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SOFT TISSUE PAPER CONTAINING -

AN OIL AND A POL YHYDROXY COMPOUND · 

F-IELD OF T_HE INVENTION 

This applica_tion.,.. relates to tissue papers, in -particular panern 
den$ified tissue pa_pers, having an enhanced- tactile sense of softness. 
This application particularly relates to tissue papers treated with certain 

- -
.oils and water-soluble polyhydroxy compounds. 

· BACKGROUNQ OF THE INVENTION 

- -
Paper webs or sheets, sometimes called tissue or paper tissue 

_webs or sheets, find extensive use in modern society. These include . - . - . . 
such-staphJ items as paper towels, facial tissues and sanitary (or toilet) 
tissues. These paper pro.ducts can have various desirable properties, 
including wet and dry- tensil~ strength,- ab:;orbency for aqueous fluids 
(e.g., wettability), low lint properties, desirable bulk, ·and .softness. The 
particular challenge in papermaking tias been.· to appropriately balance 
these various properties to provide superio_r tissue paper. 

. . . Atthough. somewhat desirable for towel products, softness. is a. 

particularly imponant property for facial and toilet tissues. Softness is · 
the tactiie sensation perceived by 'the consumer who holds a particular 
paper product, rubs It across the skin, and crumples it within f.tle hand. 
Such. tactile ··perceivable softness can be characterized by, but is not . . 

limited to, friction, flexibility, and smoothness. as .well as !;ubjective 
descript6rs, such- as a feeling. like.· velvet, ·silk or flannel~ This tactile 
sensation is a combination of several physical properties, inclijding the 
flexibility or- stiffness of the sheet· of paper, as -well as the. tf5xture of 

- the" surface of the paper and the frictional· properties of . the sheet of 
paper •. . ., -

Stiffness of paper is typically affected by efforts to incr~ase the 
.. 

dry and/or wet tensile strength of the web. Increases in dry tensile 
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strength can be achieved ~ither by mechanical i processes to insure 
·adequate formation of hydrogen· tfooding: .·between <th!!. hydroxyl groups 
of adjacent papermaking fibers, or by t_t1e . inclusion of certain dry 

... strengtfr .dditives~· wet strength is typi~ally enhanced. by the inclusion 
· · of certain ·wet· strength· resins~ that~· being· typi~ally cationic, are easily 

~epo~ited . on . and . retained by the ~~i~nic ~arb_~xyJ . groups of-the . . ., . - .... 
•· papermaking ·fibers. Ho~ever,. the use ·of b~ih mecJ1csnical and chemical.· 

... means to improve diy arid wet tensile strength can' also. result in stiffer' 
'hat:_sher feeling, less soft tissue papers. : . 

Certain chemical . additives, . commonly · referred. to as debondTng 
'.agents, can be . added to papermaking fibe~~ to interfere with the 
natural fiber-to~fiber bonding that occurs. during .sheet ·formation and 
drying, ···a.nd thus_ le~d .to softer papers •. These debonding agerits are 
typically c~tionic ~nd have c.artaki disadvantages •ssociated with 'their· 

· . use in softening tissue·. papers. Some low molecular weight cationic 
debo~ding ·agents can cause excessive 'irritation .·upon contact with 
human skin. Higher molecular weight cationic deb()nding agents can be 

· 'more ·difficult to appl;('at low levels tQ tissue. paper, .and also tend to . .. . ·. - . . . . · . 
.:_ have· undesirable hydrophobic effects cm th_e tissue paper~ e.g., result in 

-· decre~sed absorbency'. and particu.larly wettability. ·since these cationic 
debonding agent& opetate· by disrupting int~rlib~r ·bonding~. they c~n­
also·· decrease·. tensile strength 'to such an extant that resi_ns, latex, or 
oth~t dry' strength ' additives can be required to provide ' acceptable 
1ave1s' ot tansir~ Strength. ttiase df'/ strength additives not only increase 
th~d:ost of the tis~ue papa" but c_an also ha~e other, d~leterious effects 

' on tissue' softness.·'· '. ' 
·.·'·,·. •.· .. :·· 

· ·•, Examples of cationic debonding' agents 'include conventional 
' quaternary arrimoniuni compounds such as,, the -\.\tell known dialkyl 
dimethyl ammonium salts (e.g., ditSllow :dimethyl amm~nium chloride, 

.. dltallQw · dimethyl.· ammoniurh. methyl' suifat~, _di_(hydrogenatedJ tallow 
dimethyl anim~nium chforide etc ••• ). Howe~e~, ~s 111entioned above, .. . . ., . . .. 
these c'ationjc quatema,Y ammonium compound_s· soften the paper by 
interfering with the natural flber~to:-flber _ bondi~g ·. that occurs du~ing 

... sheet forrnation and dryir.g·. I~ addition tu decreasing tensil~ strength, 
·--. these quaternary "mmonium ~ompound$ a~o tend t9 have undesirable 

··:· .. ·:' .. 
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hydrophobic effectS on the tissuE{ paper; e.g., resulting in decreased 
absorbency and: Wattitbilify ~ · · ·· · ·· 

·Mechanical·· pres~ing .. operatio,rys .• ~re· typicanv. applied to tissue 

· pa#ar ·webs to dewater the~ andJorincr~ase tlleir tensile strength. 
. : . . . . . . . ·:,·. . .. · ··: . ·.. .,·. 

Mechanlcai'pressing c'an. occur ov~r th.a. entire ~rea. qf the paper web, 

·. such a~ in the ~ase of cori-~entf qnal felt-pre$$ed pa~e~~ .More preferably, 
. . . . .. .. . ·' '.. . . . ~ ·~ ' . . . 

· deWatering···is carriect :out in. such a· ··wav 'tttat t.t1e pa.per is pattern 

densifie'd'.. . Patter~ ~d~nslfiad' paper h~, . ~i~ai~ -.· de~~ifled areas of 

relativel~ high flberde~ty, as well as·;elatlvely ·,~~fiber density; high 

·. ··. bulk areas. Such high bulk pattern 'C:tensifiad papers are typically formed 

from a partiaUi dried. paper web tha't has ·danslfiad. ·ar-~s imparted to it · · 

by a foraininous fabric having · ~. patt~med· dlsptaeament of knuckles. . 

· See~ -for example, u.:s. Patent No. 3130.1,746 (Sanford et al); issued 

Januar¥~ 31,. 1967; u.s~ Patent~No. '3,994, 771 (Morgan et all+ issued 

Novem~er 30, 1976; artd u~s~. pa!ent N~ 4,529,480 cTrokhan), issued 
July 16, 1985. " · · 

· ·· Besides t~n1sil~ strength and t;Julk,· another. advantage of such 

patte~ned. densification. p~~ce$ses is· that . ornamental' patterns can be 
• . . • ,· .. ·• . . . • . j •• 

imprinted· on the tissue .. paper. However, an inherent prQblem of 
. . . : . . - .•.. · . . . . _; .. · '· . ..·· . . . . 

- patterned d~nsification prpcesses is th~t the fabric sJde .of the tissue 

. paper, i.e. the paper surlace in contact. with .th·~ fqraminous fabric 

during papenn~king, is ~ensed irs .rougher- th~n: the ~id~~.not in contact 

with thtt: fab'ric. This isdue to the ·high bulk fields thatform, in essence, 

· · · .· protrusio~s outward fro~: th~ surface of > the paper. It is these 
• I . . , , ' , ; •. , .. 

protrusions that can Impart a tactile ·sansa~q.n of ro,lJg~ness. 

. Tt:te softness of these comp~essed, .~nd particularly patterned 

densifi~d tis~~e .. papers~ . can be ;~proved ... bY. t~e--bnent with various 
' . ., . ' . . ... ·.· - . 

agents such as vegetable, . animai or synthetic i;tydrocarbon oils, and 

... especially -polysiioxane materials. typically . referr~d to a~ ~ilicone oils. 

See Column 1, li~es 3Q..4,5 of 'u.s. Patent No." 4.9~~). 125 (Spendel)~ 
·.issued· Septem.ber 25, 1990. Tf1ese silic~n~ oils impart. a silky, soft 

· feeli~g to the tissue paper.· However, some silicone pils are hydrophobiC 

and c~n ad~~rsely affect the· s~rlace wettabiiity. of ,the treated tissue. 

·paper,··· i~e. ;the treated. ti~ssue paper· ca_n fl~~t, ¥~s- · -~a&Jsing disposal 

prbbtems · 'iK sewer· svstetn; wherj .flushed~ ·1~deed~·.:. some silicone 

softened papers can require treatment with other ~urfactants to offset 
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.. this. reduction in wettability.:caused by the silicone. See U.S. Patent No .. 
5~059~2~2 (AmpulskJ .et ai>~Jssued October 22, _ t99L 

Tissue paper has also been treated with soft~ners. by •dry web• 
.·.addition- methods~·- one· sach method· invplves moving 'the drv paper 

across cu"le face of' a shaper( block of wax~like softener that is then 
:::- deposited on .the paper surface by a rubbing action.· See U.S. Patent 
No~ 3;305,392 (Britt); issued February 21, 1961 (softeners in-elude 
~tearate soaps such as zinc stearate, stearic ·acid_ esters, stearyl 
alcohol, ~olyethylen_~ - glycols'·sueh as Carbowax, and poly8th¥:1ene 

·glycol esters of stearic and lauric acids). Another sucll method involves 
dipping the dry paper in a -solution or emulsion . con~ining the softening 
agent. See· u~s.: Patent -No .. :(296~06-5 (0 'Brien 'et ~.:.),: iS.s'ued January 

. _]_, .1967 (aliphatic esters of Qttrtain aliphatic or aromatic carboxylic 
acids as the softening agent)'~ ·A pot~~tfal probiem- of these pri~r •dry 
web" addition methods is -that_ ~e softening ag~nt can· be applied less 

-' .. effectively I or . in a maririe'r: that 'coold potehtially: affect the absorbency 
of the tissue paper. lndeed~- the '392 patent te'~~~es as desirable 
modification with certain cationic materiais tc> ·avoid th~ tendency of the . . ·, 

~ - . softener to migrate. Application of softeners by eithe·r a rubbing action 
--or by dipping the p'clper would also be df~cuit ·16 adapt to _commercial 
papermakiiig systems that~run at high speeds. -. . . . . 

'; :·· .:. . ·., . Accordingly,·· it .. would . be . desirable to be able to - soften. tiSSlJe - . 
paper, in particular high bulk, pattern densified tissue papers, by a 
process that; (1) uses a •wet web•_ method for.-adding the softening .· ... ' ., . ·.... . · .. ·.· '. . . · .. ·',. ,.. . . . . . .··.. agent; (2) can be c~rried out __ in_ a commercial papermaklng system 
without. sig~ifi~~~tly J~p~~ti,ng- :~n m~chine ope~at;>ili,ty; - (3) uses . ... ·.· ·. ·. . . -·,· .· . . . ·.,. .. . . . . . softeners that are nontoxic: ;mci (4) can .be carried out in. a manner so . . . ::._,. . . . . . . ... as to maintain - desirable tensile strength, absorbency and · low lint 

. properties.of tha,. tissue paper. . , _. 

. ... ::.: .. ,. : 

-It is an object of thJs invention to provide soft, absorbent toilet 
. • tissue paper products. . . . _ .. 
. It is an object of this invention to provide $Oft, ~bsorbent facial 
tissue paper· products~ 

·... . . It i; an. object of·. tl'Jis · i~va11tion .·to l>rovicje. -soft, absorbent. paper · 'towei°products. . . .· . .· .. - - ... · -- - . _ ., - - - · 
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It is-.also :a further object ·of this invantiori to provide a process 

.for· making so.ft, absorbent tissue (i~e~,.·:facial ancJ!Or·toilet tissue) and 

pape_r towel prodµcts. · , . 

· . ·. ' These a~d ~iher ~bjects are obtain~~ using· the. pre$-nt invention1 

. as Yim . became readily . apparent . f~m a reading of . the _ following 
.· drsclosure. ·· . , . 

-·:· 

·-· 
S,~MMARYJ>F ·THE IN.VENTION 

•· · The . present., inventi~o .. provides·.· soft, .. absorbent tissue paper 

. P!'Oduc:tS. Briefly, tf:ae soft ti~ye p~per products comprise: .·• 

.. ~ 
·.·. . . ·,. · .. · . .. .... 

' a_) ' wet".'laid cellulosic flbm:_s; ' -

b) · .. -ftom ·about. 0..01% ~to ab~ut 5% of a •. water soluble 
. ' .. ···.·: .. ·· - .... : ...... ;,,; . ·:' ·. .·. · . . ·: .. 

poiy.hydroxy c9mpouo~ •. based on the dry •. fiber .. : weight of said 

t!ssue paper; and .. 

. . • ';:·: 

c) frQm ~bout Q.01 % to. about 5% of an .oi!, selected from ·the 
.·. ·.. . . -··- .. ·.··. . . . . 
. ' . . . . 

group consisting of petroleum-based· .. ·Qils,. polysJloxane~based oils, 

and mixture~ 'iher~of, b~~d on the dr~· fib~r weight of said tissue . . . . . . - . . 

· paper; · .·· 

wherein' said tissue paper has a basis weigh' ottrom about 10 to 

about 65 g/m2 'aricf a density 'of las$ than about' 0.60 g/cc. said 

polyhydi'cixy compound ~rid said oil ·having' being ap.plied to a least one 

'surface of a' wet tissue ·paper web.' 

The present invention further 'relates to a process' for making 

these soften-ad tissue papers. The process includes the steps: 
. . .. 

a) wetlaying an aqueous slurry containing cellulosic fibers to 

form a web; 
.. ~ ... 

'b) applying to Said wel>' at fiber oonsist~ncy o·t ho~ about 10% 

to about 
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80%, total web weight basis, a sufficient amount of a water 

soluble ... :. . '.~: . 

polyhydroxy compound and an oil to impart a bulk softness 

to said 
structure; ·and ·· - · . · 

c) drying and creping said web. . . 

S~rprisingly, .it has been found.that ·these:nonionic_compounds 

.·have high .rates ·of retention even iri the absan·ce of cationic retention 

aids or debonding agents when applied ·to wet tissue paper webs in 

accordance with the proc.,ss disclosed .. herein. This is especial~y 

.. ·. ·. unexpected becau•e the nonionic oiis and polyhdroxy compounds ~re· 

~pplied to the wet .webs undf;tr. ccnditions wherein they are not ionically 

substantive to the-~el~los~-fib$r~. - lmp~ruirltly·, the. wet web process·. 
. . . . . . . ' ' . . . . 

a·uC>ws· the poly~ydroxy cempounds to mig~ate to ~he interior of the -

paper web where they act to entJ_ance the tissue paper absorbency and 

softness. 
: · .. .'· ·. ·: ~ <' - .··· 

Tissue paper . softened according to : the pr~sent · 1nve~tion. has a . 

soft feel. It is especially' useful . in soft~ning. high bulk, - Pi.lttem · 

· · ·· densified tissue •·papers, · including tissue · papers · havirig . patterned · 

designs. . The·· present invention cari b~ ca.tried out . in a commercial 

papermakirig system without significantly impacting on machine. 
. . 

operal>Uitv1 including speed. ·. · , The improved softness bene~ts of the 

. pres~nt invention can also be achieved. while maintainin_g the desirable 

tensile strength, ab~c:>rbency (e~g., wettability}~ and low lin~,.properties 

:·of t;he paper •. ·. . .. , .... 

Alt .percentages, . ratios and · proportions herein 'are . by weight 

1.mless otherwise specified • 

.... : .. , ": 

. BRIEF l)ESCRIPTION. OF THE DRAWING~ 

. : . .. :·· -··. - .· i_:·· .. 

'"' Fig~'.re ., i~ ~-.schematic representati.on .of one iimbodi.ment of a 

continuo~s · pape~r:n.akttig .·rT1achine · vvhich ·. mustrat~$ ... tf:la · .. preferred 
.. ~. . . . : .': : . ·.. -. . 
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process·. of •t11e present invention of adding treatment chemicals to a 
pattern densified tissue paper web. 

DETAILED DESCRIPTION OF· -THE INVENTION 

While this specJflcation co_licludes ·. with -Claims particularly 
pointing out and di~tinctly. claiming the- subject matter re_garded as the 
in"vention,_ it: is b~lieved that the~inverition · caiJ be . better understood 
from a· r.eadilig of. the followlng ·.detailed-·.· description•. and of the 
·appended examples. · . 

As used herein; the term ~comj:)tisihg• means that the various 
coinpdnents, · ingredients, or -steps, . can be · conjoirlUy employed in 

: pr~cticing ·· ihe· present · inventio~.- ·Accordingly, · the tar~ ~comprising" e~cornpasses the more re~ctiv~ ter~s "co.nsisti~g ~_ss~ntially of" and 
"consisting of~_: .. 

As ~sad. herein, the terms tissue paper. web, .. pap,r web, web, · 
paper sheet and paper product alt refer to sheets of paper rnatfe by a . . . process cor:npri~lng the. steps of. forming . an aqueous papermaking . ,.,... . . . ... . . ,·· :.. . . ,. ·:." . ,. ; 

furnish, depositing lhis furnish ~n ~ foraminous. surface, such as a 
· Fourdrinier ~i~e. ~nd removing the Water frcfm .the f~rnish as by gravity .· ··. . . ·. ·. . . : . or vacuum-asSisted drainage, with or without . pressing, and by . evaporation .. 

As used herein; an aqueous paperrnaking furnish is· an aqueous 
sl.urry of papermaking fibers: and the chemicals descrtbed hereinafter. 

·As used herein, the ·term· ··corlsistency" refers. to the weight 
·percentage of the cellulosic paper making fibers (i.e., pulp) in the wet 

.. :tissue web.. It is · expressed as. a weight percentage of this fibrous 
material,_ 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 this. invention is the forming of an ~-aqueous .·· papermaking ·· fur~ish.- .: Th~ ·· ·fu.:hish' comprises papermaking 
fibers (hereinafter sometimes referred to as wood pulp). It Is anticipated . -

. . . . -that wood . pulp . in 'all its varieties . Will' normafry. comprise the . . . .. . .. . . papermaking ·fibers used in this invention. However, other cellulose. 
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~brous pulps, such . as. cotton .liners, bagasse, ·rayon, etc., can be used 
and none are disclaimed• Wo.e>d. pulps useful herein· include· chemical 
pulps such --as Kr~ft, sulfite anfl sulfate pulps as well as mechanical 
pulps including for example, ground wood, ther1T1omechanical pulps and 
chemically modified thetmomechanical pulp (CTMP). Pulps derived from 
both decic:IUOlJS and coniferous ~re~s can be used. Also- applicable to 

-- .. -. the pr~ent i_nvention are fibers derived from recycled.. paper, which 
may ·contain any . or. 2'11 -of the above categories. as well as other non­

. fibrous- materials. such as fillers and. adhesives used. to facilitate the ··~ . . . . . . 

original p~permaking. Preferably, the ··pap~rmaking :fibers- used in· this 
invention comprise Kraft pulp derived from northern softwoods. The 
aqueous papermaking furnisf1 is formed into a wet web 'on ~. foraminous 
formin.g carrier, such as a Fourdrinier~ _wire~ -.as will be discussed 
hereinafter. -

. .:...·· . :. . ·. .. :-.··~ _.:,. 

. - «Al P~ly~ydroxy compounds·-· -

The present ir:'IVention .contains as an essential component from 
about o .. Q1 ~% to about 5;0:%, preferably· from ·0.05% -to' about 2.0%, 
more preferably from 'bou.i O. 1 % to about 1._0%, of a water soluble 

. polyhydroxy .c()mpound, .based. on the dry fiber'weight ~of _the tissue 
paper, 

Examples. of water, sol"9ble polyhydroxy compounds suitable for 
use in the present invention include glycerol, polyglycerols. having a 
weight average molecular Weight of from aa,o.ut 15~ to about' BOO and 
polyoxyethylene glycol and polyoxypropylene glycol having a weight-

- :: 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· weight 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, mixtures_ of glycerol and P.olyglycerols, mixtures of 
glycerol and polyoxyethylene · glycols, mixtures of polyglycerols and ·- . -

_poiyoxyethylene glycols, etc: ... ~ are useful in th&-: present invention. A 
. particularly preferred polyhydrojy compound is poly!>xyethylene glycol 

having an weight average molecular weight of about 400. This material 
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is available commercially from' the Union •-Carbide Company· of Danbury, 

Connecticut:under the tradename ,.PEG-400". · • 
·· .. ·. 

CBI, Oila · ... 

The-:present invention coritaitis -a-s an' essential component .1rom 
about 0 •. 011% -to about 5.0%~ preferabl~ from-0.05% to a.bout 2.0%, · 

' . . 

more preferably from about .Q.1 % to about· 1..0%~ ·. ~by 'weight of an oil - - . . 

selected. . from the group . - consisting . ; of . petroleum-basea oils, -

poly'°Siloxane;.based oils, and mixtures th~reof~ based on the dry fiber 
weight of :the tissue paper'. . ·-

., · .. 

Petroleum-based oUs. -· 

As used herein, the term· petroleum-based oifs refer$ to viscous 

-mixtures of hyd_rocarbons. having· from about 16 to about 32 carbon · 

atoms. Preferably, the petroleum-based oil is a petroleum-based turbine 
oil comprised primarily of · $8turated hydrocarbons. . An example ·o_f a~ 

. preferred petroleum-based turbine oil '·'for use in "the present invention· is 

known_as "Regal>Oil". _As used herein, theterm "Regal-Oil" refers to 

the· compound which· is'· comprised ·of a'pproximately ·87% saturated 

hydrocarbons and approximately 12.6% aromatic hydrocarbon$ with 
. . -

traces of additives, manufactured as product number R & 0 68 .Code 

702 by the Texaco Oil Company. of Houston, Texas~ 

. .. f?olysilox;aoe•based ops · .· ·· · · 

. :~.; 
.·.-.' .. · 

. . 

In .general· suitable polysiloxane~ materials for use iri 0 the present 

invention ·. include those having monomeric siloxane units of -the 
following structure.: ' . 

R1 
I 

(- Si • 0 ~ 1 

I 
R2 

'/·' 

·, •: 

:··:··. 
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wherein, R1 ·and R2, for ~ach independent siloxane monomeric unit can 
. . . . ~ . . . -

eachJnd.ep~nd,ently be· hydroge!' or any alkyl, aryl, alkenyJ,· alkaryl, 
. · arakyl, cycloaU(yl, halogenated hydro~arbon, · or othet radical. Any of 

such radicals can be substituted or unsubstituted. R1 and R2 radicals 

.. of.· any particular monomenc unit may c:Uffer .··from the c·orresponding 

functionalities .Qf the ne>_c~ adjoining monomeric uriit. Additionally, the 

, . poly~Uo.>cane can be either. a stl'aight chain, a branched chain or have a 

'. ;:.· 

. cyclic structu.re." The radicals R1 and- R2 can>.additionally independently 

i1e other silaceou~Juoc;:tionaliti~s such as, but nc>t·limited to siloxanes, 
· polysi.loxanes, silanes, ·and polysilanes. The. ;radicals R1 ··and R2 may 

.··.contain any . of a yariety of, organic ·functionalities ·including, for 

exa.r:nple, alcqhe>I, . carboxvrtc acid, <aldehyde; ketone ·and amirie, amide 

.. f_unctionarities. ·. 
. ~ ,:. .... 

. ~ Ex~mplary alkyl. radicals are metbyi, ethyl; · propyl, . b~tyl, pentyl, 
. . . . . . . 

hexyl,. oqfyl, decyl, octadecyr, and .the like. Exemplary -alkenyl radicals 

.. :--·· . : : . 
.··. are. vinyl, · allyl, and _the like. ·Exemplary ·ary• radic.aJs are pheii-yl, 

.,, ..... 

- . diphenyl, naphthyl, and the like. E"emplary alkaryl radicals are toyl, 
. ·. ' - . . . · .. · ·.· - . . 

xylyl, -ethytphenyl; and ·the iik•. Exemplary arakyl radicals are benzyl, 

.... · .. alpl"JCl·Phenyl~tf.iyl, . bet~~phenylethyl,- alpha'-phe!'lylbutyl, ··· an.d ·the like. 

Exemplary qycloalkyl .radicals are cyclobufyi, cyclopent\11, cyclohexyl, -

. . .· ... and. the .. like. .. , Exempl.ary .. halogenatec! .' hydrocarbon radicals are 

chloromethyl, · bromoethyl, tetrafh.1orethyl1: fluqrethyl, ··'. ttifluorethyl, 

. . tr!fhior9tpyl, h~xafluoroxylyl, and the like. 

. . Viscosity e>f · polysiloxaiies :.:iselul may, vary as widely as ·the 
. . . 

. viscosity of polysiloxarJes·jn general vary,· so ·10.ng as the· polysiloxane is 

. fl.owable or can be m~de to be flowable for application to the tissue 

. .. paper. Preferably. the polysiloxane-based oH.· has an :intrinsic viscosity 

.. rangirg from -a~out ·.· 100 to about 1000 centipoises. · O · References 

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

March 11, 19.58 to Geen; U. s~ Patent No. 3,:964,500, issued June 22, 

1976 to Orakoff; U.S. Paterit.:No. 4,36418371,':issued December 2J, . 
1982, Pader~)J.S. Patent "No. 5,05~;2s2, issued .October': 22, 1991 to 

··.. . Arnpulksi et al.; and :Briti5!_1 Patent No. 849;433; ·published September 

28, .1960 to Woolston. All of these patents .are incorporated herein by . 
. . : ,..;.. . . . •. 

reference. Also, .. inCOIJlOrated ·. herein by reference is Silicon 
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·compounds, pp .181-2.11; distributed by Petrarch Systems, Inc., 1984, 
. which contains an· extensive listing ~and · descriptibn of ·pofysiloxane~ in 
. general. 

:-1 .' 

c. Dssue ·Papers. 
-- The pres~nt invention is- app_licable to ti$sue · paper in . generar, 

. Including. but .not limited to convention2dfy· felt~pre.ssed· ·ti$sue paper; 
pattern ·• densifi.ttd ti~§_i..18 -paper- such- . ··as.:. exemplified - in the 
~afprem9ntioned U.S. Patent by Sanfotd-Sis$dn --and· its pfogeny; ··and 
high bulk, -uncompacted tissue paper· such •as. exemplifled by U.S. 
Patent No. 3,812,000, Saivucci, Jr., issued· May 21, j974~ !he tissue 

.·paper may be . of a hombgenous·. or muitilayered. construction; and. tissue 
papa~ products made therefrom -·may be ·of · a singfe~pfy or -multi;.ply 
construction. Tissue structures ·formed from ~yered paper webs are 
described in U.S. Patenl No. 3,994,771, · Morgan, Jr. et al. iss_ue~ 
November··30;: 1976, -U.S. Patent No~. 4~S00,98t Car5tens, issued· 

.. , November 17, ·-1981, U~s.·.fateiit No~ 4;166,001 ~ Dunning st al_., issued 
. ·August 28;.1979, and.European Patent PUblication Nq. ·a 613 97~~A1, . . 

Edwards et al., published. September · 7,-. 1S94, all ·of which are 
incorpor_ated· herein -by reference~ · ' In generaf ,· a wet-laid composite, . 
soft. bulky and absorbent paper Structure is· prepared frorri two or more . 

. ·. layers of furnish ·.which are . prefera~ly. comprised . of different fiber 
types. .The·. layers are preferably· formed from ·u,9• 'depo-sitipn of 
separate streams of dilute ·.fiber slurries, the fibers' fypically being 
relatively long softwood and relatively short hardwood fibers as. used. in 
tissue papermaking, upon: ·one or more endless foraminous screens. 
The layers are subsequently combined to form a' layered composite 
web. The layered. web is subsequently caused to corifo;m to the 
surface· of an open· mesh drying/imprinting fabric by th~ application of a 

-fluid to force tO.:the web and theteafi:er therrriarlypt8dried on; said fabric 
as· part of a low. density paperinaking process.· The layered• web may 
be stratified with respect· to fibet type or tha · fiber ciontent of the 
respec1ive . layers · · may . be ···essentially the same. · · The·· tissue paper 
preferably has a ,basis welght of between 10 gim2 'and· ~bout· 65 g/m2; 
and density ofabout 0.60 glee or less. Prefe·rablV, basis'·weight will be 

. below· about 3~ g/m2 or· less; and density Will be about 0.30 glee c;>r. 
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less. Most preferably, (f ensity wilt b~. between . 0~04 ·gtcc and about 

. ·· .. ·' 

-
_.0~2.0 .. glee. ·.:~.·. ·.· .. : .. ,. . -

Conventionally presse~ tissue_ paper and . methods for making 
such paper are . known In the art. Such- pap~r is typically made by 

·· depositing papermal<ing furnish on a. forarninous· forming wire. This 
forming. wir~ .is often referred to in the an a:s a Fourdrinier wire. Once the furnish is dep~~ite!J on the forming wire,-it is referred to as a web.­

.· The web 'is dewaterer;I ., by p.f~ssing . the web and drying at elevated . . . . . . . 

temperature-., , The partic:ular .· tecnniques.,. ~In~ ·· typical .. equipment for 
making webs according to-·the process just described are··weH known to . . ~ ·. . . . 

.. those skilled in the art. In a typical process.. a low consistency pulp 
. furnist1 is provir:le,d )n ~ pressuriz:1td hee1dbox. The headbox has an 

. · opening for .deUvering Et thin deposit of puff) furnish onto the Fourdrinier 
· -wire to fo[.m a .wet web. Th_a web is then typically dewatered to a fiber 
.. · .. f,!Onsl!;iency O! betwe~n, iibOUt · 7% ·and . about . 25.% . (total Web weight 
. ba_sis) b~ vacuum de_w.ater~ng and further dried by pressing operations 
wherein - the W.Jtb Is. subj-.cted to pressure . deyeloped by·· _opposing 

• mechanicatmembe,rs, for. 11xample, cylindrical rolls. 
- .. The d~~~tered~ web is. then f~rther ~ressed ~fld_ dried by a steam 

tieated drum apparatus, kn.own. in the a"! as :a Yankee· dryer. Pressure 
can be developed atthe.Yankee dryeFby rnechaoic!ll means such as an 
oppos~ng . cylin(fric21I drum. p~assing against the. web. _ Vacuum may also 
be applied 't~ the: web a~ . it is pressed ag~inst the Yankee surface • 

. Multiple Yankee . dryer. drums may be. emplqyad. whereby additional 
pressing is optionally incurred between the -,d.rums. The tissue paper ' .. '• .... . ... . . :• . ·.·. .. .· 

· structures which are formed are referred. to hereinafter as conventional, . ·. .. ·. .. . .. . . .. . . .· . . .. 

pressed. tiSs!Je paper struc:tL:rres. Such sheets.=·are considered to be 
. compacted since the web. i~ s~bje~ed to -substantial overall mechanical 
. compressiqnaf. forces while the fibers are moist and are then dried (and 
··optionally creped) ·while in a compressed state._. : · . . . 
. Pattern· densified .. · tisslJe paper is.· characterized.·· .. by having a 
relatively high bulk field of r~latively .low fiber density and an array of 
densi~ed zones of relatively high fiber density. The '.high bulk field is ' 

' alternatively characteriz .. d . as .. a field. of pillow. regi9ns. · The densified -·: .· . . .. · . - . - . 
·zones are alt~miatiyely ~eferred 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 -~ulk field. 



.. · WO 96124719 Pc.'Tros9'Jo114s 

13 

Preferred. processes for making pattern· densified :ti$~ue webs are 

disclosed in U.S. Patent No: 3,301, 746, issued 'tct Sanford-:- and Sisson 

·on January 31, -1967, U~s: Patent No~ '3';974,025, issued to .Peter G. 

· Ayers on August 10, 1976/arict U.S. Patent No. 4,191~609, is5ued to 

PaufD~ Trokhan on March 4> 1980,::and· u~·s. Pat1tnt No. 4,637,859, 
: i_ssued'.. to Paul·. D. · Trokhao_ oli ·Januar'y . 2"();. 1987; -U.S •. Patent -No. 

· •· 4,942·,077.·issoad to Wendt et al."'""on ·Jul~: 17, :·1sso, Europ~an Patent­

. · .. Publication No. O 6r1' 164 A.1. Hylandjit 'al., puhliShEidSeptember 28, · 

1 S94, Etlropea~ P"atent Public;_ation No. 0 :61 a 074 A·1, Hertnans et al., 

published· September 21, 1994; . alf of 'which ·are incorporated herein by . . . : . 

reference~· · · 

In gene·ral, pattern . densified · webs .·~re . j)referably prepared by 

depositing: a papermaldng lurnish on a 10i'arnihous formhi~ wire such as 

a FourdrinJer ·wire to forrn a wet Web and th~rt" j~xtap~sing the web 
against an array 'of supports •. The web :-is. pressed agairi~t the. arr~y of­
supports, ':"thereby resultirig in densltiecf zones in the ~eb- at the 

" locations . geographically corresponding .. ·.· to :the" - poi!'ltS . of contact 

between the array of support$ and the· wet ~ab. The. re~ainder of the 

web not compressed during · this operation i~ referred to as the high 
_!>~lk field.· This high bulk field can ·be· ·furttletdeCl·~nsified by application 
of fluid: pressure:, such as. with a vacllum· type device' Cir a blow-through 
dryer, or 'by:_ mechanically pre~sing' the ·.··web· against ·the array .··.of 

supports. -Ttie web is dewat~red, and· option~11y pr.dri~d, in such a 
' ·. 

manner so as to' substantially avoicl compression of the high bulk field. 
This is .. p·referably accomplished . by fluid 'p'tessure, Such as with a 
vacutJm t\'pe device:· or blow~through · d~er, · ·or alternately by 

mechanicatii pressing the web:against an array' ot"sopport~ wherein the 
high bulk· field is not . compi'essed. Th* operations of : dewatering, 
optional ·predrying and formation·: C>f ttle·:. densffiecl" ·,zones may be 

integrated or partially integrated: to, reduce· ·the - total number of 

processing steps performed. Subsequentto formation of the densifled 

zones, dewatering, _and: optional pred,Ying, the web ' is dried to 
completiol'l~ prererably still avoiding mechanical ptes5ing~ Preferably I 
from about 8%:·· ,to about 55% .. of the. tJS$ue paper surface comprises 

- densified knu.ckl~s "having a relativ~ d•i1$ity .' of.~ai' least. 125% of -the ... 

- density of the ·high bulk field'. 
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. : ·.• 1=_he array· of supports is. preferably _an_ 1f!1p.rinting carrier fabric 
having a patterned disP._!acement of knuckles which operate as the array 

· ... ·of supports which facilitate the formation of the-· densifi.ed zones upon . . . 
~pplication ofpre~sure; The pattern of1cnuckles;Constitutes the·array of 
supports previouSiy referred to~: Imprinting carrier fabrics are disclosed 

· ·.· in· .u~s. Paten·t ~No~ 3,301 •<746, Sanford and Sissc;li/-issued January 31, 
- 1967, U~S. Patent_No. 3~8~1,0681 Safvuccit Jr~ et al., issued May~1, 
. 1974, U.S~ Patent No~· ·3,974,025, Ayers,·:issued August 10, 1976, 

U.S. Patent No. 3;573,.164, Frledberg--et·af ., iss~ed March 30, 197L 
U.S. Patent No. 3,473,5.76, 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, Trokhani issued Jufy:~s,· 1985,· all of which are · 

. · incorporated herein by reference. . . . - '. .. · .. ~. : 

. · .. Preferab~y-, the furnish is first formed into a wet web on a 
< foraminous forming carrier; such as a Fourdrinier · wire~ The web is - - . . . -
- dew~tered and transferred to an · imprinting ·.fabric. The. furnish may 

. · .. ·. • alternately 6e initially . deposited on a fotaminous supporting carrier -

- : ... 

which also operates as an Imprinting fabric~ Once formed,-the wet wit> · 
·. 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 wifh blow- . -

through dryers. The knuckle - imprint ·. of the · imprinting fabric is 
impressed in ~e web as d!scussed a~ove, prior to drying the web to 
completion. One method for. 21ccomplishing this is,•·through application 

. of mechanical pressure. This ~an b1t done, .for. example, by pressing a 
nip roll which supp9rts the imprinting fabric against the face of a drying 

. drt..1m, such as a Yankee dry.er, wherein the :web is disposed between · 
the . nip roll and drying . drum •.. Also, preferably,· the . web is molded 

• . against the imprinti.ng fabric. prior to. completion of. drying by applicatiori= 
.· offluid pressure with a vacuum d.evic~·such as a suction.box, or with a . . . . . . . . . .. . . . . ' . 

bfow~through dryer.,Fluid pressure may be applied to induce impression 
of densified zones d.~ring initial. d~watering, in ~ separate, subsequent 
process stage, or a combination thereof~ 

. Uncoriipa~ted, nonpatt~rn-densified :tissu~ paper :~ructures are 
~~cribed in U.S. Pate~t No. 3,s12.9oq issue~ tQ Joseph L. Salvucci, 
Jr. and Pater N. Yiannos on May 21, 1974 and U.S.· Patent No. 
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4,208,459, issued to . Henry E. Becker, Albert L. McConnell, -and 

·Richard -Schutte: on June ·1.7,. 1980, -both ·of<which are incorporated 

herein by reference~· In· general, uncompacted, non :Pattern densified 

tissue . paper .. structures are prepared by depositing a pap&rf!laking 

. furnish and .a ".ebonding agent o~a foraminous ·forming wire such as a 

. Fourdrinier. wire:.•to ·for~ a wet web, draining the ·web and r:emoving 

.· . add-ltlonal water.: without mechanical compression; until' the web has a 
. .. 

_ fibe! co11sisten.cy of -at least- SO~j· and crep~ng the· web. Water is 

.·· .remo.ved frorri the \V&.b by vacuum. dewatering and thermal drying. The 

: r~sulting -struct1Jre is a soft. ·but :Weak high·· bulk sheet of· relatively 

.•. uncompii!Ctec:IJibers~ Bonding·,material is preferably_ applied to portions 

. of the '1\{eb prior to creping~ 

Compacted non-pattern.:;densified .. · · tissue ·. structures are 

commonly lcn~wn In the _!rt as _conventional .tissue structures. In 

general;· CQ.rnpacted, non-pattern-densified· tissue paper structures are 

-prepa~ed by .depositing a papermaking . furnish: on .. a for-aminous wire -

· such as a Fo~rdririier wire .to form a wet web, _draini~ the web ~nd 
removing additional· water w~h · the aid of a · uniform mechanical'"'· 

compac~ic.m ,(pres~ing) until ,the web has a consistency of 25-50%, 

transfel'.'ring the. web to a thermal dryer such as a Yankee and creping 

the web. ~Ovei'aU, · water is removed from the·.·. web by vacuum, 

mechanical pressing · and: tliermal· means. The resulting·_ structure is 

strong . and . generally of singular density, but very low in bulk, 

absorbency •nd_ in. softneS$. · 

·. The ' tissue paper web of this invention · can . be used in any 

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

Particularly advantageous uses of the tissue paper web. of this invention 

are in paper -towel~ toilet tissue and facial tissue· product$~ For example, 

two tissue paper ·webs of this invet;tion can be . embossed and 

· adhesively ·secured together in face to face relation as taught by U.S. 

Pat. No. 3,414;459, 'which i5sued to Wells on December 3, 1968 and 

· which is incorporated herein by· refererace, to fOrm 2•ply paper towels. 

In tile. following . di~cussl~n, .. wh.arein . reference .. i~ made. to the 

several figur:es, :certain praf~tre~ ~mbbdiments of pro<;,3.Ses fot making 

the tissue sheet structures of the present'lnve_ntion are 'described. 
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In the .enibo_diment illustrated· in. Figure 1, ·the ·papermaking belt 10 · 

·travels in the· direction indicated by. directional·· ·arrow B. The 

papermaking belt 10 pas~es around the papermaking belt return rolls 

designated 19~ ~nd . 19b, impression nip r~ll 20, papermaking belt 

return rans 19c/ 19.d, 19e an"d 19f, ~nd emt.dsio.n distributing roll 21 . . . . . . ·, :;:.. . . . : .·· .... :.· ' . . ..· . 

(whic~ ~is.trib_utes a.~· emutsion ~ onto t~.e ·pap.:trmaking be!t 1 o · from --
a'n emulsiQn bath. l3). In ~etween papermaking: belt return rolls 19c · 

-and 19d, and also . in between papermaking belt return rolls 19d and 

· 19_e~ are b~it. *leaning show11r~ 162 aod• J02a·, respectively. The 
· p'urpose of tlie' belt (:1aa·n1ng showers -102 and 102a is .to cleari the 

papermaking b'ett 10 of. any paper fibers, adhesive~ •. s~rength additive$, 
and the like, which re~ain attached to the sectio_n of the papermaking 

·. ·• , belt' 1 o ·after the final step· in 'the papermaking process. The loop that 

. ; > . : -:=_ the papermakio.g belf 1 o travels cirourid als~ includes a means for 
.. · applying a fluid pressure .. differential to the paper .·web, .. which in the 

,· . : - "· '.prdf$rred embodirriant of the present-ir1vention; comprises vacuum . 

. pick.up shoe -24a and" a vacuum box ~uch as multi=slot vacuui:n _box 24. 

. ·.;. 

Associated with the papermakjng belt· 10 of the present invention, and .. -·· -. . . 

<,also, ·not shown< in ,FIG. 1 are various .additionai -support rolls, return 

.. . . rolls, cleaning means, . d~~ve _ me~ns, and the like commonly used in 
.... papermaki11g machines and all well known· to those skiUed in the art. 

The embryonic web 18 is -·brought inte>·· ~ontact with the 

papermaking belt 10 of the· present invention by the Fourdrinier wire 15 

: when the Fourdrini1Jr wire 15 is brought near ·the papenilaking belt 10 

of tf'le pre.sent inv,ention in the vicinity of vacuum pickup shoe 24a. 

" An ·· especially prefe~ed method -of ~onti.nuously . 21pplyfng the 

polyhydroxy compound and oil :to the p~permaking belt is via an 

"emulsion distributing roll 21 and emulsion :bath 23·, illustrated in Figure 

. 1. In ·this preferred metho~; ·the polyhydroxy compound ·.· is dissolved 

into at least one phase of an emuh~ion 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 

. compou_nds and oil is applied to the paperrnaking belt 1 o via the above-­

mentiorted emulsion distributing roll 23. Emulsion · 22 can also be-

.. 
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. . applied to the papermaking belt '10 through cleaning showers 102· and. 
1-02a. · · 

An · exi!llTtple of an ' especially preferred emuision composition 
contains· water, · a '·patroleum:..b~sed · ·9;f · known -as.> ~Regal Oil~ 

· distearyldimethyJammonium- chloride, . l:atvl alcot161 and a polyhyd~oxy . 
compound (suctt·-as gly~a~ot)~ · distearyldi~~~~l.mmonium chloride is_ 

· sold under the trade ·name ADOGEN TA 10() by the .• Witco c-orporation 
of .Mapleton·; llilriois. ·Hereinaft~r. 'ctisteai:yl.di~ethyt-~mmonium chloride 

· will be -referred to·-as ADOGEN. for ~~~v~~ie~~e·~ · ADOGEN is used in 
.. the emulsiorf·as a surfactantto eri1ulsify ~r stabili~e the on particles 
(e~g., ·R~gal OU, Polysiloxane Oil) in the water> .. · 

··'. .. . ···::'(,' 

· The purpose of the. Re_g,I Oif ir-. ·the. C~fTlpQsi'tio" .. des~bed. above 
is to Mrve ·~s a "rel~a~a em~lsio~." . By .. r.l~a~e emulsion.~-it is meant 

-that it provides a CPatiilg Qll the PilPem)akJng .,elt" t0 so the paper 
-formed releasesfr~m (or does n~t sdc;:k to) the sam~ after-the steps. of . . ·.. . . . ' . . . . . .. . . 

the present invention have. b~en perforrned·to tlie paper web. 

As referred ·to herein~-, ·the· term ~surfactant" refers to a surface­
active ·agent, one portion of whic~ is: hydrophilic, arid another portion 
of which is hydrophobic, · which migrates to the{ interfactf between a 
hydrophilic sub~tance and a hydrophobic substance to stabiiize the two 
. substances •. ; 

-.··· 

As u•d herein,· •cetyl alcohol~ refers· to a . 'C16 linear fatty · 
.alcohol. : Cetyl ··alcohol is · manUfactured by The ··Procter· &. Gamble 
Company of Cincinnati, Ohio. Cetyl alcc)hol, Jika ADOGEN is used as a 
surfac~nt. in the emulsion utilized .. in thlt preferred embodiment of the 
present iil'ventio'1 ~ _ · 

: The relative percentages of the ·composition . of . the. emulsion~ in 
the preferred embodiment· ·of .the same are set out 'in the following 
table: , 

-Ccrnponent 

Water.·•• : .· . : 

REGAL OIL·· 

- ADOGEN 

·.Volume·• 
(gal.) ·· (lbs.) 

259 "'." 

.55 .. 
N/A 

.. ·. ~4,320·· 
422·-. 

24 

Weight 
(%) 

62.2;: 
6.1 

0.3= 



-· 

~.- ; . 

·-

'•".:. ·.:'"(-;.'· .. 
: ~"".!{ 

· Cetyl Alcohol · 
Glycerol 

18 

N/A 
-

·. 259 
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2,160 

· .. The level_ of p_olyhydroxy compound arid petroleum-based oil or 
polysifoxana-based on- to be retained by the tiss~e paper, as a 
rnin_imum, is at le•st an-effacttve level for imparting a tact!le diffeienc-e 

. in so.ftn~ss or silkiness· to the -paper! The minimum effective level may _ 
vary depe11ding upon> the particular tYP• of · sheet, ·the method of 
,application, the particular· type of polyhydroxy compound,· petroleum~ 
ba_sec;t oil, or polysiloxane-based oil,- surfactant,. or other additives or 

. treatments. ·. Without · JimJtlng the ·range . · of applicable 
polyhydroxy/petroleum~based .· oil or polysiloxane;;.based oil reten-tion by 

.. the tissue paper~ preferably at least about 0.05 % of ~he polyhdroxy_ 
. compound, and 0.05% of the:-petroleum·based oll or polysiloxane­
based oil Js retained .by: the tissue paper. More preferably I from about . . 
0.1 % to a~~ut 2.0% .of th.a polyhydroxy compound, and from about-
o ..... 1 % to about 2.0% of the petroleum-based tiH or polysiloxane-based . . - . -
oil . is retained by th.a tissue paper. ,_ ·. ~ -

····' .. 

· .-1~ .general,- tiss~e paeer having less than 'about 0.3% petroleum=. 
based ·ou or polysiloxani·based~·oil will provide substantial increases in . . 

. softness a.nd silkiness : yet . remain . wettable even in .. the .. · absence of 

. sufficien.t levels :of .surfactant to impart a wetting effect/ · Such paper 
. preferably is treated with surfactant and/or starch as described herein. 

. · :. : . ::. · . 

. · , Tisslic pa~ having in : excess of. about 0. 3' % petrOleum-based oil or 
polysllQxan~based oil is preferably treated with a. surfictant when contemplated 
for uses wherein liigh wettability is desired. The 'amount of.surfactant required to 
_inc~ hydrophilli;:ity to a desired level will necessarily dePend upon the type 

. :'. ~d levclofoil and the typc·of surfactant. IO general; betWeeri about 0.1 % and. 
about2.0% surfactant (e;g.,' Pegosperse9, Igepal~ RC.;.520) retained by the tissue 

· · . paper is belie~eci to be sufficient to provide sufficiently high: wettability for toilet 
paper and· other applications for oil levels less than about , 2.0 % . However, the -

·.: bene~t of in~ wcttability is applieable_for oilJcvels well in excess of 2.0_%, 
< if a su.fficient amount of surfactailt is retained by tissue paper~' . 

··.~. ': 

('. 

I . 
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Analytical and Testing Procedures 

-
·Analysis of the amounts of treatment chemicals herein retained 

.··On ti~.sue paper webs can be performed by ·any ITisthod_accepted in-the 

applicable. art. ·For exa~ple, the level · of the polyhydtoxy compound 

retained by .tije tissue paper can be determined by solvent extraction of 
.·tile .polyhydro~y .compo~nd with· a solvent •.. · tn- som~ ·cases, additional .· 

procedures ·mav ·be-nece~sary to. remove· interfei'irig 'compounds from 

the polyhydrox'i species of interest. · -For inStance, the' Weibull solvent 

extraction method employs. a brine .solution' to isolate polyethylene . . . 

glycols from nonionic surfactants {Longman~ G.F., The Analysjs of 

.Detergent§· and· Q8tergent Products· WHey •· 1ntersci.ence; New York, 

1975, J]T- 312)~ The ·polyhydroxy species could then tre· analyzed by 
:spectroscopic .. or .. · chromatographic ·. techniques. . ••. : 'i=or example, 

cpmpounds with jt least six e~hyfene. ·oxide ··· units C~f".I · typicaUy be 

analyzed ·. spectroscopicaHy :· by · the Amrrioni~m · ~·oi;uiltothiocyanate 
method (Longman,. G.F.,. The ·AnalvsiS. of D1tlrgentS :and. Detergent 

Products. Wiley lnterscience1 Ne~ ·vork,~ 1975, ,·.· p~ 346). Gas 
. . 

chromatography techniques can also be used to separate and analyze 
polyhydroxy fype · compound$.·· : Graphitized \::. poly(2,6-diphenyl-p­

·. phenylene oxide) gas chromafography columns have been used to 

separate polyethyl~ne glycols· with the •number of ethylene oxide units · 

. ranging from 3 to 9 (Alltech· chromatography· catalog, number 300, p. · 

158). The level of polysiloxane-basad oil or petroieum-based oil 

retained by the tissue paper can be determined by solvent extraction of 
the oil . .with an organic solveitit followed by ·. atomic absorption 

spectro.scopy to, determine the level of the oil in the extra.ct ·. 

The level of nonionic surfactants, ·such' as.alkyl· glycosides, can 

.· be determined by chromatographic te<:hniques. ·Bruns reported a High 
. . : . . . . 

Performam;e Liquid .· chromatography ·· method · with light··' scattering 

detecti~n for ~e analysis of .alkyl glycosides {Bruns, A., Waldhoff, H., 
Winkle, ,w., Chromatograohia, vol. 27, 1-989~ p~ '340). A SUpercritical 

Fluid ·Chromatography :(SFC) tec~niqu.e·· \Nas also ··described- in~ the 

an_alysis of alkyl·glycosides.andraiatad species (Lafosse, M.·, Rolliij-, P., 
,:.. . - ·. -

Elfakir, c., Morin-Allery, L., Martens, M., Dreux, M~, Journal of 

chroriiatograp_hy I vol. 505, 1990 I p. 191). The level of anionic 

"> .... ··. 

-: 
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.·surfactants,· such as linear alkyJ·sulfonEJtes, ccrn·be determined by water 

.·. extracticm_ followed by titration of. t_tie anionic· surfactant in the extract. 

··•· In some cases~ isolation of the linear alkyl . sulfonate from interferences . 

. .. ·may. be necessary before the. two. phase titration analysis (Cross, J., 

AniOnic •. SurfaciantS .;: Chemical Analysis, Dekker; N~w York, 1977, p~ . ~ 

.. 1 ~. ,· .. p. 222). The level l:Jf. starch can .be determine~d by amyrase 

. . . dige_~tjon of .the starch to glucose ·followed by colorimetry analysis· t~ 
determine gluc()se level;,· For this· starch analysis;. background analyses 

:·., ·: . ... .. ()f the· paper not-containing the starch. must be run to· subtract' out 

. possible contributions made i>y interfering. background species. These 

·.''· ·. ·. methocjs are ~xemplary, and are not meant to exclude other methods 

·;: .' 

which may be useful for determinii:tg levels of particular components 

. . . . retained by the tissue paper.· 

· A. Panel Softness ·. : . 

,Ideally, pripr to softness t~sting; the p•per.·samples to be tested 

should be conditioned acc_ording to Tappi Me.:thod #.T4020M-88. Here, 

~~m,pJes are·· preconditioned for 24 hQurs at ,a relative humidity· level of 

10-to 35% and within a temperature range of 22··to 40 °C. After this 

preconditioning.· step; 'samples should.· be . conditioned for 24 .hours at a 

·. relative humidity of_ 48 to .52% and within ·a temperature ral'.'ge of 22 to 

.24 °C . 
.. ;:.;,.-. 

Ideally, the··softness _Panel testing. should. take· place within the 

confines of a . constant temperature . and humidity room. . If. this is not 
. feasible, aH samples, including the controls, should experience identical 

environmental exposure conditions. 

· .. Softness testing ~s performed as a paired comparison in a form. 

similar to that ,described in "Manual on-- Sensory':Testing Methods", 
: . . . . 

·As:rM Sp~cial .·Technical .Publication -434, ·published .··by the American 

Society For Testing and Materials : 1968 ·and :is- incorporated herein b.y 

.ref~i:-ence. Softness is evaluated· b_y subjeeti~e teSting ~using what is . 
- ........ ,............ . . . .. . 

. -ref!"red . to as:: a Paired Difference Test.' · The method _employs a 

standard ·external· ~o ·tba t~st ·material itself~ . For•. tactile perceived 

· .· softness two samples are presented such that the· subject cannot see 
- ·. . .· ! . . 
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... the samJ)les;' and the subject is required to choose on&' 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 to softness-testing 

. to obtain the softness data~ reported herein In Psu; a number of . . . . . - . 

softness pariel tests ~e perforrned •. ,Ii each .test'ten practiced softness 
judges. are~_~sked to rate' the relative .s'ottness C)f ~hree sets of paired 
samples~ The 'pairs of sampies are judged one pair at :8 time by each 
judge: .. one -sample of eacti pair being. designatad··x and the other v. - - .· . . 

·ariefly, each~ samp1e·1s-graded against ittfpaired·Y sample· as follows:· . . 

: . · l. a grade ·of plus one Is given If· X is judged to rnay be a little 
·softer···· 

-than Y, and a grade· of roinus one · .. is· given if Y-fs judged to may 
be a 

little softer-than X; 
. 2. a grade o~ plus two is given if X is jud_ged to ~urely be a little 

·· softer than V, and a grade of_ min~s t~o is given if Y is]udged to 
surely be a little. softer than X; · ·-· ·· 

3; a grade orplus thre~ 'is gi"en tb x if it is judged •to be a lot 
softer than 

v I itid a grade of minus three is given if y is judged to be a lot 
softer 

than X; and, lastly: 
4. a· grade of plus four is given to X if it is judged to be a whole 

lot softer 
than Y, ·and a grade of minus 4 is given if Y is judged to be a 

.whole lot 

softer than X. 

The grades anr.averaged an4 the resultant ·value is in units of . . . 

PSU. The resulting data are 'considered· the results of one panel test. If 
mor~ ·than ·one sample pair is evaluated 'then all sample pairs are rank 
ordered according to their. grades. by paired statistical analysis~ Then~ " 
thtJ~nk is shifted .. up or·down·in •. valueas ~equired to·.give·a zero PSU -
. value to· which ever sample· is-:-chosen to be the zero-base sfandard. 
The--other samples- then h~ve plus or minus:values.·as.·dE*term!ned by 

. their relatiye grades with. respect to the zero base standar~ · The 
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r1umber of panel tests pe,rformed and ayeraged. is such. that about 0.2 

. PSU represent$ a signiflcanf difference in · subjectively ·perceived 
·... .-·· 

_softness .. 

B. Hydrophilicity (absorbency I .. ·. 

HydrophHicity of tissue paper refers, in ge11erat, to the propensity 

of the tiSss.ua ·. paper t6 be·. wetted . with .. · water~ ··~ydrophilicity of tissue 

··paper may ba 'iom~what qlJantifiad ~\' det&rri,i~ing th~ periqd of time 

required ·tor. dry. tissue pa_l>er to become completely wetted with -water. 

This period of time •is refe~red ·to 'as "wetting time" •. · In order to provide 

a consistent and : repeatable' test for..· wetiing- time,· the following 
·,· ... 

procedure may be used for ·wetting time de~erminations: first, a 

.. conditioned sample urlit sheet (the environijiental conditions for testing 

. oi papa~ s~rnples are 2.2 to 2:4. °C and 48 t~ S2~ R~fl· as sp~ciped in 

TAPPI Metho.d T 402), approxim!ltely 4-3/S inch ·x '4,..314. i~ch ~about 
11. 1 cm x 12 cm) of tissue paper structure is _provided; second, the 

····sheet is folded into four .(4) jux~·pC,sed quarters, ·and then. c:rumpted by 
. . . . . . ,. - ~ . 

· 'hanc:I (either · covered · with clean piastic glove-s or (:.opio1;1sly washed 

- with a· ·. grease removing detergent .·. such as .. Dawn) .into ~a ball 

approxim~tely Cl.~75 lnch: tabouif.9 cm) to ab~ut 1 inch. (about 2.s cm) 

· in diameter; third, the balled-sheeii~ placed ·on-the ~urlac~ ·of a body of 

ab6ut 3 liter:s of distilled wate~ at 22 ·t~ .24 ° C · contain~d in a 3 liter 
'.' . 

. · pyre·x glass beaker. It should also be no~ed . all testing Qf the paper 

· · through : this· technique should take place· within. ·_the .. confines of the 

controlled temperattl~a and humiditY ro~m. af ~2 to ~4 °C and 48 to 
. . . , . . . :, .... 

· 52% relative humidity. the sample ball is then car19fylly placed ofr, the 

.. surf~~e of the "'1ater from ~ distilrice no .greater than 1 cm .abo~et'the 
water s~rlace. At th~ ex~ct . ;ciment the. bail · 'touches the water · 

surfa.ce, ·a timer· is simultaneousiy started; fourth, tJie $&cond ball is · 

··· placed in the ""a'te-r after the· firSt ball is completely. wetted qut. This is -
. . . . . . . . . ·. . . - . 

easily noted by. the paper color transitioning from i~s dry·. white color to 

a ·darker grayish coloration upon cc)mplete wetting .. ~ . The timer is 

.,stopped ~nci the. time ·record.ed ~fter the fifth- ~all h.as .. cornpletely wet 
. ·' .'! . ... . .. 

out.·· - ·.: ·, 

At least 5 sets ·.of 5 balls {for a tot&i of25 bailsllShould be run 

·. ~for each $ample·:: .· The final reported r~ult should be the calculated 
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average ·and standard deviation taken for the 5 sets of· data. The units 
of.the measurement-are· seconds. The watermustbe· oh~nged after the 
5 sets of 5 balls (total = 25 · baHs) have been tested. -copious cleaning 
of the beaker may be neces$a,.Y if a film or _residue is noted on the 
inside waif of the beaker. · ·· '· .. · ., 

·Another techhique ·to ·measure. ttl'e· water ab.sorption rate· is 
- through ptld sin~ measurtnn~nts. . After c6nditio~fng the· tissue .. paper of­

interest and ~II controls 'for ·a~ minim~ of 24. hours at 22 to 24 :· ° C and 
. 48 tb s.2% rera'tive. h~~iditv rt~P~i· method NT4020M~88),, a stack of 5 

to 20· sheets of tissue paper is. cu~ to di~eJ'lsions o.f 2~S". to 3.0". The 
· cutti~g· can take .pface ~rough .:tfle .··.us.e ·~f dye··· cuttin~ press~s, a 
-Conv~ntlonal pSpar cutter I. or iaser. cutting techrttqu9s .. ,. Manual scissors 
cutting is not preferred d~e to both the irreproduci.bi,ity in handttng of 
the sarti~tes,' and the p~tentia1 for pape~ c;on~Jnination. .· . : . ·.·: ~- ·." - .·· 

After the.paper samp_Je stack b21s bee:10 .cut, it:~ carefully placed 
on a· wire me~h s~rnp.!e holde~ •. the functio11. of-·this holder is to positiah . the - sampl~ . ·~r. . the surl~ce .. of. the . water . _:~i.th mini~al ··' .... ·.; . . ··. ' ·. . . . ; . disruption. This holder is circular In shape . and has a diameter of 
approximately 4~2". ft has fi~e straight-and.eve~ly spaced.metal wires 
running p_araUe! .. ·te-'Cne :anoti_ler and acr~s lO .. spot w~lded ,Points on the .. 

: . . . . . . ' . ' .. wire's circumference. The spacing between #'le vvires is approximately 
0.7"o'Ttds ~ire. mesh screen should be cle~·n· and dry prior to placing 
the pape~ ori i!S surface. A. 3 nter be~i<ar is t11ttd with. about 3 liters of 
distilled water stBbili~ed .. at a temperature. ~f~ .22 tq 24 .. °C. After 

.. Insuring oneself that the water surface is' ft.ea of any w~~es or surface 
motion, the screen containing the' pi.per is. carefully placed on top of . •., ·'· . . . . .. the ·water !Surface. The screen sampl~ holder •. is ·allowed to continue 
downward after the sample' floats on the surlace s~ the .sample holder . 
screen handle catches on the ~ide of the .beaker~ . In tf1is way I th~. 
screen . does· not inttirler~ with the' water absorption of the' paper 
sample.· At the nact moment the paper sa~ple·~touche~ the .. surface of . the-water~ a timer.~s st8rteci~: 1-tie tirne~ is~ stopped atter-tt1~ p·aper Stack - . . - . is completely wetted out. This is easily visu~fly . observeti by noting a - .· . . - . 
transition Jn the paper c;ofor from its dry whittl c~lor to. a darker grayish 
coloi:_ation upof1 complete we~ng. At the instant of col1.lf1l~ts wetting, 
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. the timer is. stopped .. and the total-time. recorded. . This total time is the 

time required fQr the· paper pad to completely: wet out .. 
: ... ., .. ··.:: 

. This: procedure is repeated for. at least 2 additional tissue paper 

pads. · Ne more than 5 pads of paper should ·be run withou_!. disposing 

of the water and,: post cleaning ·and · refiiling of . the_ beaker with fresh 

water a_t a :temperature of. 22 to 24 °C.- Also, if riew and unique 

saniptejs to be run, the water should always be.·changad- to the fre~h · 

~t11rtiff~ state,._ The final reported thne value :fora given sample should 

· .. · .. be the avt;tf~ge and standard deviations for the 3 to 5 stacks measured. -

The .units of .the measurement are seconds. · 

Hydrophificity characteristics of tissue paper em!lo~iments of 'the· 

. present invention..,-may, of course, be determined immediately after 
- .· -~ 

manufacture. However, substantial increases in. hydrophobicity may 

occur during •the. first tw.o weeks after the tissue· paper -is made: i.e., 

after. the pape,r has aged two (-~) . weeks following its manufactur-e.-
- .· -

l'hus, the. wetting times are preferably_ measured ·at .the end of such 
- . ., . . . - - . - -

. two.: week perio~. Accord~ngly; wetting times measured at the end of a 
tVJto •: w.eek. .. a~ing period· at.· room . temperature ·are referred to as •two_ 
w:eek··weiting time~.· Also, optional aging. conditions of ·the paper 

:samples may., be required to try and mimic both lorig term storage 

.. copditions and/or possible severe temperature and humidity exposures 

of ·~he paper products :of interest. For instance, exposure of the paper 

sample ofinterest to temperatures in the,range of 49 to 82 °C for 1 

· . hour· . ·to .. ~· yea·r ·can mimic .. some· of : potentially severe exposures 

. conditions a ·paper ·. sample may.· experience ·in< the· trade. Also, 

_ . . autoclaving of the paper. samples can ·mimic .severe aging conditions the 

paper may experience in the trade. It must ,be· reiterated that ·after any 

severe temperature · testing, the samples must be re-conditioned . at a 

temperature of 22 to 24 °C and a relative humidity of-48 to 52%. AU 

testing .should ·' also be · done within -the confines· of· the controlled 

temperature and humidify room. 
·.·· .. ·: 

c; ·"'°•n~ity . . ., : ... 

·The density of tissue paper, as that .term .is, ~sed herein, is the . 

. · average· densitY _palclilated as the. basis weight of that pap'*r divided by . 
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--. the caliper/ with the appropriate unit coriversions incorporated therein 
-to convert to _g/cc. Caliper- of the· tissue·- paper, --as used herein, is the 
thickness of the preconditioned (23 +/-1°C,_ 60 +t- 2% RH for 24 
hours --according t~ - a · TA~PI Method #T4020M.:..88) paper wh~n 
subjectec.!_ to a compressive load· of 95-g/fn2 (15.5 g/cm2). The calip~r 

:-: is measured with-a Thwirig-Albei't modef·ss-n 'thickness tester (Thwing-- - . . ~ 

Albert-Co.-: of Philadelphht,<PA).- -The•ba$is weight-of the-paper is 
--_ - typically determined_ on· a -4 •x4• pad which: h; s · pH~ui thick. This ~d is 

_ preconditioned according· to·· Tappi Method #T4020M-88 -and then the 
weight_is measured.in units of grams to the··nearest ten-thousaliths of a , . . 

gram. Appropriate· conversions are made to-· report the basis weight in 
units-of pounds per 3000 square feet 

-----

o:. Lint: 
--Dry-ilnt , ---

Dry lint can be measured· using a Sutherland Rub Tester, a piece 
of black felt (made of wool-hav!ng a thickness of-:about 2~4 mm and a 
density of about 0.2 gm/cc. -s~ch felt' material is. readily :available form 
retail: fabric stores such as-Hancock ·Fabric), a fou(pound weight and a 
Hunter Colo-r meter .. The· Sutherland tester -is a motor~driven instrumen-t -. . . .. 

which can stroke a weighted sample back ·and forth across a stationary 
sample. The piece·of blac_k-felt is_.attached to the four pound weight. 
The~ tissue· sample· is mounted on ·a· piece of cardboard (Crescent #300 
obtained from Cordage of Cincinnati; OH.) -The tester ·then rubs or · 
moves the ___ weighted- felt ·over a stationary tissue sample for five 
strokes. -The load applied- to -the ; tissue during rubbing -- is about 33. r 
gm/sq. cm.. 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 , 1:m~asurement __ of __ dry . linting. ·Other methods 
known in the:prior arts f~r measuring dry lint also can beused. 
W-et:Dnt ---

A suitabl_e proqedure for measuring the wet linting· property of 
-

-

tissue samples is described in U.S. Patent .No. 4,·950;545; issued to 
Walter et al., on August 21, 1990, and inctJrporated herein by 
reference. The proc-edure essentially involves pass~g a tissue ~mpJe 
through two steel rolls, one of which f s. pa~aHy submerged in a water - -­
bath. 1.int from -the tissue sa,;,ple is' transferr~d to ~ st~el roll which is 
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moisten1;1d by the we1ter bath. The continue(;!. rot~tion of the steel roll · 

dei]OSit~ th~;Unt in~o the water :bath. The lin~. is recovered and then 

counted. See col •. 5,· line 45 - col. 6, line 27 of the Walter et al. 
. : .· . . .· .. :'. . . . . -

r:>atent. Other meVlo_ds ~l'lown. in. the pri_or art for measuring wet lint 

. also ean be used. · .· .:· 

. . . .. . 

.•. : . Optional l~gradie,nta .. . 
. . . . ··. 

··· .. ,····.' 

Otb.er chemicals comme>nly used in, papermaking can be added to­

the chemical softening' composition descr-~bed herein, or to the 

papermaking furnish so long as' they >de)' not significantly and adversely 

· . aftebt ttie softening> tibsorbency of the· fibrous material, a11d softness 

enhar1cirig ~ctions of ··thei q~aternary an1moni~rn ~~ftening. compounds 
' ' ' . ' - ' ' 

of the ·present-iRvention. ·. - ·. 

· ·A. Wetting Agents; " _ 

. . .. ·· .·. The present invention. may contain. as an.'.option~I ingredientfrom 

• ·about ().ops% to about .3.0.%, . more pref;rably from about _0~03% to 

.. - 1.0 % by weight,. on a dry fiber basis of a we~~g agent. 

·.· .· .. ·, -Nonjonic §ll[factiintfAlkoxylated Materials).·.·. , .. · · 

Suitable nonionic surfaetants can be used ·as ·wetting agents in the 

present. invention include ···addition products . of ethylene oxide and, 

optionally, propylene oxide, with fatty alcohols, fatty acids, fatty 
amines, etc. ·· .· ·•· .\·. . ' . . 

Any of the alko~:Ylated materiaUf of the particular· type described 

hereinafter can. be usfd as the nonionic surfactant~ Suitable compounds 
. . . . ,.. '•' '·•·, .. ... . . . . 

are substantic.lly water-sol~l>le _ l!;urfactants- of the g~neral formula: 

, R2 -·Y -··(C2H40)z - .. C2H40H ···· 

· · wherein R2. for both solid and· liquid compositions is selected from the . 

group cc>"nsisting of primary, secondary and.branched chaiifalkyl and/or 

acyl hydrocarbyl groups; primary, secondary ' and branched chain 

·. ' alkenyl hydrocarbyl groups;· and priniary,_ secoridary and' branched c~ain 

· .- , : alky~.;. and alkenyr.;.substituted: phenolic· ! hydrocarbyl groups; said 

hydrocarbyl groups having a hydrocarbyl chain·: leagth of from about 8 

to about 20, preferably from about 10 to about 18 carbon atoms. 
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·More •preferably the. hydrocarbyl chain length· for Uquid compositions is 
from about 16 to about~18 'carbon atorris' and for~solid compositions 

·~ .. from about , 0 to about 14 carbon atoms~ '• 'tn 'the general 'formula_ for 
the ethoxylated nonionic slirla-ctarits her.in,· Y :iS typically -0-1 :-C(O)O-, 
-C(O)N(R)-, or -C(O)N(R)R-, · in which R2,· and :R~ wheri· present, have - . . . 

the meanings given- herein befor~, and/or R- can· be·hydrogen, and z i!S 
-at least about 8, preferably at least -ab~ut f()..11. · Performance and, • ' ' 

I 

-usua~y, stability of. the softener composition decrease when fewer 
ethoxylate groups are present. ' .·· 

: . . •' : .· .. · .. :: .. · .. : . ·. : ·.· . . 
The nonionic surfactants herein .. a_re char~cterized by an HLB 

·. ·· (hydrophilic-lipophilic ·balance) of from abo~t 7_ to . about 20,. preferably . . . . . . . ~ . . .. . . . 

from about 8 to ab~ut 15~. Pf course, by :de~ning R2 and the number of eth~xyla~e groups, the . HLB ~ the · ... surfaptant is,. in · general, ~ 
deter__mined. However, it is to _l)e .noted. that the nonionic ethoxyl~ed 
surfactants useful herein,. for conc~trated liquid compositions, contain 

· relatively long chain · R2 groups and are _relatively highly ethoxylated .. 
..... While shorter' alkyl' chai~· sui'factants• ha~~ng .· short ' ethoxylated grOlJPS 

"!8Y PO$S8SS the requisite HLB; they are not as llffective herein. 

Exa~ples of · noni~ni.c surfactants. f~·llow. The· nonionic_ 
surfactantS of this·· invention are not· lifriited to ·these examples. In the 
.examples,: the integer defines the number of ethoxyl (EO) groups in the 

- molecule. ·. 

Linear Alkoxyl~ted At~cihols .. · 

a .. · Uota( .. Primarv AlcObol Alkoxylates · . ·. 

The dec·a-, . undeca'-, .·.· dodaca;;,, .. · tetradeca~, 'and · pentadeca­
ethoxylates of n-hexadecanol/ and n-octadecanol having an HLB within 
the range recited herein· are useful wetting ·agents in the context ~f this ' 

' ' 

. invention. E~emplary e'.th0xylated priQ18fY. alcohols useful herein as the 

. viscosity/dispersibifify modifiers of·the· c~mposition.s_ are .n-C18E0(10); 
and n~<;:10EOC11).. The. ethpxylates·.of mix•d natural·· or· synthetic 
alcohol~ in : the "oleyi" : chain lerlgtb. range c· are als~ U$Cjtflll herein. 
Specific· examples; o~ , such .• materials iiicl!Jde oleylalcohol-E0{11 ), 

·. oJayJatcohol'."Eo n SJ, ~nd. 01ev1a1coho1. -~0<251. ~ .: .. 

.y 
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b •. Linear; Secondarv Alcohol Alkoxylates · .. - ... 

· .·.·The deca-. uncleca-, dodeca-, · tetrad~c·a:>J>eriia.~eca-, octadeca,., 
· · and · rionadeca-ethoxylates · · of · 3•hexadec~nol, ·· 2-b~tadecanol°, 4-
.. • elcosanol,. and 5~eicosanof having . and ... HLB. within . the range recited 

herein can be used as wettiog a"gentS in the -present invention . 
· Exemplary ethofylated secondary _alcohols ciln : be. used as wetting 
agents;-ih the present invention are: 2-C16Ed(11">: ·2~C20E0(.11 ); and-

.··.·· ... .. · 2-C1 6EOC14). . . . 
. ·. - ··:· .•: 

. ·· ..... . -· .· .. 
·-

-· Linear Alkyl Phenoxylated Alcohols- - ·· 

.· .. · As in the case. of .• the. alcoJlol alkoxylates,. th& .hexa- through 
· · · octada~a~eth~xyfates .. of .. alkylated pheools, · · partic~l;rly monohydric . - . : .. : . .. . . .· . . .. -· . ·: :. 

alkylphanols, having ·an Hl,.B witt)in the .range. reci~ed herein -are useful · 
as th.e viscosity/disp~rsibility mQdiflers _ o.f. the.: inst.apt .. compositions.·· 
The .· hexa- thr~ugh · octadeca-ethoxyiatas · o~ p-tridecylphenol, m­
pentadecylphenol, and. - the Ilka, are usefuJ . her•in. _Exemplary 
eth~xylatecf alkylphenols useful a~ ·the wetti11g agents of the mixtures 
.herein are~ p~tridecylphe~ol-E0(11).~ndp-p,ntadecylphenol.E0(18). . .. . . . . . ·::. . '· .... 

As ·used herein and·; as generally recognized in the art, a phenytene 
-group iii ~e:nonionlc formuJa is_ the .~quivalent ·of an·alkylene ~roup 
containing from 2 to 4 carbon atoms.·.- For present· purposes, nonionics 
containing· a phenylene group are considered to 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 Alkoxylatea 
The alkenyl.alcohols, both __ primary and secondary, and alkenyl 

.··.· phenols corresponding to those disclosed immediately herein above can 
be ethoxylated to an HLB within the rangtr·recited herein' can be used 

· ·:.as wetting ·agents in the present invention · 
··: Branched Chain Alkoxylate·s· 

... · .. _. .. ·. 

· .. Branched chain primary· ·and · .. secondary~ > -alcohols . which . are 
available :from· the :well:-known "OX-0" process can be ethoxylated and 

. · ·,+can be u~ed.a~ wetting agents in the present-invention. 
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a. strength additives: 

. ·Other -fypos of~· chemicais whtc:h may. be- added, .include .the 

strength. additives to."'increase the drv and wet "tensile strength of the 

tissue ·webs. · The- · present • invention may cQntain · ... as· an -Optional 

·component an effective .amount, preferably from about 0.01 % to about 

3.0%, more preferably ~rom about<0~2% to about ·2~0%.by weight, on 

a dry fiber weight basis,- · of a. water-sohJble strength additive resin. 

These . strength additive resins are preferably selected from the group 

consisting . of dry strength resins, permanent wet strength resins, 

temporary wet strength resins,. and mixtures thereof. 

:(al Dry strength ·additjves 

The dry strength additives are ·preferably selected from the group 

. co"sisting of. ~arboxymethyl 'cellulo~: resins, starch based' resins and -

mixtures thereof. Examples of;preft1rred dry strength additives include 

· carboxymetliyl cellulose, and. cationic.: polymers • fr(Jm the ACCO 

chemical• .family •.. such ·as· ACCO 711. and. ACCO 514, with ACCO 

. chemical family . being most. preferred. 'These materials·. : are available . 

commercially from the :American Cyanam~ . Co111pariv of Wayne, New 

~ersey. 
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.· fb). Petrrianerit wet:strength additives 
.. . . Permanent wet strength· resin$ · useful herein can be of several 

.. ·.type~~· .. Generally,. those. resins Which hav~ previously found and which 
will hereafter find utility in the paperniaking .art ·are· useful herein . 

. ~umerous .. exar1Jpl~s . are shown in the _:_aforementioned paper by 
-'Westfelt, incorporated herein by reference . . · .. : . . ' . - . ·. 

In ·th~ usual case, -the w"t. strength .resins are ·water-soluble, 
.. cationic materials. ·That is. to say,. the reslris are water-soluble at. the 
· ti~e they are added to the papermakinQ .furnish. -It is quite possible, and~ _ 
lJVBll tCJ be expected, that Subsequent events SaCh as dross-linking Will 
render the resins insoluble in water, -Further,. 'Some· resins are soluble 

.··.· ~nly 1,u·~der spec.ific. conditions, such as ·over~a limited pH range~ 
. . . , . Wet stre.ngth resins are generally_ believed to undergo a cross-

. · )inking ()r ott1er curing reactions after they have been· deposited on, 
.·. -\lvith'Jn, or among the papermaking fiber-5. · Cross-iinking or curing aoes 
~~t -normally occur· so l~ng -·as substantial amounts ··of water are -

.;_·. 

present. =-,. . -
. , . _ . Preft;tr,bly ~·the permanent wet strength resJn· bi~der mc;iterials are 
·~ect~d: from the· group consisting of pofyamide-epichl'orohydrin resins, 
polya~ryJamide, resins, and. mixtures thereof~ 

.-: ... ,_ . Of particular utility· are _the. various polyarfiide.;epichlorohydrin 
r~sins. These materials are low molecular weight.· polymers ,provided 

. -. with reactive functional groups such as amino, ·epoxy, and azetidinium 
group~. The patent literature is replete with'dltscriptions of processes 
fe>r mal(ing such materials. U.S.· Pat. No .. '3~ 700,623/issued to Keim on 
;October 24, , 1972 and U.S~ Pat. No. 3, 772,076, issued to Keim on . 
November :13, .. 197'.3 are ·examples of such· patenu·- and both are 

··incorporated herein bv· reference. ,;·.·. 

. .. Polyamide ... apichlorohydrin ·. resin.s • solc:i·' . under · the .· trademarks 
, , i · • Kymene 557H : and Kiymeoe 2064 by Hercules Incorporated of 

.. :.:··: 
· .. ,. 

Wil~ington, Delaware1 are particularly useful-in this invention. These 
... ntsins are.gen~raJly described in. the aforementioned: patents to Keim. 

· · Base-activated -polyafl"lide:..epichlorohydriri .- resins useful in the 
.pre~ent'inv~ntion are. sold-under th~ Santo Res trademark, such as 

_ . Santo: Res 31, by' Monsantc> Company 01·· St. Lc)uis/ Mis5ouri. These 
·: -: type~ of.materials are <generally described· in u.s~· Pat.)Jos~· 3,855! 158 

.i~ued to PetrO,vich on December 17; · 1974; 3,899,.388 issued to 
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Petrovich on A\;lgust .12, -"-1975;. 4, 129,528 issued to Petrovich --on 
. ""'December 12, ·1978; 4, 1-47,586 issued io-:Petrovich on April 3, t979; 

and·. 4,222,921 issued <to Van Eenain on September 16, 1 sso, all 
incorporated herein by reference~· · · · -

. . Other · water-soluble cationic · · resins usefUI herein- are the 
·polyacrylamide resins ~uch.··as.thdse· sold '.under:the· Parez .trademark, 
such as Parez 631 NC, ~y American Cyanamhf Company of Stanford, . . 

_:.; Cormecticu~. These materials are generally ;described ·in ~0.:.S. Pat. Nos. 
· . ~;556,93.2 issued: ·to·'. Coscia . et al • on January 19, 1971; and 

3,556,933· issued· to· WiliJams et·a1. on·Janu·ary.19, 1971, all 
· incorpor.ated herein· by· reference.· · · ·· · · · .... 

. Other types.of water•soluble'resins Useful in the· pres.ant invention 
include acrylic ... emulsions- and ' anionic~/ sfyrene.;butadierie latexes. 
Numerous ·examples ·of these tYP.ttS' of resins· are ·provided in U.S. 
Pat11nt: No. 3,844,880, &!e~sel~ Jr .. et ·.~I -~, issued October 29, 1974,_ 
.i11corporated herei~ -by re~erence~· 

Still other water-soluble cationic resins finding utility in - this 
,imnn:ttion are th~ urea formaldehyde a·nd "i11elamlne· formaldehyde resins • 
. ·These: polyfunctional, reactive polymer~:;have mcilecolar weights on th~ · 
. ortt~r ot a tew. thousand~ The ·more com~on· 1onctiona1 groups include 
. nltr~gen containing groups such as amino groups and methylol groups 
attached. to nitroge_n~ 
· .· Although less preferred, polyethylenimine type resins'find utility in 
the pres;ent. invention. · · · · · · · · 

... Mor.• complete descriptions of·· the aforementioned water-soluble . . 

. resi~s, including their manufacture,· can' be found in TAPPI Monograph 
.Serie- No.· 29, Wat Strength In Paper'' iind· 'Paperboard~ Technical 
-Association of the Pulp and· Paper Industry :(New York; 1965), 
incprpor21ted . .herein by reference. · As used herein, the te~m ·.•permanent 
wet ••s;'l9th resin• refers to . a resin which·· allows the paper sheet, 

. · 'A'hen.,placed in an aqueous mediµm, to keep a ·rnaj()rity of its initial wet 
strength for a period of. time greater'- than: at least·two minutes~ 

fol Terrtporary wet Strength addjtives . 
The at>~ve-mentioned . wet ~trength· additives·' typically result in 

paper .. ~r~ducts with permanent :wet~streng~h,. i~e., pap~r which when 
· pla~ed in an aqueous ri;edil!m retains. a substantial p~rtion of its initial 

\Yet .str~ngth over time. However, permanen~: ·wet strength~in some 
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·• tvr>~• of paper, products can be ao un~ecessary and undesirable 

property •. Paper products such as tc)ilet.· ti.ssues, ·.etc., ··are generally 

disposed of after briet periods of use intQ septic systems and the like. · 

.. •.Clogging of these. system~· can result if. the paper product permanently 
. . 

retains its . hydro.lysis-re~stant. strengt!! properties. · More recently, 

. maquf~cturar~ hav~ added tamp~orsy wet strang!fl. additives to paper 

.·. products fo~ ~hi~ wet strength is.su~cient for.the intended use, but 

. wh.ich then decay_s &JP.on· soaking in water. Decay of the wet strength 

. facilitatesJlow of the.paptuproduct through.septic systems~ -

Examples .. of .· suitabl_e temporary wet- strength resins include 

m_odified starch .temporary wet . strength .. agents, such as National _ 

Starch.· 78-0080,. m.arketed PY the National Starch and Chemical 

· Corporation (New York, Ne·w Yor~). _This tvP.e of. wet strength agent 

-can be mad~ by. reacting . dimethoxyethyl .. N-inethyl-chloroacetai'.flide 

. with ca~ionic starch polymers~ Modified starch temporary wet strength 

ag.ents are also .described ·in U.S. Pat. No. 4;675,394, Solarekt. et al .-, 

i~sued June ·23, 1987; .a~d incorporated ·herein :by-Mference. Preferred 

... tem.,prary wet strength reSins. include those ~escr~bed: ·in U.S. Pat. No. 

4,981,557, Bjorkquist,. issued-- January· 1., 1991, . and incprporated 

herein 'by .reference.. .. · ·• · . . 

With resp~ct -to the _classes and specific, examples of- both · 

. permanent and. t~mpor;1ry wet strength >resins listed· above, it should be 

understood. that the resins list~d ar• exemplary in nature ·and are not 

. meant to limit the scope of this invention. · ~ : . .· ·. : . 

Mixtures o.f compatiblEt w•t strength resins carL also be used in 

·the practice of-this inventi,c:>n~ '. ·: ·:· .· ·.·. · .. 

. . The above listings of optiooal chemical. additives is·intended to be 

.. merely exempla.rv in: nature, ·and are not meant:to limit the scope of the 

· inveQtion. ·. · : .":_.;' · ... 

·.·' . 

. The following example. illustrates the practice · of the present 

.· .· ·il'.lvention but are not intended to be limiting.thereof • 
. ·· .. ;. :_·. 

EXAMPLE 
·: ';"·" 

. A pilo.t scale. Fourdrinier · papermaking · mactj"ine· is··. used•·· in ··the 

practice·.of ·~e ·present invention. A 3% by weight· aqueous sllir(Y of_ · 
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NSK ·· .·(Northern Softwood Kraft:'··· · · ·(such: . as 'Grand ·,. Prairie- from 

· Weyerhaeuset.· Corporation of Tacoma Washington)) is made up in a 

· . conve~tional· re-pulper; ··A 2%' ·. sorution of ihe tempo(ary wet strength 

resin (i.e., National ~tarch 1a;;;ooacf ·markt!ted by·· National Starch and 

. Chemical corporatiQn :of New;. York.,· NYl is ·addecl to ttie NSK stock pipe 

at a rate·. of ·O. 75%_ by weight~of the dr( fibers. ihe ad~orption of the 

temporary wet strength~resin ·onto -NSK fibers is enhanced by an in-line 

·· mixet •. 1lle··NSK slurry is ·dnl.lted to about C>.2% cr.tr1sisten·cy at the fan 

pump~. A 3% by weight·aque.ous slurry of·Eucalypfus~(such as -Aracruz 

.. of Brazil) fibers is made' up in a conventional ·ra.:·pulpci,.r. ·The Eucalyptus 

slurry is diluted· to about 0~2 % cori$istency' at the . fan :_pump. . The 

· individual furnish components ate :sent to separate layers (i.e., euc. to · 

the . Ollter layers and -NSK irl' ·the canter layer) in the . h~ box and-

. deposited :~nto a Foudrlmer wire to forrif :a: three-layet. embryonic web. 

. Dawatering occurs thJ~i.igh the ·fourdririler wire and . is assisted t;Jy a 
· deflector. ancfvacuu~ boxes. ·.··The ·t=0urdrinier' wire is '~f 'a> 5-shed, satin 

weave . con!iguration :· haVing .· 33 milchlne~di'rection : and .. · 30 cross­

. machirie-di~ction monofilaments- ·par· centimeter,· respectively. The 

· embryonic wet web is transferred from· th~ -Fourdrinier Wire, at a fiber 

consistency of about 18 % at . the point of 'transfer/ 'to _a second 

papermaking belt~ · The' second papermakihg · belt·. ·is an endless belt 
having .: the: pr~ferred ·.· network' sumica' and deffection .. co'ndufts. The 

· papermaldng belt is made by forming· a photo;.po1ymeric· ·m1twork on a 

foraminous woven element made of polyester and having 14 (MO) by 
12 CCD) filaments per centimeter· in 11 'four shed dual layer design · 

according to the process disclosed· in U.S; ··No. s;334,28S issued to 

·.· Trokhan •. The. filaments ·are about: .22 mm in diameter machine­

direction ·and ~28 · ·. mm ·in ·· diameter cross;.machine-direction. The 

photosensitive resin used.In the .process is Merigraptt resin EPD161 SC, 

a m~thacrylated-urethane resin marketed by Hercules~ Incorporated, 

Wilmington~ Delaware; The papetmakli'lg belt is about. 1.1 mm thick. 

The embryonic. :web i~ carried on: the ·papermaking ···belt past ·the 

vacuum dewatering box, through blow-through predryers after which 
the~ web is transferred ·onto a Yankee dryer.·. Th_!ii other process and 

machine conditions are 'listed b8iow •. · The fiber consiStan.cy is about 

27% 'after --the. vacuum dewa~ing box 8J1d, by·· the· -action of the 

predryers, abo~t 65% prior to transfer on:to the Yankee ~er: creping·· 
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adhesive comprising a 0.25% aqueous solution ·of polyvinyl ·alconol is 
· spray applied by applicators:. th~ fiber consistency is inc~eased. to be an 
estimated 99% before dry creping the web with a docfor blade. The 

· doctor blade has a bevel angle of about 25 degrees and is positioned. 
with respect tcf·the \'ankee dryer ~() provide an impact angle of about 
81 degrees; the Yanka!I dryer is operated at aboot 350°F (177°C); the 
Yankee dryer is opt1rated ~t 11bout 800 . fpm (feet per minute) (about 

· 244 • ~eters. per minute)." ·· Th~ dry ~raped web· is tf1en passed between . 
··two calendtu rolls .. The two cate.ndetrolls ar:e biasf:td together at roll 

weight and operated 21t surface sp(leds of 660 tpm (about 201 · meters 
. per minut~). .•. The calendered web is .wc;tund . on a reel (which is also 

.. ·•.· .. op~rate~ at a.su~ace speed.~f S(;O fpm) and. is tt1e~. ready for use& 
An. aqueous solution containing a plasticizer-•mulsio·n mJxture is 

~ontinuously ii)plied .. ·onto the paper-c~ntacti~sT .· surface -of the 
.· papermakiJ1g· .belt via an emulsion distribution roll · before · the 

... · ·.·. paperm.aking belt' comes in contact .. · with . the embryonic . web~ The 
. aqueous ·emulsion applied by the .. dfstribUtion- roll. · on~o the defle-c;:tion · 

. member.' contains five ingrediet,f$: ·water/ Regaf Oil (a high-~peed ·_ 
·: • turbine oil marketed-.. by the Texaco Oil ·compa~yJ, ·ADOGEN TA 1 oo (a 

distearyldimethyl ammoniuti'I. chlorid~:: •una~ta!'t: marketed by the. Witco 
Corporation, cetyl· alcohol (a. C16 linear fatty alcohotmarketed by The_ 
"Procter & Gamble Company)and glyce~ol~ ·.The relative proportions of 
the fiva ingredients are as follows: 6.1 % by weight Regal Oil, 0.3% by 
weight Adogen~ 0;2% by·. weight .cetYI alc()h~I, i1 .1 "- by weight of 

·.·glycerol, all'd the remailider•:water. To for~ the emulsion oil· phase, the 
·: emulsion ·is fltst rnix$d with •'ah•·.· surlaCt.21,hts . listed ~bova, and finally 

,. . . . · .... 

with water and glycerol. • The volumetric flow rate of the aqueous 
. emulsion: applied. to the pap~rmaking .belt .j5 about 0. 50 gal/hr .-cross-
· direction ft.· (abc;tut 6.21 liters/hr~meter). ..The wet. w"eb has a fiber 
consistency· of about 25 %, t(Jtal w~b ·W~ighl basis, wtien it comes in . . . . .. , . . . 

·.contact with the aqu.ous emulsion. . ··. 
· ... • ·, / · · The web is converted in~o a· one ply .tissue· paper product. The 

· ·· · tissue j>aper has about 18 #/3M Sq Ft·-ba·sis~ weight, contains· about 
·· . ·< 1 % ~f the.glycerol, ... ab~ut i %··o! the :Rtlgaf oil and abou_t 0.2% of the 

temporary wet strength=-re.sin. · · lmportahtJy; ·the resulting tissue paper 
is soft,. ab$orbent and i; suitable· for use as fjtcial and/o~ toilet tissues . 

. :·· .. 

.. ··: :·.: . 
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1. · Tissue paper ch~aderizedin that if comprises; . . · ·. , . •·. ·. '·. . .. ' . .· ;. . . . '• .. ·..:...:. .. 

a) wet-laid cellulosicfibe~;· · · ··- ··· · · · 

b) ,' ~m 0.01 % to 5%. df ~ wat~fsOluble_ ·Pol·yhydtcl~. compound, 
· bas8cl •an ·the .dry 'fil>er· weight otaaid:~ti~o~ :p8P&ri wherein said 

- polyhydraxy' compouncf· is ·-pref~~bl~ ·. sel~ctecf ··._from'' giycerol; ' 
· · po.lygtyc8r01~ having 'if Yle~ght ·a~erag• .. itio_1$&.1:ai Weight from 1 so to 

·. 800, .. 'polyoxyethyien~f · glycol·· · ri · t)oiyoxyp~pyl~n~ · glycol or 
polyoxyethytene. · 1·,:·pc)1~n)py1•1ie· ·. giyci:;r_·: CclPOlyme ... ·. having a 

· - · weig~r·average molecalaf -~ight ftiom~OCI 'to :1 Orio, ·· -~ mixtures ·· · -

2. 

......... 

c) .· fr~~ 0.01 %- to s%_ 'J. an oil se~ect~ from_ ~~leum-based oils, 
... P!3lYSiloxarHt-based_Qits~ and mixturits the~1 .ba8'(t. ~ #le- dry "fiber 
~ighf of· .. nld tis~'ue paPf'ri .vA.lliiti s~.id,, Petrol~un"H>asecf oil is 
pr$terabiy • petr01eum~Md. turbimt oil . compos•d primarily ot 
saturat.d hy~~Q.rbcJ,,s;~ ·. ·· ··· . :. , . · · · · · · 

·' ···..;.·· 

- Wherein .said tissue paper has a· basis wetght of from 10 to 65 · g1n;2. 
anc:I a density of less than·O~eo glee~ ··. · · : · . 

The tissU, s:>aPe.r of Claim t Whe119in ·said polyhy~roxy CQRJ>OUnd is a 0

polyoXyelhyien~ _g1yC:01 'having'' a ~ight avoi-age moJe,~lar weight 
fror11·2o0 to 1o60, more Preferably --~Oht.~verage mtilecular weight 
irom2oo·taeoo~ · · · ·· · · .· · · ·. · · · · 

·., .... ··':':·: 

'' s~ The tiSSUEfpapet of Claim· 1 ·vmere'ttr!aid pOlyhydrdxY 'compound is a 
-· mixti.lte 01 ·g1ycero1···. and·· polyoxyethytElne glycol ha~ing· a weight 

·. ·average molecular weight m;;n 200 to 1 ooo~ : · ·· · ·· ·· 
. . · ... ·~ .. ·,· :·. . ~ ... 

t ' ' ' ,' 
4. . The ~issue paper .of Claim- 1. wh'r$ip saicfpolyhydraxy compound. i!5. .. ~ 

. mixture of palyglYce~ls h•vfiig . a Ylfti_ght 8-Ve~gt.J mQl~lar ~ighf ·. . . . 
from 1 sci to 800. a_nd pol~f,J~yle11.e gly~thaving a_ weight· average .. 

. molecular~ightfrom2oo.to 10()0.. . · · · 
·:.: •' ··. 

·.-=· 
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5. . . The tissue paper of any Of Claims 1 - 4 wherein said polysiloxane-

.. -·. 

6. 

. . .. 

based oil has an intrinsic visc;:osity ranging from· 100 centipoises to 
· 1 ooo centipoisas:_ 

. . 

The tissue papet:_ of ariy · of Claims 1 -- 5 further comprising an 
effedfve amo~nt •·~ a· strength additive seleCted ·from permanent ·wet _ 
strength resins. temporary wet strength resins. dry strength resins, 

- and mixtures thereC>f. 

. 7. The tissue . paper of Clai~ 6 VJhereira..said strength additive is a 
permanent W8t strength_. resin, Wherein saicf-permanent. wet strength ·· 
resin· is preferab.ly selEtcted .. frOm polyamide-epichlorohydrin resins, 

. polyacrylamidtt. resins,· : and mixtures thereot, most preferably a 
· polyan,ide~idilaroh~rin ·resin. · · · · 

+ < . 

e ... · Th• tissue ·pap.... of clain1 e Wl:lerein said strength additive is a 
te~pgr~HY wet ~trength. resin, Wh ... in. sai,d temp0rary wet .. strength 
.resi~ Is preferably a starch-based temporary wet strength resi_n. ·. 

- . 

. -9. The tissue ~per;·Of Claim 6 wherein ·said Strength. additive-is a dry · 
strength' resin •.• rein said dr)f ·strength .resin is preferably selected 
from c;arbOxymethyl ... cellulose. resif1s.,.: ·starch ·based resins, and· 
mixture~ thereof.most preferably a' ~ettlyf eellulose resin. -

10.· The tt$sie paper of any at cJ8iinS 1 - e whiire~ said pcilytiydraxy 
compound and said oil havir-g been applied to. at least one surface of 
a viet tissue paper· Web,~ 

:·,; 
·. ··.: .. 

. : -~ 
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