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1 MULTI-PLY FACI AL TI SSUE PAPER PRODUCT COVPRI SI NG CHEM CAL SOFTENSdz5-5 s
COVPOSI TI ONS AND BI NPER MATERI ALS FI ELD OF .THE | NVENTI ON - Thi s invention
relates to nmulti-ply facial tissue paper products. Mre particularly, it
relates to multi-ply facial tissue paper products conprising chem cal

sof tener conpositions and a conbination of wet strength binders, pernanent
and/or tenporary, and dry strength binders. The treated tissue webs can be
used to make soft, absorbent and |int resistant paper products such as

facial tissue MYHTRLY FAIALHSSYERPAPER PROBUGDCOMPRISING SHEMIGAE! s |

sonetines called tisSGFTENING CONMPOSIEIONS AND BINDHFE MATERIZVE ensi ve use
I n nodern society. Such itens as facial and toilet tissues are staple itens

of conmerce. It has |ong be ed._t_ha-t—-t-our-l-n:per-t—ant physi cal
attributes of these productg areﬁiﬁ@f\ Fbt PHEGUER, thélr softness, their
absorbency, incl.uding their &surbiptioy : paredaducoresd sfens; and their |int
resi stance, including their ., KGtinesi st ancd .Fhetw paetd .MRespar ch and

devel opment efforts have beery/ dirieiot@p : pmotuhéhwmamn‘é of each of these
attributes without seriousl yvaf foectdt ng : phgedot feropagsd wal] as to the

i mprovenment of two or three jaf iy byt excgipel taneously. St rength is the
ability of the product, and %twmww ai n physi cal
integrity and to resist tearing, bursting, and shreddi ng under use
condi tions, particularly when V\eﬁ[ELﬁ%FWlNQENmFaCtI | e sensation
per cei ved by t he consuner as he/she hol ds particular product, rubs it
across his/her skin, or crunples it within his/her hand. This tactile

sensation is prothdednbgnﬁomoala"temttbanullf-pwef'&’all tiggues ipaper mroaemL eMore

by hose. sk 1 LE0lac; IR TeatB e AOEply? el HE8Ge Hidboet°iddlicsy €GP
snmoot hness dﬁtﬂm@m sgﬁeyebfcommoq@m andba feasmbination mihuvqir stidengthi bindeds,.
Stiffness, |gedwdrivnt dndfsHabiporas dRI aﬁrtﬁr%tﬁlﬁﬁabhsv CPRE RfEbd Ofissud

drytensHe Sté %é‘n evveb and t he bers
up the web. pe ‘45§ d; 1 Makesseft. abserbentand higt Eﬂs'%iaﬂﬁcﬂiﬁ’@f praducts: s
constituent swibsas faciabtissue prodducts.i es of |iquid, particularly. aqueous

BACKGROUND OF THE INVENTION
§

Paper webs or sheets, sometimes called tissue or paper tissue webs or
sheets, find extensive use in modern society. Such items as facial and toilet
tissues are staple items of commerce. It has long been recognized that four
imponént' physical attributes of these products are their strength, their
softness, their absorbency, including their absorbency for aqueous systems;
and their lint resistance, including their lint resistance when wet. Research
and development efforts have been directed to the improvement of each of
these attributes without seriously affecting the others as well as to the
improvement of two or three attributes simuitaneously.

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

Softness is the tactile sensation perceived by the consumer as he/she
holds a particular product, rubs it across hi?/her skin, or crumples it within
his/her hand. This tactile sensation is provided by a combination of several
physical properties. Important physical properties related to softness are
generally considered by those skilled in the art to be the stiffness, the
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sol utions or dispersions. Overall absorbency as perceived by the consuner
I's generally considered to be a conbination of the total quantity of liquid
a given mass of nulti-ply facial tissue paper will absorb at saturation as
well as the rate at which the nmass absorbs the liquid. Lint resistance is
the ability of the fibrous product, and its constituent webs, to bind

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

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

will be. Thesmmwémwthrﬁésrs% fubriestynsf the papenaent frions Wiiclyithe grodupaser

mater al s artdPsontogss: HefR funtal, fapidR joofE ReBHDfdnoaeht o the
Technol ogy, dhyl 1emsila Sireagtip o abe gveb szg (hlagst@f)fneﬁ ef the Kibers ezvhmhrmake up

Pat. No. 3, 7fpe we8. i ssued August 28, 1973 mantlon that certain chem cal
additi ves knovvn % debondi ngsoggents i nterfer t he .nat ur al

fiber-to-fiber RSQIGePRkt Br SGRTH % g°5h q%‘l‘%tqfoﬁ iRTOgYRL: andkiityy
processes. Tdéorsstiteenict websj ntdooabisorh |gsogities cofsdiquid, particetariyhaagleous

sheet of pap&{lutlgﬁg'o s tﬁ'&io‘%' (ﬂ@rﬂpaég%rtb%?ﬁﬂ el'bsé?v&f bﬁhé&&ﬁ%@r is

resins in conjuncti ndi
undesi rabl e @Qﬁ&!@ﬂ‘é Qﬂﬂstdﬁedelﬁblbel ﬁgcngmaglomnés edé%@hcﬂ#ﬂj‘tﬁyeﬂf digyid a

reduce both ¥nttﬁﬁ'§§ bﬁn’ﬁ]lfu?ﬁﬁtfbc@ndsm phpes Wilk abkof gt Batrativh dswdliSs
Pat. No. 3,8 SS.U | so,teaches that chen cal:

debonders ca %?&d”?'& tgﬂmsﬁ ﬁgs%"?’ ftpﬁg’sqs,udand t hus enhance the
softness, of a tlbatmes,:amcemtthe@téiitﬁycaf tUeUMdusungageﬂt.sanmm constituent

di scl osed | nw\éﬁﬁ' 38%15@&?‘%’&?&39?&'&%@@ ¢onaiti6Rs, ld&dlﬁg%ﬁeﬁ%t. #¥ Wiflef ©

Hervey et al . anuar 1 ese materials Inc uat er n%é/
anmoni um sal W@féirc?heab' dhﬁllmtfﬁﬂséﬁﬁﬁﬁnlﬁmﬂ"e lopyRrihegeropensity of the web

ol eyl tri met hid meiemi Ba) chloride, di(hydrogenated)tallow di methyl

AT LS. Cpat  TRB usR of e sheRBHL fesihap Anhace 8o trandifiieh £ p3R8E o
conpl ex quat srwidely knnwn LﬁnroexaumladWe;stt dsscnbéﬁ a m:umber of such materials
bi Eg al koxy (2, g! o s%é%?& QR¥ %’F\%}Tgﬂtﬂgﬁﬁmb}’om@ Bha"télind) &%\So'ffbﬁ%e

These a hors er cCone an ecrease I n r'benc

caused by théSd@tsomnasS 8t1|$r§%§h(1t9r’(§>u§ée*marhom @h. in 445 achtarN% SulPd
et hyl ene oxi gguaddaggesykenelgrd dserdiih ¢hat ekrtadi Iohedticaihatigitives known as

debonding agents interfere with the natural fiber-to-fiber bonding that occurs
during sheet formation in paper making processes. This reduction in bonding
leads to a softer, or less harsh, sheet of paper. Freimark et al. go on to teach
the use of wet strength resins in conjunction with the use of debonding
agents to off-set the undesirable effects of the debonding agents. These
debonding agents do reduce both dry tensile strength and wet tensile
strength,

Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974, also teaches
that chemical debonders can be used to reduce the stiffness, and thus
enhance the softness, of a tissue paper web.

Chemica! debonding agents have been disclosed in various references
such as U.S. Pat. No. 3,554,862, issued to Hervey et al. on January 12,
1971. These materials include quaternary ammonium salts such as
cocotrimethylammonium chioride, oleyltrimethylammonium  -chloride,
di{hydrogenated)tallow dimethyl ammonium chloride and stearyltrimethyl
ammonium chioride.

Emanuelsson et al., in U.S. Pat. No. 4,144,122, issued March 13,
1979, teach the use of complex quaternary ammonium compounds such as
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Armak Conpany, of Chicago, Illinois, in their bulletin 76-17 (1977)

di scl ose the use of dinmethyl di(hydrogenated)tall ow amoniym chloride in
conpination with fatty acid esters of pol yoxyethylene glycols to inpart
bot h softness and absorbency to tissue paper webs. One exenplary result of
research directed toward inproved paper 3webs is described in U S. Pat. No.
3,301, 746, issued to Sanford and Sisson on January 31, 1967. Despite the
hi gh qual i tybisilallfmpdﬁ-hmexmepbgeneheqmgms desaonibeatd dmr}i]dfé§ toaiseiten
and despite CORESE & S r )
research ef f‘xc;??ss g re tg e ‘t’%u?%‘ﬁdi&rt\ghp? t?oz\*/\g%fégﬁ%rdg@?s{%gggeéecﬁvﬁ%f%ﬁ&ﬁm%r
exanpl e, Bed@msed; by the debprders,throngh’ the) gge mfsnoniosie susfastenty swch 2§79,
descri be a rethplethet dveivie camat propylénd okidenadd s @fFattyQfiéohdis br ous sheet .

Mo i fi [ t hagt { t f ti 3

Lot ch . have. TAThAEYChERGRY, W, chitacdl | A B sfel StGeDIR5! Aot o)
can be enhamtisglos® 2haciseng! dimathyl gilbydengengteditalioyrdramenaimt tidoridd iho a
crepi ng suricapsbinationfwith fadty atiedsirs %?Q%W@i\{é}}ﬁyﬁngoél%aﬁ {PIfhpaR! bdruch
as an acryllcﬁﬁgx,}r{;ﬁbger enul sion, a water soluble resin, or an

el ast omeri c SBEVRSS PR AR RENCYAPHSSHEPIRALWERSrer ed to one surface of the
web and to the crmé nexesoplaayeresult lof fesearcratdissored towandgenpibvedngaper
creping the el i QRkENFed ifR).80 Pl L3 5011 948 A<HRE3h SBARII L L SieRD)

Convent i onal quater na% ampni um coirpounds “stch
di met hyl am®$nHanvay 84, (1267. Besnite dhedhight ayalitynefonapen websr miade by tthel ow

di methyl amppocess rauskyibegUid 2hR pdidrty dampeiiabnd) e 'é&%ﬂh%smhcééﬁi'ﬂfum

O e B Be B A Hoe ab SPeesran s, Hmcsey  af oo e
absor bency déhprored peadactsteper comtiruedippl i cants have discovered that - = .
gl ycerol | palyal o yeraier SHEEPRPRL ) B et NGy RIS kM B Sanfad s
and absor ber ‘Fé?@v seseribe q ehetbodutheye contend wilk formfastrongt soft, t fikrouse
of chemi cal snekt.cNiohe spetHREIly, RSy REBH hRaDthedsHEAREH BRGY t&%ﬁe% r web
corrpound ang ?\i‘ﬁglﬁg droxg §orr$oun% ggn depreasedt he strength and t edi I nt
resi stance oY af'B4epRpED SRuened\ By i the,addition ofi shemmigal debandipgt h
strength andgents) carsibet emluanceh bigeadhgyinay adlring pedoessihg! neuSilirfade of tBe Of
sui tabl e bi gogy faatae@r@ﬂ)iﬁgsgﬁn‘a@ Weh #RE Phdertdd Wdhgement by a bonding
material (such as an acrylic latex rubber emulsion, a water soluble resin, or
an elastomeri¢ bonding material} which has been adhered to one surface of
the web and to the creping surface in the fine patterned arrangement, and
creping the web from the creping surface to form a sheet material.

Conventional quaternary ammonium compounds such as the well
known dialkyl dimethyl ammonium salts {e.g. ditallow dimethyl ammonium
chloride, ditallow dimethyl ammonium methy! sulfate, di{hydrogenated)taliow
dimethyl ammonium chloride etc ...) are effective chemical debonding agents.
However, these quaternary ammonium compounds are hydrophobic, and can
adversely affect the absorbency of the treated paper webs. Applicants have’
discovered that mixing the quaternary ammonium compound with a
polyhydroxy compound (e.g., glycerol, polyglycerols or polyethylene glycols}
_wiii enhance both softness and absorbency rate of fibrous cellulose materials.

Unfortunately the use of chemical softening compositions comprising a
quaternary ammonium compound and a polyhydroxy compound can decrease
the strength and the lint resistance of the treated paper webs. Applicants
have discovered that both strength and lint resistance can be improved
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resins and retention aid resins known in the paper making art. The present
invention is applicable to tissue paper in general, but particularily
applicable to multi-ply, nulti-layered tissue paper profficts such as those
descri,bed in U S. Patent 3,994,771, i ssued to Morgan Jr. et al. on
Novenber 30, 1976, and in U S. Patent 44300,981, Carstens, issued Novenber
17, 1981, both of which are incorporated herein by reference. The nulti-ply

faci al tissuhrguaglethpreshlof ssuifabld coipders atterialy esiicdhoas cwet and ary etdepgth ve

anount of , rar conbined with
dry strengt Bﬁﬁ‘%@p%}g%gﬂﬁ‘olregﬁ%trk?@gman%h %pér '?'FQ'Q? %lrﬁe l oss in
tensil e strength The pfagent évegntiary is rQﬂﬁ"Pﬁbleui@ UssuenhPaprerincaenerdl.t dut ng
conposi ti 0n%ar%ﬁmﬁc%ﬁéilﬁablbttd‘ﬁﬁllﬁw frmmhytel?ea tisdBe GsHper rabugats)ﬁumt h

ot oves (st LIS, S43THEY, RoDcSiahPiett Soad iy wHifHot Masses o At Aok °
Thi s resul t Novermber 03@d $976neand cin tWS. nﬁatentpwaoaxﬂaa] massmaspaq_seued
product. Thing, GGhbeFs9, wwfovsaﬁ%;@mch%ré Wé&?gérd{ @%% %g,mfﬁ&%bng

i nprovenent 1 n one or | oW n
flexibility, the Ehq gpelti-ely faeipk itissuat p@perf PFQQH“BH ) GhBrpfﬂWﬂ JnygnEen

scgr]face srmcadmp as ahs etfeftive! aount &f wetlsgangtﬁ ermaﬂe:@ng\erﬁw\@nt Paydfoe S

nt erence rocee a 1 N
reference). ‘?mé’qf% g§%®§ g’r%‘éﬂﬁ g?‘é Z'??f‘pﬁhqé&l%{gc@ ?ﬁr Pﬁ{} $|§rlqy%f & no
addi tional toffsatl the dess vier $QI§I|& stresgth.pifpenys heetultmgrfrem wthehuse ohahe
conbi nat i on én‘ Bf’%g@ﬂi h@)osTt'Uﬁs Uﬁé)kﬁ@(ﬁé&l the magfh &(y RSurd RARL 'thé: es

with m ni mal It1on acts r oduct r ocess.
an obj ect ofCQ'HPg'altWeﬁhftp t"@tp?"b@ﬂQiB bisders..parananant anddor temperaty s padt

mul ti-ply femvalstier@uebms impcbu@ss thét rétenfibA0oft fnartémm@b; esafteﬁ.ng hi s

mul ¢1-ply Aot Renysl HE §heat ol Esiin 38 dprdvaR safthass o Ind, PRV
obt ai ned usifagial htispuespaper rreductn, This sdftnesse improveraent wa@pphﬂ eﬁmﬁerom
a reading ofy ﬁ&gs{&id ;PW ngﬂgsgﬁﬁ@%ﬁuenww% & midre bW% aCT gerent

I nvention provi aes so resistant multi - tISSUG

paper produd!'!‘?PGbﬁﬁﬁrl sthey fiepbilitymkthey slimsstick crefficent s‘bfftﬁfﬁtw and/or
conposi ti onsptiyiiolag mmw%m&mﬁﬁbwt(w@wﬁpuwm rsteats, 1991 ¢nternational

per manent arpla/‘?err {’ﬁ\?g aéagﬂfe?enrgcedi’)(ocseterdenng%t hbo ' nqe pageB{éEf 55 |3§orp8|haetghcal

herein by reference) The increased softener retention is accompanied by little
or no additional tensile loss versus a tissue paper sheet formed without the
combination of binder materials. This maximizes the softening capabilities
with minimal additional negative impacts on the product and process.

It is an object of this invention to provide soft, absorbent and lint
resistant multi-ply facial tissue paper products.

It is also a further ob}ect of this invention to provide a process for
making soft, absorbent, lint resistant multi-ply facial tissue paper products.

These and other objects are obtained using the present invention, as
wili become readily apparent from a reading of the following disclosure.

-1

SUMMARY OF THE INVENTION

The present invention provides soft, absorbent, lint resistant muiti-ply
facial tissue paper products comprising paper making fibers, chemical
softening compositions and a combination of wet strength binders,
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sof teni ng conposition conprises a'mixture of: (a) from about 0.01% to
about "3.0% , of a guaternary ammoni um conpound having the formula [err]
wherein each R2 substituent is a C1 - C6 al kyl or hydroxyal kyl group, o

m xture thereof each R substituent is a Cl4 - C22 hydrocarbyl group, or
mi xt ure thereof; and [err] is a suitablse anion; and (b) from about 0.01%
to about 3.0% of a water sol uble pol yhydroxy conpound; preferably selected

fromthe glrowrmtsénmr oémgbwe{) ehd dltglostgé brmhagt(};gvm%f@ }’tﬁég'menrt]xclal
aver age nol ec m about t 0 ghout and pol yoxyet hyl ene
gl ycol s and ?)% %Q%%‘?s’éﬁg‘ fsfsh"‘am"hté”ﬁ (&EI ght average nol ecul ar

wei ght from about 200 to 1000. Preferably the weight ratio of the

quat er nary amjmmﬁmrp%mumbmf%h?o Pabyiy d8 W% oMU t
1.0: 0.1 to O. 8 |t heﬁ ?een di scoveredqj@ﬁ’at t he gﬁg{nﬁgg SO n@ﬁgp
conposi tion ‘F%’“HBP@ &eving IR 18 t he pol yhydroxy conpound and the
guat er nary anmoni um conpound are first pre-m xed together, preferably at a
tenperature of at |dast 56 [err], beflore being added to t he paper maki ng
furni sh. Exanpl es off ggaternary ! ri um conpounds suitable for use in the
present invention inclutie thegl - kqown di al kyl di met hyl anmoni um sal ts such

as Di Tal |l ow Di Met hyl} A | ori de (DTDMAC), Di Tallow Di Met hyl Ammoni um
Met hyl Sul fate (DTDYAMS), dr oger]at eﬁ) Tal | ow Di Met hyl Anmoni um Met hyl '
Sul fate (DHTDVAMS), |Di (Hydpogenat ed) fal | ow Di Met hyl Ammoni um Chl ori de
(DHTDVAC) . Exanpl es jof potf'yhydnoxy cdnpounds useful in the present

i nvention include gllycRpl, polygRycqrols having a weight average nol ecul ar
wei ght of from about] 150 to about 80(Q and pol yoxyet hyl ene gl ycols having a
wei ght [err] 6 avETage nol ecul ar—wei ght of from about 200 to about 1000,
wi t h pol yoxyet hyl ene glycol s having a wei ght average nol ecul ar wei ght of

from about t ZMePanaémiﬂ F@O@ubeng@trﬁnef@rcted CBhalkydrap hyaﬂﬁtyamaflegﬁ:dw éhe
vari ous wet an St I 1 U1 n
art. These naY ereﬁfﬁr g@‘g‘ e W%ﬁ‘r‘%’iﬁ §§£156’:§ fwhﬂa&%wgbgé?”%%

of the presetmnxtum/elnereoft andwed{"| isas soitablecarsionj agdany decrease in tensile
strength caused by chem cal softening

(b) from about 0.01% to about 3.0% of a water soluble polyhydroxy
compound; preferably selected from the group consisting of giycerol,
polyglycerols ha\}mg a weight average molecular weight of from about 150 to
about 800 and polyoxyethylene giycols and polyoxypropylene glycols having
a weight average molecular weight from about 200 to 1000.

Preferably the weight ratio of the quaternary ammonium compound to
the polyhydroxy compound ranges from about 1.0 : 0.1 to 0.1 : 1.0. It has
been discovered that the chemical softening composition is more effective
when the polyhydroxy compound and the quaternary ammonium compound
are first pre-mixed together, preferably at a temperature of at least 56 °C,
before being added to the papermaking furnish.

Examples of quaternary ammonium compounds suitable for use in the
present invention include the well-known dialkyldimethylammonium salts such
as DiTallow DiMethyl Ammonium Chloride (DTDMAC), DiTallow DiMethyl
Ammonium Methy! Sulfate (DTDMAMS), Di{Hydrogenated)Tallow DiMethyl
Ammonium Methyl Sulfate (DHTDMAMS), Di{Hydrogenated)Tallow DiMethyl
Ammonium Chloride (DHTDMAC).

Examples of polyhydroxy compounds useful in the present invention
include glycerol, pelyglycerols having a weight average molecular weight of
from about 150 to about 800 and polyoxyethylene giycols having a weight
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conposi tions. Exanples of suitable binder materials include: permanent wet
strength binders.(i.e. Kynene [err] 557H marketed by Hercul es | ncorporated
of WIlmngton, DE), tenporary wet strength resins: cationic dialdehyde
starch- based resin (such as Cal das produced by Japan Carlet or Cobond 1000
produced by National Starch) and dry steength binders (i.e. carboxynethyl
cel l ul ose nmarketed by Hercul es I ncorporated of WIm ngton, DE, and Redi bond

5320 mar ket gql ?é\‘aHd?ékﬁhaﬁt wef;gmarts# q?sm | CabodtO! 68 kb OpBlt Bl Wakith.

NJ). The nulti - faclal tissue per duct s present  inventi on
preferably cﬂﬂ%ﬁ”F\éﬁéhV\eﬂﬁﬂ glysats bab‘i'%?owﬁl%‘ﬁta‘@@% @05%@' wejghiget from
bi nder, per raypritt200¢d abole BPOr eisig preterigdom about 0. 01% to about 3.0% of a

ory, stiendth b e i houhe DR ROV VB BOGY b SRS

quat ernary anmoni UM ner  conpounds are e at
act to deborahd heetengion @ids i kaovwy dnotie ajbna%\elsﬁ m@emalgsw@weethe Ting

conbi nation raéssm@fnﬂméﬂmggse@aﬁmnd@ew o #e p?@éér&nﬂ{verﬁio%nﬁsv\w«!“ Bbe

i nt roducti on of

Hoct oases. t HEUNEREENSpm, dacreate, P tensiie Streditn Cabsd S EhBmicAosiRening: ng
strength ancbdmmsmeessﬁxatrmleso\of sditabe bimder deatertajs mdluder patreanemo et

fl exi bl h awal

of “these phatertf hderstie] YRRy 2V Y7 HidiSied By Perd R Irictboliids Wres
bul k fl exi b|WF|t"y"9'@|"§a ppﬁhdegmq,fnr\twtfmeresﬁh FASIRg:| e@ﬁlqmc dialdepngsi yredh-cal
surface snqdseasresis ®eeh" abegaldasﬁﬁwdlmleu as/ abp an 1@&1etl dr eCoBbhaNaboo

Paper Physic re P d
horel n by r AYGAOAEE. SYENAOngr SRR ranchodry %ermnm g S BPGVRY
tissue papercqﬁu&nkectmadieteue myr ederdulésnvimcorporatedrp of s Wilmingtehe pBEpf and

the af or erer1SCiARE E308Y kPkersy BY MorafiChRiteR"8Rs Chimithl Hlbotor &

t he aforerrentlone rrE'elnen on o e paper urni sh onto
a foranm nouBridgewatersidh as a Fourdr| nier wire, and renmoval of the water

frlotmtlhe ([je”]Tﬂe d'ﬁ@ﬁﬁbtye%élﬂr ﬁissbe péser” prodiidtsgobithe! présutr ﬁﬂre@ltlon

PHBEEE M e g it s fack st

are by wei ghiindet, gsernerient arskZos mmpbrafvi. and from about 0.01% to about 3.0%
of a dry strength binder.

Without being bound by theory, it is believed that the quaternary
ammonium softener compounds are effective debonding agents that act to
debond the fiber-to-fiber hydrogen bonds in the tissue sheet. The combination
of debonding hydrogen bonds with the softener, along with the introduction
of chemical bonds with the wet and dry strength binders decreases the
overall bond density of the tissue sheet without compromising strength and
lint resistance. A reduced bond density will create a more flexible sheet
overall, with improved surface sbftness. important measures of these
physical property changes are the FFE-Index (Carstens) and the bulk
flexibility, slip-and-stick coefficient of friction, and physiological surface
smoothness as described in Ampuiski at al., 1991 International Paper Physics
Conference Proceedings, book 1, page 19 - 30, incorporated herein by
reference. :

Briefly, the process for making the multi-ply facial tissue paper
products of the present invention comprises the steps of formation of a
single-layered or rﬁultHayered paper making furnish from the aforementioned
components, deposition of the paper making furnish onto a foraminous
surface such as a Fourdrinier wire, and removal of the water from the
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BRI EF DESCRI PTI ON OF THE DRAW NGS Wil e the Specification concludes with
claims particularly pointing out and distinctly claining t he present
inventian, it is believed the invention is better understood fromthe

foll owi ng description taken in conjunction with the associated drawi ngs, in
which: Figure 1 is a schematic cross-segtional view of a two-ply,

two-| ayered facial tissue in accordance with the present invention. Figure
2 is a schedeppsited JusnisbetThenaesultiog sifgle-lapered- pt ymulti-lageed tisyees adebs

facial tissgpe anﬁ'ﬁﬁ&ﬁ YRR B S mbhe oth&ESEdue \W\éﬁ?ttb(?ﬂrm':d t? Ipéa'tt?)s@e plan

view of a random attern unlt repeati n

phot opol ymer papé\l\,\frﬁ 3Ees., PFRPOTHEBAL hergin @fﬁe%\CrWQ'QGMWTIMe
det ai | bel oothédise IspEciBie8CRI PTI ON OF THE | NVENTION While this
specification concludes with clains particularly pointing out and
distinctly claimng the subject matter regarded as the invention, it is
believed that the invention can be better understood froma readi ng of the

following detailed descri BRIEF DESCRIPTION OFPTAEORAYANGSS. As used
herein, the term™"lint resistance” is the ability of the fibrous product,

and its constituent webs, to bind together under use conditions, including
when wet. |n ot h#hilethe Sl:teca‘ldatgimecondedbs with edaisisapastioutariyt beldtmy%bui he

propensity Ef\dtxli'i@tﬂ@ﬁyté]afrﬂxﬂé {g‘lel lpr{’fentptﬁvgﬁﬁgn gy ;%'ngelr;ée\{kgin}ﬁ%n?)%bri}?&ﬁg s

refers to the various ength resi’ns
known in t hBepgp&indesgiaad sam thg tmw'nsrémnntm taken imzosjunationbMéth
refers to nﬂtgaasgd;aatdmarmmggpimechn water to at least 3% at 25 [err].
As used herein, ) sue per we r sheet
and paper pr oduc "guzifl ‘éf%ﬁcﬁ ng‘ﬁgsﬁ'ﬁe g%@ ‘ffﬁ\ﬂ’e°€§ tgvcbpb)oéggo-iayered
conpri si ng faoialstissue inf adeordange avitlagbe puesgrapeventidri.ng f ur ni sh, deposi ting
REPLACEMENT SHEE h f

Fldﬁgri is éssdcﬂérn'\'%t?é" &&é;é&ﬁcﬁﬁn'\ﬂy&rsﬂf aagﬁreg ﬁgr aﬁﬁqlg or

Fourdrinier wire renoving t ni'sh
vacuum-assi &v&aeénfwﬁhgﬁsuwrt ﬁc‘?ﬁfdﬂﬂ?ﬁdwﬁh pthespiesgnt inwentipnevapor ati on. As

used herein, an FrpiteB!fs @mvmm% FaHdons Wedve aén@mmv%epﬂdﬁdsgycaiof

ki | bed h ft
herein, thed tperﬁﬁqffmﬂptm@ma RepRLE kPR e, il L1-

The present invention is described in more detail below.
" .
DETAILED DESCRIPTION OF THE INVENTION

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

" As used herein, the term "lint resistance” is the ability of the fibrous

product, and its constituent webs, to bind together under use conditions,

' including when wet. In other words, the h-igher the lint resistance is, the
lower the propensity of the web to lint will be.

As used herein, the term "binder" refers to the various wet and dry
strength resins and retention aid resins known in the paper making art.

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

As used herein, the terms "tissue paper web, paper web, web, paper
sheet and paper product” all refer to sheets of paper made by a process
comprising the steps of forming an aqueous paper making furnish, depositing
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| ayered paper web, multi-layered web, multi-|ayered paper sheet and nulti-
| ayer éd paper product” all refer to sheets of paper prepared fromtwo or
nore | ayers of aqueous paper making furnish which are preferably conprised
of different fiber types, the fibers typically being relatively |ong
softwood and rel atively short hardwood fibers as used in tissue paper

maki ng, The | ayers are preferably formed fromthe deposition of separate

streanms of %humrﬁsmeﬁnsburdﬂaﬁﬁnou@osma& orsuanr Sseﬁd|F8§?drfr9éaamvﬂQUSand
screens. If the jndivid 3 ar e |n|f_||al formed on separate wire

the |ayers E8BO¥g2H EeYﬁaIt?' ﬁ'%?d TuRRishe ﬁét?yt%ral"ﬁb'npé Y @ssiste
conposi t e wdkaindge uadth ﬁlemhmfthﬁ’ekﬁnm anullbtyi evporétional tissue paper

product” refer's kG Bk SRUBIPARS~SRRRLS! | Mbed makire Wimdnt e guyEBSH

i ndi vi dual pIy in‘turn can
ti ssue papeSiuibef Parer making fibgrsendahe "ﬂﬁ%‘sf%‘sﬁﬁﬁe%i‘ewﬁﬁftﬁg t oget her
two or nore tissag Wsed aefdinathbytarhieimgitidayerslossog. pdper fwrébSt FhEg- i n

Furny sh. - Thisversdrenel b BlutaydlBa BeB, BufiaiefdaBer sPRE ot f
referred tolayerespapgnippyduct’icil tefet 1o aheetsiofapapesprepared from twaarymore
anmoni um Com%s-%f g@@bﬁ@yﬁﬁ&ymﬁﬂmgoﬂgﬁuﬁn%ﬁﬁpﬁﬁé B?éJleFth?fco‘éﬁ;%ns;% gROth

w11 e her BHRIEDE ket Biflesedné] 65813 BiATaNp APOD"aavveludang HastwRodl prd <
:/ﬁ\r/ ; ﬁt : grs] \Nrélhtuwwnﬁhdrx mngoﬁieflbél%f assedninktisgliel pbﬁérsma&mb | MHRehidyers
bagasse. T afhpreterablv iy bt denoRionrd! Buardlf qudanis b Hyid 66
usef ul her eslurties.] wponcoori oaimord endiassh foraminatis sateens.t elfathe dndividual
pul ps as weldy e?f éﬁchﬂﬂbﬁ«f"f mbesohnsé;s%w wire e’fﬁ@ﬂ%?ers grédWt seqﬂ@%

C e ps

t her nromechani r moMechani cal " Pul p (

deri ved froﬁpﬁm‘%e‘ﬁéﬁfﬂﬂdﬁ?ﬂéﬁdf%%? fayesed compasiteweBe used. Bot h har dwood
pul ps and sof t woag psed persinhkltenn 'bh@ﬁ@tﬂycﬁcihhﬁsswmpm poduce! evfeds td he

woody subst At Paed ebafncf et 1681 Chio ek, RaPhIndlidiel Bly. I fynrl 888" "
sof t wood pulcpss:at eoff smgberéamegsord@wlvdavenedmwm wapey weabst Jihee muditi-ply
coni ferous geeyres tff'éoﬁﬂﬁ{éﬁsb &W‘?QQ gOtheP twt6F n?&e%@s@eY%% fich as
particul ari th/ gsgleltnagbor em%ostsnfg outer Tayers of the multi-Ilayered

The first step in the process of this invention is the forming of an
aqueous paper making furnish. The furnish comprises paper making fibers
{hereinafter sometimes referred to as wood pulp}, and a mixture of at least
one quaternary ammonium compound, a polyhydroxy compound and a
combination of wet strength binder, permanent and temporary, and a dry
strength binder, all of which will be hereinafter described.

It is anticipated that wood pulp in all its varieties will normally comprise
the paper making fibers used in this invention. However, other cellulose
fibrous pulps, such as cotton liners, bagasse, rayon, etc., can be used and
none are disciaimed. Wood pulps useful herein include chemical puips such
as Kraft, sulfite and sulfate pulps as well as mechanical pulps including for
example, ground wood, thermomechanical pulps and Chemi-
ThermoMechanical Pulp (CTMP). Pulps derived from both deciduous and
coniferous trees can be used. _ '

Both hardwood pulps and softwood puips as well as blends of the two
may be employed. The terms hardwood pulps as used herein refers to
fibrous pulp derived from the woody substance of deciduous trees
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ti ssue webs described hereinafter, whereas northern softwood Kraft pul ps
are preferrred for the inner Iayer(s) or ply(s). Also applicable to the
present jnvention are fibers derived fromrecycled paper, which nmay contain
any or, all of the above categories as well as other non-fibrous materials
such as fillers and adhesives used to fgcilitate the original paper making.
Chem cal Softener Conpositions The present invention contains as an

eglseﬂt Id ?lo CqmﬂgmbbrmsrTn wherein ofofawaoat Wlbﬁr?fggﬂwr usumr;]rb@rraew@h arﬁc};ra me
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o o 0% e A SR ot e TR Ry elsL B Wil Aise phalicebla: iy the aHosens
mol ecul ar vvengemtlcm arehébpesr dexvedi fram irgdyaled pppen uhichdmagddartait ahg ron ally

i f d d

ot a1 et gl R cafdnticd' ol WaPab e Abn RGN Haraals sBEncEs fllg”
conposi tion %Un?‘&h?ﬂ"%% uged t‘é%é@ﬁtﬁtﬁlth&ﬂfmmawmﬁbgut 0.01% to about

3.00% by weiGHémical sbefe@lakx:d‘mlg@g,gaﬁyt 0.01% to about 1.00% by weight of
In t he structure

t d.h the f | a
naned above’ each 118 PISSEEY GVERSSY FOIAEE PBIR BFSRSSe! SPEIRAIENE,S (AKTHGR, O
[err] is a @l .quatesnatykgmmoniuyncormprung ama aupolypydfox\abbmpﬁlrnd@mbkwuo
h
rethyl sul f S 9 GyBriEry, ifithofu oBiddlnd fefmE " pBVHrGky (Bt
Fat [ er r [rangepfein @bout thOr 00 &di toi Qﬁ Jd¥n prefesgblyn ahgoneightiratiynficthe

1964), tall cuuatsmrvammlnhmcwﬂpémﬁw t&&herp&ghmxvgc&nﬁanhahbeabout 1.0
re er ence ed

conposi tion e _he_above-identi
i n(rer cates t hap v q%( ? H'P’ﬁDPE’fS? %E‘ﬁeﬂ?%t‘f"? Ighy; fRtiq,(of; éﬁ‘? oW‘%‘@ﬁ‘P%ﬁyn
16 or 18 carammoallwnscorﬁppuodltloythmabiymfdrom dompoyurat iisl abouesen0 i 0.7 aol ow

are unsatur Q? ]R? ’?{Hﬂuﬁ\' thid P&tid il cﬂeﬁieﬁdﬂ% Gﬁ?ﬁyt'ﬂtehﬁtoi&lﬁgr Weligh?s

nat ur al I n the scope o i nventi on
Pr ef er abl y, afadhe| é}aqlcv@r cmelvcvyr%kypommyndpra@rdéahbqyaternary ammonium

compound used.
Each of %hese types of compounds will be described in detail below.
A. Quaternary Ammonium Compound
The chemical softening composition contains as an essential
component from about 0.01% to about 3.00% by weight, preferably from
about 0.01% to about 1.00% by weight of a quaternary ammonium
compound having the formula

Rz\ N*/ R
< N

In the structure named above each R1 is C14-C22 hydrocarbon group,
 preferably tallow, R2 is a C1 - C6 alky! or hydroxyalkyl group, preferably C1-
C3 alkyl, X" is a suitable anion, such as an halide (e.g. chioride or bromide) or
methy! sulfate. As discussed in Swern, Ed. in Bailey's Industrial Oil and Fat
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each Rl is straight-chain C18 alkyl. Preferably, each R2 is nethyl and
[err] Ts chloride or nethyl sulfate. Exanples of quaternary anmoni um
conmpounds suitable for use in the present invention include the well-known
di al kyl di met hyl anmoni um salts such as ditall ow di met hyl amoni um chl ori de,
di tal | ow di net hyl anmoni um net hyl sul fat& di (hydrogenated)tallow di nethyl
ammoni um chl oride; with di (hydrogenated)tall ow di net hyl ammoni um net hyl

fsu|O :n awt tc)gl PeodicXs £ Mhad. Editiba, DaRA | Wﬁle@raﬁﬂi%ﬂsagNF?vag\esﬂg hadgq, Q&%(}%{E'Tﬂ ly
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ggle; ﬁ;ﬁ?tiﬂ‘ﬁ*@ Ghens it lactdd 81 BNy v%orgr # 3‘%\%?3{% afBbnlatiihe! ToplcuY ©

0
present i nvBatf r%n#]en@t%léc P;R!@F%'I‘tp' té"yg\r feeeppsaturatedn prisnaly ght thevtarayge -
mol ecul ar wef gigicodiciflr Synetietic ad Slell (asamwaISQQlldiﬂ@"p@hW)mﬁﬁ{ Rivé 2o pel HP()' S

rom abou RIS By PSR, Bed Ky, REIREE IR ditnn redrab st
preferably ﬁa@m%mstrzmttmaab&m aisgl. Poefeoabyiyi lepcbR2 ¢8 ywethy! aadi Xy isin

wei ght aver gapridal @,cme@ﬁngqﬂmé of from about 200 to about 6Q0 are
especially pref Erre xtures of the,K above-described . pol yhydrox%/h
e

conpounds nay al 535@“{%Qgﬂquﬁﬁm@Waﬁﬂ@"'HW?mguﬂﬁsgﬂuy@ékbl fogyige in
pol yoxyet hy peesentdhverntion inphidetre mllg&ﬁomdfaﬂ@ﬂdnﬁé rﬁmmmma:{srmh

resent i nvEitoviiietyf abhdBnn SRS gty GretiyBirpgiom’ methyl "°
pol yoxyet hysueliateg| y@@ﬂhvdmmd)@aﬂmOmd!m@thyl t smmoniom A ehilorider| awith
preferred pai uﬁifg@ﬁetedmmwdd.hfetng' BRIHGAIDA ?ﬁ&r@? Yiffa myeiiﬂg a&f&ﬁwht

average nol ht of out This nmateri

avai | abl e c%ﬁ‘lﬁs Wﬂqg‘ 'F‘PEﬁﬁg i availaple WB@'MQW Vtﬂlﬂccb&qma?nv nc. o

Connecti cut Dmbdid a OHie under eiveeradehbfes %nsfoﬁe‘ alggm cal sof tening .

conposi tion m xture of a quaternary ammoni um conpoun
& PR TRiFaguty, : ! "

and a polyhydrox eferably diluted to a desired
concentration toTherneherdicapesoftening chmpgsition contains as an essential

component from about 0.01% to about 3.00% by weight, preferably from
about 0.01% to iabout 1.00% by weight of a water soluble polyhydroxy
compound.

Examples of polyhydroxy compounds useful in the present invention
include glycerol, potyglycerols having a weight average molecular weight of
from about 150 to about 800 and polyoxyethylene glycols and
polyoxypropylene glycols 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 glycols having an
weight average molecular wéight 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
polyoxyethylene .glycols having a weight average molecular weight from
about 200 to 1000, more preferably from about 200 to 600 are useful in the
present invention. Preferably, the weight ratio of glycerol to polyoxyethylene
glycol ranges from about 10 : 1 to 1: 10.. '

A particularly preferred polyhydroxy compound is polyoxyethylene
glycol having an weight average molecular weight of about 400. This material
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and pol yhydroxy conpounds before bei ng added to the aqueous slurry of paper
maki ng fibers, or furnish, in the wet end of the paper naking nachi ne at
sonme suitable point ahead of the Fourdrinier wire or sheet form ng stage.
However, applications of the above described chem cal softening conposition
subsequent to formation of a wet tissue wgb and prior to drying of the web
to conpletion will also provide significant softness, absorbency, and wet

strengt h bengf iavailatd abmrﬁétl&iétﬁﬁ'fbbm Nl dgdion @Hrﬂldbh@o%ﬁ?ﬂgyoftem it bury,

present inve gen discover, the chem
conposition pg’nﬁg?té&gf‘f"g%r %%?\"q'ﬁ% Eg&{ 28 ary anmoni um conpound and t he
pol yhydroxy conpolihel chesitak softpmegnco«edosm@em descritaidosboveiiRg abdack b 4 he
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conpound to & ecf%rﬁ%Y E?'P‘]‘eméﬂ@'! e forma ﬁajqelﬁsoqlm‘t thengugt
armoni um congd rEblybydrioxyh compalupldy dbetoye ciseing Laddéd 16 oftha éqb@ﬂl?ﬁ%ﬂ@#? of

fluid. Th t

ol yhydr oxy Eaiet mekirideiBers, U AHARE: P tHe WEE8nd B GESE0Y makinkmeching,
the wei ght  r&k PQmef sq*t?érle;mretr abegd phrtbei ﬁwrdome;uwcretm sheepptomiingrsraye.
conpound i s Hbwevet, &ppiftations d¥ the é'bcﬂﬂe @é&l#&f&ﬁé@)@a‘i so%ﬁiﬁ%bgmp %ﬂ c{n

f th
0 000, 5T o BreuBRE IS {BmRER Ghip swet.tissud,web apypreroion rviga asothe web
nmol ecul gr wei(glcbm:ﬁetnhae will taisml;::zovmerrpign‘mbmdéofmqs@,t ggwsor n%?"TCHHdJ'Wet
Sglngﬁ;gr ogfle%(r)np%tgngé%ﬁ}g paptgr?éj|e)s/(prs)e|es S"?}f Er?%igﬂ?ﬁﬁ QNaiWHa 8e§f’%£ﬁ!' (%Fne ;gesent

preni xed wi tiIAVEREORuat er nary anmoni um conpound and added to the paper by

t he above deSCfl h@d\d&rmaxscbV@Mdtﬁﬁtﬂt}ﬁe &fk?ﬁibﬂf é@ﬁeﬁﬁﬁ%&n&ﬁsuﬁoa is more

concentratlo tinme frane th are practica

paper naki nge ‘F "éﬁ1 Vétf'?'brtget guaterpany H%@?%W&hd"{’ﬁ@%“lﬂ rﬁﬂdsﬂhglwlhhgﬂfoxv
retention r an:ampbupdl atwdwwwreaﬂmdndomrtwop@p@émgtgaadémy@ tAE papénce

B (Hyar ogenarantigh FuAbiEn 8 pRSTeRRU-Ritinog, o851 bin &a PeBEHed I8 wieafer drmei

pol yoxyet hyl feqrre"‘gafsﬁ,rdn Emmmsrb. gensistsdof Wstﬂmtmg the pglyhydbexy compdund

theory, or t® atf@hpérature’ 8t abblle 88 °C (190°F), and then adding the quaternary
ammonium comgound to the hot polyhydroxy compound to form a
homogenous fluid. The weight ratio of the quaternary ammonium compound
to the polyhydroxy compound ranges from about 1.0 : 0.1 to 0.1 : 1.0;
preferably, the weight ratio of the quaternary ammonium compound to the
polyhydroxy compound is about 1.0 : 0.3 to 0.3 : 1.0; more preferably, the
weight ratio of the quaternary ammonium compound to the polyhydroxy
compound is about 1.0 : 0.7 to 0.7 : 1.0, aithough this ratio will vary
depending upon the molecular weight of the particular compound and/or
quaternary ammonium compound used.

It has unexpectedly been found that the adsorption of the polyhydroxy
compound onto paper is significantly enhanced when- it is premixed with the
quaternary ammonium compound and added to the paper by the above
described process. _

Importantly, adsorption occurs at a concentration and within a time
frame that are practical for use during paper making. In an effort to better
understand the surprisingly high retention rate of polyhydroxy compound
onto the paper, the physical science of the melted solution and the aqueous
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present invention, the follow ng discussion is offered for explaining how

t he quat ernary ammoni um conpound pronotes the adsorption of the pol yhydroxy
conmpound, onto paper. Information on t he physi cal state of
DHTDMAMS Di ( Hydr ogenat ed) Tal | ow Di Met hyl Anmmoni um Met hyl Sul f at e,
[err] .and on DODVAMS is provided by X-rag and NMR (Nucl ear Magnetic
Resonance) data on the comercial m xture. DODVAMS (Di Oct adecyl

Di Met hyl fdimrsiohm a Di(Hydv’bbebted)TallcﬁUl ba&thyi @gﬁ%honiil;ﬁrﬂ%@ﬁiﬁrsmfatle
conponent o e ound for. the. conmercia
mxture. It s use? %’t’%@oég&ég?eﬁ&@q%ﬂy °%?‘W@'P’béﬁ@iﬂ& system and
then the nore co¥¥iteQuiomishing 4p bRTbMAMS by xthecsy, Depemdothgraiset limit the
tenper at ur e preXdAFiMve ABYN £ ¥he follGWiHy dﬁcufsgid{n %r'gﬁ@ e %Pékp%ﬂﬁnﬁﬁ*%ﬁ@ hi ¢

T
crystals [err].and [err a.lanellar (Lam | crystal, or | q

phase. The rerngr sta(i}‘mé’)ﬁ"é'f’s FPBIROYETo W PF ?%nﬁéﬁat%ﬁiﬂmﬂom ptrithe At
t.hi s tenper polyhydroxy compmsgidontalpapeén the pol ynorphic [err] crystal,
which at 72 C i r med,4 nt o e L i guid t al ase ' se,
' Curn, 1o trahupEREROR! TP N Dthe'” HRVSIGH o 3B50 - & D pHTRAN
expect ed t o Qitbeirapenasediiaiiown i tRIMeEwI cal Ayemorniom, exMethylt hat Sulfate,

+ L . o )
oo . TR OSSR On oon SOEMAMS kRt RIBL HEPM,
[err] in | if Sesghapes, data, on, TRl smixtyg- o PORMAMS
dat a i ndi catRiQatadeeyver al DiMettayl 0 Lan’ApIuaeaiLImansitiMeﬂ\\dccu][ | Sulfate,
i ghest of a??ié%??%??ﬁ*@i’???@‘iﬁ‘?rr el EmbGHET 8 BHIIMANE 309 o
data. DODVABE(MESORE a8 RPAehianmpRYNd\fAH thenmcommercial) mixwwe ayt is useful to
qual i t ati vekpnsidef efirghtthBesimpier DODMAKBNVEYSteni, %H&ttﬁéﬁetﬁé‘%B}eq%B%rFi?x'
crystal phagﬁrgﬁe@aq%‘gﬁb{%“@; t.hi secorrpound. (Laughlin et al., Journal- of
Physi cal Ch F MXeof the Di oct adecyl di net hyl amoni um
Chl oride - Wt eDepgsdiag ob. thi teiperature PGDMIRKID! intdy ek@é}?%n \racp;lr\],ue;e Ofr
Doovor < PEafe RS A SRACHEINE St PR el R v
i ts commer cFEYSah AT liguidomgse. i The K& arystal exists fromdriow rdore teawpepdture
DHTDVAVE wi td #ECF @0t this[ terhperbiure it is transformed into the polymorphic X2
crystal, which at ?2 °C is transformed into the Lam liquid crystal phase. This
phase, in turn, is transformed into an isotropic liquid at 150 °C. DHTDMAMS
is expected to resemble DODMAMS in its physical behavior, except that the
temperatures of the phase transitions will be lowered and broadened. For
example, the transition from the XB to the X crystal occurs at 27 °C in
DHTDMAMS instead of 47 °C as in DODMAMS. Also, calorimetric data
indicate that several crystél @ Lam phase transitions occur in DHTDMAMS
rather than one as in DODMAMS. The onset temperature of the highest of
these transitions is 56 °C, in good agreement with the X-ray data.

DODMAC (DiOctadecyl DiMethyl Ammonium Chioride} displays
qualitatively different behavior from DODMAMS in that the Lam liquid crystal
phase does not exist in this compound {(Laughlin et al., Journal of Physical
Chemistry, Physical Science of the Dioctadecyldimethylammonium Chioride -
Water Systerh. 1. Equilibrium Phase Behavior, 1990, volume 94, pages
2546-2552, incorporated herein by reference). This difference, howéver, is
believed not to be important to the use of this compound (or its commercial
analog DHTDMAUC) in the treatment of paper.

Mixtures of DHTDMAMS with PEG-400.
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A 1l: 1 weight ratio mxture of these two materials is studi ed. DODVAMS and
PEG are shown to be immiscible at high tenperatures, where they coexist as
two. liquid phases. As m xtures of the two liquids within this region are
cool ed, a Lam phase separates fromthe m xture. This study therefore shows
that these two materials, while immscild e at high tenperatures do becone
m scible at | ower tenperatures within the Lamliquid crystal phase. At

still hI ower tenpAr dt ur ds weight afatiohasssure’ ofexmsset Qﬁbd Qnﬁfé@ﬁgis'ﬂl? §l{1d€l"€df he
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* denonst r at 893t @FP?W@%@%&I% Pﬁ?'lé%f@ﬁt from ttheselirixtureisoaver @ sbowarable t o
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(curved or C%gt;s) while others are closed vesicles. The nenbranes of a

t hese parti are bilayérs of nol ecul ar dinensions | n
Preparation of dispersions.

Dispersions of either of these materials may be prepared by diluting a
premix,_that is held at a temperature at which the polyhydroxy compound
and the quaternary ammonium sait are miscible, with water. It does not
matter greatly whether they are miscible as a liquid crystalline phase (as in
the case of DHTDMAMS), or as a liquid phase (as in the case of DHTDMAC).
Neither DHTDMAMS nor DHTDMAC are soluble in water, so that dilution of
either dry phase with water will precipitate the quaternary ammonium
compound as small particles. Both quaternary ammonium compounds will
precipitate at elevated temperatures as a liquid-crystal phase in dilute
aqueous solutions, regardiess of whether the dry solution was liquid or liquid
crystalline. The polyhydroxy compound is soluble with water in all
proportions, so is not precipitated.

Cryoelectron microscopy demonstrates that the particles present in the
dispersion are about 0.1 to 1.0 micrometers in size, and highly varied in
structure. Some are sheets {curved or flat), while others are closed vesicles.
The membranes of all these particles are bilayers of molecular dimensions in

This Sheet Has Been RTlaced

AW




» REPLACEMENT SHEET 14 which the head groups are exposed to water, the tails
are together. The PEGis presuned to be associated with these particles.
The. application of dispersions prepared in this manner to paper results in
attachnment of the quaternary ammoniumion to the paper, strongly pronotes

t he adsorption of the pol yhydroxy conpouad onto paper, and produces the
desi red enhancenent of softness with retention of wettability. State of the
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are Wet strength binder materials
The present invention contains as an essential component from about
0.01% to about 3.0%, preferably from about_0.01% to about 1.0% by
weight of wet strength, permanent and/or temporary, binder materials.
A. Permanent wet strength binder materials
The permanent wet strength binder materials are chosen from the
following group of chemicals: polyamide-epichlorohydrin, polyacrylamides,
styrene-butadiene Iatexes; insolubilized polyviny!l alcohol; urea-formaldehyde;
polyethyleneimine; chitosan polymers and mixtures thereof. Preferably the
permanent wet strength binder materials are selected from the group
consisting of polyamide-epichlorohydrin resins, polyacrylamide resins, and
mixtures thereof. The permanent wet strength binder materials act to control
linting and also to offset the loss in tensile strength, if any, resulting from the
chemical softener compositions. '
Polyamide-epichlorohydrin resins are cationic wet strength resins which
have been found to be of particular utility. Suitable types of such resins are
described in U.S. Patent No. 3,700,623, issued on October 24, 1872, and
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described in U S. Patent No. 3,700,623, issued on Cctober 24, 1972, and
[err] 15 3,772,076, issued on Novenber 13, 1973, both issued to Kei mand
bot h bei ng hereby |ncorporated by reference. One conmercial source of a
usef ul, pol yam de-epi chl orohydrin resins is Hercules, Inc. of WImngton,

Del awar e, whi ch markets such resin undet>the trade-mark Kynene [err] 557H.
Pol yacryl am de resins have al so been found to be of utility as wet strength
resins. Thes8, 775076, dssuetiesor Nbeember UX. 19ABerotNoissBed 5o, Kedn 466 Usisthon

STy 1 G ooy (MO okt e e
ref er ence. CP@VEB\%PEP&‘io@Bmﬂ% f@ﬁ'nﬁolsyﬁéf‘%m%ﬁn ne.rek W@nirmtmﬂeiaware,
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i 9 on| C
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f or mal dehydesvefmthsfemﬁe Toese cesinerareudesdrived lrgMﬁpsPaxbnt Nae 3, 556 932,

pol yfuncti Oﬂgéué@%rﬂ%aﬁbﬁrﬁ“ﬁg 099‘71CQ8t€b9élﬁ &rQPpénéb@BS%sgﬁﬁ‘ s ORS
and net hyl ol rougswa ‘Lé.gg w nltro en. E eni mne type resins nay
al so find ut! "t r 8 'ﬂ"qr?ﬁlé @lorpot pafﬁﬁfﬁjpﬁﬂg M’B@"@é?@thﬁfem

bi nder mat erh\alrefdréntenmdeaco‘mmcal rsOuptd dep@lﬁvat:i‘yﬂdwucl@fieﬁlhﬁcﬁerAhgiﬂrii:ra'nall S
can be chos I tarch- bas te

irengt i\ ecpvatatid €5, of ssalldid, SonBeabyf BhER MREERS' CUE BHehYedh uger
produced by thepaademarkiPasez BBS3IINCO00 produced by Natlonal Starch);

di al dehyde star Cbullaél@/e?rwﬁﬁ? SoRHIE AR IrBSfs! findin ng ufiftySH gﬂ,e?ﬁ.bn%?

i ssued on Janua%ré é dé to Bjorkguist and | ncor at ed herel n

reference. ¢ YERIREM &Era melamine tprmajdehy, 'qsfﬂﬁerﬁn%ﬁ‘ﬁﬁrﬂ%ﬂ?nas

a B ess 8 ng ila!)/fumctipnab rgrotxp? nofibwiese OpOlyfinéword) OvésiBs Odre mitrtbgenb lc;bnfaﬂﬁmg
about O. e terja

" chosen from g'p? o?%vmjansg %‘?ﬁﬁp Hoﬂ%%ﬁ? LPI %ﬂ%?(y%&) Q‘j’ggﬁ’g %ﬁg’e H'tég en.

combi nat i ons @}vetgmemmatmmrex::cs)mavealgprfmmnpmmutfmjpm,senmvemmn

Cyanam d of y\awﬁ,popg,q, \)vet §§,af,§{h (,ﬁ,tdgp ,ﬁﬁeﬁgfy bond 5320 and 2005) ava| | abl e
from Nati onal ﬁrc Chem Cal g Erld gewat er, New Jersey

pol yvi nyl al coho E’!Rﬂfa%“ﬁtrsﬂﬂ“ cdnephinger restsgals; gan P@ Gfosen
Al | ent own, Fdm gbarfuubwungugﬁodpeam garfsh based aengparaox et hstrerithl vésing:

(such as GV%tho% '#iéf&%h??e étgﬁ:h-based resin (such as Caldas produced by Japan
Carlet or Cobond 1000 produced by National Starch); dialdehyde starch;
and/or the resins described in U.S. Patent No. 4,981,557 issued on January
1, 1991, to Bjorkquist and incorporated herein by reference.

Dry strength binder materials

The present invention contains as an essential component from about
0.01% to about 3.0%, preferably -from about 0.01% to about 1.0% by
weight of a dry strength binder material chosen from the following group of
materials: polyacrylamide {such as combinations of Cypro 514 and
Accostrength 711 produced by American Cyanamid of Wayne, N.J.}; starch
{such as Redibond 5320 and 2005) available from National Starch and
Chemical Company, Bridgewater, New Jersey; polyvinyl alcohol (such as
Airvol 540 produced by Air Products Inc of Allentown, PA); guar or locust
bean gums; and/or carboxymethyl cellulose {such as CMC from Hercules, Inc.
of Wilmington, DE). Preferably, the dry strength binder materials are selected
from the group consisting of carboxymethyl cellulose resins, and unmodified
starch based resins and mixtures thereof. The dry strength binder materials
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of WImngton, DE). Preferably, the dry strength binder materials are

sel ected fromthe group consisting of carboxynethyl cellul ose resins, and
unmpdi fied starch based resins and m xtures thereof. The dry strength

bi nder, material s [err] 16 act to control linting and also to offset the
loss in tensile strength, if any, resuligng fromthe chem cal softener
conpositions. In general, suitable starch for practicing the present

| nvent,i on i gctkorcoritelilrtthg gndadles 10bffeet ithy lossdn REAsP ISittengith Y if any,

Exenpl ary st arck ' i r ch.and potato starch, albeit it
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formis pres@rekdiffere feamr epmmony cora, gargh dafthagi it is| entirehk amyleppetince
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as by cookipg,. 1o a point, jus rior to_di.spersion o e star anul e.
Such” i gnl yVatishS ofinf8Plr Enbisaiie’ arpMiges | Batth Gre; BeDdehgbad) )
cooked". TheApvoch t iThresStarch drarpeVaxyriCom"gdhddaSchapmeyey, Beqd dndustriepon
the size of r r apul e gr.ee T. |k :

gr anul es, aﬁ%@?ﬁgegn%?, g ) a‘rqrfyq-g)gg (p\?tg's t'.Pﬁﬁﬁﬁ%}bljer@ gir/ﬁrgéaéés]fgf chn
for exanpl egrasiamer sispessed tofm alheit granulae fermsiss preferreg: HhstagR is

consi st encyppaffefdbly CHuliicientlye scotikedb o't intieel eWdllingtbelith88 gr&idies.f More
bet ween about

ohi oh may bERIEERP R RLRTAO TS 3P GIEILY 258 1R CERRINGa<i®: ROBSTHILRY i e
to have nit pdgeto dispeasionngf theostaschs granale. Suchchighlyuperolien statchyganulesoups
Cbr 1 dgewat of ol o8 ¥err8 o' €0 bR FUNAAGNR, Tl Eondiins Yo7 i e RPN
primarily ageneqdicaniyanyi depensting upen: the sige of e gtareh @ranulgs, the degme.
P bt i et e
appl | cat | oncPRRFAaEobA e Tor SFHRATR, Cul ool piHEReF Y Fplty plceqiecus
appl i cat i onswiryofiabouhdX cahsistiticyi afestasckeigeaniles atyaboat 90 °F (about 88
°C) for between about 30 and about 40 minutes. Other exemplary starch
materials which may be used include modified cationic starches such as
those modified to have nitrogen containing groups such as amino groups and
methylol groups attached to nitrogen, available from National Starch and
Chemical Company, (Bridgewater, New Jersey). Such modified starch
materials are used primarily as a pulp furnish additive to increase wet and/or
dry strength. Considering that such modified starch materials are more
expensive than unmodified starches, the latter have generally been preferred.
Methods of application include, the same previously described with
reference to application of other chemical additives preferably by wet end
addition, spraying; and, less preferably, by printing. The binder material may
be applied to the tissue paper web alone, simuitaneously with, prior to, or
subseguent to the addition of the chemical softening composition. At least an
effective amount of a combination of wet strength binder, permanent and/or
temporary, and a dry strength binder, preferably a combination of a
permanent wet strength resin such as Kymene‘D 557H and a dry strength
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addi tion, spraying; and, less preferably, by printi'ng. The binder nmaterial
may be applied to the tissue paper web al one, sinultaneously with, prior
to,.or subsequent to the addition of the chem cal softening conposition. At
| east .an effective anount of a conbination of wet strength binder,
permanent and/or tenporary, and a dry sgfength binder, preferably a

conbi nati on of a permanent wet strength resin such as [err] 557H and a dry
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descri bed i hengirs, Thetresultipgssinglprlayatadyan muiti-layerad tissye wwebs\are: combirssi
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conposite, soft R )/andasorb aper structur prepared fromtwo

or nore |ayers of NEUPIGSERE IRYERTIOR ds M‘EPB&?I 1o &H’Hrﬁlge@"!ﬁ’ QﬁsIUPePGPE" i1 ber

types. general, including but not limited to conventionally feit-pressed multi-ply
facial tissue paper; high bulk pattern densified multi-ply facial tissue paper;
and high bulk, uncompacted multi-ply facial tissue paper. The multi-ply facial
tissue paper products made therefrom may be of a single-layered or multi-
layered construction. Tissue structures formed from layered paper webs are
described in U.S. Patent 3,994,771 Morgan Jr. et al. issued November 30,
1976, and incorporated herein by reference. In general, a wet-laid
composite, soft, bulky and absorbent paper structure is prepared from two or
more layers of furnish which are preferably comprised of different fiber types.
The layers are preferably formed from the deposition of separate streams of
dilute fiber slurries, the fibers typically being relatively long softwood and
'relatively short hardwood fibers as used in multi-layered tissue paper making,
upon one or more endiess foraminous screens. If the individual layers are
initially formed on separate wires, the layers are subsequently combined
{while wet} to form a layered composite web. The layered web is
subsequently caused to conform to the surface of an open mesh
drying/imprinting fabric by the application of a fluid force to the web and
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The | ayers are preferably fornmed fromthe deposition of separate streans of
dilute fiber slurries, the fibers typically being relatively | ong softwood
and, rel atively short hardwood fibers as used in nulti-layered tissue paper
maki ng, upon one or nore endl ess foram nous screens. If the individual

| ayers are initially forned on separatggwires, the |ayers are subsequently
conbined (while wet) to form a |ayered conposite web. The |ayered web is
subsequent kﬂerﬁaﬂ%ecthbﬂnewfmémné@ dm&a&urfém a3f part openiowsdensity paper
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be surface to provide sufficient free end portions thereof to achieve the required
FFE-index of the top surface of the tissue paper. Such bond breaking is
achieved by dry creping the tissue paper from a creping surface to which the
top surface layer (short fiber layer) has been adhesive secured, and the
creping should be affected at a consistency {dryness) of at least about 80%
and preferably at least about 95% consistency. Such tissué paper may be
made through the' use of conventional felts, or foraminous carrier fabrics.
Such tissue paper may be but is not necessarily of relatively Ihigh bulk
density.

The individual plies contained in the multi-ply facial tissue paper
products of the present invention preferably comprise at least two
superposed layers, an inner layer and an outer layer contiguous with the
inner layer. The outer layers preferably comprise a primary filamentary
constituent of about 60% or more by weight of relatively short paper making
fibers having an average fiber between about 0.2 mm and about 1.5 mm.
These short paper making fibers are typically hardwood fibers, preferably,
eucalyptus fibers. Alternatively, low. cost sources of short fibers such as
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made through the use of conventional felts, or foram nous carrier fabrics.
Such t%i ssue paper may be but is not necessarlly of relatively high bulk
density., The individual plies contained in the nulti-ply facial tissue
paper products of the present invention preferably conprise at |east two
superposed |ayers, an inner layer and ap outer |ayer contiguous wth the

I nner |ayer. The outer |ayers preferably conprise.a primary filanmentary
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| nvention. s'?agl];ielrnnerglayer og eac‘?\ ply are disposed toward.the interior of the facial
tissue web.

Figure 1 is a schematic cross-sectional view of a two-layered two-ply
facial tissue in accordance with the present invention. Referring to figure 1,
the two-layered, two- ply web 20, is comprised of two plies 15 in
juxtaposed relation. Each ply 15 is comprised of inner layer 19, and outer
layer 18. Outer layers 18 are comprised primarily of short paper making
fibers 16; whereas inner layers 19 are comprised primarily of long paper
making fibers 17. '

In an alternate preferred embodiment of the present invention, mutlti-
ply facial tissue paper products are formed by placing three singie-tayered
tissue paper webs in juxtaposed relation. In this example, each ply is a single-
layered tissue sheet made of softwood or hardwood fibers. The outer plies
preferably comprise the short hardwood fibers and the inner ply preferably
comprises long softwood fibers. The three plies are combined in a manner
such that the short hardwood fibers face outwardly. Figure 2 is a schematic
cross-sectional view of a single-layered three-ply facial tissue in accordance
with the present invention. Referring to figure 2, the single-layered three-ply
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the two-layered, two- ply web 20, is conprised of two plies 15 in

j uxt aposed relation. Each ply 15 is conprised of inner |ayer 19, and outer
| ayer 18 OQuter layers 18 are conprised primarily of short paper naking
fibers 16; whereas inner layers 19 are conprised primarily of |ong paper
making fibers 17. In an alternate prefeored enbodi ment of the present
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compound act to enhance both the softness and the absorbency of the muiti-
ply tissue products of the present invention. Referring to figures 1 and 2, the
chemical softening composition comprising a mixture of the quaternary
ammonium compound and the polyhydroxy compound is schematically
represented by dark circles 14. It can be seen in figures 1 and 2 that the
majority of the chemical softening composition 14 is contained in outer
layers 18 and outer plies 11, respectively.

However, it has also been discovered that the lint resistance of the -
multilayered tissue paper products decreases with the inclusion of the
quaternary ammonium compound and the polyhydroxy compound.
Therefore, binder materials are used for linting control and to increase the
tensile strength. Preferably, the binder materials are contained in the inner
layer (or inner ply of a three-ply product) and at least one of the outer layers
{(or outer plies of a three-ply single-layer product) of the multi-ply facial tissue
paper products of the present invention. More preferably, the majority of the
binder materials are contained in the inner layers {or inner ply of a three-ply
product} of the multi-ply facial tissue paper product. Referring to figures 1
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conpound act to enhance both the softness and the absorbency of the nmulti-
ply tissue prgeucts of the present invention. Referring to figures 1 and 2,
t he.chem cal softening conposition conprising a mxture of the quaternary
ammonium conmpound and t he pol yhydroxy conpound is schematically represented
by dark circles 14. It can be seen in fiogures 1 and 2 that the majority of
the chem cal softening conposition 14 is contained in outer layers 18 and
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|
furnish on é’%f&mﬁusgp&ﬁw@\xprébdemtgrme,rfmtn@ressm the web and drying

at elevated temperature. The particular techniques and typlcal equipment for

- making webs according to the process just described are well known to those
skilled in the art. In a typical process, a low consistency pulp furnish is
provided in a pressurized headbox. The headbox has an opening for delivering
a thin deposit of pulp furnish onto the Fourdrinier wire to form a wet web.
The web is then typically dewatered to a fiber consistency of between about
7% and about 25% (total web weighi basis} by vacuum dewatering and
further dewatered by pressing operations wherein the web is subjected to
pressure developed by opposing mechanical members, for example,
cylindrical rolis.

The dewatered web is then turther pressed during transfer and is dried
by a stream drum apparatus known in the art as a Yankee dryer. Pressure
can be developed at the Yankee dryer by mechanical means such as an
opposing cylindrical drum pressing against the web. Vacuum may also be
applied to the web as it is pressed against the Yankee surface. Multiple
Yankee dryer drums may be ‘employed, whereby additional pressing is
optionally incurred between the drums. The multi-layered tissue paper
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wire is often referred to in the art as a Fourdrinier-wire. Once the
furnish is deposited on the forming wire, it is referred to as a web. The
web.is dewatered by transferring to a dewatering felt, pressing the web and
drying at el evated tenperature. The particul ar techni ques and typical

equi prent for making webs according tosbhe process just described are well
known to those skilled in the art. In a typical process, a | ow consistency
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hi gh fiber 346874iQ3b. isrueditghPeter G+ Ayess ion AugushkQ, E8Y6cBadadiSr Patentas a

s KnUCKl oo o e et ocart G BT, | 1980, IS the

ﬁ?ghngﬁl « PPEstt grs?ri@%n?g isRved dgnfaat g’d@é"?‘ﬁar"? waﬁ %@r ﬁ%gﬁli y"’?'r fthin

the hi gh bwhichiase dncatpefatedenerpirobesetesence. maki ng pattern densified

L1 Seie s or eyt 360510 b, oEAmal Nepd: e Ghlrerbi" Srobdre by
depositing a papery making furnish on a foraminous forming wire such as a
Fourdrinier wire to form a wet web and then juxtaposing the web against an
array of supports. The web is pressed against the array of supports, thereby
resulting in densified zones in the web at the locations geographically
corresponding to the points of contact between the array of supports and the
wet web. The remainder of the web not compressed during this operation is
referred to as the high bulk field. This high bulk field can be further
dedensified by application of fluid pressure, such as with a vaguum type
device or a blow-through dryer. The web is dewatered, and optionally
predried, in such a manner so as to substantially avoid compression of the
high bulk field. This is preferably accomplished by fluid pressure, such as
with a vacuum type device or blow-through dryer, or alternately by
mechanically pressing the web against an array of supports wherein the high
bulk field is not compressed. The operations of dewatering, optional
predrying and formation of the densified zones may be integrated or partially
integrated to reduce the total number of processing steps performed.
Subsequent to formation of the densified zones, dewatering, and optional
predrying, the web is dried to completion, preferably still avoiding mechanical
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3,974,025, issued to Peter G Ayers on August 10, 1976, and U.S. Patent No.
4,191,609, issued to Paul D. Trokhan on March 4, 1980, and U.S. Patent
4,637,859, issued to Paul D. Trokhan on January 20, 1987; all of which are
i ncorporated herein by reference. In general, pattern densified webs are
preferably prepared by depositing a pap% maki ng furnish on a foram nous
formng wire such as a Fourdrinier wire'to forma wet web and then
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of pr ocgssi aPM,00s, pﬁvém,msduediuhagquemo t 9976; S, orawintt Re. d3,893{ 164,
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pr ef er abl ;\,agﬁlé#l?&gv%?dapp gg\zéadnﬁglgfj&y erﬂ%ZS p?é %ﬁﬂFd%?'ef%g?él'%é'from
about 8% t cABMIAMS, Sissyed @ﬁ@hﬂﬂl?bﬂ&&&.eﬂl $i PatentpMoer4:239,066, choghases

densi fied kigyakd Tedtmvbhérd1e, N9BaL iana d@SPéﬁéanN&ta,'s%SﬁséZ?%marf Ngsued
density of ts ISpRre erabl'y an

i mprinting é@erge?gggb?hc?fh‘ﬁb\chgarg ‘Bﬁ?fqﬂ\‘/’ﬂ 6?&9? &Méﬁfe‘ﬂ 8%- knucki es whi ch

operate as the aPrefgrafflysthpdutnéstwis Grstf foriviedt imte d netfwebwdn anforaminous

Const 1t o o£RIRINGPOBGRIP! L 30 boBEARTHE Swyd LMD e ABHE e
carrier f abtrpasfesred c!Ps%'I‘ dmlﬂtmwabf@afr éﬁt fugpishs neyL a’vmmatshmber thitially
Si sson,” i ssggsosiead My a31foré|rﬁﬁﬁ>usus§p Eﬁﬁ\%ﬂtcambr %ﬁ@ﬂ 838 oﬁéila‘fé'é;cés daH :
et al ., Isgusq thﬁlézégal%ﬂdel\lgor <§at i t we% 1S éewatereﬁy n |rsfsu§
August 10, t med;7the yye and, preferably,
thermally predried to a selected fiber consistency of between about 40% and
about 80%. Dewatering can be performed with suction boxes or other
vacuum devices or with blow-through dryers. The knuckle imprint of the
imprinting fabric is impressed in the web as discussed above, prior to drying
the web to completion. One method for accomplishing this is through
application of mechanical pressure. This can be done, for example, by
pressing a nip roll which supports the imprinting fabric against the face of a
drying drum, such as a Yankee dryer, wherein the web is disposed between
the nip roll and drying drum. Also, preferably, the web is molded against the
imprinting fabric prior to completion of drying by application of fluid pressure
with a vacuum device such as a suction box, or with a blow-through dryer.
Fluid pressure may be applied to induce impression of densified zones during
initial dewatering, in a separate, subsequent process stage, or a combination
thereof. . . '
Uncompacted, nonpattern-densified multi-layered tissue paper
structures are described in U.S. Patent No. 3,812,000 issued to Joseph L.
Salvucci, Jr. and Peter N. Yiannos on May 21, 1974 and U.S. Patent No.
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Friedberg et al ., issued March 30, 1971, U. S. Patent No. 3,473,576,
Ameus, issued Cctober 21, 1969, U.S. Patent No. 4,239,065, Trokhan, issued
Decenber. 16, 1980, and U.S. Patent No. 4,528,239, Trokhan, issued July 9,
1985, all of which are incorporated herein by reference. Preferably, the
furnish is first fornmed into a wet web cng a foram nous formng carrier,
such as a Fourdrinier wire. The web is dewatered and transferred to an
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conbi nati on ther gﬂje_ WBHE’CP%&EP’@ tissye, f@f?f!%n%ﬁefs’?'édf“’%}m can ke uged

ti ssue papén anyr applicatidnawhede soft| hbsorbent.nfultifsy fatiaNtissuz pageOpfodicssied
to Joseph L. " . ian . 197 d,.

Pat ent No. a’%ﬁ@@ﬂwﬁﬁ“@@%‘fﬁ%ﬂ%@é’g gg‘és&qgog,ﬁ%g@mi éguﬁh ongé'gery
E. Becker, MAaperiprodustobiiisiinvention Mecinatailectinsie end faciahtissue pnaets ot h
of which are incorporated herein by reference. In general, unconpacted,

non pattern densified nulti-I|agyered ti.ssu er structures are prepared by
deposi ting a paper naking furﬂ%g{?cﬂl’?fﬁfﬂ?‘éﬂﬁ%ﬁgmﬁgpﬁi ng wire such as a
Fourdrini er wi re Aolntoductionet web, draining the web and renovi ng

addi ti onal wat er g Beuiny i RAMNGLRnIAG BRGRRREASE B bbivimisc'Flkediisls 3 théF"

consi stency of at [eas . . g
molecular size. The properties which have enabled polymers to be used in a

diversity of applications derive almost entirely from their macro-molecular
nature. In order to characterize fully these materials it is essential to have
some means of defining and determining their molecular weights and
molecutar weight distributions. It is more correct to use the term relative
molecular mass rather the molecular weight, but the latter is used more
generally in polymer technology. It is not always practical to determine
molecular weight distributions. However, this is becoming more common
practice using chromatographic techniques. Rather, recourse is made to
expressing molecular size in terms of molecular weight averages.

B. Molecular weight averages

if we consider a simple molecular weight distribution which represents
the weight fraction {wj) of molecules having relative molecutar mass (Mj), it is
possible to define severa! useful average values. Averaging carried out on the
basis of the number of molecules (Nj} of a particular size (Mj) gives the
Number Average Molecular Weight '

n = ZNi M
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creping the web. Water is renoved fromthe web by vacuum dewat eri ng and
thermal drying. The resulting structure is a soft but weak high bul k sheet
of relatively unconpacted fibers. Bonding material is preferably applied to
portians of the web prior to creping. The nulti-ply facial tissue paper
product of this invention can be used insany application where soft,
absorbent multi-ply facial tissue paper products are required. Partlcularly
advant ageous uses of the nulti-plx,%acial ti ssue paper product of this
invention are in toilet tissue and facial tissue products. Ml ecul ar Wi ght
Determ nation A. Introduction The essential distinguishing characteristic

of polyneric mat e&n ainsparsatthaionsequencs asf Sthis. defiration ORET thaes thdi Rinibeye
‘enabl ed pol y&r;{a Lo be used in a diversity of applications derive al nost
entirely fro 8¢ nmcro-nol ecul ar nature. In order to characterize fully
t hese mater Moiscutaruwemcéntgramsmmam Avpgadrossblupibefedfi molerules)

det erm ni ng 1Hi§'deﬂﬁ¥|@¢ldf%o%'u@ﬂ?t @e?g”ﬂi @b@ﬁﬁkﬁntvﬁhﬂhﬁhﬁ' ﬁf HMdn?&?‘rse' t

is nore correc% QU rmrelative. nol ecul mass
nol ecul ar wePgHEY aISLftpeﬂ?é I'&tt"é‘? epu eﬁs’&i’"ﬁ%rﬂée j@mﬁ 19 ?F‘I’ﬁ’ '9%r0f more
t echnol ogy. signifisames isatheasecognition that if thel atienber f moleealdsdih avgig mass

distributio Wﬁ%gﬁers%hbélﬁahﬁrbgﬁprﬂengem?ﬁﬁn&@ Wd{brﬁé a\&%k g@s N%an be

chr omat ogr ap I cte mg , rFrecourse
nol ecul ar sicatcylatederieagilys Thisl is she DHasiseptpelligative peapenty mwemtsver ght

averages |If we cox\ﬁerdgrngaoﬁltﬁal@asr@w%ba\rverm%ct%rﬁ (WiLbf PRoleBUeS of a
represents the wei “Mgé:t i qf. nol e\& (i'ﬁ avr n relﬁ;—{ lve Iecul ar
mass [err] i3VER § @e en initiap af \Yelght Averag

Averaging carried out on, the basis of the nunber of nol ecul es [err] of a

particul ar size [err] glves_t eL .Ql\/blecular Weight [err]
REPLACEMENT SHEET 25 hE\MﬂP e‘r‘rq err] An inportant consequence

of this definition is that the NArbWi Aver@eN iecul ar Weight in grans
contai ns Avogadro's Nunmber of nol ecules. This definition of nolecul ar

h n n f n r I I
wei ght is consistent wt an\t of , nonodi sge se nol ecu ﬁacuﬁ)ec es,

nol ecul es hWiRf MYesY eans far exnremsingdpolyet mo r werghtsl than n

since it reflects more accurately such properties as melt viscosity and
mechanical properties of polymers and is therefor used in the present
invention. H

Analytical and Testing Procedures

Analysis of the amount of treatment chemicals used herein or retained
on multi-ply facial tissue paper products can be performed by any method
accepted in the applicable art.

. Quantitative analysis for quaternary ammonium and polyhydroxy
compounds

For example, the level of the quaternary ammonium compound, such
as Di(HydrogenatediTallow DiMethyl Ammonium Methyl Sulfate
(DHTDMAMS) retained by the multi-ply facial tissue paper can be determined
by solvent extraction of the DHTDMAMS by an organic solvent followed by
an anionic/cationic titration using Dimidium Bromide as indicator; the_ level of
the polyhydroxy compound, such as PEG-400, can be determined by
extraction in an aqueous solvent such as water followed by gas
chromatography techniques to determine the level of PEG-400 in the extract.
These methods are exe'mplary. and are not meant to exclude other methods
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significance is the recognition that if the nunber of nolecules in a given
mass Of a pol ydi sperse polyner can be determ ned in sone way then n, can be
calcul ated readily. This is the basis of colligative property neasurenents.
Aver agi ng on the basis of the weight fractions [err] of nolecules of a
given nmass [err] leads to the definitigg of Weight Average Mol ecul ar
Veights [err] wis a nore useful means®for expressing polyner nolecul ar

el Gt s e Rashghd bRl BP be IR AngI6HER'H Yot b RURBLALSR, AtaEl'

vi scosity ang properties o ners a th the
present ln\IBht’?Q)ﬂW'WPéY%CF'é'al*S%ﬁopanﬂtl ng Pr ocedures Anal ysis of the anmpunt

of treat rrgnt cheana?s&uuaasﬂ:Mbebme%yr etained on nulti-ply facial tissue
: t hod t in.th I I
e A Quant t AVEPRIE o B P D e, RRBR iffesha b Gep AN sayfhe
conpounds Hwopersitp| &, théemulti-ply dacishdisguat paper yoabeowertad: onjibundtesuch
as D (Hydyaaep ﬁttfiﬂ)ﬂ% FriM¢i- plﬂd\ﬁﬁ&m%sueﬁﬁw ey bévﬁéﬁwwhéugﬁé’ﬂ(}ﬁued by

(DHTDVAMS) retaln aci ti ssue paper can ter m ned
by ol von: dStErENIG A OPOTR O 559 dhr Spg vt Ry feial tisshe RARET B9 an

api oEi c/ c?tbewme icompiétedy) wetted vﬁtmﬁ\datgm4ghmpdﬂod80ﬂ tifiec & Oéferﬁghetd exel

of the poly, 0 - e determ

extract | on” UL SERET oM roBh 8 BRWEE doqensiflent ot oy tile est for

chr omat ogr aw@tting: ctimequthe ttollatwm rrpmcetdh:eel &y by o5 400 iwetting etimeact .

These neth I a t d t
ferr] 26 m?%ﬁﬁﬁjg‘égﬁs ki 2 SandBnBa; sHMAY il et RS SRVUOREAES

conponent s GaNALionNs; 1y t?ﬁéngnﬂ fi pangrysarmples ae; ?éu’eT pngF d $0+3% Bdii @scity
(absor bencygpedifibd i TARPL yeathodUT t402), ya;imoxahaﬁelyswe/&apeh % 4378, inch

netteq vi ¢ H2RARLA I T st i qhmB-bly fickay t&%aa&ﬁ IRl ViR
somewhat queesond; et!nebyshaet es niqmlecb intee fpelru ifxtaposed equﬁrtere, fand ¢hen
mélr.tB[ijI/ Iclﬁrﬁh?dle& iAfdS gaipedppfr&x:h&qav%cm%aié& I(at‘l\’gl?tt gﬁb\tf%rhh rtg’sélt%ut fhis
(F:)on5| st ent 151:'6 @ﬂé’&tiﬁ cmlo i dpqﬂ:teter, :R?Id tﬂE ba!‘ed sheet is plgced on t?te
surface of a body of distiled water at 23 £+ 1°C and a timer is
simultaneously started; fourth, the timer is stopped and read when wetting of
the balled sheet isicompleted. Complete wetting is observed visually.
Hydrophilicity characters of multi-ply facial tissue paper embodiments
of the presént invention may, of course, be determined immediately after
manufacture. However, substantial increases in hydrophobicity may occur
during the first two weeks after the muiti-layered tissue paper is made: i.e.,
after the paper has aged two (2) weeks following its manufacture. Thus, the
wetting times are preferably measured at the end of such two week period.
Accordingly, wetting times measured at the end of a two week aging period
at room temperature are referred to as “two week wetting times.”
C. Density
The density of multi-ply facial tissue paper, as that term is used herein,
is the average density caiculated as the basis weight of that paper divided by
the caliper, with the appropriate unit conversions incorporated therein.
Caliper of the multi-ply facial tissue paper, as used herein, is the thickness of -
the paper when subjected to a compressive load of 95 g/inZ (15.5 g/cm2).
D. Lint
Dry lint
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wetting time, the follow ng procedure may be used for wetting tine
deterim nations: first, a conditioned sanple unit sheet (the environnental
conditions for testing of paper sanples are 23+1 C and 50+2% R H. as
specified in TAPPI Method T 402), approximately 4-3/8 inch x 4-3/4 inch
(about 11.1 cmx 12 cm of nulti-ply fagial tissue paper structure is
provi ded; second, the sheet is folded into four (4) juxtaposed quarters

and t hen crurrpl b [ to
about 1 inch (about népggnrr?é im argnét{e@w53 % cﬁé{lﬁ {F\ﬁ(‘%g?%ée% I p aced
on the sur foleek deltqapfyy BPU'GH’ sWPlghéda%taeH%e'2§°'¢|!femqfef ahie Suthedand s

si mul t aneoygkter 3§ Ar inedor-Gavén msﬁmeht m:ch%aﬁta&n@dama ghtafl safp lbwséitl ng

“of the balle t d

iy ophi |1 ey URAAROEE & BERERrY S0P FadmA v@peﬁqfeﬁlaaggﬁréﬁa%#%&?{ B of
t he presenthe feanpogndnweightf Theurester thyndmbsrm maxves rtivediveigbted &iélt @ver
manuf ac“”% i‘eﬁ%‘é‘? :sﬁ‘ﬂ% gﬁlé% ﬁ\%%ﬁ%ﬁ‘éf' FhBY &R@?Oébfﬁktl.yvgﬁﬁé BF?!Sé

i
r
during the f |rst er the nu a ered t1ssue paper

i.e., aftebladle ﬂaﬂ%rd%gnmgédbememd \ﬁér@wu Bingewihey diff%reﬁamm afb?u"r"éo
Thus, the wairitengCoblorereatiingy ' cirytaltes e angdsifeftient hef aitg MitikglCh Otler week

peri od at OGRS oWR ib oRd arF i T MeRSufhe HF WiEH1sB, e bR BRi ™7

Density ThéNe’ehetty of multi-ply facial tissue paper, as that termi s used
herein, is the au%rmsuéiwééédfu@amuh@heanaé theewe@%%mpeb%kr@f of Rgky@aper

di vi ded by the cali per, aFgroprl ate unjt conversions i ncor orat ed

therein. CHBMRes ds dﬁ?@“ﬁﬁ#t'f‘ W%ﬁ tena Ne; 4 A9arissyad te Walter et @l s

E gg g hl[ cknjmsm‘gdslnezp RGYOMET SnddrpoiRddt Reire DYPFefefdnce. |1Q%dpﬂ5céﬁxréle”%
err I'n

Can be. noassreataly dhveivis Arsing,a Rittersemale thrayat twgy el gl (9 bf
f our pound wiichhis pardiaily sutireerged| v amwater. bathe LBt fren‘i ahel tissge ssample ds

ot or - d“V‘iFhrMéirEH”?&tth‘é’“'sféﬁ%C%il Whieheis? HBistted kpgipd FRELN

acr oss astatlonary sa |s attac edtothefour

ec
pound wei giRoNtiNYe d; rolatl "t?feﬂ"er Eg%e' SPl Anposits 1be iintdntq ghe ¥yatep hath. The
stationary limtdisaesovpred &nd therecainteliesSedheoliud tine @8 orcol. §aline 27 ofhe

bl ack Telt 43 ek Tt M pbhe! ol Rbtifus RRMAYn thl el dre 16 frieasrihg®

t wo
wet lint also can He used.
Optional Ingredients

Other chemicals commonly used in paper making can be added to the

chemical softening composition described herein, or to the paper making

" furnish so long as they do not significantly and adversely affect the
softening, absorbency of the fibrous material, and enhancing actions of the
chemical softening composition.

For example, surfactants may be used to treat the multi-ply facial
tissue paper products of the present invention. The level of surfactant, if
used, is preferably from about 0.01% to about 2.0% by weight, based on the
dry fiber weight of the multi-ply facial tissue paper. The surfactants
preferably have alkyl chains with eight or more carbon atoms. Exemplary
anionic surfactants are linear alkyl sulfonates, and alkylbenzene sulfonates.
Exemplary nonionic surfactants are alkylglycosides including alkylglycoside
esters such as Crodesta SL-40 which is available from Croda, Inc. (New York,
NY); alkyiglycoside ethers as described in U.S. Patent 4.011,389, issued to
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Hunt er Col or readings constitutes a nmeasurenent of dry tinting. O her

met hods known in the prior arts for neasuring dry lint also can be used.
Wet ,lint, A -suitable procedure for neasuring the wet tinting property of

ti ssue sanples is described in U S. Patent No. 4,950,545; issued to Walter
et al., on August 21, 1990, and incorpojated herein by reference. The
procedure essentially involves passing a tissue sanple through two steel

I'ls, [ ' tLal ) t bat Unt f th
Pssue aampls KU'1ERkBAD e 4 o MURIPEIPoTt: niPhRY bl dinoxilaned KFeiic
wat er bat h. sudteag Fegrsperger2RQ M availahlpdremGlycp Themispissiloe. tGreehwich,i nt o

the water bgfrh. anfe IGEMAL SRCES20ErRGiaBR t HBM C d. ols one 45
- col. 6, I@%}é? of the Walter et al .l patents!:h Qnﬁgpsneﬁok?g@&kr?g\xﬁmiéﬁoﬂhe
rafRUY -y wet

prior art f lint al so can be used. Optional Ingredients
Qt her chemi cal s-Thenabdve listinigs rofpaptionatichemicaln atiditadded imehtiéd Cleebecal
sof teni ng cgy | @AY GRi R erfidN ar@ ndtO Jraking furni.sh so
| ong as the\é%?not s?gﬁ?ff‘caﬁﬁre' aa(r?l{g grve?iterg&ggf@&%wﬂghésoﬁo@% :g’é,t?‘e
absor bency BVeR#RM | brous material, and enhancing actions of the chenical

sof t eni ng conposThe dollowing examples, illtigtrate tRatprachde R heestesent iR@intiohe

multi-ply f L¢S: noducts.of the present invention. The |evel
of surfact atﬂ&ﬂffﬁ‘tts'ggén&?ﬁ ggéﬁ&‘ﬁﬁ% tr'l’af)‘?’??é’jlbout 0.01 %to about 2.0% by
wei ght, based on the dry fiber weight of the nulti-ply facial tissue paper.
The surfactants preferably .have al kyl chains with eight or nore carbon
atons. Exenplary anionic surfactants_are |inear alkyl sulfonates, and

al kyl benzene sul fonates. Exenpl ary RXAMPLE 1surfactants are al kyl gl ycosi des .
i ncl udi ng al kyl gl ycosi de esters such as Crodesta SL-40 which is avail able

from Croda, Inc. Yor k O aal kvl gl.ycosi de et hers .as, described in U S
Patent 4.011, 385{'4‘41\@?' 3e Sfm[eﬁg‘igsﬁf’o@‘.‘sﬁﬁgﬁdﬁ?tw ‘jla.‘ G0 REYS§Ys:
1977; and diokynpke-yuet Hoxgheminal esoieners ucomposiiego Kompnisi®®0 aMmixvadie adfl e

fRLSL”eG'F%ﬁ|°e‘??(!ﬂgi’f“ﬁ:?:t‘%%’ﬁa{%%E’Eﬂ‘#‘mmﬁp‘"f"“‘%ﬂ’a' Wttty S BMIPMRMS) o
chemical adid Po §"|‘/§th\ﬂ?‘é%(§iﬂ°‘?lcﬂ%@(?T%Ge&@o)exerrpl ary in nature, and are
not meant to |i rAtchehsicalcsgftertdr ¢draposition is prepared according to the following
procedure : 1. An equivalent weight of DHTDMAMS and PEG-400 is
weighed separately; 2. PEG is heated up to about 88 °C (190 °F); 3.
DHTDMAMS is dissolved in the PEG to form a melted solution at 88 °C (190
°F}); 4. Adequate mixing is provided to form a homogenous mixture of
DHTDMAMS in PEG; 5. The homogenous mixture of (4) is cooled down to
a solid form at room temperature.

The chemical softener composition of (5) can be pre-mixed (steps 1-5
above) at the chemical supplier. (e.g. Witco company of Dublin, Ohio} and
then economically shipped to the ultimate users of the chemical softening
composition where it can then be diluted to the desired concentration.

EXAMPLE 2

The purpose of this example is to illustrate a method that can be used
to make-up a chemical softener compasition which comprises a mixture of
Di(Hydrogenated)Tallow DiMethyl Ammonium Chloride {DHTDMAC) and
Polyoxyethylene Glycol 400 (PEG-400).
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I nvention. The follow ng exanples illustrate the practice of the present
I nvention but are not intended to be limting thereof. EXAMPLE 1 The
purpose.of this exanple is to illustrate a nethod that can be used to
make- yp a chemi cal softener conposition conprising a m xture of

D (Hydr ogenat ed) Tal | ow Di Met hyl Ammoni um Met hyl Sul fate (DHTDVAMS) and
Pol yoxyet hyl ene A ycol 400 (PEG 400). AZ28hemi cal softener conposition is
prepared accor di

to t foll ow d 1. A i val ent i ght of
DHTOMAVS and PECAASRETICH solena samubsitian,  Brepafed Atcaraing.fo 1he faawing s
[err] (190 peogedure.: DHFOMERSivViaterti weight e DHTDMACEGNIPEGAAG isTaleightd
| uti t 9 ; : | %} {5 oR{.OVird
homgenous Seorerall, %ﬁméd@‘% bt e o P Bl SHIDIYACT 2
cool ed downist gisgolygd i e HES tPotarm anpehgpsutionat-BB8nT €al 12 dner %
cor[plo_si ti ?nmbq\(;\?ie odxingeisprevidedeth {artre pshdmbgeduseinixuré lof mh‘EDMAﬁl I th_in |
supplier (epgm. WEC . 0 Lppe
Co bhe ul {1 FEB o beciafRteRoumatiie oF 14D s dboond gl 3 Flisbiy torTaR”
then be di| ra tempesdtdesi red concentration. EXAMPLE 2 The purpose of this
exanpl e is to ilirygtérdmical §8HBAEr tBApOsRILAES wsgéaﬁ%&ak&nﬂneaf g% L)
i

sof t ener conposition which conprises m re of D dr ogenat e | ow
i Mot hyl  AnRBRYEIRT GHECFHeTIGRbTHARAES Terbs WakcPoSomPRDY Lk RHE)Eo)

and
(PEG 400). therRecoAChiCally SHigpedOto Mhe (RiPnatéOusershetrithel clephicaha&oftening

conposition_j I ' t | ' An

caur val ent - SeTERSRRRH bR iREsh s Rel b @ o 3 seg BB Raton™ e

heated up to about 88 [err]; 3. DHIDMAC is dissolved in the PEGto forma
melted solution at 88 [err] (190 [err]; 4. Adequate mxing is provided to
forma hompgenous m xture of D%TDIVACFk%(‘% 5. The honogenous mi xture of

(4) is cooled down to a solid form a érrperature. The chem cal

sof tener conposition of (5) can be pre-m xed (steps 1-5 above) at the

chemi cal suppl i e‘rhgeptﬂ'po%to?(}hfsogyﬁ%le% tg"iﬁhjst?ate@ ir&).th%qssing blow through
drying and layered paper making techniques to make soft, absorbent and lint
resistant muiti-ply facial tissue paper treated with a chemical softener
compaosition comprising Di(Hydrogénated)TaHow DiMethyl Ammonium Methyi
Sulfate (DHTDMAMS) and Polyoxyethylene Glycol 400 (PEG-400), a
permanent wet strength resin and a dry strength resin.

A pilot scale Fourdrinier paper making machine is used in the practice of
the present invention. First, the chemical softener composition is prepared
according to the procedure in Example 1 wherein the homogenous premix of
DHTDMAMS and polyhydroxy compounds in a solid state is re-melted at a
temperature of about 88 °C {190°F). The melted mixture is then dispersed in a
conditioned water tank (Temperature ~ 66 °C) to form a sub-micron vesicle
dispersion. The particle size of the vesicle dispersion is determined using an
optical microscopic technique. The particle size range is from about 0.1 t0 1.0
micron. '

Second, a 3% by weight aqueous slurry of northern softwood Kraft
fibers is made up in a conventional re-pulper. The NSK slurry is refined gently
and a 2% solution of the permanent wet strength resin {i.e. Kymene™ 557H
marketed by Hercules Incorporated of Wilmington, DE) is added to the NSK
stock pipe.at a rate of 0.75% by weight of the dry fibers. The adsorption of
the permanent wet strength resin onto NSK fibers is enhanced. by an in-line
mixer. A 1% solution of the dry strength resin {i,e. CMC from Hercules
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then econom cally shipped to the ultimte users of the chem cal softening
conpoSition where it can then be.diluted to the desired concentration.
EXAMPLE.3 The purpose of this exanple is to illustrate a nmethod using bl ow
through drying and | ayered paper making techniques to nmake soft, absorbent
and lint resistant nmulti-ply facial tissue paper treated with a chem cal
sof t ener conposition conprising D (Hyd?®genat ed) Tal | ow Di Met hyl Ammoni um
Met hyl Sul fate (DHTDVAMS) and Pol yoxyet hyl ene d ycol 400 (PEG 400)

per nanent Rgorperatggt af \imingten. P&l {5 added gton the HN$K -‘?IOBkIQRfOs%éh@ fan

Four d[ i ebuﬁmt anfdtertﬁ (Dfﬂb%lbl“\,ew&gmsﬁﬂth@dhhﬁbt@fsacﬂ'héﬂxlgt shd}e\é £ @ﬁaf%d
i nvention enlcal so roconposition is prepared according
"to the proé%&:? kggﬁﬁfg}%’%%tr %rh%uﬁ%nogenous prem x of DHTDMAMS and
pol yhydr oxy corrpBl]lndi.s a 3% byoweightt ageedis slernyedt Bdcalyptust fibgrsriatmade afp
about 88 [gfrg coﬁbsnﬁshéxefb gm; hre AszwgambEDSf e de"r‘?\%ngﬁf‘%ét' SfigHg ot ef
54h

tank (Tenperature - 4y | forma sub-m cron vesic | spersi on.
cI

particle sf9¥n df-et i'ﬁsv i s 2gdgd tosthecEWcalypuLs ﬁé’FH(j"aﬂ A raty of
m cr osc0pl 0.2% by evetghtliod thar dmc fibers, Ziollowrgeby sadditom ajfoat19%. doludioh. Of

i 3 th
1 bers i o GMIE abaEiolBidste Y thidhe e oRy BRle % N BOSORBH oF Bid
gently and caem@dqﬁew mfx'(tlfﬁal%éﬁMéﬂt‘“ﬂEﬁUOQi\fmugtshOtﬂemm befase therin
557H mar ketjgd :bmcérleétcul x%ie'dfcerzmab?%ef thfrrtwamfb@Fs) ' ﬁ'tﬁdéaéa%t&:be

NSK st ock p te of fibers.

adsorption$ d@\é \ﬂe&i’f’ ‘é’r\’lﬂﬂgP%%Pht%?ﬂ‘ Néﬁ‘q'l bers | s enhanced
by anI in-1ine nﬂher:ndﬁrudﬁélmtraauedmmmshhﬁre#nys tstreangtih = 20086 NSiIE/ stirdam r om
Her cul es REP Q e

to the NSK st oc’k ef or al?EﬁE} a:?g ‘J% Je?;%g&trea?lrﬁ’%qu%hgﬁ%ﬁ%x QE% d%ﬁo?xﬁe dry
fibers. Thent@ia Soyrdrnies wire ape ftfbaa%Gt‘aEBYZ%ftb@Y@lgt‘dﬁbycmtatﬂm fegyal

punp. Thi “i':o %&YNW ghl §s5| We%ht@ﬁngl&ﬁ‘:‘u}@ttklﬁnfdhb%é F'o%rd'ﬁﬁi@r up
in a conventj onal tgg soI uti on of stren

resin (1. oWfean g dfaflscioriand Vagywi Sokesc A 1B R ang! P 1o
0. 2% by weigfhd Seihéd}e sitin Wd_aeescorff(ydraﬂenl Haymglldnol machineadifecxiorobnd i 98 of
Chemear + 0 upmabafR hbctoh ook by 0 Seaber i okt GbRfrters
i n- wet web is transferred from the Fourdrinier wxre, at a fiber consistency of
about 15% at the point of transfer, to a photo-polymer belt made in
accordance with U.S. Patent No. 4,528,239, Trokhan, issued on 9 July 1985,
Referring to Figure 3, such a belt has 425 discrete deflection conduits 31 per
square inch, a repeating random weave pattern 32, 35% photopolymer land
area 33 and 5 mils of polymer depth above the woven reinforcing element 34.
Further de-watering is accomplished by vacuum assisted drainage until the
web has a fiber consistency of about 28%. The patterned web is pre-dried by
air blow-through to a fiber consistency of about 65% by weight. The web is
then adhered to the surface of a Yankee dryer with a sprayed creping adhesive
comprising 0.25% agueous solution of Polyvinyl Alcohol (PVA). The fiber
consistency is increased to an estimated 96% before dry creping the web with
a doctor btade. The doctor blade has a bevel angle of about 25 degrees and is
positioned with respect to the Yankee dryer to provide an impact angle of
about 81 degrees; the Yankee dryer is operated at about 800 fpm .(feet per
minute) (about 244 meters per minute}. The dry web is formed into roll at a
speed of 680 fpm (208 meters per minutes}.
The web is converted into a two-layer, two-ply facial tissue paper. The
multi-ply facial tissue paper has about 20 #/3M Sq. Ft. basis weight, contains
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line mxer at a rate of 0.25% by weight of the dry fibers. The Eucal yptus
slurry is diluted to about 0.2% consistency at the fan punp. The
individyally treated furnish streams (stream1 = 100% NSK / stream 2 = 100%
Eucal yptus) are kept separate through the headbox and deposited onto a
Fourdrinier wire to forma two | ayer elr}‘?ryoni c web contai ni ng equal

portions of NSK and Eucal yptus. Dewatering occurs through the Fourdrinier

wire and 1 SaRs plefh Y of 1A bRRERENERA CHENh YRS -abble d. 9954 IdY e dfy ©
is of a 5-shed, satin weave configuration having 110 nachine=di'rection dnd
95 cross- naEWEAStY| feskt i o@NfoPUtaehe’ %pept | High, chemjratt softeper TRixture.

enbryoni ¢ Wehpa'antly, tthenesaningdmiugply ieske® paper M sbftvi bBsodlent, hebeood
‘consi st ency, of abqut 15%) at tgg Igo#topt of té%nﬁ eru.to a phot o- p01 ynmer belt
made in acc'é'?‘d%ﬁ?& a0Fs A f’J.'%.su P n i3F B e fffg, %y okhan, issued on 9

July 1985. Referring to Figure 3, such a belt has 425 discrete defl.ection
condui ts 31 per square inch, a repegxAgpiLgyglom weave pattern 32, 35%
phot opol yner |and area 33 and 5 mls of polyner depth above the woven
reinforcing el ement 34. Further de-watering is acconplished by vacuum
assi st ed drai nag€hermpirposéef wkis dasnplefis herillgstnatiess enethodf usihgudorRfitiohbe

patterned N ' i . 0 i |
bout 6506 bring SeCreyeréis pabe? niaihG AL ANIGUEY toPnfakel S, BBGHBRE NG e
dryer with EesigpBYyeMUtB nfpciaihdissye PaRer i YRatpd. with auehericad| goftenenf
Pol yvi nyl AtemipelsitidiVédmpfisigl DRIy dfSiiaté&Talohs DiMetRASAfnéniam Chldrty ed
96% bef ore WT%&%&% r?e gb vm;?}g F dogb’or Me Eh?qgoctor bl ade has a
bevel angle dd@gar(ﬁ)égx vjepe glycol (REGRY0QL 2 Rermanent wet
Yankee dryestrengti resinl@andra dnpstréngrngiesirof about 81 degrees; the Yankee
dryer is operate t ] , 244 r
m nute). The drya\/\@%@%f ﬁggdrlfrﬁ osé‘g‘ﬁl mggfngn}g{égbﬁeo{sag% f'ﬁ#’?%@n‘:}t I(§{ras
per mi nut esthe Presembinventiony er Fiest. ithe chemigsl Isaftener mposjtionds aprepaces.e
paper. The gbtérdimg Yofthel plockdard!th I&Bﬁfgl@@s valiitein 85k Hombgehous! prétand 6f
wei ght, conb% [erci] 31 about 0.475% of the &eérranent. wet streggth
resin, abouPTHOM&s sang Heolyhy e FQIPPUNGS, in ,3QId, 3tate ois) Sgypelted ;AL a
chem cal sotdraperatarecotiabout 88 RC 4190 9F). (Thhe mettedtmixgurealist thepl dispesseden a
paper is so : ' r eskat aps | | | s se
as faci al tﬁégﬂ‘g@g%%%ﬁ?gﬁyﬁ?@é of.6§h?gyggg%p?F{e§i g@ﬁ?tf"ul‘@%ﬁt&% a
net hod usi ngls@@mgm iTheapprticle size of the vesicle dispersion is determined using an
optical microscopic technique. The particle size range is from about 0.1 to 1.0
micron.

Second, a 3% by weight agqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 2% solution of
the permanent wet strength resin {i.e. Kymene™ 557H marketed by Hercules
incorporated of Wilmington, DE} is added to the NSK stock pipe at a rate of
0.3% by weight of the dry fibers. The adsorption of the permanent wet
strength resin onto NSK fibers is enhanced by an in-line mixer. A 1% solution

- of the dry strength resin {i.e. CMC from Hercules Incorporated of Wilmington,
DE) is added to the NSK stock before the fan pump at a rate of 0.05% by
weight of the dry fibers. The NSK slurry is diluted to about 0.2% consistency
at the fan pump.

Third, a 3% by weight aqueous siurry of Eucalyptus fibers is made up
in a conventional re-pulper. A 2% solution of the permanent wet strength
resin (i.e. Kymene™ 557H) is added to the Eucalyptus stock pipe at a rate of
0.1% by weight of the dry fibers, followed by addition of a 1% solution of
CMC at a rate of 0.025% by weight of the dry fibers. A 1% solution of the
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dryi ng and | ayered paper making techni ques to make soft, absorbent and |int
resi sttant mul ti - pI Y facial tissue paper treated with a chem cal softener
conposi ti on conpri‘sing D (Hydrogenat ed) Tal | ow Di Met hyl Ammoni um Chl ori de
(DHTDMAC) and a Pol yoxyet hyl ene @ ycol 400 (PEG 400), a pernanent wet
strength resin and a dry strength resin, A pilot scale Fourdrinier paper
meki ng machine is used in the practice 3? the present invention. First,
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is formed into rollfat a speed of 650 fpm (200 meters per minutes).

The web is converted into a two-layer, two-ply facial tissue paper. The
multi-ply facial tissue paper has about 18 #/3M Sq. Ft basis weight, contains
about 0.2% of the permanent wet strength resin, about 0.0375% of the dry
strength resin and about 0.125% of the chemical softener mixture.
Importantly, the resulting multi-ply tissue paper is soft, absorbent, has good

lint resistance and is suitable for use as facial tissues.
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onto a Fourdrinier wire to forma two | ayer enbryonic web c

porti dns of NSK and Eucal yptus. Dewatering occurs through tmllﬂlﬂﬂmﬂlﬁmﬁ”"l
wire and, is assisted by a deflector and vacuum boxes. The Fodrdfinfer" wire*
is of va 5-shed, satin weave configuration having 110 nachi ne-direction and
95 cross-nmachi ne-direction nonofil amenss per inch, respectively. The
enbryonic wet web is transferred fromthe Fourdrinier wire, at a fiber
consi stency of about 8% at the point of transfer, to a conventional felt.
Further de-watering is acconplished by vacuum assi sted drai nage until the
web has a fjber .consi.st ney of about 35% The web is then adhered to the
surface of ¥aARe24PSer® The fiber consistency is increased to an

‘esti mated 96% before dry creping the web with a doctor blade. The doct or
bl ade has al.beveh maltpply fadialaissuetpapér proguat ebaracterizes! ipthat iticomprdsesi t h r espect
to the Yankee dryer to provide_an inpact angle of about 81 degrees; the
Yankee dryer %perzﬂaéﬂ' raking,fibArs;300 f pm (feet per ninute) (about 244

nmeters per mnute) he dr formed into roll at a speed of 650 fpm
(200 neters pertbﬁi nuhl’é’) %ﬁt‘%\eﬂéo&%’s trcf)rWé'FF@ﬂy Amymenym gempeund, having, the|

facial tissue paper. fammlarulti-ply facial tissue paper has about 18 #/ 3M

Sq. Ft basis weight, contaigls about O %of t he permanent wet strength

resin, about 0.0375% of th ry str h resin and about 0.125% of the
chem cal softener m xture. | ort%y, the resulting multi-ply tissue
paper is soft, absorbent, has lint resis{ance and is suitable for use

as facial tissues. [err] [er VWhat is claltned is: 1. Anmulti-ply
facial tissue paper product c rac\%i zed in that it conprises: a) paper
maki ng fibers; D) fromO.RL% to of a quaternary anmmoni um conpound
havi ng the formil a [err] wherein each I522 substituent is a d - C6 al kyl or
hydr oxyal kI group, or m xture thereof, preferably ClL - C3 al kyl, nost
preferably nethyl; each Rl substituent is a Cl4 - C22 hydrocar byI group, or

mr)é; g;gbf hegﬁfg}wﬁ&ﬁﬁde %i&mr s&ikﬁnren@}.& el k!ﬂ&ﬂ%rﬁ? w&@, it vvat or
gol ubl e pgl yhydrttﬁ( @Bﬁﬁéﬁ Cl; ﬁgﬁ‘# é’!ﬁsﬁl’ gqf%me Syhstitugnt is a

preferably sel edldd C2Dhydybsaryt groupp of midtyreaherest, breférilily €182iC18t allyl.cindoe
mol ecul ar wei ghtX‘% afsﬁl%e]éﬁ)ox}, greferably chloride or methyi sulfate;

c) from (i.Ol% to 3.0% of a water soluble polyhydroxy compound, wherein
said polyhydroxy compound is preferably selected from glycerol,
polyglycerols having a weight average molecular weight of from 150 to
800, polyoxyethylene glycols and polyoxypropylene glycols having a
weight average molecular weight from 200 to IOOQ, preferably from 200 to
600, and mixtures thereof,

d) from 0.01% to 3.0% of a wet strength binder, either permanent or
- temporary;

wherein said permanent wet strength binders are preferably selected from
polyamide-epichlorohydrin resins, polyacrylamide resins, and mixtures
thereof, most preferably polyamide-epichlorohydrin resins; and wherein
said temporary wet strength binders are preferably selected from cationic
dialdehyde starch-based resins, dialdehyde starch resins and mixtures
thereof, most preferably cationic dialdehyde starch-based resins; and
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800, pol yoxyet hyl ene gl ycols and pol yoxypropyl ene gl ycol s hiﬂ!ﬂ (UH !H"gﬂulul"]
aver adge nol ecul ar wei ght from 200 to 1000, preferably from " x
m xt ures, thereof, d) fromO0.01%to 3.0%of a wet strength binder, either

per manent or terrporary wherein said permanent wet strength binders are
preferably sel ected from pol yani de- epi c3l orohydrin resins, polyacryl anm de

resins, and m Xt res X}ﬁr@é’f% twb%psfes%gf%xqgﬁpgmgaég, ef&%l?@ef%’&gy

resins; and vvher i n sai orar efera
sel ected from cati onicartg ulﬂsamsmbs%b based; resins, @némmwethsnea ch

resins and m xtures tygdQpéfera B}g&hb@kﬁﬁ&ﬁﬁl@bﬂm@saﬁ-ésﬁ{gl c di al dehyde
starch-based resins; and This Sheet Has Been Repl aced [err] e) from

-gagéoo/g( ; (r)re ?h?l gf‘rhe mum-pbrﬁngk tisshe ipdper, prpdiat e:rfemhm 3 chaviap et lfalsomro plies, cof.
nmost pref erabl y%%aé%ﬁ%gcrr%ﬁ&f?%he? gf“ggseegrnggsrﬁﬁ fﬂgem&?ﬁw%é #{ Ltieam al
tissue paper pr othdcan eterjaxergontigueus withysaid inaex la %WBFW'%BMIM h of
outer | ayer C?Sﬁ%ﬁ:ﬁ&?ﬁ ‘?ﬁ;‘%‘éf ] %Wm wm}]ef?;ﬁ""“‘a‘?%ﬁgﬁ mﬁ Al
esue proer proSOHD ik inalry KA S0 R R s o
each ply forms oggy @l@?fialﬁé&f%@%e bﬁorrﬂflsﬁaf&wti%sﬁ@hgﬂer#o%ﬁ@ and each

of said inner |ayer les are |spose t owar terror of said
facial tissge papgg nﬁltpsw%mlé’ussue papf prBautt of Chiint 2GiiRkeih tifeSMBjORBPEY the

product of Claim 2 wherein the orit f.th t er nar ni_ um canpound

and the pol yhydrmm‘f‘gc {S‘H ‘Pﬁpglaﬁir“@ Wé“ﬁm%ﬂnﬁm‘afgt

Itﬁyer s of fal df patilesst ome af saidoduiter layersoafishid plies; preferably irbattagfsaid omudaydngr ein
e mpjority o . r ]

contained in at as}l‘\&%‘rﬁl ?‘,ﬂ%{ %%&éﬁ %‘;}'gﬂ ﬁ{%dr%g era%‘?y | nag t’?Ihdegsflss '

i nner |ayers. 4. mntmm@nmlessmpppfm‘tmwlwes%a@f e seid iprerdaygrsm 2 or

3 wherein each of two. s ner ers es relatlvel aper

mal dng fi befs, %?ngfa’lyw &““%@E”%?é’f’ér"gﬁf’s’“ g&?}‘tq}g\"g sid

sof twood fi bers, mh&vlapesemn@mesa@hnbdygbﬁg pépen imakingsfibers, q;refanahhyokoﬂméi n

Fibors pr ﬁeFZL?gﬁ% s YR BB Pty A0S Y pDEHEY e &

havi ng an aver agleast@@mm u&wbmmmgh aftwnshid oge erscompnsmeelmbf Shpﬂy

facial tissue p SBiler %ﬂﬂgﬂb fhaﬁvadoa%zrs mﬁstVﬂ?@féﬁb? cuedlgptiid fibers,
| ayers corrprlses Qf t woo tfer%l %fres of §oftvvood i bers and | ow
cost having an average Iength between 0.2 mm and 1.

S. The multi-ply facial tissue paper product of any of Claims 2 - 4 wherein said inner
layers comprises softwood fibers or mixtures of softwood fibers and low cost
fibers, and at least one of said outer layers comprises low cost fibers or mixtures of
hardwood fibers and low cost fibers, wherein said low cost fibers are selected from
sulfite fibers, thermomechanical pulp fibers, chemi-thermomechanical pulp fibers,
recycled fibers, and mixtures thereof.

6. The multi-ply facial tissue paper product of any of Claims 1 - 5 wherein the
quaternary ammonium compound is di(hydrogenated)taliow dimethyl ammonijum
chloride or di(hydrogenated)tallow dimethyl ammonium methyl sulfate.

7. The multi-ply facial tissue paper product of any of Claims 1 - 6 wherein the weight
ratio of the quaternary ammonium compound to the polyhydroxy compound
ranges from 1.0:0.1 t0 0.1 : 1.0.

8. . The multi-ply facial tissue paper product of Claim 1 wherein said facial tissue
paper product comprises three plies in juxtaposed relation, two outer plies and one
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m xtures of hardwood fibers and | ow cost fibers, wherein sai

fibers are selected fromsulfite fibers, t her momechani cal pul p fibers,
chem -t her nonechani cal pulp fibers, recycled fibers, and m xtures thereof.
6. The nmulti-ply facial tissue paper sproduct of any of Claims 1 - 5

wh th t d).t al bow.di met hyl
Anmoni um ohi or | & ari‘la%ﬁms”@x&?@a?ecgeﬂi«xf%é RRa S s g eseh
sulfate. 7. Tio€ said itwi-quitsr piligs preferably comppses awo pummseddiyeammdowmem ms 1

- 6 wherein the %ﬂyg Wgym,ﬁ,g
pol yhydr oxy corrp\gﬁé}g&ﬁsg{]@&t&f rfes b Héé@ta Iéyé mﬁp‘kﬂqe rﬁn{l@fh -ply

~facial tissue pap prigse ?‘mgéP P°‘3\AB?"§F'|‘F1 said ‘Ef“F"al&ie&P“’cf?"ébi&@’;ﬁaﬁ&
product conpri seshdrhha&wpbdﬁbersn j uxtaposed relation, two outer plies and
one [err] 35.inner ply, said inner ply being Iocated bet ween two said
outer plies9. whelbemultirply Btiaktissue paper praduct pﬂ'Cb&m Srebezeintthy mejority iof ¢he t wo
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fibers and said Sﬂ?é?‘gﬁf‘?"éf F@H%Vg ﬁg‘ﬁ?‘gé’yemgg ‘H%‘r%&‘gq?‘?‘%ﬁé"do
The multi-ply fadr;aétretxg&slmﬁdersapk:catpdudsaﬁmnﬂrp& aim 8 wherein the majority

of the quaternary amoni um conpound and the pol yhydroxy conpound is
cont ai ned i 10t wo Thaimultiwplye facjal itissue paper preductapfonnyt of Clamsild- Bewherrionsaidiet

strength bi nder sq yarﬁﬁ,{,ﬁﬂﬂt ﬂﬁtﬂssdl I?d*o%&ﬁit?ﬂmﬂ %@th&l”aﬁénd@ ¥ 10.

Th | t ly f t

sai d quat e nar y SABHRIREC SHB Y r&%?s@m i el ieas, dyeal tayee & |
al'ycol having a *?‘@‘"““ B D o e p oA gL P
ge%lrranent vve'? st\rg&dg{l P @°W§ﬁ$%§%§éﬁn3%g} ?‘ﬂ% r%‘ﬂyg}tyl %85@‘1 ng%rd Said

dry strength bi ngambokaneshyliselujoseresit. cel | ul ose resin. [err]

fi bers, and at | east one of said outer |ayers conprises Iowlﬂmu g!wlfﬂm ‘“l
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