987 U S. -Patent . No. .
. 4,942,077 rssued to Wendt et al."on July 17 1990 European Patent-
. Publication ‘No. 0 61—7 164 A1, Hyland et al publlshed September 28,
- 1994 'European. Fatent Publlcatron No. 0 616 074 A1 Hermans et al.,
publrshed September 21 1994 all of whlch are mcorporated herein by
o reference S S L '
' In general pattern “densified webs are preferably prepared by
— deposrtrng a. papermakrng furnlsh on a ‘foramrnous formmg wire such as

'a Fcurdrmrer ‘wire* to forma ‘wet web and then 1uxtaposmg the web

agarnst an array of supports. The web is pressed agamst the array of .

supports, “ thereby - resulting in densifled ‘zones ln the ‘web at the

- locations geographrcally correspondrng 0 the pornts of contact -
between the array of supports and the wet web The remamder of the .

- web not compressed ‘during - thls operatlon is referred to as the high
bulk f‘eld "This high bulk field can be further dedenslﬂed by application

dryer, or by mechanrcally pressrng the " web agalnst the array . of

- supports. - The - web is dewatered and optronaily predned, in such a

- manner so as to substantrally avoid compresszon of the hrgh bulk field.

This - is - preferably accomplished by fluld pressure, such as with a

vacuum type “device or. blow-through dryer, or alternately by
mechanically pressrng the web: agalnst an array of supports wherein the
* high ‘bulk" field is - not compressed The operatrons of dewatermg,

: optronal predrymg and formatron of the densrfied zones may be -

| integrated - or. partlally mtegrated 10" reduce ‘the - total number of
processrng steps performed Subsequent to formation of the densifled

- zones, : dewatering, - and optronal predrymg, _the ‘web " rs drred to .

completron, preferably stlll avoldrng mechamcal pressrng. Preferably,_

‘from about: 8% to about. 55% of the tissue paper surface comprises -
. - densified knuckles havrng a relatrve densrty of at least 125% of _the -

densrty of the. hrgh bulk freld

NI i
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The array of supports is’ preferably an imprrntrng carrier fabnc '

‘having a. pattemed drsplacement of knuckles whrch operate as the array
cerof supports which facrhtate the formation of: the densified zones upon .
| application of pressure The pattern of knuckles constltutes the array of
~ .- _supports previously referred to.: imprinting’ carrier fabncs are. drsclosed

3 ;_--._-'; - in" U.S. ‘Patent:No. 3,301,746, Sanford and Sisson,’ issuad January 31,
- 1967, U.S. Patent No. 3, 821 068, Salvuccl, Jr. et al ., issued May21,

;_:-1974 U.S. Patent No. 3 974,025, Ayers," rssued August 10, . 1976
.. 'U.S. Patent No. 3,673,164, Friedberg-et al ., issued March 30, 1971
- Lus. Patent No. 3, 473 576, Amneus, issued ‘October 21, 1968, U.s.
~ Patent:No.. 4,239, 0685, Trokhan, issued December - 16, 1980, and U.S..

Patent ‘No. 4 528, 239 Trokhan, issued July ‘9, 1985 all of whrch are -

L rncorporated herem by reference.

- Preferab!y, the furmsh is frrst formed into a wet web on a
: '-'-.'forammous forming carrier, such as a Fourdrrnrer wire. The web is
S dewatered and transferred to an imprinting ‘fabric. The fumrsh may

- Ealternately be. rmtrally deposrted on a foraminous supportmg carrier-

- *_ - which:aiso operates as an imprinting fabric. ‘Once’ formed the wet web
T is dewatered and, preferably. thermally predried to a selected fiber

: consistency of between about 40% and about 80%. Dewatermg can be .
_performed with suctron boxes or other vacuum devices or wrth blow-

_ :through dryers ‘The knuckle - lmprmt of - the imprinting fabric is
"-rmpressed in the web as discussed above, prior to ‘drying the web to
completion. One method for accomplrshlng this is ‘through application’

. of mechamcal pressure Thrs can be ‘done, .for example, by pressing a
'nrp roll which supports the imprinting fabric against the face of a drying

. .drum, such as a Yankee dryer, wherein the ‘web is disposed between -
jthe nip roIl and drying drum Also, preferably, the web is molded
agarnst the imprinting fabrlc _prior to completron of. dryrng by apphcatrori
-, of.fluid pressure with a vacuum devrce such as a suction box, or with a

~blow-through dryer Fluid pressure may be applied to mduce impression- _' -

o wosof densrﬁed zones durrng initial dewatermg, in a separate. subsequent
- . process stage, or a combrnatron thereof ' : -

s Uncompacted nonpattern-densrfied trssue paper structures are
: _-.descrrbed in.U.S. Patent No. 3, 812 OOO rssued 1o Joseph L. Salvucci,

Jr. and Peter N Ylannos on May 21, 1974 and U.S. Patent No.
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4,208 459, ussued 1o Henry E. Becker, Albert L McCcnnelI ~and
- . Richard . Schutte on June 17, 1980, -both of wh:ch are mcorporated
s hereln by reference._ln general, uncompacted .non. pattern densified
e tissue ‘paper.. structures ‘are prepared by deposctmg a papermakmg
.furmsh and a debondmg agent on.a forarmnous formmg ‘wire such as a
- Fourdrinier wire.to. form ‘a-wet web. drammg the ‘'web and removing L
- additional water without mechanical- ‘compression: until’ the 'web has a
... fiber consnstencv of at’ Ieast 80%, and creping the web Water is
e removed from the web by vacuum dewaterlng and thermal drymg The
- resulting -structure is a: soft -but. weak high - bulk" sheet of relatively
o uncompacted ﬂbers. Bondlng matenal |s preferably apphed to portions.
" of the web prior to creplng : S

Compacted" non-pattern-densuf' ed " tissue "structures " are
.commonly known in the art as_conventional . tnssue strugtures In -~

general,: compacted non- pattern-densnf ied’ t:ssue paper structures are

: 'prepared by depositlng a papermaklng furnish: on a forammous wire _
- such.as a Fourdnmer wire to form a wet web," drammg the web and
removing addmonal water with the aid of a umform mechamcal '

compactlon (pressung) until the web has-a conmstency of 25-50%,

: transfernng the web to a. thermal dryer such as a Yankee and crepmg
the web. Overall -water is removed from the ‘web: by vacuum, '

mechanical pressing and’ thermal means -The resultmg structure is

.. strong- and generally of smgular densnty, but very low in bulk,
‘absorbency: and.i in softness. : : A

- The* tlssue paper web “of thls mvantlon can be used in any

~ application ‘where - soft, absorbent tissue paper webs are required. -

Pamcularly advantageous uses of the tissue paper web of this invention
are in paper towel toilet t|ssue and facial tissue products For examplc,

. two tissue paper webs of this " mventron can be embossed and
" adhesively ‘secured together in face to face relat;on as taught by U.S.

Pat. No. 3, 414 459, 'which issued to Wells on December 3, 1968 and _

g whlch is mcorporated hereln by reference. to form 2—ply paper towels.

in the followung duscussion, wherem reference xs made to the -

several i gures, certain’ preferred embodlments of processes for rnakmg

~ ‘the tissue’ sheet structures of the present Invention are. descnbed

- o © PCT/US96/01M4S
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, In the embodrment |llustrated in Flgure 1 ‘the papermakrng beit 10
trave!s in the dnrectron mdxcated by dxrectlonal arrow B.  The

: papermakrng belt 10 passes around the papermaklng belt return ro!ls o

| desugnated 19a and 19b. tmpressron nip roll 20, papermakmg belt
return rolls 19¢, 19d 193 and 19f and emulsron distributing roll 21

(whlch dlstnbutes‘ an emuislon 22 onto the papermaklng belt 10 from =

an emuls:on bath 23) ln between papermakmg belt return rolls 19c -
and 19d and also in between papermakmg belt return rolis 19d and -
19e, are’ belt cleanmg showers 102. and 102a, respectrvelv ThHe
_ purpose of the belt cleaning showers 102 and 102a is to clean the
| papermakmg belt 10 of any. paper fi bers. adheswes, strength addmves.
- and the like, whrch remam attached to the sectron of the papermakmg
belt 10 after the fmal step in ‘the papermakmg process The loop that
the papermaklng belt 1 O travels—around also rncludes a means_for
applylng a fluid pressure dlfferent:al to the paper web which in the
- ‘preferred - embodlment of the’ present mvennon, compnses vacuum_
- p|CKup shoe 24a and a vacuum box such as multr-slot vacuum box 24.
Assocrated with. the papermakrng belt-10 -of the present invention, and
also not- shown in FIG. 1 are various- additionai support rolls, return

" rolls, cleanmg means, . drlve ‘means, ‘and the hke commonlv used in .

| papermakmg machmes and all well known to those skllled in the art.

_ The embrvomo web 18 is brought into’ contact w:th the
papermakrng belt 10 of the: present invention by ‘the Fourdrinier wire 15
when ‘the Fourdrinier wire 15 is brought near ‘the papermakmg beit 10
of the present mventron in ‘the v:crmty of vacuum prckup shoe 24a '

AR especlallv preferred method of contrnuously applying the
polyhydroxy compound and oil to the papermakrng belt is via an
_.emulsion distributing roll 21 and emulsion- bath 23, illustrated in Figure

L 1. In-this preferred method, the - ponhvdroxy_comp_ound is dissolved

into at least one phase of an emulsion 22 comprised of ‘three primary

"_compounds, namely water, oil, and a ‘surfactant, although it is

- ‘contemplated -that other .or additional suitable compounds could be

‘used. The emulsion 22 containing the dissolved polyhydroxy
compounds and oil is applied to the papermakxng belt 10 vra the above- _

" mentiofed emulsion dlstnbutm_g roll 23. Emulslon 22 can also be

|’| ST
]
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- applied to the papermakmg belt 10 through cleamng showers 102 and.’ :
An example of an espec:ally preferred emulsron composmon
contams water, a petroleum-based oxl known as "'Rega! Orl"
drsteeryldrmethylammonrun‘r chlonde, cetyl alcohol and a polyhydroxy _
- compound {such-as’ glycerol) drstearyldlmethylammomum chloride is_
" sold under the trade name ADOGEN TA 100 bv the Wrtco Corporatlon
s of Mapleton, lllrnors Herelnatter, drstearyldi'methyl-ammonlum chloride
- will be referred to -as ADOGEN for convemence ADOGEN is used in
" the. emulsron as a surfactant to emulsrfy or stabmze the oil ‘particles
{e g Regal 0|I Polysrloxane Ol') m the water '

The purpose of the Regal Oll in the cemposrtron descﬂbed above
s to serve asa release emulsron "By release emulsron, it is meant
that it prowdes a ceatrng on. the paperrnakrng belt 10 so the paper
| -formed releases from {or does not stick to) the same after the steps of
. the present lnventron have been performed to the paper web -

As referred ‘to- herern, the- term surfactant refers to a surface
active agent ‘one: portron of whrch is hydrophllrc, and another portion
. of which is hydrophobrc, which- migrates to the interface ‘between a
hydrophlllc substance and a hydrophoblc substance 10 stabrlrze the two.

_ substances ' :

. As. used herem, cetyl alcohol" refers to a C16 Irnear fatty -
alcohol. . . Cetyl -alcohol is: manufactured by The Procter & Gamble
Company of Crncrnnatr Ohio. Cetyl alcohol, Jike ADOGEN is used as a
surfactant in the emulslon utrlrzed in the preferred embodrment of the

present mventron

The relative percentages of the composmon of the emulsron. in
the preferred embodlment ‘of the same are set out rn the followrng

table: : . e
' o {gal) o (bs) o - (%)
-'.Wa,_ter_-'fi S 289 T 4320 62,22
REGALOIL- ~ .. .. 86 ~u-io- 4227 . . 6.1

- ADOGEN NA L 2a 0.3
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The Ievel ef polyhvdroxy compound and petroleum-based oil or_'

polvsﬂ?:xane-based oil- to  be retained - by the tlssue paper, as a _ B
... minimum,.is at Ieast an-effectrve ievel for- |mpartmg a tacule difference _
~_in softness or silkiness to the -paper. -The mlnumum effeetwe level may =

vary dependlng ‘upon the partlcular type of sheet, the method of_
o ;.ﬁ;applacatlon, the. partlcular ‘type of polyhydroxv compound petroleum— o
: based oil, or polysnloxane-based .0il, surfactant, or other additives or

'treatments .. Without - llmiting the range of apphcable-
-polyhvdroxylpetroleum-based oil or polysnloxane—based oil retention by '
. .. the 'tissue paper. preferably at least about 0. 05% of the polyhdroxv

'.,compound and 0. 05% of the.—petroleum-based oil or polysiloxane-
. "based oil _is retalned by the tissue. paper.. ‘More preferablv, from about

-.0.1% to about 2. O% .of the polyhydroxy compound -and from about-.
- 0.1% to about 2.0% of the petroleum-based orl or polysrloxane-based
| oal is retalned bv the tlssue paper - - N

ln general,- tlssue paper having- less than ‘about 0. 3% petroleum-

o -jbased o:l or polysuloxane-based -0il. will provide substantlal increases in
softness and srlkmess .yet. remam _wettable even in- the absence of
~ _-sufficient levels of surfactant to impart. a wetting effect.” - Such paper
| ,__preferably is treated w:th surfactant and/or starch as descnbed herem

szsue paper havmg in ‘excess of about ‘0. 3% petroleum—basod oil or

.. polysxloxane—based oil is preferably. treated. wtth a surfactant when contemplated '
- for uses wherein high wettablhty is desired. The amount of surfactant required to
;. increase hydrophilicity to a desired level mll necessarily depend upon the type

- and level of oil and the type of surfactant. In general, betweeri about 0.1% and - -

“ about 2.0% surfactant (e:g., Pegosperse" Igepa.l° RC-520) retained by the tissue

* . 'paper is believed to be sufficient to prov1de snfﬁclently high" wettablhty for toilet

paper and other apphcatxons for. 011 levels less than about 2.0%. However, the - - - N
- - -benefitof mcreased wettabxhty is. apphcable for oil Ievels well in excess of 2. 0% '
' :..:_--.;;;-;"lf a sufficxent amount of surfacmnt is retained by t:ssue paper R
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- Analytical and Testing P_rocedures

Analysls of the amounts of treatment chamrcals herem retamed

. -on tissue paper webs can be performed by any method accepted in-the

o o :applicable art. ‘For example, ‘the level of ‘the polyhydroxy compound
- ... retained by the tissue paper -can be determined. by solvent extraction of
e ~_ ° the polyhydroxy compound w:th a solvent “In some cases, addrtlonal'
R procedures ‘may be—necessary to. remove mterfermg cornpounds from

| extractlon method employs a’ brine solutton ‘to lsolate polyethylene
- . glycols from nonionic surfactants {Longman, G. F Ihe._Ana_!sls_ot-
L Qe_te_rgg_ts__a__Jle_tg_ggm_Em_dym Witey lnterscrence,_ New York,

1975 p- 312). The ‘polyhydroxy species could " then be analyzed by
~ ‘spectroscopic .- or - chromatographic - techmques “ "For example,-
B compounds with at’ least six ethylene oxide units ‘can - typlcally be
- analyzed spectroscoplcally by~ the Ammomum cobaltothlocyanate_ ’
- method lLongman, .G.F., The - i :

Products, Wiley lntersclence',' _ New York 1975 p - 346). Gas
chromatography techmques can also be used to separate and analyze
polyhydroxy - type compounds Graphmzed poly(2 6-d|phenyl-p-'
- phenylene oxide) gas chromatography ‘columns have been used to

_separate polyethylene glycols: wnth the' number of ethylene oxide units

. .ranging from -3 to 9 lAlltech chromatography ‘catalog, number 300, p. '
.158). The ‘level of- polysrloxane-based o:l or. petroleum-based oil |
~ retained by the tissue paper can be determined by solvent extraction of
: _'-_th_e -oil wrth an organic solvent followed hy atomrc ‘absorption

. Spectroscopy to_determme the level of the oul_ in the extract

The level of nonionic: surfactants, such as alkyl glycosrdes, can
. be determmed by chromatographlc techmques. Bruns reported a High
_Perforrnance Liquid: . chromatography ‘method * with Ilght scattering
-detectlon for the analysis of alkyl glycosrdes (Bruns, A., Waidrioff, H.,

-the polyhydroxy species of interest. - For mstance, the' Weubull solvent -

| - _.kalar W., Cmmm vol. 27, 1989, p. 340). A Supercritical O

--ﬂ. Flurd Chromatography {SFC) technrque was also descnbed- in_ the
analysls of alkyl glycosndas and related specles lLafosse, M., Rolllrr, P..
- . Elfakir, c., Morin-Allory, L., Martens, M., Dreux, M., Journal of
chrorhatography, vol. 505, 1990, p. 191). The level of aronic
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o ?'surfactants, such as Iunear alkyl sulfonates, cdn be determmed by water. '
e _extractlon followed by titration of the anionic surfactant in the extract. |
! .;_:'i In some cases, isolation of the linear alky! sulfonate from interferences .

_ __'may be necessary before the two phase titration analysns {Cross, J., -
o _. . is, Dekker, New. York, 1977, p. _
-..,18 P 222) The tevel of starch can be determined by amyiase

, digestion. of the -starch to glucose followed by colonmetry analysns to '

" .., determine glucose level.’ For this starch analysis, background analyses _

. . -0f the. paper not” contalmng ‘the starch must be run. to subtract out' -
;. possxble contnbutlons made by interfering background species. These.' |
. methods are exemplary, and are not meant to exclude other methods

_ 'whach may be useful for determining levels of pamcular components -

_-_...j__--retamed by the tissue paper Tl - :

ldeally, pnor to: softness testing, the paper samples to be tested :

| should be condltloned according to Tappi: Method #T4020M-88. Here,_
-.-sampl_es are’ ,precondltlon_ed for.24 hours: at a relative humidity- leve_l_ of -

' 10to 35% and within a temperature range of 22-to 40 °C. After this =
... preconditioning step, samples should. be. condmoned for 24 . hours at a
’ relatlve humidity of 48 to 52% and within a temperature range of 22 to o

:4°C

ldeally. the softness panel testmg should take place within the _'

'confines of -a constant temperature and humidity room. If this is not
- feasible, all samples, mcludmg the contro!s, should expenence identical

- environmental exposure condmons

' --__-Softnes_'s"testing. is performed as a paired: .coi_npari_son'-in a form

. similar to that-described. in""Manual ‘on- Sensory‘: Testing- Methods",
. ASTM Special Technical Publication 434, published ‘by the American
..~ Society For Testing and Materials ‘1968 and"is incorporated herein by

l -.reference Softness is - evaluated by subjectuve testmg usung what is _
. -'--_referred to ‘as: ‘a Paired Difference Test.: The method employs a
'-_standard extemal ‘to 'the test -material itseif.: For tactlle perceived
-sof_tness two samples..:are.pr__esented such_that the -_s_ubje_ct_cannot see -

. PCT/US9GNOIN4S .
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:.-the samples. and the subject is: requrred to choose one-of them on the _
basis’ of tactile: softness. The result of the test'is reported in what is
referred to'as Panel Score Unit (PSU). With respect t0 softness testing .

. .. to obtain the softness data reported herem In PSU ‘a number of

' - “softness panel tests are performed. In each test’ ten practzced softness

judges.ara-asked to rate the: relatrve softness of three sets of parred
o '-samples The palrs of samples are judged” one pair at:a time by ‘each -

e 1udge. ‘one’ sample of each pair belng desrgnated X and the other Y.

Briefly, each X sample is graded against its parred Y sample as follows:

1 ‘a grade of plus one is- grven lf X is 1udged to may be a lrttle
| ~than Y, and a grade of m_inus'f-‘oﬁ'e’-"- is“glVen"ﬁ if Ydis -judged to may
be a o _7.-. L= -
: ] '_lrttlesofterthanx ' C R .
T 2. a grade of plus two is gwen if X is 1udged to surelv be a lrttle
. R softer than Y and a grade of mrnus two is grven |f Y is judged to
" surely be a little softer than X; =" T

. . 3. a‘grade of plus three is grven to. X |f lt |s judged to be a lot '
- softer than® R D T S i

e Y, and a grade of mrnus three is grven rf Y rs ;udged to be alot

softer : ' ' o S S '
than x and Iastly : : :

4. a grade of plus four rs grven to Xifitis 1udged to be a whole
‘lot softer C e e e R - -
- than' Y, and a grade of mmus 4 us grven if Y is |udged to be a
softer than X. -

_ The grades are averaged and the' resultant value |s m unrts of.

' PSU T he resultmg data are eonsrdered ‘the: resuits of one- panel test. If
_more- than-one sample pair is evaluated ‘then aII sample parrs are rank
ordered accordrng to therr grades by- paured statrstlcal analvsrs Then,
the rank is shrfted up or down rn value as requrred to -give a zéro PSU -

- value to which ever sample is’ chesen to be the zero-base standard

" The-other samples then ‘have plus. or minus values as: determmed by

. their relatlve grades wrth respect to. the zero base standard:. - The
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number of panel tests performed and averaged |s such that about 0. 2
_ PSU represents a srgmflcant dtfference in- subjectrvely percewed
_softness - : ' ' -

= 8. Hydrophllrcity (absorbencyl | L e N _

B o Hydrophrllcrty of trssue paper refers. in general to the’ propensity '
' of the trssue paper to be wetted wrth water Hydrophulscnty of fissue
_' "‘paper may be somewhat quantlfled by determmrng the periad of time
' requrred for dry tissue pa_per to become completely wetted wrth water. _
Thrs penod of time |s referred to as wettmg tlme ln order to provide
o a consustent and repeatable test for wettrng tnme, the followmg
o _procedure may be used for wettrng time determmatlons first, a
'5":'cond|troned sample umt sheet {the envrronmental condrtlons for testing
of paper samples are 22 to 24 °C and 48 to 52% R H as specrf' ed in
- TAPPI' Method T 402), approxrmately 4-3/8 inch x 4—3/4 inch (about o _
" 11.1cmx 12 cml of tissue paper structure is provrded second the - '___
_ '-sheet is folded mto four 4 ;uxtaposed quarters, and then crumpled by — -
= ""hand (erther covered wrth clean p(ast:c gloves or coprously washed
R '-_wrth a grease removmg detergent such - as Dawn) into a ball -
v 'approxlmately 0. 75 lhch (about 1 .9 cm) 10 about 1 mch (about 2. 5 cm)
“in dlameter, thlrd the balled sheet |s placed on the surface of a body of -
~ about 3 liters of drstllled water at 22 to 24 °C contamed ina3 liter
_ :"pyrex glass beaker It should also be noted aIl testmg of the paper
' r"through thrs technlque should take place wrthrn the conflnes of the
" controlled temperature and humndrtv room at 22 t0 24 °C and 48 to
- 52% relat:ve hum:dity The sample ball IS then carefully placed on the
. ':surface of the water from a drstance no greater than 1cm above the
water surface At the exact moment the. ba(l touches the water -
-surface, a trmer rs srmultaneously started fourth the second ball is
) ) placed in the water after the frrst ball :s completely wetted out. Thrs is -
" easnly noted by the paper color transrtromng from |ts dry whrte color to:
" a darker- grayrsh coloratron .upon . complete - wettmg " The timer is
"-"”:"stopped and the tlme recorded after the flfth bail has completely wet :'_

- Toutt

L At least 5 sets’ of 5 balls (for a total of 25 balls) should be run
L ~.-':__for each sample: - The fmal reported result should be’ the calculated -
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average- and standard devratron taken for the 5 sets of data, The units

_.of the measurement are seconds The water must be changed after the

5 sets of 5 balls (total 25 balls) have been tested copious cieaning -
of the beaker may be necessary |f a fllm or resrdue is hoted on the' :
'lnslde wall of the beaker. : - :
_ Another technlque to measure the water absorptron rate is
threugh pad smk measurements. After condmonmg the tissue paper of-

'mterest and all controls for a mrnlmum of 24 hours at 22 to 24°°C and

' -48 to 52% relatwe humldrty (Tappr method #T4020M-88), a stack of 5

- 't0 20 sheets of tlssue paper is cut to dumenszons of 2 5" to 3 O" The
' cuttmg can take place through the use of dye cuttmg presses, a

' —conventional paper cutter, or laser cuttmg techn‘ques Manual scnssors-
' cuttmg rs not preferred due to beth the meproducrblhty in handlung of
" the sampl‘es, and the potentlal for paper contammatton o

After the paper sample stack has been cut, rt is carefully placed' '

" on a wire mesh sample holder The functlon cf thrs holder is to
position the” sample on the surface of the water wrth ‘minimal .
- 'dlsruptron This. holder ls crrcular ln shape and has a drameter of

' approxlmately 4.2", lt has flve strarght and evenly spaced metal wires -
runmng parallel te-ene another and acrcss to spot welded points on the3 '

- wire's carcumference The spacmg between the wires is approxrmately

0.7". Thls wwe mesh screen 'should be clean and dry prior to placmg
'the paper on rts surface A 3 lrter beaker is filled wrth about 3 liters of

dlstrlled water stabrllzed at a temperature of 22 to 24 °C After

’ Insurmg oneself that the water surface |s free of any waves or surface

o motlon. the screen contaanmg the paper is carefully placed on top of

the water surface The screen sample holder is allowed 0 continue

downward after the sample ﬂoats on the surface so the sample holder .

' screen handle catches on the srde of ‘the' beaker In thrs way, the;

- screen does not mterfere wrth the water absorptuon of the paper
sample At the exact moment the paper sample touches the surface of

‘the water a t:mer us started The trmer is stopped after the paper stack -

is completely wetted out. Thls |s easrly visually . observed by noting a

- transmon in. the paper color from its dry. whlte color to a darker grayish -

' colorat:on upon complete wettlng At the mstant of complete wetting,
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the timer is stopped and the totat time recorded. ' This total time is the

", time required for the:paper pad 10 completely’ wet out.

__..This_'precedure’ is repeated _for.- at least :2'-_'addit'ional t'is_sue' pap_er

| p'aas., Ne more than 5 pads of paper should-be run without disposing
x ‘of the watar and..post cleaning ‘and ‘refi iling of the _ beaker with fresh
_ water at a temparature of- 22 to’ 24 °C.- Also, ‘if -new and unique
sample |s to be run, the water should. always be changed- 1o the fresh- )

= startln'g statet The fmal reported time value ‘fora given sample should

_; after the paper has aged two {2) weeks followmg its’ manufacture.—_ o
_.Thus, the wettmg trmes are preferably measured at the end of such :

' - be the average and standard deviations fcr the: 3 to b stacks measured.

The units of the measurement are seconds
Hydrophllrclty characterlstlcs of tissue paper embodrments cf the
present mventron -may, of course, be determmed |mmed|ately ~after

manufacture. However, substantlal mcreases in. hvdrcpheb:clty may

occur durlng -the. ﬁrst two weeks after the tissue paper.is made: i.e.,

~.two. week period. Accordmgly, wemng times measured at the end of a

... twor week agmg per:od at room temperature are referred to as “two
- waek - wettlng times.” . Also, optlonal aging conditions of -the paper

samples may- be requured to try and mimic both long term storage
condrt:ons and/or possible severe temperature and humidity -exposures
_-of the Ppaper products of interest. For instance, ‘exposure of the paper

- sample of mterest to temperatures in the:range ‘of 49 to 82 °C for 1

. hour tc 1 vear can. mlmrc some of petentlally severe exposures
condltlons a paper . sample may ‘experience in’ the " trade. Also,

autoclavmg of the paper samplas can mimic severe aging conditions the
- paper may: expenence in the trade. It must be’ relterated that ‘after. any
: Severs . temperature testing, -the samples must be re-condmcned at a

~ temperature of 22 to 24 °C and a relative humidity of 48 to 52%. All

.- testing  should “also: ‘be done wrthm the cenfines of- the contrclled _
= temperature and humldltv rcom T

' C —Denslty

The denslty of tlssue paper. as that term as used harem, is the
average densrty calculated as the. basis welght of that paper lelded by
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- . the caliper,- wrth the approprlate unit conversrons mcorporated tharem
-to convert to g/cc. Caliper- of the tissue: ‘paper, as used herern. is the
- -thickness of the preoondrtroned (23 +/-1°C, 80 +/- 2% RH for 24
~ hours " accordmg to. a: “TAPPI ‘Method : #T4020M-88) paper when
. fsubjected to.a. compressrve load of 95 g/|n2 (15.5 g/cm2). The caliper
- TS measured with a Thwrng-AIbert model 89-11° thickness tester (Thwing-
-_Albert— Co.’ of Phrladelphra, PA). - The: basrs welght of the_paper is
. typrcally determmed ona 4"X4" pad whrch is 8 plies thick. Thls pad is
precondmoned accordrng to: Tappr Method #T4020M-88 and then the
-werght is measured.in units of grams to the nearest ten-thousanths of a
gram. Approprrate conversmns are made to report the basis werght in
umts of pounds per 3000 square feet - '

R D.:'.l.int;f. -
- .;_Dry-llnt G e

Dry lint can be measured using a Sutherland Rub Tester, apiece

‘of black felt (made of wool havmg a thlckness of-about 2.4 mm and a

_-densrty of about 0.2 gm/cc Such felt’ matenal 18 readrly avarlable form B

~ retail fabric stores such as’ Hancock Fabnc), a four pound welght and a
Hunter Color meter.. The: Sutherland tester. ls a motor-drrven rnstrument'
. -.whrch can stroke a weighted sample back and forth across a statronarv
' _-sample The piece of black felt is attached to the four: pound werght
- The. trssue sample is mounted on'a’ piece of cardboard {Crescent #300
obtamed from Cordage of Cincinnati, OH.) * The tester then rubs or
‘moves the welghted felt over-a statronary tissue sample for fwe_
strokes. - The load applied to the tissue durlng rubbing - is° about 33.1
gm/sq. cm.. ‘The: Hunter Color. L ‘vaiue of the black felt is determined
S before and .after. rubbmg - The . difference in the two Hunter Color
. readi ings . constitutes -a; measurement -of drv linting. - Other methods
N known rn the prior arts for measurrng dry lmt also can be used .
A surtable procedure for measunng the ‘wet lrnong property of -
trssue samples is descrlbed in U.S. Patent No. .4, 950,645; issued to =
Walter et al., on August 21, 1990 and. mr:orporated herein. by :
reference The procedure essentrally mvolves passrag a trssue sample.
through two steel rolls, one of whrch rs partrally submerged in a water
bath Llnt from. the trssue sample |s transferred to the steel roll whrch is
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moastened by the water bath: The contmued rotat:on of the steel roll

| depos:ts the lint into_the water bath The lint is recovered and then
L counted See col. 5, line 45 --col. 6, line 27 of the Walter et al.
) patent Other methods known in. the prior art for measunng wet lint
- .____-_,f'.'.'also ean be used - |

= Other chemlcals commonw Used in, Pap°"mak'"9 can be addsd o

"'_the chemical softenmg composmon descnbed hereln,_ or to the_

'papermakmg furmsh SO long as they do not srgmfucantiy and adversaly

. affect the softemng, absorbency of the flbrous materlal and softness
‘ ""enhanclng actions of the quatemary ammonlurn softemng compounds -
o of the present—mventlon T -

The present mventlon may contarn as an optronal mgrednent‘from

:'_:_:::about 0.005% to about 3.0%, more preferably from about 0.03% to
' -1 0% by werght, on a dry fiber basls of a wettmg agent

- Suntahle nonionic surfactants can be- used as wettung agents in the

present invention lnclude ‘addition products of ethvlene oxide and,
' optlonallv, propylene oxnde,' wnth fatty alcohols, fatty aclds. fatty -
~ amines, stc. _ : :
Any of the a!koxvlated materials of the partlcular type descrlbed o

S ' hereinafter can be used as the nomonlc surfactant.. Smtable compounds; '
are substantrally water-soluble surfactants of the genaral formula

+R2 - Y- (C2H40)z C2H40H

-..='wherem R2. for both solld and liquid composmons is selected from the .
_ group consrstnng -of prlmary, secondarv and’ branched chain alky! and/or

acyl hydrocarbyl ‘groups;- pnmary, “secondary and branched chain

=__-"alkenyl hydrocarbyl groups, ‘and. pnmary, sacondary and branched chaln _ |
" ‘alkyl and alkenyr-substltuted phenohc hydrocarbyl groups, said
" hydrocarby! groups havmg a hydrocarbyl cham Iength of from about 8 _.
. to a_bout 20, preferably fro_m about 10 to about 18 _carbon atoms. . .
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'More preferably the hydrocarbyl cham length for llquxd composmons ls'

from about 16 to about "18 carbon atoms and for™ solld compositions |
_' from about 10 to about 14 carbon atoms. ln the general formuia_for
" the ethoxylated nomomc surfactants herem, Y 15 typrcally -0- -C(OlO- _
o -C(OIN(R)-, or -C(OlN(R)R- in which R2; and R, when present, have -
- .~ the meanings given herein before, andlor R can be- hydrogen, and zis

-at least about 8, preferably at least. about 10-11. Performance and
—usually, stablhty of the softener composrtron decrease when fewer .
ethoxylate groups are present. R B .

o The nomomc surfactants herem are charaoterlzed hy an HLB

E lhydrophrllc-lrpophrllc balance) of from about 7 to about 20, prefarably

" trom about 8 to about 15, Of course, by def' ining R2 and the number .'
of ethoxylate groups, the HLB of the surfactant is, 'in ‘general, —
determined. Howaever, it is to be noted that the’ nomomc ‘ethoxylated
‘surfactants useful herem, for concentrated Ilqurd compositions, contain

' relatrvely long chain R2 _groups and are _relatlvely hlghly ethoxylated

* While shorter alkyl chaln surfactants havmg short ethoxylated groups
may possess ‘the requlslte HLB thev are not as effectlve hereln

Examples of . nomomc surfactants follow ' The nomomc

surfactants ‘of thxs invention are not llmlted to these examples. In the

. .examples,. the mteger defi nes the' number of ethoxyl {EO) groups in the
- molecule. " ' SR :

Linear Alkoxylated Alcohals

"The deca-, - undeca-, - dodeca- tetradeca— and pentadeca— _
~ ethoxylates of n-haxadecanol and n-octadecanol havmg an HLB ‘within
the range recated hereln are useful wetting. agents in the context of thrs o
;mventlon. Exemplary ethoxylated prlmary alcohols useful hereln as the -
o vrscosrtyldrsperslbillty modifiers of the. composmons ara n-C1 8EO(1 0),
- and n-C1 050(11) - The, ethoxylates -of mlxed natural - or synthetlc
'..-_.,-:alcohols in.the olevl" chaln length range are also useful herein.
- Specific examples -of such _materials mclude oleylalcohol-EOllll, _
: oleylalcohol-EO(lSl, and ‘oleylalcohol. -E0(25) Ll T -

L
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The deca- undeca- dodeca~ tetradeca- pentadeca- octadeca-
and nonadeca-ethoxylates of’ 3-hexadecanol 2—octadecanol 4-
elcosanol and 5-e|cosanol havmg and HLB Wlthll’l the range recited

“herein’ can” be used as wettmg egents |n the —present invention .
i "'Exemplary ethoxylated secondarv alcohols can be used as waetting

'_'agents in the present lnventlon are 2~ C1 6EO(11 ), 2 CZOEO(H) and

- l.lnaar Alkyl Phenoxylated Alcohols— -

As |n the case of tha alcohol alkoxylates, .the hexa- through

',"'j_'_::octadeca-ethoxylates of alkylated _phenols, pamcularly monohydnc
alkylphenols, havmg an HLB wsthm the range reclted herem are useful
- as the wscos:ty/dispersnblllty modlfiers of the mstant composmons

The hexa- through - octadeca-ethoxylates of . p- tndecylphenol m- -
pentadecylphenol and - the like, are useful herem . Exemplary_

o ethoxylated alkylphenols useful as the wettlng agents ‘of the mlxtures
" .herem are; p-tndecylphenol E0(1 l) and p- pentadecylphenol EO(18).

- As: used herem and:as generallv recogmzed in theart; a phenylene_ B

.;.__-;?group in the ‘nonionic’ formula is ‘the .equivalent- of an alkylene group
e contammg from 2t0 4 carbon atoms.- For present: purposes, nonionics
i _-containing a phenylene group are. consldered 10 ‘contain - an equivalent
.- number of carbon: atoms calculated as the:sum of the carbon atoms in’

... the alkyl group plus about 3 3 carbon atoms for each’ phenylene group, -

Oleﬂnlc Alkoxylates -
The alkenyl alcohols both - pnmary and. secondarv, and alkenyl

e - phenols: correspondmg to those disclosed. immediately herein above can R
-+ .-be: ethoxylated to an HLB within the range rec:ted herem can be used
-as’ wetting agents in the present invention - v :

-‘Branched Chain- Alkoxylates . T |
Branched chain pnmary ‘and - secondary alcohols ‘which .are

_' avallable from-the. well-known' "0X~0" process .can be’ ethoxylated and' o
+zcan be’ used .as wettmg agents in the present mventlon. SE
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~_The above ethoxylated nomomc surfactants are useful in the- |
) present composmons alone or in combmatnon. and the term nomomc
- surfactant encompasses mlxed nomomc surface actlve agents _
o The level of surfactant, if used |s preferably from -about 0 01%
R | to about 2. 0% by weight, based on the dry fi ber weight of the tlssue'
- ‘paper. The surfactants preferably haye alkyl chalns with.eight or more
R _. _carbon atoms Exemplary amomc surfactants are lmear alkyl sulfonates,
o '-_‘and alkylbenzene sulfonates Exemp!ary nomonlc surfactants are
' alkylglycosudes mcludmg alkylglycosnde esters such as Crodesta SL-40
“which ‘is- available from Croda, Inc. (New York, NY); alkylglycosrde
_ “ethers as described in. U. S Patent No 4. 011 389, issued to W. K.
S L Langdon, et ‘al. ‘on March '8, 1977; and alkylpolyethoxylated ‘asters
S 7 -such as Pegosperse 200 ML avallable from Glyco Chemlcals, Inc.
e ) lGreenwuch CT) and lGEPAL RC 520 avallable from Rhone Poulenc

BRI 'Corporauon (Cranbury, N JT BER R

_ ‘OtHer types of chemlcals whrch may be added, mclude the
- 'strength addmves fo increase the dry and. wet tenslle strength of the
‘tissue - webs The present mventlon ‘may contam as an optzonal
: 'component an effective: amount, preferably from about 0. 01 % to about
. 3.0%, more preferably from ‘about 0. 2% to about 2. 0% by welght, on
. a dry fiber welght basis, of - a water-soluble strength additive resin..
 These.. strength additive resins are preferably selected ‘from the group
consisting . of dry. strength _rasins, permanent wet strength resms.
temporary wet strength resms, and mixtures thereof '

e The dry strength addrtrves are preferably selected from the group'
onslstrng of carboxymethyl cellulose resins, starch based resins and-

. mixtures thereof. Examples of. preferred dry: strength additives mclude- '_
_ _-carboxymethyl cellulose, and. catlomc " polymers: from the ACCO
. chemical family. such as ACGO 711 and. ACCO ‘514, - with ACCO
3' chemtcal famlly bemg most preferred, These materlals are avanlable"
commerclally from the Amerrcan Cyanamrd Company of Wayne, New '

7 Jersey.

"I I}
I
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e Permanent wet strength resms useful herern can be of several
types. :Generally, those resins which have previcusly found and which

' k ‘will hereafter find utility in the papermaklng .art “are " useful herem
.. .. . Numerous examples are shown in the - aforementtoned paper by

o _-_" '—Westfelt, mcorporated herem by referefice. . - T )
- n. the. usual case, —the wet. strength resins are water-soluble,__

catlomc materials. -That is_ to say, the resins are water-soluble at ‘the

trme they are added to the papermakang furnish.- It is quite possrb1e, and“' '-

‘even 10 be expected that subsequent events such as’ cross-lmkmg will -

render the resins insoluble in water. Further, ‘some resrns are soluble '

. '__..._,f;only under specific condmons, such as over.a Irmuted pH rangae.

Wet strength resms are generally . balleved to undergo a cross- |

" '_'--_i.:lmklng or. other ‘curing. reactions’ after- they have - been deposrted on,

:_ _ _.__wrthm, or: among the papermakrng fibers.- Cress-llnklng or. curing does |
not normally occur so long -as substantral amounts of _water are -

- present

et Preferably the permanent wet strength resin brnder matenals are -
: _--;-selected from the group-consisting of polyamrde-eprchlorohydrm resrns, s '

) _'ﬁ_:_,polyacrylamsde resins, and mixtures thereof.

'resrns ‘These matenals are low molecular ‘weight polymers provrded

. wrth reactwe functional. groups such as amino,. epoxy, and azetrdrmum S

| groups The patent literature is replete with: descrrptsons of processes
.. for making such materials. U.S. ‘Pat. No. ‘3,700, 623, issued to Keim on

o __-_j.'-October 24,1972 and U.S. Pat. No. 3 772,076, issued to Keim on -

.November 13, 1973 are examples of such patents and ‘both are .

i _:--lncorporated herein by reference. o e .
Polyamlde-eprchlorohydrm resins - sold:: under the trademarks

; Kymene §57H :and- Kymene 2064 by Hercules lncorporated of -

- _ ermrngton, Delaware, are partlcularly useful -in. this’ mventlon These
' _resins are generally descnbed in the aforementrened patents to Keim. _

, Base-actrvated polyamnde-eprchlorohydnn resins useful in the
-'present mventron are sold under the Santo Res trademark, such as -

‘- -":Santo Res 31, by Monsanto Company of St Louns, Mrssoun These i_ .

__types of materials are generally descrrbed in U. S. Pat Nos. 3, 855 158
.lssued to Petrovuch on December 17, 1974 3 899 388 issued to o

- Of. partxcular utllrty are .the. varlous polyarﬁlde-ep’chlorohydrm _'
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Petrovrch on August 12, -1975;. 4, 129 528 issued to Petrovich on
- December 12,-1978; 4,1 47 586 issued to Petrovuch on Apnl 3, 1979;
and 4,222,921 issued ‘to Van Eenam on September 16 1980, all
lncorporated herein by reference R :

o _ . Other water-soluble catlomc resms useful herem_ are the' '
- ) _ o 'polyacrylamlde resins such as thdse sold under the Parez trademark .

.~ .. -such as Parez 631NC by American Cyanamid" Company of Stanford,
_'Connectrcut. _These materlals are generally descrrbed in U S. Pat Nos.
.‘--_-_'_-3556 932 issued: to' Coscla et al on January 19 1971; .and
3, 5586, 933 issued: to: Wllllams et al . on January 19 1971, all

' rncorporated hereln by reference U y

R Other types of. water-soluble resins useful in the present mventlon .
L= mclude acrylic.. emulsions- and anlomc styrene-butadrene latexes.
o __..Numerous examples of these types ‘of resms are. provrded in U.S.
— -~ Patant No. 3,844,880, Meisel Jr. et al ve lssued October 29 1974_
,:lncorporated herem by reference o . S '_

c Stlll other_ water-soluble catromc resms flndmg utrllty in thls
T _.mventron are the urea formaldehyde and melamme formaldehyde resms :
T '_These polyfunctional react:ve polymers have molecular weights. on the -
o order of a few thousand. The more common functronal groups include |
: nltrogen containing groups such as ammo groups and methylol groups :

~ attached to nltrogen E e T T
. Although less preferred, polyethylemmme type reslns flnd utrllty in
the  present invention. -© . . e o :

-  More. complete descnptlons of: the aforementloned water-soluble
S .resms, mcludmg their manufacture. can be found in TAPPI Monograph -
% N . -Series No.: 29, Wat Strength In Paper and Paperboard Technical
S | -Assoclatlon of the Pulp and- Paper Industry - “(New ‘York; 1965),
- incorporated herein by reference. As used herem. the term- “permanent
'_we't' stﬁngth resin® refers to 2 resin which: allows the paper sheet,

o when placed in an. aqueous medlum, to keep a-majority of its initial wet |

_strength for a perrod of trme greater than at least two. mrnutes -
c The above-mentroned wet strength addrtlves typlcally result m :
_'paper products wuth permanent wet—strength le paper whrch when

wet strength over time. However, permanent wet strength —rn some



- wosems. . . L PCT/USISOIIMS.

| :32 S )
types of paper products can be an unnecessary and undesnrable h
property Paper products such as torlet tlssues, ‘etc., . are generally

'. dlsposed of after brief periods of use mto septic systems and the like."

- | : Cloggmg of these. systems can result if the: paper product permanently- B

. ‘retains its- hydrolysls-res’ stant strength _properties. More recently,
T ' manufacturers have added. temporary wet’ strength additives to paper

- - | products for whrch wet strength- is sufficient for the intended use, but

' _which then decays upon soaking in water. Decay of the wet strength

- _ L facilitates. flow of. the paper product through septic systems - -

- Examples of suntable temporary wet- strength resins include B
modlfued starch temporary wet . strength agents, such as National B
Starch 78- 0080 marketed by the National Starch and Chemical

_ Corporatlon (New York New York) Thrs type of wet strength agent
3 —can. be made by.. reactmg dlmethoxyethyl N-metl'lyl-chloroacetamlde. o
o wrth catlomc starch polymers. Modlfied starch temporary wet strength -

. agents are also described-in U.S. Pat. No.. 4,675,394, Solarek et al -

- ,' issued June 23, 1987 and mcorporated herem by—reference Preferred'

temporary wet strength resins mclude those descrlbed in-U.S. Pat No.
4 981 557, Blorkquxst, lssued January 1. 1991, -and - mcorporated

~ herein by reference.. L e T T
- . With. respect to the classes and specrf‘ iC. - examples of both a
permanent and temporary ‘wet strength resins listed above, it should be '
: understood that the resins: Ilsted are exemplary in nature and are not .
| meant to limit the scope of this invention. coarehs : : '
ertures of compatlble wet strength resins can also be used in
the practrce of this invention.: -+ . - Pt |
.~ The above llstmgs of optronal chemlcal addrtwes is mtended to be
merely exemplary in nature, and are not maant to limit the scope of the

“invention. .- . . -

_ o The followrng example lllustrates the practrce of the present B
mventlon but are not lntended to be llmltnng thereof a : '

, A pllot scale Fourdnmer papermakmg machlne is” used in the
practrca of the present mventron A 3% by welght aqueous slurry of
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. NSK: (Northern Softwood Kraft' - {such’ as 'Grand - Prairig from
- ,_Weyerhaeuser Ccrporatxon of Tacoma Washrngton)) is made up in a
o .,conventional re-pulper A 2% solution of the temporary wet strength
- resin (i.e.; National starch 78-0080 marketed by Nattonal Starch and
. .Chemical corporatlon of New—York ‘NY) |s added to the NSK stock pipe
at a rate; 0f:0.75% by welght “of the dry frbers “The adsorptron ot the - _
. temporary wet strength resin ‘onto NSK flbers is enhanced by an in-line -
mlxer The NSK slurry is drluted to’ about 0.2% consrstency at the fan
pump. A3% by weught aqueous ‘slurry of Eucalyptus {such as Aracruz

of Brazil) fibers is made up ina conventlonal re-pulper The Eucalyptus -
slurry - is diluted to about 0. 2% cons:stency at the fan’ pump The =

individual furnish components are: sent to- separate layers {i.e., Euc o

. the -outer layers and -NSK in ‘the center’ layer) in the _head box and
deposited. onto a Foud"mer wrre 10 form a three Iayer embryomc web.
- ~Dewatering occurs through the’ Fourdrinier wire- and’ ls assrsted by a
-"_'deﬂector and vacuum boxes. : The Fourdrinler wire is ‘of a 5-shed satin
weave- conflgurauon ‘having 33 machlne-directlon and 30 cross-
' -machme-drrectlon mcnof‘laments per centlmeter, respectlvely The
. - embryonic wet wab is transferred from’ the Fourdrinier wire, at a fiber
consistency of about 18% at the point of transfer, to a second
.. papermaking  belt. The second papermaking ‘belt |s an endless belt
. having ‘the: preferred network'- surface ‘and deﬂectron condurts The
- papermakrng belt is made by forming- a photo-polymerrc network on a
foraminous woven element made of- polyester and havung 14 (MD) by
12 (CD) filaments per centimeter in a-four shed dual Iayer design
. according to the process disclosed in " U.S.- No 5,334,289 issued to
- Trokhan. * The filaments “are’ about’’ 22 mm" m dlameter machine-
_dlrectnon .and - 28 mm ‘in ‘diameter cross-machme-dlrectron "“The
photosensitive resin used.in the process is Mengraph resm EPD1 616C,
a methacrylated-uretl'lane resin marketed by Hercules, Incorporated
W‘lmlngton, Delaware The papermakmg belt is about 1.1 mm thick.
. The embryemc web rs carned ‘onithe papermakmg belt past the -
vacuum dewatenng box, through blow-through predryers after which '
the ‘web is transferred ‘onto. a Yankee dryer. ‘The other process and . |

machlne condltlons are hsted below The frber consrstency is about

= __-_._27% after the vacuum dewatenng “box and by thc actron of the
predryers, about 6_5% ‘prior to transfer onto the Y_ankee ‘dryer; creping
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' "_adheslve compnsmg a 0.25% aqueous solutzon of polyvmyl alcohol is
- spray applied by applrcators. the fiber consrstencv is lncreased to be an
. :'estrmated 99% baefore dry creping the web with a doctor blade. The

 doctor blade has a bevel angle ‘of about 25 degrees and is positioned. :

i .wrth respect to the Yankae dryer to provrde an impact angle of about

81 degrees; the Yankee dryer is operated at about 350°F (177°C); the

. _Yankee dryer is operated at. about 800 fpm (feet per mlnutel (about

- 244 metsrs per mlnute) "The dry creped web is_then passed between.

' “two calender rolls.  The two calendef rolls ars_ biased together at roll -

o ".-_.wenght and operated at surface speeds of 660 fpm (about 201 meters |

._:'__?'per mlnute) ~ The calendered web is wound on a reel (which is also .
o ;foperated ata surface speed of 660 fpm) and is then ready for use.

. An aqueous solutlon contammg a plastlcrzar-ernulsnon mixture is |

. "contlnuouslv applled onta the paper-contactmg- surface of the

" 'papermakmg belt vra ‘an emulsron drstrlbutlon roII before the

ST papermakmg belt’ comes in contact with the embryomc ‘web. ~ The

'3__' aqueous emulslon applled bv the drstnbutron- roll onto the deflectron' o

' member contams five mgredlants' water, Regal Oil (a high-speed )

" turbine oil marketed by the Texaco Oil Company), ADOGEN TA 100 (a

' dlstearyldlmethvl amrnomum chioride’ surfactant marketed by the Witco _
SN Corporatlon, cetyl alcohol (a C16 linear fatty alcohol’ ‘marketed by The: -

. 'Procter & Gamble Company) -and glycerol “The relatrve propomons of_ .
 the five ingredients are as follows: 6. 1% by welght Regal Oil, 0.3% by |

"~ weight Adogen, O. 2% by’ weight cetyl alcohol, 31.1% by weight of =

glycerol, and the remarnder water To form the emulsron orl phase, the__'

B emulsion is first’ m:xed wrth ‘the surfactants lrsted above, and finally. = -
with water and glycerol - The volumetrrc flow rate ‘of the aquecus -

L _.emulsron applred to the papermaklng belt is about 0. 50 gallhr -Cross-
;:}drrectron ft. (about 6.21 lrters/hr-meter) _The wet web has a fiber
o consastency of about 25% total ‘web. werght basls, when |t comes in
contact with the aqueous emulsron K o e ;

The web is converted mto a one’ ply trssue paper product The -

trssue paper has about 18 #ISM Sq Ft basxs welght, ‘contains: about'

--‘-'?11% of the glycerol about- 1% of the Flegal orl and about 0.2% of the ':_ '

' ; temporary wet strength_resun. lmportantly, . the resultlng tissue paper'-
s soft absorbent and |s sultable for usa as factal andlor torlet tlssues
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T’ssue paper charactenzed ln that lt compnses o |

: a)__ . wet-land celluloslc f bers . _ S
b) from 0. 01% to 5% of a water soluble polyhydroxy compound

“'based an‘the dry fiber vve'lght of" said llssue ‘paper, whereln said
) polyhydroxy compound is" preferably selected from glycerol '

polyglycerols hawng a werght average molecular welght from 150 to

polyoxyethylene I polyoxypropylene glycol copolymers havrng a

weught average molecular wesght from"200 to 1000 and mndures L
thereof' and L S o . _'

c) __ from 0 01 % to 5% of an o|l selected from petroleum—based oils,

. :..— polysrloxane-based onls and mlxtures thereof based on the dry fiber.

' . welght of sald tlssue paper whereln sald petroleum-based oil is- -
preferably a petroleum-based turblne oll compnsed pnmanly of

saturated hydrocarbons

_ wherem sa:d tcssue paper has a basns welght of from 10 to 65 glmz_' '_ -
- anda denslty of less than 0 60 glcc N :

The tlssue paper of Clalm 1 wherem sald polyhydroxy compound is a |

polyoxyethylene glycol havmg a werght average molecular welght
from 200 to ‘l 000 more preferably a Welght average molecular welght

from200 tosoo

: :The tissue paper of Clarm 1 wherem‘saud polyhydroxy compound isa -
’ mlxture of glycerol and polyoxyethylene glycol havlng a werght_ L

.-,-The tlssue paper of Clalm 1 whereln satd polyhydroxy compound |s a S '
- '_"mlxture of pelyglycerols havang a welght average molecular werghl_' N
. " from’ 150 lo 800 and pelyoxyethylene glycol havrng a werght average .
L molecular welght from 200 to 1000. s i
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5. The tlssue paper of any of Claims 1 - 4 whereln sald polyslloxane- -
~ ‘based oil has an mtnnsrc wscoslty rangmg from: 100 centipoises to
R '1000 centrporses ST e -

6. 3‘I.'he tussue paper of any of CIasms 1°- 5 further compnsmg an o

e etfectlve amount of a strength additive selected from permanent wet o
. strength restns temporary wet strength resms dry strength resins,
oo and mlxtures thereof h : S : -

7.~ The tlssue paper of Clalm 6 whereln _sald strength addttlve is a
" permanent wet strength resin, wherein said-permanent wet strength
resin’ rs preferably selected from polyamade-eplchlorohydnn resins,
- '_ﬁ polyacrylamlde resins, - and mlxtures thereof most preferably a
o polyam:de-eplohlorohydnn resln

B : f"fThe txssue paper of Clarm 6 wherem sald strength addmve is a" |
o '. temporary wet strength resin, wherem sald temporary ‘wet. strength.'
' ,resln |s preferably a starch-based temporary wet strength resin.

= 9. '--'_The tlssue paper of Claum 6 wherern sald strength additive.-is adyy -

o strength resin, wnerem said dry strength resin is preferably selected A :
-~ from oerboxymethyl cellulose resms ‘starch based resins, and -
' mtxtures thereof most preferablya carboxymethyl cetlulose resin. - .- '

o 10 The tnssue paper of any of Clatms 1.9 wherem said polyhydroxy :
' compound and satd oil havmg been applled to at Ieast one surfaoe of
' awet tissue paperweb A RS ¥
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