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-J1*166166* SPRAY APPLIC OF AN ADDI TI VE COVPCSI TO SHEET! §MRERIIALS
£ . FIEL oohbobar! NV This invention, in gen per Lok i3sie
*f| el d of applying additive conpositions to sheet mat erial S, suc as paper,

‘" textile, and flexibly sheets in the manufacture of sheet ma ‘mm‘cts.
¢ More particularly) the present inventi o? is directed to net w “lum‘
t

. spray application of an additive conposition to sheet materia 61 e
manuf acture of sheet material products by using a conpressed fl UI
enhance atom zation and spray formation at |ower volatile solvent | evel S
and hi gher vi ¥®8%i ARPEECATHA| INKD D T WEHEE OMRGSERTONONIO NBHER T MATEB T AliSal

,processes spray liquid conpositions that contain volatile solvent to apply
coatings, adhesives, and additives, or to spray dry materi w' '[ ent
perforns a variety of functions, such as to dissolve nmat erﬂ mm” m’mm’

.carrier nmediumfor emulsions i and dispersions, reduce viscosi Lo

spraying, and to give proper flow characteristics upon appli catl on such as
filmformation on a substrate or penetratlon |nto a porous or absorbent
material . However, organic dhile QFAPE INENTEON ce of wor kpl ace and

i t al 1 ut d f f act
T ecoonae ther oS imyeREon A gtitdral mg%raaiirise@ B bt AP hoos
probl ems. Buliqiied 8smpaSitiinCto et 4R blge EE teRtNE Syl ch make

}PQ%)%
it desirable to m nlnr#’ze Its use I n manufacturi gcesses ‘K?any material s
that are sprthxddod;heam1rdt]se3niam1fantmtafrsheeothemaiq)Irodigenst Mereh as
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evaporation rying the pro uct e sl ow and energy intensive, and
often it rrusﬁaxhefahaateedﬂmetmmrmlwmmtmbymmgamm;degmﬂﬂhicbm| n order

to increase the drying.rate. cause Iess wat er. evaporates i.n the spray .
than with vspaapp%amlgmt@%apgmgy formationtdawesiodatile stivent of t en
deposi ted too |l ow for proper application, so
performanc\é\ﬁléc‘}abrllgay‘%i g%%%éécglq—flfrétiernore, sonme substrates do not tolerate
wat er; they are degr aded by water absorption, which can cause swelling or
weaken cohesi veness, or a wat er- horne €g 05| t| on does not properly wet the
substrate, because wat erBA& : N VEMNMEIIN  or the material is
hydr ophobi c. Sucqg I nposi tions
al so depends upon %?r‘;ew% p?%lagggégg%sﬁgss%rgggy%ﬁgQﬁ’%g&é%ér)g}i&onet hod, in
addi ti on tocéheaimaloddtilecsslobnets apply vosttngs, tad hebivreas had ialditived fort he
conposition sprayed. It is highly desirable that the spray nethod produces
a spray thato ARy drLmstasials. o dde salvent perfprmsia W!’lptyd@fpémti%‘én t he
applicati ong e t i Al bot h

ud Bifto MEAHe HARNEla brGifh B AR MRS IO bANIHERS )" 2
overly smal hndr(ﬁﬁb&tsﬁonsl\lﬁ'bdﬁcé yicosityfobepearingy aha b Piva Peok rBow
i nefficient deposition and increased material usage. It is also desirable
for the spr alyalpmtelelshcs upna\aprdlqmttqmrsuchm@lmrfoam@tltoagm adubdtrate so t hat

th t d f I Th houl d
hot movean ok PRnetragR At A Bhtoa R ol BRtertls ke R B oy ot
The spray fggivefieshee Héﬁiﬁjcﬁ- SRBE bf WotkplAQ aRd hverdnaitatald on and
provi de good pattern control

pollution and can be a fire hazard in manufacturing processes.

Therefore, water is often used as a solvent to avoid these

problems. But, water can also have unfavorable characteristics which

. make it desirable to minimize its use in manufacturing processes.

Many materials that are sprayed do not dissolve in water, so chemical
agents such as surfactants must be used to emulsify or disperse the

material into water in a stable form. Water has a relatively low



so that the conpositi Ls applied in the anounts ~ ocati ons i ntended.
It is also desirable he spray nmethod to be a td atom ze h'gqg?i‘ﬂ MAR 2002
viscosity WPBLH08Y ons I'n order to nmininize or eliMMate thePGEAISHH21382

vol atil e solvents. | :~ 19 MAR 2002 WO 99/19081 ~ ~ PCT/ US98/ 21382
-3Conventional spray nethods such as air_spray and airless spray '

nmet hods, while each having certain favordbl e properties, also have .,

undesi rabl e characteristics that can limt their useful ness for applying
conpositions in manufacturing processes. Air spray methods provide an

adj ust abl e, giaipbeationf@at Aedes hish Rvat of edAPoraitivh, 3bAFyidd LBE brédibctt hey
require |l ow viscosity) typically 50 to 100 centi poise, so they use a | arge
proportion canie stow andoinergy.inténsiverand often ibimastthgheatadtbul ent and v
t hey produce a very broad droplet size distribution that has | ar ge
proport i on demRATAFyres Hiat carbeAutecleTAd BRI ROTdFE 1o RSFRSR AT ve | ow

application | Cl y | : t ' viscosity " °
materi al s V\ncﬁjﬁxll‘égg&go \?Q‘%‘Eé,ee%%fg iﬁ}% e@%’??%ﬁ@gﬁ%&@’%ﬁ%ﬁ? g&e)&glt om zation
and an over lyplatilegerghiblsolveditd ctHeepralye d Wosipdsitibg i 6ftemtdupositeldi cat i ons.
Airless sprays_ al so produce nonunjformtailing or fishtailing spray
patterns whivéithraxiscpsitpithat isiteo law fgnpxonesappdications sa petisrmanceThe
conventional atom zation chanismof airleass sprays i,s, known in the art.

I gener ol - PRAGHEFEEPLT. ERFpasHRerepp e eiiiralRh Arnos ol BRI Al Toui o
filmthat bepgyBate HtErabbs by Wt Sdorp BIdHC %hill can causeiswiellihglorvel ocity
relative to the surrounding air. Waves grow in the liquid film becone
unst abl e, awedkexnkohgsiveness| onai water-bomre eonpaitionkinsisswotirpopeelyunst abl e

and 'br eak up into droplets. Atom zation occyurs because cohesi on apd surface’
Fensi on f or 26eS tha SR BIB Iy heRaURe dAter Dage Fieh INLFEAG eBRE Y PT ahear and

fluid inerti , ' ak it apart. Oten the liquid film extends
far enough flé%t];re% e o}%wog)gotg(i)&be vi si bl e before atom zing into droplets.
The sprays are géwdcelssiulanglécnannicahspeay applicatiom of emmpiogitivrishalsoi s
close to.the fan width rating of the spray tip,, Viscous dissipation

mar kedl y r e¢PERAgURAY, Hhe SRTAINRFQRPIties nTogHesd by §§5§W§Y medode i ser

at ond zal | on., gy qd e FBriE BEIVRRE W Vi:Bbie) LAMCEDG@es Bfthe | 1 aui d-Ti1m
atomi zation” are understood to nean a spray, spray ftan, or spray pattern in
whi ch composition sprayed. It is highly desirable that the spray method

produces a spray that has a favorable droplet size, which will depend
upon the application, and a narrow droplet size distribution that
minimizes both overly large droplets, which typically give poor
application quality, and overly small droplets, which typically become

) overspray and give inefficient deposition and increased material usage.
It is also desirable for the spray pattern to have a uniform interior and
tapered edges so that the composition is applied uniformly during
application. The spray should not have an excessively high or low
velocity or be exceedingly turbulent. The spray fan should have a
proper width for a given application and provide good pattern control
so that the composition is applied in the amounts and locations
intended. It is also desirable for the spray method to be able to r,
atomize high viscosity compositions in order to minimize or eliminate

the use of volatile solvents.



~~y~R 2002 WO 99/19081 PCT/ US98 -4atom zation occurs _by this conventional
mechani sm Liquid-fil msymays characteristically foﬁ "tailing" 18rMAR 2002

"fishtail" at t ey wherein material is dis ut ed in the
. Spray. Sur?"?ggeﬁggﬁsi on often gathers nore liquid at the edgglse@ﬁ?)ﬁg"’sgpr ay

fan than in the center, which can produce coarsely atom zed jets of

materi al that sonetines separate fromthe spray. Exanples of liquid-film
sprays are shown photographically in Figares 4a, 4b) 4c, 4d, 10a, 1la, 12a,
and 12b of U.S. Pat. No. 5,057,342 and in Figures 3a, 3b, 3c) 9a, 9b) and
9c of U.S. Pat. No. 5,009,367. Supercritical fluids or subcritical
conpressed fl ui dCorsietitiaamlspeay bothddesuck agraiesprneand airlesodprey a new
airless spray atom zation ' mechani sm_ which can produce fine droplet size

' dnd a feat horathodp, whileeashchavinggeriainfgrorabde propexdias, adse haye nout

by Tne’al ss RGBSR YobUaE ot R GBS Pl R B ok g

super sat ur apeol asitidies SPhihuTheutiSs ety Ahdiray mBtlisdprovide t he spray

orifice. This Creates a very large driving force for gasification, and very
fi ne car bonagli adjudtaljasuhifohine featbrved sprayefancand fiore atonmzgtion| byti d

m xture. This is beli gved toalter th f%gw essur.e py Iogﬁri ng the speed
of sound totheereamredgwayiscosity, typigaliy fLte 100 GentiporsgogR thenuse poy, so

i nst ead of I tdfq,%%ﬁfi S { the orifice at
a relativel gé'%%gé]’%%%@é’ﬁr e. [ s?sc%rlgét ésxgres rréggt?;%%\é\éféi%}gyout side the
orifice in phiwilehbandtiny prodiude @ weyadndadidreplet dige distpibitivn thatr essur e.

The carbon di oxi de gas rel eased expands and produces an expansive force
t hat' over whbiasm large|nrgpprtion of exenly smald dreplats that kecoms avenspzay| ui d f1 ow

toget her. The ,expansion I ons ! o] Y. I a t he

out et uni GROALBII s T RIGIES, PRirtesteBaf REMB Al BlNs Rl 17, |
adj ust ed by K§FRAIVIRG0S1BE nPAtegtald tvitlh Sedly S¥dvent, Bubithég tepicaliyqiodaick On
mechani smis evident because atom zati on appears to qccur right at the

spray orifi cearsesatomizationand anmyerly layge drpplet sizeyhayds 1gomiitable
PCTNS98/ 21382002 -5 | ilgui d fi IH}# S Vvisihl elat the orifli C8.e Furtﬂerrmre, t he
spray typi caPY jpany apRUucations, 1555 eprays alag pye FROBWIE R ARG

ai rless sprayHghidiln® SpERFpattetRaEER tnalsd itadiffi:il tb_@@‘iﬂ%d edges |ike an
air spray. This frequenillg% produces a rounded) parabolic-shaped spray fan,

i nstead of sowtpusitiomguniformdy. The spray typically has a wider fan width

t han conventi onalpai rless spray r.oduced by the s ray tip. As used

herein, the ter msTh%I8%Wté§§%étogﬂfﬁt}°néﬂﬁ&%ﬁﬁﬁ§§§%%\§3%5?%%Szati on" are

under st 00d §gdWR i tRe Arb.PIAgensPA1aYhé dateial BRItBHRAGiRES at BadbiBAS t hese

characteristics as descri bed herein. Exanples of decomBr@essive sprays are
s

shown phot ograpsixeads g liqnidifijm thatghecoznes gastably fan shepr inducediby, 12d)

d I3 of U.S.,Pat. No. 5 7,342 d i Fi 4 3 od of U. S.
At o™ 5 bonis velkity Felatys 6 B0 Bublbunditt 85 “Waved et i the’s L

decohpr essi {& i@l fliyn Aecolfe GABEYIES Mhd Dreslt upUREs !.Pigfdiii FAhnddrith dhat
subcritical conpressed fluid) such as carbon di oxide) is increased. The

transition dikewissdesomerunstableandhreakiup intogdroplateadwmizatiosui t abl e
concentrations. The transitipn occurs.over a relati vell%/. gﬁ{éﬁgmhrange of
concent r at i GI¥CHFS PRSARSE glonand gurface tension fopsps, IHig &8 the

liquid-film -, i i I i a
rel'ati vel y GERERcRetiidr o ofpRidite B AhGPGId Borhih RRARE IR T ¢ of
the wi dth olireaked aplaets Ofterctipliguid film extepday@denbtph feomahbon di oxi de,
and has a relatively |arge average droplet size. A visible liquid filmcan
typical |y beorifieatq ée vasiblrobefore ptleminmgdnte deepleps. o e ANTaNs 88 ur s

predom nat el é{ergel{'gllgroarlg%slgxa 4 lshta}geiarﬁquﬁgge YR G th that is close to the fan

.o width rating of the spray tip. Viscous dissipation markedly reduces

atomization energy, so higher viscosity gives coarser atomization. As
used herein, the terms "liquid-film spray” and "liquid-film atomization"

are understood to mean a spray, spray fan, or spray pattern in which



with the surroundi ng g The spray pattern is conimol|ed predom nately by
the liquid forces. Th undary of the quuid-film region t i%?‘ 2002
occurs aboWYP%f%8 e carbon di oxi de concentration at which thECT)lbt%?ﬁ 331 m

di sappears. As the concentration increases, the spray then pisses through a

transition region in which the spray pattern typically undergoes dramatic
changes, which depend upon the 19 MAR42002 , WO 99/19081 PCTNS98/ 21382

-6conposition, as it transforns froma liquid-filmto a deconpressive spray

and the atom zati on nechani sm changes. The shape and width of the

Lransition spsay,dneh 6ahlrY 1 ANEesnTBALEILY rl@habtldl | NElHasBh! changes in

carbon di oxide concentratl Oor sone conpositlions, the spray pattern

col | apses f gprays dhartactaisticilly formaar'antling'l 6r tikhtail" sprayqedtteni,ay and
then expands into a wder, flat, parabolic_deconpressive spray . Sonetines
the spray cothexpyematerial és distributedangviegly in shespray., prrfaee tension t hr ee,

econpr esei OB HARRerpEOrE A af AT T4en{E (HeRp vy, A (Rt 8P AB% cr s

mostly pl angénfdy! wiHieh & pRbdhbéeoRrsaly Wesitizdiets 88 nid¥ersdl thatnar r ows and

then |l ess as the spray 'expands into & deconpreéessive spray. Sonetines the

spray renni semetines separate foomthesyiray. Axayphat dfdiquidfilm superi nposed
upon the liquid-filmspray, pattern). i ¢ch_simul tanegusly dj sappears. For
still ot her SEEASoate sheven phgto lsmxw gpBes 4, 4%t4‘{3 3puch

w der and thep ChaANGRS.AQ § P Q!4 655 RCand 15 FikARSd BhO8pSBEAYS are
b pbl'e beé Tther e P

I rregul ar an en-unsta Causé ne exXpansrve torce %rom the

car bon di oxpBgana@roc 6fUIS. Ritd NRH;069,3867t he conposition dom nate
atom zation and sSpJay pattern formation, even though the atom zation

becones subst ant Saipeycxtigekfuids ensubleitinal earapressefl flwiedse snpbrasdi oxi de

gas. The diffgrent. types of, spray _transitions ar.e, due to differept surface
Densi on andCHTREE Bista or Pty Rbe! BRSich rLPERHEIHS Goirhy Homxaton
deconpr essi wechRndym! W/High WA Hrobdece Hrtodrdploxsige aafa Fohtldred s a§OMeS

hi gh enough for the expansive force of the_deconpressing carbon dioxide to
becorre domni neededito applehigh gnabityiceatings.c M houtrmishineg tp beswiunsl byr ay

Lrat oI Gatne RSEAERLY L s ALRERL L bSshistha b5 ARbimloRBRc0L € 0
and can be ghmprbésediilig, suéll A4 ¥arbeAdi¥ER) beedRing sRpébaRRirataPas 7
the spray mixture suddenly drops in pressure in the spray orifice. This
creates a very large driving force for gasification, and very fine carbon
dioxide gas bubbles convert the solution to a gas-liquid mixture. This

is believed to alter the flow pressure by lowering the speed of sound to
where it equals the flow velocity, which chokes the flow, so instead of
dropping to atmospheric pressure, the flow exits the orifice at a

relatively high pressure. This creates a pressurized zone outside the
orifice in which the spray mixture expands freely to atmospheric
pressure. The carbon dioxide gas released expands and produces an
expansive force that overwhelms the liquid forces that would normally
bind the fluid flow together. The expansion is constrained only by a
groove cut across the outlet, which shapes the spray into a flat or oval
fan. The spray width is adjusted by changing the pitch of the groove.

A different atomization mechanism is evident because atomization

appears to occur right at the spray orifice instead of away from it. No

w



-~wetter on the paper we

t he deconpressive spray have sone jetting or be what f1 an¢dMaR 200he

wi der than the correspozlﬁg liquid-filmspray. Near e spray boundary,
cent er ‘of t WO ®avesy, an e spray pattern may be fimgered. IpgwRwesr1dshese

» typically dissipate and the spray pattern becomes nore uniform at higher

conpressed fluid concentration. The planar deconpressive spray, in addition
to being wder, is also typically thickeg.across the plane of the spray

" than the corresponding liquid-filmspray. One of the characteristics of the

transition froma liquid-filmto a deconpressive spray is a marked decrease
in the average d | et si.ze of the ra S. Pat.. No. 5,057,3 provi des
an exanmple o qPH{aBF‘Pa}ﬁé’F?li’g‘haf Fbﬁpﬁﬁ%leqtyg‘}ffhﬂ%ﬁe@ tﬁe(?BE%}‘rg}'Eé‘é’i e spray in
R gures 12a o ; i rs bel ow
but cl ose toIet%r‘]%gg}é? %?%e%ﬂ%fﬁrﬁ% q?ﬁer e%@%‘é’éﬁ‘. l?ﬁl%glaélg?%%}rﬁ%g%bi nation
of spray tenpadarodecestd thatheredinpragibich tapereddal geeidenanadir @prayhe

‘solubility limt and hence spray conditions required for a deconpressive

spray vari esThis frequenidyinrodncesspraynded.spapabpheshappdispraydanhe t wo- phase
region is avpided,fpr coatin i cath on, because,.a.signif.icant anmount of
organi ¢ sol v’é}fge‘i‘%"f 96?‘35? IM&?&@EE@F@W¥%¥N%&&%%§)W? r}“%ase into
the liquid cRi PR itiGisA aifless § i IS5t .,
wat er - bor ne ?(li)atl r%isﬂ)%%ﬁ\}% been daevelsopg%%\}esl-gfv?g?g?g bggh\rée%rﬁ?gﬁéy\?ger does
not have a hAghsedderent,ithe terns,"decompressivnspragtifandctdeeb nepmegsiveof wat er
evaporates fromthe spr ag.ué%ecorrpr essi ve sprays have be?n di scovered to
produce enha®tsAzaiaRo 24e Ui es t%ét*@r‘)le%.éﬂ 2 RIAYnSREAY 1N, 1an YPrayapor at i on
Theory, the PraRin PHEERAEHRAS Spebaencl T Qe hotiby IBEatiptel’ -+ B
except i onal | f décompressiversprafyeare shewhhsliotograplsically inFigarsaBho8bof t he
deconpressi ve rs‘%;ay due to the ext remeﬁ‘li;a (rﬁﬁi d gasification of the
di ssol ved cod® so’édmbulﬁ?’ g tl2gnan &a‘%@%d‘i@-@oé%ﬁﬂé}m%daﬁe ~ q
VAR 2002 WO R/, 1908%, 305 aBFBAEIL Bii2Nes AR DY € affect ed by these
an cordi than"s

i nt ense nass stet I ons ow évaporating sol vents. I n paper

manuf act ure, addi Ailiguidofilze Sprapkanaimlerppla ©ednaltitisto aXddcbmprebsivey usi ng
an aqueous solution, enulsion, or dispersion, with water being a viscosity
reducer and sRYaxtas theseancentratigned supercritical Suidersbcrisinalabl e to apply
additives at_th 0 :Rg R b use t expensi ve
additives ar%oqxﬁg«%@@%%?{?ﬁg, %A‘é‘f[ﬂggsgrggﬁ]% grl {11)%11? ﬁgg‘\%e%?e%ag}?e ﬁllé ,skl]@?ﬁlch al so
creates a wagdrballosieetfhs theltesperabiresiddnciemedafir duithlie the wet end can
interfere with the operation of the dryer) and the creper for tissue
papers) whi c¢pncantragteses. | e tpansihiontoceurd pver 2 Felativelymagrowtrangedif f i cul t

to control hg dif iV C reat ments, are,ihncorporated
into the papceo\l’l‘\‘cggo &goﬁm %{é%rgggléﬁetgﬁgt qf%tzﬁgmé(f%cgﬁka x{erfse %CFS?S?(%’ tﬂg
desirabl e t Oigeid-HlmdPrhy weFirt refithids geasshllpahghla Wosldpanpdd £d with

-agueous additive conpositions is detrinmental to the dried paper product.

For exanpl e, reladvelystongtaneonslishtlydnereasediwisksb\thatis charagsievistictafe paper
and have a dgl eterio ef fect, on,,caliper and tensile,st.rength. For
nstance, ot ROtaTRet s HiE PR s SRERYSY LRI SithaRgt h by as
much as 15% dipxides 3@ Hé’@ﬁ&%laﬁﬁé’l@%ﬂig&ﬁ%@%}éd et§ige 24 9igBRADI € of
penetrating the entire sheet) which causes the additive to ~ . _ spread to
t he insi de rlghek filthaansypycally be sehp to retedetomards the oxficét en nost

ffective. B t he ai t hod d t pl ddi ti
Composi 11 onsAFGHTRHEN SFoge SEBAPEYIRIALY ShisernaPURNR nGHCSD Y eaBor at o
littl t [ . - adghti sl ' f d ited

ciier on { N AR QRRRAAIE R b ckfad VRRRRN p bR OT L2PST content

gi ves i nadecpridentinatelydiy the liguad fetdesd THebouredaryesfthd Bghib6lint 0
conpensate for the excess water_addition is to overdry and heat the paper

- ‘web, but t hixegiomsypicsllpaceurs ahentat thegavhar dioxide concemteationtatng t he web

can be detr Ivg%?(}ha{he liquid film disappears. As the concentration increases, the

spray then passes through a transition region in which the spray

pattern typically undergoes dramatic changes, which depend upon the



19 MAR 2002 WO 991 1908 CT/ US98/ 21382 -9Airl ess ajgani zati on of viscous
conposi tions, such as 6 hot ' - melted, water-f rﬂ semi-solid &8 MARI206
additive cH¥P8¥IN$ns, Typically produces coarse a zat i on PAOTISA8/21382
nonuni form spray pattern,-which can give inproper application on the
surface which is sprayed. Heating the hot nmelt to a high tenperature to
further reduce viscosity can cause detewioration of the additive
conposition being sprayed. Therefore, using gravure coating or extrusion -
coating are disclosed as the preferred application nmethods for applying
such conpositions.. .Simlarl kN textilemanufacture, it woul d.be

advant ageouscoFbp?Jsénﬁ& @s %otréﬂﬁ*%mhsd R 9&1%% tiooz}h g?c%xag ReS¥V% ur f ace
treatments, shohhil the'GtdRhizhtRS mech2hRrRRRah@EsVTHE SRS5e WAl idthan is -
possi ble with conventional spray nethods. Such  applications would allow the
addi ti ve comfahettransitmnspraypypechlippclamgds markieldly fordredhifieelyi ssahll wi t hout
requiring post-addition drying. In the manufacture of flexible sheet -
mat eri al prdﬂl?&g@,s%."@ﬂ?mbﬂ&é"ﬂfi% COPCERETaBORst i ¢ | ami nat e sheets,

pl astic-reinforc | agt i .c L.Apr ts,
| eat her, fiber-r 2?%‘?%&@%3"%”3’8%? g‘;ﬁ%&;ﬁgtfgggﬁégﬂqgﬂggé%%ées b@é’@ %a%t%gri al s,
extruded fi |fah int® aRRErb®es i@ eéguladebriealgstdyeahd thedlekpadatine®her i al s)
there is often a need ~ . ' to apply additives to the sheet material to

nmodi fy or enmidereflatgurapolipdecompresive sprayg Sequetdme s:thei spray

conpositions s often iTeS:EIyECti ve,. because,t.he sheet matﬁqi_al S

i nconpat i bl OmAPREHEIEP o, fERRA 6T, Hr ‘[S‘EBFW\RE %%y OT 5PO%8r yi ng of
t he sheet i i hAhti [ ' i:ng ; t i

ol vent s i 5 360 Bruet R lak qhled b oAt ng W A ACHIIIRNE e )
sheet productpragu®orasthby complokitiansythelspsay pattérroremaing mostlyvent

absor pti on, é)lré prg}:‘:les ing ti nﬁs are too short for, adequate evaporation of
the appl i ed Rigpasbut theceates, dyres oisATy- PaozeRsHhe §RERY NegTeyEs aBfle to

wthout T AR IRR 5 T07RRR b PBBRAS RS SR DB SRl C ol ©
vol ati | e or gdwei spragireamdias pdanar abh asdevogapfassivet sprayusd itern formée appl i ed

anounts of the water aé;d/or EOl ,\/enés Clearly, there s a need for inproved
met hods for SUReripPagsedppen theiligmdilayapray pateFsoZhichns in t he

manuf act ure ' d : - texfi d
flexible sheéé 1%?%12%06{5? H}dla?l?egﬁ-?()#) gﬁhzlig I F\a/%’ nggsr;%glgﬁtsi gl# %l ggggﬂappl i ed
wat er - f r ee spraytpattextifiest bephesdmueharideerimhthemohahgdo tmat require

vol atil e organi ¢ sol vents, which can reduce viscosity for atom zation) and
whi ch can prléﬁliaé’@hicﬁbﬁ@?ed spray properties and droplet sizes for
accept abl e spray i 1.0n. | Lt Viedl i r the
exi sting appli cat?ggk%ggg,wgggﬁq%gv&\# t8 gé‘%{%{)g%gydfg\ébwuﬁagg Sébtgg?ﬁ%( t he
devel opnent xeithéptid exyparmive foree fraicthel asabonidioRidy gor this liguédul d not be
spray applied, because they are insoluble, undispersjble, or otherw se '
i nconpat i bl eforgesofilegompasitgn deminate atamizaiden|andspray, Battsyn

conventi onal r ' t i.pg.-vohatile organic.se v SUMVAﬁY
OF THE | NVEI\FF?%Q%@H?}"?&&@%AFLM% ab"‘@é@%‘f‘xﬁn@&ﬂ%‘u‘e&né,"g‘??@?f}@&?yhga\r}}esggeen

di scovered thathé dBcoiappdmridi bf tRecaidnedionidigad] qild dfferehp tisssfdance
with the present invention, additive conpositions can be sprayed onto sheet

mat eri al s i nspray transitisiare die thdifferent suirfdcepnensiant andsiheblegcglaper ,
textile, and flexj.ble a{ et products, substantially free of water or
vol atil e orge¥ppertgs of diiferent cpMBOSIPRS, [ educed viscosity for atomization,

and wi t h i DI ovedSRicRin68RTelsheRy foAfid HAPLRL cakhdP aldiasuch spray

applications. |nprove eet materla
concentration becomes high enough for the expansive force of the

decompressing carbon dioxide to become dominate as the exit pressure
increases. The decompressive spray that forms can be substantially
planar if desired, is mostly parabolic in shape, but can be more angular

than rounded near the orifice in some cases, and can be significantly



products can be manufactuyured wth nore efficient andgeffective ?ﬁ?gﬁ 2&
expensj ve additive mat*s and with | ess generati of waste F 0.2
19 MAR 206R0/b1906 99/ 1 '~ ~ PCT/US981 21382 -11Tne presearnisasidg? on
provi des nethods for the spray ' - application of an additive conposition
containing at | east one additive material in the manufacture of sheet
material products. In general, the net-Hpds conprise the steps of (1)
forming a liquid m xture containing an additive conposition and a
conpressed fluid in a closed pressurized system (2) spraying said liquid

m xture through onl f to f O @A ( ' sai d spray
cont ai ni ng ‘é’é‘?ed' tgxgl&ll {H}evééo%g sfﬂooélsdl%{‘golﬁq‘?lg @%8 Sgg%'aﬁeagfms%$@ggheet mat eri al
. 1n the mnufaeidirs, the debsmpReaiveBh iy dlaphade'sbmed tenpl@fRr red aspect of
the invention, the nethod uses a deconpressive spray of the conpressed
fl ui d whi chsqmewthat flazed ait the renpengf et spray, and thenspraywpattem staysi ze
. distribution that can_j nprove application efficiency .and quality when

addi tive cobﬁ)§§gﬁ' slfsﬂ@vsﬁptheese fcquaﬂfy @%?él%aﬁﬁeﬁﬂa:&*%ﬁgfﬁ& PAYERR | y
conveyed s (R . e ' ' E lLected to a
met hod for h?‘??cté’“%%’g’ykgé‘%ﬂf%g’t ?g;\lf%g o° arH ﬁ%(sfk'glrhedl?h%e%gﬁa agfoﬁlél of an
addi ti ve conposi Theplana¥ Hecorbpréssivelspraf, ia dddetiohl 1o Idiagtwidesdigct wherein
the additive conposition is capable of at |east adhering to, penetrating
into) or betlsg tybirsllyddickeraaross the plane péthe spxay than theTAl LED

DESCRI PTI ON. OF THE J. NVENTI. O\, Th ' ' i L1..b i bed i
particul ar FBresnen P%mﬁ}%‘m gppzigﬁzgﬂ{eréﬂéfe{%a%%%@&&t&se?ﬁ ch):apgr, "
textile andgdah8itiéon &qmaqi%lggt_ﬁnh%% décsippéssid §pia) id & ndarkedl cal |y

t wo- di mensi onal material t is thinin conparison to its |ength and
breadt h. Thdecxdase i the evprage dplet sizernftheepuaed U.S. Bag. Ploesent i nventi on

i n the manu of a,sheet materi roduct . geperal .y caontains at | east
one. add 1 veCRA A3 BORASE msPErile o U R ahetioh Fom o etRrRingBa vo ©
99/19081 P(ﬂ'ééggggge%e ap%ﬁgsgrgggﬁ%ﬁbnggrtopﬂ({_or mance of a product, or which

is desired to t0 the sheet naterial in the manufacture of a
sheet material Generally the decompressive spray region occurs below but close

to the solubility limit, thereby requiring a proper combination of spray

temperature, pressure, and carbon dioxide concentration. The

solubility limit and hence spray conditions required for a

decompressive spray varies with composition. Spraying significantly

inside the— two-phase region is avoided for coating application, because

a significant amount of organic solvent is typically extracted from the
[ liquid polymer phase into the liquid carbon dioxide phase.

To reduce organic solvent emissions, water-borne coatings have
been developed. However, as mentioned, water does not have a high
evaporation rate, so often an insufficient amount of water evaporates
from the spray. Decompressive sprays have been discovered to produce
enhanced evaporation of water, even though very little evaporation
occurs for slower evaporating solvents. Without wishing to be bound
by theory, the high evaporation rate is believed to be caused by an
exceptionally high mass transfer rate that occurs during formation of
the decompressive spray due to the extremely rapid gasification of the

dissolved compressed fluid. Fast and medium evaporating solvents are



product. This, in general, includes any additive Lch is known to those
skilled in the art Wnihs suitabl e for spray ap\“ation to a shediR 2007
materi al . o 99aeaBiher e, the term "paper product” under spoDUSY821881c| ude
any sheet material that contains paper fibers, which may al so contain other
materials. Suitable paper fibers include natural and synthetic fibers, for
exanple, cellulosic fibers, wood fibersgaf all varieties used in

paper maki ng, other plant fibers, such as cotton fibers, fibers derived from
recycl ed paper; and the synthetic fibers, such as rayon, nylon, fiberglass,

or polyolefin tibers. .Ih er product may be conposed,.onl f synthetic
1 bors, Nat BAR Fiase/alerisl B theRe antinen TEYRT FEATRSEY PaUiBonbdhamst ance, i n
t he prepar aglog‘nepé%(%%gglﬁ)gggve%g_duct t he paper web or paper material may be.

reinforced wth s bers, such as nylon or fiberglass, or

i npregnat ed wi t hIngaperaaaufiddtare,2ddditivedondgoditians iate apphleddhtostr esi ns,
or lotions. As used herein, the terns "paper web" and "web" are understood -
to include eeglnsivelyibygusing 4w aanaops pelution emwlsian,icx dispersien,svithnd paper

i al i tib . Th . d b . d,
am nat eq) BRceh Rt RIARpsuly Fidicer dnaVeEtT st Filva¥esnitl) be used
I n the prepgfigh it ﬁsi%ﬂ@rtoﬁﬁﬂyﬁﬁﬂiﬁngéiﬁ"ﬁ ?n,He g%@??@&dﬂeﬁﬁaﬂé} the art.

Such paper products include, but” are t , wWriti'ng, printing
papers, i ndostkinglproages, hecaiiss the papensivefadditivesiarelostin thepeaterar ds,

bags.,  paper ARROEASTORuHe Pk paRsr Ml Y Bich R 6FetsaEia WSte SBBBRAL | |t or o,
paper ' . osule{lxeicaq{cf“épﬁfti@%sggﬂ l?c?h%?ﬁé%t%x#dl %Aﬂ?nﬁ@f&rﬂ%kﬂﬁ%%’ and t he

| i ke. The pfesent 'inventi on rticular app ion 1n the preparation !

of tissue peperatinrdfithe dkperyardtidaepes for tiesud papbss, #lich cah g MAR 200 1
WO 99119081 '~ ~ PCT/ US98121382_ -13Suitable tissue_paper products include
sanitary tieawseslossefshest gontrel Furtheymere; ithls difiews do contnodhow ssues,

Coi Tt papciebepgdiRves, Lal EE snrea Hofflohs B RodtBROBNIRO WIS 0, o0

the Iike. ﬂﬁ&nf)?@dlﬂ_ft whefludided atcthiowePbnhd! ITikreferde t(i8IsRFabIE ko Cat al og,
rot ogravure) publication, banknote, docunent, bible, bond, | edger,

st at i oner y) applydadditivas % md?bagld, brithe)pater apphied geith mguesdisum
owel 1 ng) cONBERGEropPRRIMAY e PRBRtTh hRTiOd BRHEs B B TSl

paper, a pagkSbplélancréasidgtitheSMeistapetontehtabdve T ehk debondnarct ed tissue

paper. The tissue paper ma(f/ be creped or. uncreped, of a honpbgeneous or
nul ti | ayer edapenandavern deletpsioas effech on-dadiperand tensil¢estrenati Baepl y,

-ply, or.th ljes. .2nd absorb ' d
hre harti culmehhEe i sinafy sfitept 8t baf ih B85RSE thelBBS o LB RN YT 0,
paper that iasnihiélskers5ohen'tisue pHishbrs e yddoRsi hfpddifitns asy aldd onal paper .

Many har dwood and softwood tree species are used to produce paper pulp by~
mechani cal eapallrafineaietpaiingdbeentire sheet, which causes the additive to

spread to the inside rather than staying on the surface where it is often
most effective. Because the air spray methods used to apply aqueous
additive compositions require low viscosity for proper atomization, but
evaporate little water in the spray, the additive composition is often
deposited wetter on the paper web than is desirable. But, lowering the
water content gives inadequate atomization. One method that has
been disclosed to compensate for the excess water addition is to
overdry and heat the paper web, but this consumes excess energy, and

overdrying or overheating the web can be detrimental.



that separate the fibers tomthe wood matrix. - Chemgal additives and
fillers are used to giﬂsi red physical, optical ;Tgel ectrical 19 MAR 200
p’roper{ies“@gg,mmpape duct. Conti nuous paper ng maaitiedshasee
under gone extensi ve nechani cal devel opnent. The cylinder machi ne uses a

wi re-covered cylinder nounted in a vat containing the fiber slurry. As the
cylinder - revolves, water drains inwat@ .t hrough the screen and the paper
web is formed on the outside. The wet web of paper fiber is renoved at the
top and passes through press rolls for water renoval and into steam heated

cylindrical drying. druns. A Fourdrinier paper makin chine is common and
ot s e

nore conplex. It atomazatign qf yiscons Composiaons, &S tedtooard from 1
. 19 MA~ 2002 99! )@l | 87 A QmEfQ j i, dth. It
consi sts of ngle‘\eg%g%ggﬁf;ﬁlﬁﬁbﬁg&\%ﬁgﬁr%élelﬁ atq%nt!l%?tg S pggﬁ%%%@ﬁgwi nage
devi ces. Therbiless cdarseyatomifation ahdenhohaniforargpragdpattetn, eddshwat er as
- kt nmoves down the wire to formthe sheet, which then passes to presses and
dryers. Onceantgiveimproper applisatipnoa the surdaceowhiclyissprayed: is called a
web. After ock pr rati and, di.l ution, .a flo reader di.scharges the
paper furni ﬁewgaﬁﬁﬁf’ éﬁgﬁsté’ 4 hig ed?ﬂez.@ftuf%go g&f&gfr ﬁ%‘g ESEMY a
headbox, wWhehe difseRistelorRfibs D tRe ARGk é&ﬁ%;ﬁ%ﬁntmngéﬂ%e&t _the proper
velocity through a slice onto the noving Fourdrinier wre. e wreis a
finel y woveMherefdrenusing pedvurk@oating oreekttmsion qhtisig areodisclesed as
construction, The wire is_pounted qve he blie.ast roll at the intake end
and over th&heqreferrg Iapé’chcfif'?@nd?‘@&?féisg‘{é’r@ﬁ@.ymﬁ 2P QREOBs-east and
couch rolls the veqi ' i ' renove
vater. Neonine spoEnLbfly; HP AR I Kl Rkt B A NI HAMAREERAN AT Pt s
produced andetdisleaquippipridditied conrpaeitinm) eubhasdurfaguire£trehty)g drying
time and machi ne speeds are 50-250 mMmn. Very dense t%gpe.rs are difficult
to dewater aviicherng watepiregsor argyarpliefwibh dessvaterthan ismoseibler ade paper
products are_p{o - 1 N 4 .0f: ' hi nes
operate at %Bé@%%ﬁ;%@?%@?%%@%@acﬁx %ﬁ %5162%8&8&313}&2:{9 loge ?ng
const r ai nt s addditive odepdsitibn 30 de.applivdchione effdently tandlSBELth@IY M min with
nost operating at |ower speeds, but sone operate up to 2000 m m n.
Virtual |y amithewt peqairing pesicpdditipc®HBE. are twin-wire forners because

they give more stgbhe, M ALEeREE Rkl Yhed bt broducts, e.g.,

plastic films, plastic laminate sheets, plastic-reinforced sheets, plastic

impregnated sheets, rubber sheets, leather, fiber-reinforced sheets,
porous sheets, screen sheet materials, extruded films, composite
sheets, and composite laminate sheet materials, there is often a need
to apply additives to the sheet material to modify or enhance sheet
properties. But, using aqueous additive compositions is often
ineffective, because the sheet material is incompatible with water due
to hydrophobicity or poor wetting, or drying of the sheet material is
prohibitive. Likewise, using volatile organic solvents is often
undesirable due to flammability or degradation of the sheet product,
such as by swelling or plasticization due to solvent absorption, or

o processing times are too short for adequate evaporation of the applied
solvent. Therefore, it would be advantageous to be able to spray apply

additive compositions to conveyed flexible sheet materials without



control of form ng andgdewatering conditions. The r is drai nﬁg from
the slurry by pressur stead of vacuum Many Ia%urdri ni er MA g2 ‘
have been ™MD p¥r08t ed h top wire units to achie si m | ar pahN98/2138%
under hi gh speed operation, particularly for preparing |ight weight paper
product sheets (tissue, towel, newsprint). Twin-wire forners are al so used
for fine paper, corrugated '~ ' QA ~~jo=! ~R~~002 WO 99/19081 ~ ~

PCT/ US98/ 21382 -15 medi a, and |linerboard grade products. The two w res)
with the slurry in between, are wapped around a cylinder or a set of
support bars ar foils. nsion.in the outer.,Wwre. transmts, pressure

The t,
t hrough t he YBEMALEY OcrH’é’?%'i}. rEATdE £ @W%_Obmg: B %aar%qhgﬁtm drains
through one iﬁrt}%?%}ﬂ?éd Bﬂfbu‘ﬂtﬁﬁfthé %ﬁg&éxﬁf&?ﬂ sdiPbhed yPe twin-wire paper

ti ssue forner, nage 1s single si mte o | ow basis wei ght
which is sufficieQledriy, thess irngaced foeimprbedd sisthdds #otlee ggy M nmin for
thin tissues. The formng units receive the inconmng slurry at a |ow

consi st ency,anplisiasign ¢f additiyecompaemitions lig-the mamufanture nfshegter web

| eaving the couch roll, has about 4 kg-water/kg-sglids. re er is
renoved by LEP?FJI r(lﬁ'“cﬁ%rsém?'cﬁsa??p é%@i?,’ a\%‘ﬁs ﬁ??“i%ie ﬁﬁ%ﬁt Pf\g@é“c&pensi ve
than using ReRich Jfl6whAPEAdRRloASSERD (VR Al lio8 WASRIES BF wABR! | nUOUS
felts, which are conveyors and porous water reteptors. The water content of
t he paper sheducedappliedaniaieedohyemt, aslsichgld hot reqativevolatlelor@apid t s wat er

per part fiber. Evapqrative drying- nust be used for final water renoval,
whi ch is cosolyenisgwaheh canrediice Hiscesity forratomizagion; and whiehsadnly is a

i f i . i ljnst th
dryer sur t adtehits BEProved 3V hrobBFS 8l droplh Brod I AdteBARIEC, L1 ooy
is usually 4prayppliationt Ihyad@itivi to grevididLhendtei ovet thel diiggngd t hrough

a series of roll nips, to reduce thickness and snooth the surface, and then
wound onto @npdigation metheds, sychpaw teghnglegy waadd alsmpevmit theyri cs are

al so produce Fourdrini er~type er hi.nes. cellulosic terials,
such as synt eevt%?ocp'f’feﬂg?‘ga W% 1olnﬁ€qorb%vggled§i§h§§§ ?vl{}?ﬁgfivgmfu hE& M %er

furni sh; | atotase ¥EiRY agplioth RcRALY TRy ard insHliible, 3FHMWSHRFHIR! 6r USed as
bondi ng agents. Synthetic fibers can make paper highly Tresistant to
wetting, chetherwise mgompatidearithavatezaer cowldanothe adequatalyng, and

bi ol ogi cal det rada&k)on. elgi I\/Ai? 2902 %9% 1981?81 ~ ~ ~ PCET/QBJS%/ 21' 382

" 16Cnem cal SHBREED by Conyeakasal sB L BhPE® Y wang wIRIE P,
formati on (igelwerdial or wet-end addition), or to the formed sheet after
conplete or partial drying (surface or dry-end addition). If the additive
is not satisfactorily retained on or in the sheet froma dilute pulp
slurry, it is best appliedgtg EnNRe! MSi. s ess additives inprove
the operation of the paperS VHAT LR, ._ ‘?m--“ -addi tives enhance the
properties of theBpaRAfuelififdPreseCihventidd, éthodsddve Béerst r ch si zing
agents, dyes and brighteners, 'wet-strength resins) dry-strength additives, .
pi gnent coatdiscpyeredphat car agcompdish therdtave rated phjedtives. End pol yners for

mechani cal or barrier E)ro erties. l.\/angl machi nodi ficati.ons and auxiliary
oper ati ons aﬁ‘@ofé%cqwthc & presend ju o Livg cozpefItiong of paper.
Many paper L i Mpledals rﬂﬁ? w4 I gﬁﬁ oating, and
speci al cal %3??%%%?32?%% clgg%ﬁﬁlﬂ%{s. ﬁéh%/e(%}%shter%gr%t (1) paper can
be augnent ecprodunty, wueh aanplhapem téettiiec apd fexible sheageproddetgen, ionic, or
coval ent bondin% abilitjes when the paper is wet enhance the hydrogen

bondi ng bet vidthstandadly free ekwatener ¥olagie orgamicssalyeris, by bosh, Wakher . Paper s

such as tis l L C i enboard, and bl eached. carton
equire et temchE ecoBRy fok BEORIA on L W IILRAD S ou Al Spr A BEORF AR, 3
addi tion of defdRopletBized!for stéle spPay applicatioREIIpreved ShUse thaksial

am nopol yam de- epichl orohydrin resins) which are désirable for tissue and

towel i ng. Alprodugbs oznpefmanufantared weth nedre efficiemd sadbleffective mesaget end of ™ -
t he paper nachi ne, sone_grades of .paper _ are ynsatisfactory with the | ow

| evel s of weRiexpensag addde materiats and ik dessganarabionedt Wagks, require

t hat speci al %Q%qLPaI s be applied to the surface of the preforned paper web
in order thatt ey ‘performsatisfactorily. Paper tissue covers a w de range
of | ow wei ght sheets. Sanitary




MAR 2002 WO 991 19081 PCTNS98/ 21382 -17ti ssue, | et paper ] 9ddARn2862 ¢
tissue, powlcedybigsue, r towels, kitchen towels; d paperT/0s93keh3ss.
Their primary features are softness and absorbency. Toweling is a creped
absor bent paper having fast absorbency) water holding capacity, and wet
strength. Industrial paper tissue inclugdes condenser, carbonizing, and

wr appi ng grades. Because of the very |ow basis weights for sone paper

ti ssue products and the | oose structure of others, tissues generally are
not produced on a_conventional paper chine. Varjous tissue nmachine '

desi gns are util i 7B¢ PEaseRtIRVERHANIIGH esan%?mﬁ%@*rtt ay Fourdri nier

. f.orm ng sect].QR. a s0-Cal " Y, . dr " T D WL rog ers,.for

i on- speed. (ToRiEHbulef Ra &8 3% o ARERRo Sl LA IMAE BB, Ohe has
a "C' or "S'mabeglirC e niiihdhtfire ofk8hbéPRidterial [pralutes. On gdheRaper
. tissue-formng machines is that the wet web is supported throughout the

form ng) pr ddei mgthadsicamprisg the stepsads. Tension is not applied to the
sheet until it is Srie . The Yankege dryer is . a.l.arge-di,goeter steam heated
cylinder that dri@d thloroHpgR gu_gﬁ% rgicoptampe o @dgiive heet i s pressed

tightly agai i . i face. ' j ed by an
air hood ané{&?ﬁgggﬁn%?%?gﬁﬂl\%ﬁg%ﬂ%@?%@%&eﬁgﬁgﬁgigﬁflﬁ%ﬁgﬁé drying
capaci ty. Percol a@)on sprayiig eaighliquid mgxtrecthrdughsamotifitertotformugh t he
sheet may be used for high quality tissue products. The sheet may or may
not be cal endered pri ofPRaY; pad) i ng. Certain grades are cal endered off

machi ne on a supejpcal e . ' t] re. l.].v _creped.as they
| eave the dryer t@?i nc%@g’é“%@‘ﬁ%‘@é’r"ﬁz“x@ngﬁ%@m&% co Pe%ﬂﬂ&"r upt ures
fiber-to fiber bonds wd fhdsiifece\6Psdia sheet easerinll i tHEmhanifaaturelofpi ng is

done by peeling the sheet fromthe steel drier roll with a sharpened doctor
bl ade, whi ch is mai nt asaiddheet matenipl ereducthe surface of the roll.

In a preferred aspect of the invention, the method uses a

or househol d tissue paper Eroducts I nclude facial tissue, bathroom 1 9

decompressive spray of the compressed fluid which produces a uniform
spray pattern and a narrow droplet size distribution that can improve
application efficiency and quality when additive compositions are
applied during the spraying step to rapidly conveyed sheet materials.
The present invention is also directed to a method for the spray
application onto a flexible sheet material of an additive composition in
the manufacture of a flexible sheet product wherein the additive
composition is capable of at least adhering to, penetrating into, or

being absorbed by the flexible sheet material.

DETAILED DESCRIPTION OF THE INVENTION
The present invention will be described in particular for the
preparation of sheet material products from paper, textile and flexible
sheet materials. A sheet material is a basically two-dimensional
material that is thin in comparison to its length and breadth.
The additive composition that may be used in the present
invention in the manufacture of a sheet material product generally

contains at least one additive material that modifies or enhances the



The quality of the creged sheet is partly a functi of its lngZ%H
WO 991 19081 PCTNS98I 2 - 18 adhesi onl rel ease prcﬁ‘i es, which dre !
det er mi ned WY WMW8Hr yer "Surface coating. Textile p cts i nCKUSsI20INi ng
and apparel, household textiles, such as sheets, towels, upholstery,
carpeting, drapery, and wall covering) and textiles that serve a variety of
I ndustrial functions) such as tire reinfli@r-cenent, tenting, filter nedia,
conveyor belts, insulation, and reinforcenent nmedia in various conposite
materials. Textiles are manufactured fromstaple fibers (finite |engths)

dfil at | | hs)e b i ety .of .proc. f
" i £ e, TARRCTSIRN BREtonEiRictias T ¥abd: EWITh P RRGERES hCauct o may b
Woven or noRmppkeantoHelitidet mhBeaY 8 tRE Gnsithidctdrd 604 kRSdt Mhiefinpers and -

filaments aré forned into continuous-Ilength yarns, which are then either
interl aced iprodmetyi Thisyinigenerhhapetndgs domy ndditgve wihackpisskapwnftoexi bl e,
sheet -1 i ke sH}uct ur.es. known as fa,bﬁi,cs._ ven fabrig¢s are forned
directly frd&hpse skilledinythe prhehighys s i Em Spray Waton 40 ondi ng or

i nterl ocki n@if t have been arranged in a planar configuration.
Textile fi b%%lse%r)r%a%ﬁ%ﬁgl assified according to their origin: naturally
occurring fibers Aagssd eréigl, ltheGeerd CRdpe?Produse s Jitidstdodi rani e,
wood)) or proteins (wool, nohair, vicuna, silk); manufactured fibers based
on cel | ul osdancluderanysheetematarial bat caytains ipppee fibers,cehichenayr alsoet at e)

azlon); syntheti.c qrganic, pol S. rylic, .aram d | on, ql efjn)

ol yebter SRRIRIBOIGF TBHTE I apuise it Hopoh SEa wotydr naRTad g

specj al ty T igyaERetic fibeksModdRampRl ebllalosid Sbess wooliSbddstof 4101 Shi ng

i ncludes various efforts to I nprove the properties of textile products, )

whet her for vapjeties ysdbirepapermtakingeothergdant fibess speheesadsomtfithets, ei t her
the fi ber racterj stigcs or thfcﬂ%oss textile end properties., Such
modi fi cat i ofPETRfeRYedniRPE BrCYSIedPaRSR: 20 the syathstic likersyshel ast such

0T T ol cas daoi bR EbeRNidG) or s I e B T HRRG prod i b dance:
resi st.ance, coagidsed ondgiofisgncketiofibras! Ndtuehl Sbeid magtise geiked Wighaddi ti ve

conposition that may be used with the present invention in the manufacture
of textile §yobhetglibere, Horjnstancs. 8 the Preparapnohths PAPEr REQENGal t hat

modi fies or ygg m%?ﬁnéﬁ' br PapRf "hhEsrigl may be reinforced with synthetic

fibers, such as nylon or fiberglass, or impregnated with nonfibrous

materials, such as plastics, polymers, resins, or lotions. As used
herein, the terms "paper web" and "web" are understood to include
both forming and formed paper sheet materials, papers, and paper
materials containing paper fibers. The paper product may be a coated,
laminated, or composite paper material.

The present invention may be used in the preparation of paper
products known to those skilled in the art. Such paper products
include, but are not limited to, writing, printing papers, industrial
papers, tissue papers of all varieties, paperboards, cardboards,
packaging papers, wrapping papers, paper adhesive tapes, paper bags,
paper cloths, toweling, wallpapers, carpet backings, paper filters, paper
mats, decorative papers, disposable linens and garments, and the like.

The present invention has particular application in the

preparation of tissue paper products known to those skilled in the art.



textilg material in the gufacture of a textile pr t. As useld MAR 2800,
the tetm™ i produ i s understood to include shee j t hat
containe 1 bl bers, but it is not limted to textile fiﬁ%?@ggsgnid%r?ay

al so contain other materials. Suitable textile fibers in general include
those fibers known to those skilled in ige art, which include, but are not
limted to, cellulose fibers) such as tot'ton and linen; protein fibers)
such as wool; cellulose or protein derivative fibers, such as rayon and
acetate; synthetic organic polymer fibers) such as acrylic) aramd) nylon,
ol efin, and Baitybks tissue pap@epraldctdendudeuamiteryotisssesf hoasehaldd the |i ke.
.The fibers may be staple fibers or filanents and may _be in the form of

indi vi dual T tiBeues, sndystrighdiasyies ofacial §ayues, 6psmpticdirsuesneolt &lsshes product

1 imy have abpsPRRY BéTes, Stdikated HEhES, tqIRE RRBCrs BT fondle FRPE nccses
Sui t abl e t exhhpleink! papéet ot g4k 10MnS e d e 1ik8] {@snhfon phpdrhs, fabrics)

househol d textiles) industrial textiles, clothing, garnents, 1inens,
sheets, towepmdustsitadeds prmiois geade (mewgmtinb,catdlegantagyraveaé,l coveri ngs,

i nsul ati on, s, ¢l oth adhesiye tapes,, .and. th i ke. The.text|le products
Lray be a coaPBBICALIRN "f?&‘?' oGHMR FE(F%Q% @aﬁpiﬁw ﬁﬁ%té?’i‘%ﬂy.s’ | t {rﬁyt bteh
onbgeneous - | & : . Wle a e

pr esent inve{r%\{dluggﬁrgr%tgr %@%@agé?%gggg?ﬁa% H‘E%Ar\%?ggtl%élg n?)’f pr o@ﬁ%@gldv\hi ch may

be consi der efajedr, peedrpitost, phiging)| addofisaidgrdecisanitarp| oskelingecause t hey
contain both paper fibers and textile fibers. Such products include, but

are not | mi eandenser,g¥ranpingko MAR 200 WO 99/ 19081 ~ ~ PCT/ US98/ 21382
-20sheets for sofener rgical § industrial X/ | I's, duct

t ape, adhesive sthsggl?%gﬁgyggééﬁec%m%gé&%gé? Flgggﬁg’aﬁg{egg’gﬁé&%d pr oducts.
The fl exi bl edehiefibd thisakipalper/ ol High Bk} @b @ aetsdtidbng paet.NTher esent
invention include plastic rilns, plastic |am nate sheets,

pl asti c-r ei ntigsuscpapermay, beerepedon vnerepad: efia hioseogenaowsr sheet s,

| eat her, fiberr.einf d shepts, h t_paterials,

ext ruded 11 IO B HERHE: BRI d R e TR i s
. Sui tabl e pl aply, gwbiplyBor thdeedit :a@kyplu@fsi Soft hifl.abuéebeSpRpéY fikéd ene and
pol ypr opyl ene, cell ophane film cellul ose acetate film and adhesive

pl astic fil nprodwets apeparticylazhy ihpoxtiamétfor comsumertisshatprioduetspabl e of

bei ng bent or flexed, ,such.as when hei.ng conveyed or wou onma +0ll. The
flexibl e sheet rraega%rbp?@f AP RS &@zrg?&ef 'r ﬁﬁ%‘r‘*_rsﬁggﬂ?sﬁ fénbie be
coat ed, i npr geHiPéArentfHa)PaPdr. Wady HHHANIJdCan@s6ftwlod trbe BB¥ciBE
honmogeneous or nulti-layered. The additive conposition used wth the

present i nveard wsed tp praducamanesmulp hyf nrdchanitad aybehemicad prosessener al | y
contains at |,east _one, addi tive t er. al ich i.s capable of at |east
adhering to, h_b%_rﬁ???ﬁﬁenﬁfe %be’f?egﬁﬂl QL%S'P\EA}'B&BV%- fl exibl e sheet materi al
~and whi ch nodi f i eghemieahaddieivek i PfiRes hir&used tB il o deBRea pHysidag,
resulting flexible sheet product, or which is desired to be applied to a

f1 exi bl e sheepticadt or eldctricak propentias 4otthe paplerprbext.bl e sheet product. As
used herein) it wll be understood, that a," ressed, fluid" is a fluid

cOo
whi ch may be in i PengaioysPapermaking machipes baxp amdgreqng SYEETFAYS on
t hereof, or | el Lok f | ity i . i : jqcul ar
tonperat ure SRsRaRiReuEiblopaiunt. Phe cyHRREPIAINEhck)d wifeRRirel
pressure of tylinddrunduated hah vardontaliringtthep@heart sivery.add tlied ¢ylindes
critical tenperature and critical pressure of the fluid, but whichis in
its gaseous kevplves;watesdaains wovand thronely the ewesnand the paReLMEDISd one

atmosphere a?osr%lxeL%It &6nthé %%%iﬁe.( %FQ We@swe%gppggére hﬂer {s removed at the

performance of a textile iroduct or which is desired to be applied to a

top and passes through press rolls for water removal and into steam-
heated cylindrical drying drums.
A Fourdrinier paper making machine is common and more

complex. It produces virtually any grade of paper or paperboard from 1



fluid that is at a te ture and pressure such it is at, dHoMAR 2007
slightly bwbmonbésy cri al point. Conpounds whi ch Wy be uspdTaIS8R1382
conpressed fluid in the present invention include, but are not limted to,
carbon di oxide, nitrous oxide, anmoni a, xenon, ethane, ethylene, propane,
propyl ene, butane, isobutane) and m xtgges thereof. Preferably, the
conpressed fluid is or can be made environnental ly conpati ble or can be
readily recovered fromthe spray environnent. The utility of any of the

above-nentioned c ressed. fluids i.n t racti ce of the present..i nvention
o) Caarono T metfEt £y B, T fonditly oy BPficiaritaRans Mrs ekl of
applicatio ' atpi i : | d. -
NPt ous oxits SEBROA bYBFEANGAS dVicad “Phe e NyHAFof MRIIEARSRele ML 0L 1o
envi r onmentorle exedrpad lokés watends lipmdvesidoviy the avibe ko domiithe shiedtet hane are

preferred conpressed fluids. Due to |l ow cost, non-flammbility, and w de ’
avai | abi | | Whichdheanpassesi tecressepand dryers. hOnesdhe fusnish isrlenostieds sed
fluid. Howeve se of any of.the,af orenenti.one onpressed fl ui,ds and

i xt i ot R dh P e ke, B i 8 M AR o B ER S Ston mBitecent

i nvention. difutiseCh TRmEspreddee cﬁBél?fﬁ%‘és','thgcﬂat;ﬂe‘i'el‘.'u‘fﬁ{mpﬁhifa%iy acRsidi tive
material", "water-borne ‘additive conposition” and "water-borne conposition”

ar e under stthedvidshnefatheqguagpersinaichinse mtd avheadbax,swhered thepeoper conpr essed

fluid adm xed therewiéIA, An addi iv«f cog)o ition general I¥ contai ns nore
than one addEs$Wre headdisgharges yAtthe pronet velocitithyapghat erial v i s
under st ood ' : t 1.XE L r hat is

i a0 “ilel A0 thellSPRFORIAAMRNIER. Pho Wit i Bnclgbled 12 | .

product” i soutidRiosisobeltformimg ntedibeetl phistid @ metal vbnigthuetionddidd ve
conposi tion has been applied.. As used herein, the term"panufacture" is
under st ood Wisejip apeyaatadevemnihelareast sallat e intakawnidoand ever Bbe i cati on of

a sheet Emtfg{x'cglr%l ﬁ%t%&isﬁh% 658990 between the breast and couch rolls *

19 MAR 2002 WO 99/ 1908_ 'T''~ ~ PCTI US98/ 21382 -thiercri tical fluid" is a

the wire is supported by foils and suction boxes whiéh remove water.
Machine speeds vary due to limitations imposed by the paper products
produced and the equipment used. Heavy paperboards require a long
drying time and machine speeds are 50-250 m/min. Very dense papers
are difficult to dewater and machine speeds range from 20 to 300
m/min. Brown grade paper products are produced at 200-1000 m/min.
Newsprint producing machines operate at 800-1200 m/min. Drying
capacity and paper product reeling constraints limit modern tissue
machine speeds to 1500-1800 m/min with most operating at lower
speeds, but some operate up to 2000 m/min.

Virtually all new paper producing machines are twin-wire
formers because they give more stable high speed operation and better
control of forming and dewatering conditions. The water is drained
from the slurry by pressure instead of vacuum. Many large
Fourdrinier wet ends have been retrofitted with top wire units to
achieve similar advantages under high speed operation, particularly
for preparing light weight paper product sheets (tissue, towel,

newsprint). Twin-wire formers are also used for fine paper, corrugated



25 30 35 40 product, as well as the changing, manipulation, conversion,
alteration and nodificat of the sheet material. ‘sed herei"rﬂ,ﬁgtmmnmﬂm
"sol vent" w omdegist ood mean conventional sol vent™ i ncl ugk¥rgsoadt s,

that have no conpressed fluid adm xed therewith, and which are in the
liquid state at conditions of about 25C tenperature and one atnosphere
absol ute pressure. The nethods of the pyesent invention may be used for the
spray application of an additive conpositiion containing at |east one
additive material in the nmanufacture of a paper product, such as a tissue
paper product, or in the manufacture of a textile product, or a flexible
sheet produsediphaenddinexboardegrade sirediets: hbheatiip twives, owith dbetslarrt hat may

- he applied by,the nmethods of the present .inyention include a,w de variety
of a0uit | vel BEIeRBy AL RraPPA APy RaR FYIHAST LS Brt O HHARRSE BE B vy ety
of properti fo‘ilé..o'l‘h@%e%%ﬁﬁhiﬂ%ébhﬁ’ér Mx%?ttrﬁﬂsmf&d#fésgﬁré"ﬁh%h | ghei N the
-additive composition Ich 1nmpart certain properties or characteristics to
t he sheet mahafyabosther egpputtatnatdreigThe gressuytigesd shurry desinsothroaghude, but
are not limted to,_ at_ | east one softener, enollient, |ubricant,

moi st ur i zer ONpE kpth of thenwixesndneg brrieal ralkbmmtwin-wire papeY tisale
debonder, i i F . . , inl,, ,
polyrrer | r bttty draife B0siRIERIAHUREREER T8 loR Rad wefbnem iR,

ul tra-vi ol eig bifiitie R F6¥ BRlinakb AdWeiPhagh 8pbed Pabovd<2 IR n/mihi fBFtRin
fragrance, perfume, deodorant, antibacterial agent, antim crobial agent,

di si nf ect antisspkar maceutical, astringent, adhesion pronoter, bonding agent,
antiistatic agent,.,crosslinking agent | asti ci zer, curing agent,

pr eser vat i ve, - pr SR TaFRRInE UiHs FHARIVe £he ARsqmite TRy Bt 2dPW modi i er

chem cal ageshsistdiity!, #§plcall: 10018009 - Waler/RB%oRfs 2akd Qﬂé‘ﬁﬁpéﬂw&' ve or a
processing additive.” A"softéner is an additive material that I nparts a
percei ved stfaviagtheocaieh ymiblas abothi tkgiwatadkigisolids. Madeustater isari ety of
AVENDED S| ' EEL" 9 MAR 2002 WD 99/19081 /' . ~ ~ PCTNS98/21382 -23

sili cones, aﬂng,veeléweg,smfga??%/05P&Qfﬁoq%a}ryanﬁﬁsamwhw&ﬂérma? lesgn enol I ent
is an addit| Ieh % l?égg | ubri cates,
noi st uri zes?e)ég‘re c%gaerlgdnt e ll%ngttgqurﬁlg P?gﬁ% Qg%i |vgé%lﬁrnoc deﬁ% variety of
oi | s, waxespressesfat tgntihaohslfelts,Avhictir ayghédnvegors andposalds wiater nat eri al

that i ncreases water _absorbency, such _as pol yhydroxy conpounds. Exanpl es of
such additi FeCqRIPEs-i & %ﬁ&ﬁrtfpé\ts%ﬁgmqa PeIRheat f3a ke f%hfqeg ¥ eated sheet

material in : o' Ci y esters
(lubricity, Bkgge]ﬁq“%g%ft‘%{ua?gtﬁ?gﬁ% ?'%F?rg{sh‘?%%ér%epé?g‘%&nt %Hr%gt eﬁc‘%/ﬁ)po% ?itv%omder s
(lubricity, deyinghamte ased i final whtnt reandvalpmdsch vatostbsanddan

ant i oxi dant s, prodﬁct int e,gfql m et hoxyl at ed@&atty al cohqls (wetability,
process ai di‘)‘{glt% NGEON: chRe (REeT SEAHOR SommMORly 38 |SeReg ot StedPves (skin
nmoi sturi zat i Agﬂh' kPha b g@glsy' LD the
practice of htgﬁée%f: seﬁkp%!n{l/‘g%%ﬂg%t %‘rl a alrhlgiedts?g%i?fsgt@%gs %yléﬁgaséd]e, but
-are not | i mbyefabirivs. SThe fivad meisths cantene obtHesdrys papeshabitnistusuablye and

al kyl met hyl silicones; pet rol.eum}iﬁsed, ojls including mneral oil and

pet rol at um 49 h@pergant by weight ‘hhadriad shaet 15 gakandered shrqugh ded | anol in
and synthet g 4 8001 1Y n BLBS 1O NG A% A 98081 ERELL-AUDF Lgyer of |, and
avocado oi | T HAC AP VAREs ™ SUCH TS heeswax and “car nauba. wax: pet rol eum
waxes) suchthenpéahd iomtéadree®r €si ne wax; silicone waxes, such as al kyl

met hyl sil oxanes; synthetic waxes, such as synthetic beeswax and synthetic
sperm wax; tall ovh vaziety ofiveeihlnid felie Andsneriwenest faliviosiang alsear bon” chai n

| ength of G a-Cao,,inchudi cetyl al cohol, .stear al gohol., behenyl
.-al cohol , an@rﬁgggé@Pni%ﬁd&??leéTt&P? p@PﬁB@?“&t’ﬂﬁgssﬁﬂ?c gupf‘ff Ca fatty
al cohol eth S 4 HETa} | sters
i ncl udi ng rr)éltg %g%ﬁ%lgl ?n&%lg? g%y&ng?ﬁef w%’g%i g rq) gtlg?l‘?(gegpé%%éft ahga?? e,
-7 sopropyl mhedildrefurnisipriapyxesp atatet-adkible pblghhersy lor pehet hdhesiveaur vyl
| actate, and cetyl l|actate; fatty al cohol ethers, such as cetylh&chol and
propoxyl at e@reatsed ag bending agentsnmtheticfiheys sandmake @aper dightyi ng

sorbi tan palrg]sfs 53? to %v%rt\t}llntg?r(]:hemical attack, mechanical wear (folding),

weathering, and biological degradation.



1 9 MAR 2002 WO 99l 1 ~ ~, PCITNS98/21382 -2 ar at es, sorpptmﬁ 2000
behenates,p&l)gcer I wﬁtearate, gl yceryl nonopa ate) gl ¥cer - :
nmonobehenat? 9%198¥lose nOnost earate, and sucrose nonol aur at e; 5F9%@W?ﬁ§%,
acet ogl yceri des, and et hoxyl ated gl yceri des; phospholipids such as

| eci t hin; pol yhydroxy conpounds, such as propylene glycol, glycerine)

et hoxyl ated gl ycerine, polyglycerols, pbyethylene glycol, polypropylene
gl ycol, and pol yet hyl enel propyl ene gl ycol copolyners; silicone glycols;

pol ymers and copol yners, such as acrylics, cellulosics) polyesters, and

vi nyl s; quaternar nEoRi um d S I I |
quaternary ami ne.sg"%‘%%lﬁ%%)l agﬁgcg %ﬁ%g%ﬁﬁggt%%% qe&{;l;eg#’]%uat ernary
ami nes) i m dayegt fovmiatieH ReRALY oRWelahd SdditieA)Cottpiles fyYedBhegs, fatty
acid quaternaries, quaternized protein conpoundsS, and quaternized | anolin

deri vat i ves;afterdcanplete toapastial oy ing (soprfewei omdry-end bdditiony Hikle as
noni oni ¢ al ky] gl ycqsi des, and ar%gol tic, zwitterionic, aﬁ%ni oni ¢, .and
cationi ¢ surdaEbYRAS not sptisfaendere P?‘%f@&l;orripott}@i et fremsg tBat ed

conpounds a EH"a RS iéﬂnﬁ e i usjigﬂ ifive in

t he treat rre:}ﬂﬂg?stls ébé}rsa?séegrti S d&@%%a%%@%ﬁ%gk% fee nc%?g%ﬁgfﬁgé%r operties
and char act erove the Dperatitf, of ahs @ dpes Hia ki goimgehnn| Fuidceoaat)

pol yor ganosi | oxane) pol ydi or ganosi | oxane)b@or sinply as polysiloxane, is any

of a |arge pdslipives enhapre tbeprpperties efithel papararodugt.cemalnas fidlersct ur e

consisting of alternate siJlicon gnd,oxygen,at wi th varjous. organic
Cadical s, hyRPBYSR StTER e eRntetYed Ha bitehtoety &' S BlERE  ached to
the silicon. relifd QrpRirdiMCAAdiiVed! ?ig%?&hteé’tf‘a‘i_iﬂﬁ’s trtita Ghamebtip!

sel ected chem cal functional groups to the silicone ’, backbone. Silicones
may be |i quisiefacecior printing, and polymersifgrandcmanical ohbarmiee prbperties. ght |
degree of paqlynerizatjon, and substityent radical groups. They.may be in
the form of %ﬁ?%@ﬁ@ﬂﬂ%ﬁ ahd auxijiagy QJP\%",a%’roé‘ﬁ ¥ uﬁ‘?fﬁf‘ﬁast es.
Silicones ar i £ W&' n i

organi ¢ sol v‘%#@go %"F?‘rfl‘g 9%?&5%9%%1%; ft%gb Zbg\ga:ﬁ? %9‘?‘%&)
PCTNS98/ 2138nackhmsihsorpwratd busface sidingonerfacecdetieg,capd speeiad¢, neutral ,

or negative %Qar e.. Liquid silicones .are sonetines referred to as silicone
oil. The sil§ ring treatinents; qapabilitiehai n branched chain, or a cyclic
structure, and ' r j | %nﬁ E\JfH%rﬁ?Ch

i ndependent |y bﬂ?ﬁ%@ﬁ%ﬁ%ﬁ?ﬁ%@%ﬁ? a ’gﬁ‘}fwéﬁ aryl, arakyl,

cycl oal kyl , dyaithgtiogpiotymleys sduse inirogen,dohéd, oradvakint ondiag shitibiesadi cal s
may be substituted or unsubstituted. The radicals of any particular
mononeri ¢ unWLeﬁégecHameérlsW%!iwf@dheef%ﬁgﬁﬁ@Oﬂéh%ib@ﬁ‘A'IePFit& of the
next adj oi ni i P 4. 3: i i t her,
si | aceous fuénég'l[lﬁgérgﬁlﬁéil‘sggﬁasyu{ghdlé}s‘ﬁgireﬁgdigﬁ&eegS poli' yg?ﬁg%g%ﬁ@ hé it arlllg’s, and
pol ysi | anes. toWelingy dirtaabsandycardierbodrd mndobleached caitpnofequuiga et
functionalities, including alcohgol, carhoxylic acid, aldehége, ket one, ,
ester, et herStrepgihetaBmatinm whichganengllg i psevided oihe ed tg%egs) ani ne, ™
and am de f ' L.ihes > n t i.Licone is

pol ydi net hyﬁ%%ﬁ%%%gﬁd\ﬁi gﬁ%ﬁﬁ?\?}%ﬁ@%ﬁﬁ%ﬁ%g%‘? %bf uncti onal group
such as am n@miﬁ?s&gﬁﬂide@ﬂémyéﬁychﬁhQésin@@ﬂﬁ&mare dakiieiel for Keswne)

am de, ester, and thiol groups, with the functional group substitution
general | y betmdtowelinghan about 20 nol ar percent and often |ess than about

10 nol ar percent. ,§i.licones also conpri.se copql i ¢, and ot her

nul tipl e mononer i éfgﬁqu(gi%n%c#lgpg?cgg@ﬁcagg cﬁﬁwﬁ%‘ﬁg’&g?%@ di net hyl

si | oxane cop beP nffdhie! t iy i cones
may al so be %g% ,ugeup/ﬁbgg m Xt gg’ess(ﬁ% %ﬁﬁﬁﬁ)ﬂ%ﬁ’%ﬁ% %%%ﬁ%%{c?%gaﬂﬂ
silicones, fthe kwabpleds ofiwetwmbadditpeltiatardybiziihed dnaheasitbesl Kiheyne

oxi de-nodi fi ed pol ¥di met hyl si | oxanes, The_silicone may al sq be used in a
mi xt ure wit hresuite thakspecal ehemicals be appliedde theririacepf thes | i qui d

silicone or any. other liquid additiv erial .may b sed as a nonvolatile
ol vent to PEdaibaSpanetseh 38 Chae Phal Il i o¥RY saBelaSEnl. e rmteri ai <
for application. paphdr MiBue2808rd¥vAd6 13084 of low REGNEBHRER82S anitihy The
intrinsic viscosity of the silicone may vary wdely so long as it 1§

fl owabl e or omhotschdddaissvevpdpe praduvets meladpladal fissue, Tathroom udes
viscosities of about 25 centipoise to about 50,000 centipoise or higher.
Preferably the viscosity is fromabout 100 to about 5000 centi poi se,
particularly if the silicone is applied in neat form nore preferably from
about 200 to about 2000 centipoise. Senmisolid or solid silicones my be
heated and nelted for application. If desired, high viscosity silicones

whi ch are thenselves resistant to flowing can be applied by such nethods as

o o o . ..

~ o~




I f desired, at |east one ditive material in the addyti ve conposition may
be di ssol ved, emulsifi eﬁ( di spersed in one or no ol atile sqlyvepg g0
Sui t abl e vovewdphignssol ve i nclude, but are not limvted to, Wwararsys 21382

- al cohol s, such as nethanol, ethanol, propanol, butanol, and other aliphatic
al cohol s; ketones, such as acetone, nethyl ethyl ketone, nethyl isobutyl
ketone, nethyl anyl ketone, and other aj4phatic w 9i r~"'"~~19 MiR 3

© 002 9 19081 PCT/ US98l 1 8 -27ketones; esters, such as nethyl acetate, ethyl

acetate) and other alkyl ' carboxylic esters; ethers, such as nethyl

t-butyl ether, dibutyl ether, and other aliphatic or al kyl atomatic ethers;
gl ycol et her 65548, dR1lgt Papem cpsweRgfiisue, pp Qe Papesity »2- pr opanol ,

"and propoxy SiRAR\owdly a0k FISTAIALS THIN AT AN Rekust gy acetale and

et hyl 3-et hoxy propionate; rocar as hexane, heptane,

napht ha, andsdfthédsddnd RbsdrbencinTowiediit ista BnehedCaidd@bent pupbr Adviky uene
~and xylene; and the like. Preferably, the additive conposition contains
only a snual | fast abserbeneyowater holding sapaety, awd wietistrengtdenindustyial n
anounts sufficient. to | IW% e;éditives t)o make t!%mflowabl e for

appl i cati on PaP§ThHESYfMC condenser, farpoizing, angd Wrappingexafes. ¢ he
addi tive conpositj ' t 1184 . : | or water
or both. As used ﬁg?aelill% t he fég&%@#syu%éé%gﬁeg%ﬁ%‘f% lrogieébﬁggﬁlgl\éﬁgés t han
about 5 wei gptoduztsant, thprledser sthhigtureof others, tlasuts generafly apemoent and

nore preferably |ess than about 1 weight percent based on the total weight
of the addi t Pxeducsehassa copyentrenalpanerimashinge Yiampus fisspemvgshineon)

whether it i‘??éignggr B{Biﬂz%ﬂ C‘?{eﬁgaiti%%%%géﬁgé’?%& ufacture of a

paper produc Xt e produ or a product, is adm xed

with a conprPeamitihieifdrining Sédtich Ahd W sb-tallédirEahRed deyesedTRigsHyes i zed
system The additive conposition may be either a li ciui d, a sem-solid, or a
sol i d bef or efoseiexg fox high-opeead tinsnemashinescares gap aoll formiege wheratthet f or ns

liquid ni .e_wh ] Wt bt d.flui d d
s capanl o oftiBrRE P HRICCTOL I Uipr GRS rart| An RROReBBF G ¢y
be a Iiquid fealkitd 6Nall Papes tizBue IbHRABES hitthiRés FBHERANHOWet Wb @ddi tive

conposition may be heated prior to being . ' mxed with the conpressed
flui d, such suprartedthrayrghougkhe forraing, Juessingr and|dnying pyoséssesns f or

dni xi ng. The Li.qui.d _m xt ut.e ,f d,by. adni Wit Bt B dfluid
Ty be o 11 qLPRriOHE At Abblied @B tnety SRPULIY A ‘mhd Sl ggec 1
conpressed fisui thrgaydiBtheted sfbaiRed0Od cybh A& Hi8AB3driBCTHEXM et 3an one

- 28di ssol ved or finely dispersed as a gas, liquid, or supercritical fluid
phase in theside@mly. fbet wetesheutdsarapsed tightlyaeaines thel highlydpolsshad | east

partially di s3h¥eoTRe dridiisertcRE 5 in 3r Robd A mRYPSE p1dy hikh
velocity air impingement to increase drying capacity. Percolation
through drying which draws hot air through the sheet may be used for
high quality tissue products. The sheet may or may not be calendered
prior to reeling. Certain grades are calendered off-machine on a
supercalender.

Sanitary tissues are usually creped as they leave the dryer to
increase water absorbency and softness. Creping ruptures fiber-to-
fiber bonds within the web to increase bulk. Mechanical creping is
done by peeling the sheet from the steel drier roll with a sharpened
doctor blade, which is maintained at an angle to the surface of the roll.

The quality of the creped sheet is partly a function of its



addi tive conposition. liquid mxture of additi conposi tion and
conpressed fluid cont a&corrpressed fluid in an a t which rende$ AR 3697 |
liquid m xtWod9u9g8abl e 0T bei ng sprayed. | n general ¥t he anoupCTmises/21382
conpressed fluid used will be at |east about 5% by wei ght, based upon the
total weight of conpressed fluid and additive conposition, preferably at

| east about 10% nore preferably at |ea r8_about 15% still nore preferably
at | east about 20% and nost preferably at | east about 25/ . The anount of
conpressed fluid used will depend on the conpressed fluid used, the

addi tive conposition, and the tenperature and pressure used for spraying.
The ampunt cAdhesigm/zeleage properties; whicheard detesniingd bt thel dmnter surfadee

addi tive 00%09?“ on, if desired, but it should not be so excessively high -
that the exc®M&npressed fluid phase unduly interferes with spray
formation, such apepifidodiiEifitdeVbthitl 8ffatdl, higsdidlyi d m xture or
provi di ng poor atom zation. Using excess conmpressed flurd can someti nes be -
advant ageoustektilessdmeh dsheheets ctowelshupholsterygddirpetingcdrgayt and is ~
sprayed, partigularly in the use of an additive conposition which contain
no vol ati | e $algavering, apditextiles,that serve s xarieby of industsigl funsdans) uid in
the liquid m e L. e o weight, preferably |ess than
70% and m)ige‘&E %‘?‘{e %%%#?rRP%éf??%%&%QB%%{ @&%mﬁag"qlﬁ:@ﬁy F¥°’f ﬁglt¥’i quid m xture
wi Il contai MnkhlHtie®aid 28Kforeenient media §R MRAFRUEDpotite mHAterialsiui d

m xture of additive conposition and conpressed fluid preferably has a spray

vi scosity bel ow abextile3Grecmanunfactawedtfromestapleafibexmfnite le dapdessur e,

nor e, pref er bel ow about 150 ~. .~ 1 9 MAR 2002 WO 99/ 19081 \

PCTNSDS) 21 s elama e eR B ouS TeRethe) ky: & VARAtE L BRYcasEra P T v avs: "

centi poi se) jefigte® HndPhEARbFEh Y oL Rl 10 MIRDRM 20 ’%Fé‘iééﬂﬂbjﬁbdﬁ@% Haﬁ“' d
d urd may be prepare

m xture of additive conposition and conpressed d for
sprayi ng i n kewwowéntdrencapwayeagpadatcts. fn sedvencand knitted fabriesgthe oned

atents, or her suyi.t abl e appar.atus. .The spray apparatus na l.sp be a
ONI AR B Sy skBAe G RIABARES REAdTZEeA BE THRHBHOGHIF RIS SIPiED
proporti0n) flesheifgither ifleRlstad Y WRattit bP InbABpRULPRA LI IRBP! essed

fluids, such as carbon 1 dioxide for t pray applicat’ion of toatings. For
m xi ng wi t h plaraadfiexible sheepdiie stomctyrest knownarasyfabsitpo MNonwosexont ai ni ng
di ssol ved so] i d. addi tj ves). t.he conpressed flujd may be heated d the
pressure regﬂlﬂ BCE RIE Ob‘inéﬁléiﬂeﬁi%g)cﬂpt qr@@rﬁg@?’a%s bwie ﬂﬁ“ﬁ?a]SY AY) such
as by the 6 Hﬁf?.' . i ; ) hgyid
m xture i s%%gﬂésgass ﬂ%%%glo%kfﬁgi%b% }elrgt Ergqerésb%rgé %r-tgrggﬁgﬂqgr? orifice
of the sprayplagaegonfiganation. form a spray. Al though high spray pressures of
5000 psig and hi g,?er W be used, preferably the spray pressure of the
liquid mxture islestisfihew mayy c-d%ﬁsgfle eeorging 9 BRIy OBEBW about 2500
psig. Very | L: : r.
atoni zati on.ﬂ%‘r,’g%1 gﬁﬁcéfhﬁ e s%’rgggé E'|1a)e|rdeés(r§ g%u#ggg%%\%&a%%%?’p%% p ‘lltg nre .

preferably amui, abtsod), GOPprateigs (wbol, mobdie, picahal ailky rmbhavfactieed 1000
psig, and nost preferably above about 1200 psig. The pressure used wl |
depend upon Bherschagndon getlulose priproteinsderisatives rayiepw hrogel, msetatequi d

. , ' i S ot S adit] ey
Conmer ot ur o iRt S AP SU BRSO bebdicHiliner S (ABTRRSataRie APEnD P Y
preferably bglay, §B%té@@p§nd%ﬂgvﬁlﬁlﬁin, RARAESAPINY16€! QWbahflapitds The

tenperature that nmay be utilized will in general depend upon the
char act er i st and spécialiky fbelrs)i oxinangani¢ magerials (glass).

Textile finishing includes various efforts to improve the
properties of textile products, whether for apparel, home, or other end
uses. These processes modify either the fiber ¢haracteristics or the
gross textile end properties. Such modifications may be chemical or
mechanical in nature. Examples of such properties are shrinkage

control, smooth-dry performance, flame retardance, soil release,



WO 99119081 -30 1 9 MAR 2002 PCTNS98121382 such as stability and heat
sensi t| vity. Preferabl: A spray tenperature of t i quid m xt@rMAR 207
above aboutw359,f;0 Tor e erably above about 30 C, Il noperRisedARaL! Y
. above about 40 C, and nost preferably above about 50 C. Spray orifices)
spray tips) spray nozzles, and spray guns used for conventional and

el ectrostatic airless and air-assisted airless spraying are generally

- suitable for spraying the liquid m xt urkd-of the present invention. Spray
guns, nozzles, and tips which are preferred do not have excessive flow
vol ume between the orifice and the valve that turns the spray on and off,
and do not ehfijfldeiciesistainet (& catigéreradistatice) ot funteol efstiayiel chirgys.exits the
.spray orifice. The nost preferred spra~tips and spray _guns are the UNI CARB
spray tips and sEWWymp%tM%WWMWm1%$MPme@ﬁ Graco

Cor porati on. tice es of.froma 0075inch to ahout .025-inch

_noni nal di affé‘feé}n?ﬂ bnﬁ"épé’i‘?‘é&mt'éﬁ ﬂgfﬁjﬁﬂg @g{:]tsag?alelra é’é’ron&?ﬁsl e sizes
may be used r oS tion
ot e of 1 he T e B e B PRl B2

f1 ow desi gnperformanze qiraeeeontﬂé |pcreduot ot which éndesiped toberapplidtto pr onot e
turbulent or agjtated fi mtheéi&qwd m xture prior to passing the

m xture thr erpatenia Fb&b?rH%ﬁW ke okatextigdreduchrifice preferably
does not creale A GAGPRSIAR hd BLGR BLATRYBIHEARC AR Of Lhe
iquid mxture. re-oriftice can be use fe spray properties

and the spr&yclndéanyTél@e%nﬁatbr@@ItMﬂbdmunﬁete&tﬁe ﬁb@b@rb@ﬁﬂft&ﬁ mgch as is
produced froma round orifice, or it nmay be an oval or flat sgray as

pr oduced byllamgedJéQéeveme ﬂherm@md Thay adsd cczmanagt}mrdmememlaan witaleni der,

f eat her ed, f d._FE
o symmot 11 X Fncta? AR sholt HPeH BhawbitpMHese SRl M er sect i ng
grooves cut th@rawghhichein@mdé Qﬁxt%&tel £ét Binitd DY, candlRe ﬁl?ez@.a§bc}i)5§'er Thi s
1 9 MAR 7007. -, WD 99/19081 ~,' ~ ~ PCINS98/21382 -31Iproduces two
i ntersecti ngofetpnax,nd‘ hnsnmmtmmﬁbges,tanhrwwoel aalluloseaomsl;qtnm ric spray

tt I th f th t { th t
Pret or abi y SpFapBYSTRA. SurtAs rBROR G BtTALS SSRPPGF areemichiy Bt on | o

the |iquid fibgksilshchSa AdryIRTAPARIE! Rylod) S16HY, aa&hopg)&?@ufe% ihedgapioduce a
deconpressive or substantial fy deconpressi ve spra erei nafter referred to

in the speciibetsitsuch amglassfibes; aadathedekexrrﬂ‘heéihere ngpy de"staplefibexsndi ti ons

Uscd, 'S0t B} DyERBPE? Ppd ey ot ERe FFRh S SRRE e SRRReRBn ety

spraying is a9%9n§brtthfe§&§ Ulphb it ¥ tilld B}édu&rmh%"% W WP modRehenl t - A

suffici entlYmEIg spray pressure is used to obtain a sufficiently high

sol ubi | i ty. knitsed pfedted, dmotteat, bom dedd or ongrhesek dltf inaiydhaemacranetyiafn ar e

th dj ust ed t d h h d
characteri s %@%%rﬁaw%a FrRHR g @eﬁiﬁ%ﬁl;r?%a'ﬁgﬁ SaStaB HEHUS opl et i ze.
When the cogp 6&&&%‘11[1 edbﬁQ%QQ{dt‘Ti ?ftﬁﬁrﬁﬁl HQgéélEchd' imt, the

excess conpressed f phase I's pre era di spersed 1 n the I|qU|d

m xture. Prééxtiles) mdﬂs;rml(texulesontmbmg,ogéﬂmnntsphaens; sheets] twbelsdi sper sed
l'i quid phas Preferahly the conpressed flujd is asupercrltlcal fluid at
the tenper ~bandages yphalstrry, s%rr%ﬁ% rperieguivalinovenings, dnsplatippd. To

spray an adgitiov el ¢RRsivtapds Qn‘aném&ggﬂ b [p%aié Blod &8 Aa%,gw d, m xture

of the addifive’conposition a éonpresse esi y contains the

conpressed thated, impregaated)laininbtal) D compditte mavéall X iy bo form a
liquid corrpressed fluid phase at the spray tenperature used. The spray

_pressure i shgsogensops gydvave aawltinlayeredreastnustian. whi ch the |iquid
mxture forns a kLiquid co UId hase at. the spr.a rature
used. This technllhg% r@eﬁgilégti*ﬁ 1By n%‘NB may A @63@9%

manufacture of products which may be considered to be both a paper

product and a textile product because they contain both paper fibers

and textile fibers. Such products include, but are not limited to, dryer



in which the spray is med in the present inven I's not criti ¢4IMAR 2002
However, theoppasmsure erein nust be substantiall ower thaRACTVURISLPIBAY
pressure in order to obtain sufficient deconpression of the conpressed
fluid to forma deconpressive spray. Preferably, the gaseous environnent is
at or near atnospheric pressure. The enviyonnent will generally conprise
air, but other gaseous environnents nay al so be used. If the additive
conposition contains water, preferably the humdity is suitably | ow for

wat er evaporation tomthe spray. Spray droplets are produced_which

gener al | y hasheefs fax spftgnexs, snrgicpl garmants;iadystrazl epvexalls, dyetdiapeanl v,

the droplets ve aver.age dihaneters of abaut 5 to aboyt 1 mL£rons, nore
oref erably PARVaRBAEHES: 154 DIBEE ComBontte tiirots BEa BRI A pEAIEET) Tom
about 15 to about THR fdxbHShectHat®ahl Whedlehdly Ve britealRebrdifigite about 50
m crons. The deconpressive spray can produce uniformatom zation that has a -
rel atively nthe preséntpheentiondndivsler plasticdiimsyplastic lambsateaheets,or

efficient and effectiye application of the addit{iye conposition, to the
sheet mat er | Blastis- qréﬁ@éiaseeﬁapfa%tm HepIegnniad set%auggeasm@t& f

it or [ BlasEi5 trdntargad el . Pregub |
onl v can t nateat Bt At g baRkeks FRRYR ROt BRI UL R P PRS0

but the aver@geudeddileis, doafposite dlifeets and BompbsitataMifiatdIShaédtr ay pattern,
whi ch gives a narrow overall droplet size distribution for the entire spray

so that sonemadgrials Snitabde plassic lmaiinduderpolyelefindilms.zearth abnuni f or m
atomj zation across {the spray, pattern is .frequen a.problemw th.air and
airless spr a@%f’%?? ar’ﬁipﬁligﬁf%%&’ 8?15@%%%’ §?]_E‘éﬁ5f3§t°f’¥m%ﬁtr}?lgh' can be
given by itSa8@3@hetiR pRAMIC Fnti®hhaqdpas. (PRewible BRedt) s sReet{}RItGsDO. ~ 1S
the size for which 50% of the droplet volunme has snmaller (or larger) size
and equal s t¢apablendpeing bphtor fiexed, Hach-as swhdebeingecdroreyetiochwd@ddof t he
19 MAR 2Q02 WD 99]1129,&)%1'5’@{))%% 8121382 .-33 dropl et volune hgf smal | er size,
and Do.s is ?hé X 'ze  PEHSH oTBRY PEPUPYHPEA SANtIANOYS AR AT e s ze.
Pref erably, dr J b Sitk i ; about 2.0,
nor e prefera%lfietl' elts”sHl tQ%ab%| %%8%%’81%%5 ésta?w’m%%?lgag%& eljrggﬁﬁaggse t han about
1.6, and nosmateriadr Ibhyay be honbegeneioastor malti-dayeredower span has a snal |l er

percent age of partjcles.that nay he too smal r too large for a gjven
appl i cation. The d&€i3ddityecompegition used W} %leﬁé"eéﬁ’ﬁw AN LeR n\'/‘21’1@“1ave
di scovered that, r i j i i pr oduced
by the deconpr es%f?\gted%pé%\é)ms’&g%}?;ﬁ?a%ggggé%%I?&t%lg%g f)lit %iﬂ%tpféﬁ‘agg? ?Sn of
addi ti ve conpdditiveoonmtenial avhidhyis capablecof sthieast adhstingties penetrating,
manuf acture of_ paper, B textile, and flexible sheet pyoducts) rticularly
when conbi ne?F RFitE %h%orﬁsd&yam@xg‘pl@a@esé%ﬁefﬁa@ yglﬂéb riqdifies o
difficult pr ﬁﬁgﬁ. S " [Pl Of, AJ.+SPrays,
when, appl i ed&%gg&%{t%%ed*’y co%{\?gfgg%ﬁeet ,ﬁ%&%% gﬁlartgitlgg?\é% ea%{egﬁtr .
boundary | ayprodiangr wldchhisdesivad ftaede, amsliéd tuh diexybletsHueg imapatalsin A
| ar ge proportion of the droﬂpl ts..produced gg air sprays are too snmall to
penetrate t hevamamyagtireo %@@#}blg_@ RepredWtiswept away in the air flow
and become. over spya cHSrdih Oh! G} be BRGNP Ao SRLEVE AZRAS i 0N Y
wtTh a g roplet si

turbul ent. But using an arr spray arger ‘aver age ze
produces a hjdruidrWBRH iy B i YRl gakcoak @eatd, oialled$id s#aké o4 oduce a poor
qual ity application and therefore can not be tolerated. In contrast,
because t he cwobimpatiesitherens; ayipa supereriticalafividwdépepding vpen (1) the

di stribution .hi gher average drqplet size can,be .used.wtho L ncreasi ng
the propor t1 BaruFuly depiPeaPite AhdRreruire o At LR SUPIR R BihhEas: ve
spray IS Sigphf I Rﬁﬁt i t he
additive cong%é?lfpg%g%g%%gzhgpﬂplﬁpeﬁqvﬂ# |%w%§eﬁée%§§rgﬁ (ggﬁ{)ggﬁces
wast e gener atriticabbemppphinetdmicrioival pressues afiphe fluid, Butinilbch is pi ay
conpari son, a deconpressive spray with an aver age dropl et size of 35

m crons prodU&cERsenus stake p drropfitiong of @° Urlzing remparaborermod1 ~
PCT/ US98J2138~1 -34 oyerly, | e dropl et % py vol une), as a conparabl e
air spray mﬁ9ﬂeéﬁn5WE£§§%abﬁéé&%ﬁwgﬁgﬁﬁd%qgﬁ-#ﬁtP% EBW%@%@fore t he
deconpressive spray would be able to apply the additive conposition with
much hi gher application efficiency. Furthernore, the conposition sprayed
wi th the deconpressive spray has a viscosity of 2000 centi poi se, whereas to
be sprayed by the air spray in the absence of using a deconpressive spray,
t he conposition has to be diluted with volatile solvent to a viscosity of
100 centi poi se. W have al so discovered that in addition to inproved
application efficiency, the deconpressive spray can give inproved

o b1 o L Y
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Furthernore, additive conposition penetration into the interior Oﬁ M}ﬁ%er
can cause undesirable de&di ng and weakening of th hesi veness g 07
tensil e stonangifyosi the: et material. The |ower t | encepd-Evisds gl
generally softer spray that can be produced by the deconpressive spray al so
applies less stress to delicate paper than do air sprays, so nechani cal
integrity is less likely to be disrupteg As nentioned, the ability to
spray viscous additive conpositions tha l4re substantial | y free of water or
vol atil e solvent can al so provide superi or anew am - pasaadstp ~jauy ao
paytsj nura ~fl gE~aj azd "uots.zadstp pnbtj ao snoase~ a ao "uotsl nuza
“uot ~nj os a "sepercnitizak flupdibisja Agid that-isstbademperdbure pidipresaasaaduzoa
. aus, wza~s-~s paztanssaad pasol 0 a yt aan~xt uzt letifﬂ?ﬁw ~0~ O~ " auetj-~a ao
&

api xot p_uoqatel thatdé iapsaaboys, oy stedib belovol AiYaxt ucpe st
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-n patzot~uauc ut pasojostp s~ 'letxa~euz ~aags ah~xa~ ao waded & o~ .zat-~p
pat] dde aq ueecoverediframithe epray euouuammﬁ deenatility jofiahjyrof theot ysodt aoa
ant ~i ppe au. x0g- aa~enn uana 0s ads aq~ ut aa~Enn, | Q uot ~eaodena
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UEg~ suot ~t S;ﬁféum@e aﬂéppneﬁuaﬂz@ﬂdaheeﬁartneﬁgaﬁalstabﬂﬂynfazé uzo~e o~ alge
si ~feads ani ssazduzooap aqg-~ asneoag -jetaa~etu ati~xa~ zo aad8d a o~
uot ysodt uoa eomepxesged fhuid. JNitreaws oyidg-should degused erlysindertsafe and  ~ pp . P
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PCTN898/2138'Lvnsy%3em@rwﬁhanr@|eyscgpg@6wle¢ @deaehmmé%ﬁonhough t he conpressed

fluid may have |i " borne addi t,i, osition,
. by using an emul 519\{5 8ag?er§|12’p@/s%@r%sgﬁpm§g§é‘ée ?qlﬁsas%ﬁgs’e aiedrﬁlc €g§ l'iquid
wmxture, themaRerul'sawatefldosRe adHIFAS bdmPBsitiodMahd "Wited-Bdrh& spray to a
deconpressive spray, as the conpressed fluid level is increased or

t enper at ur e ¢cunpmtl@@é ade umdexsmdwm mam doampasitiphaandonaterials-thage

corrp05|t|on havi n nifi t. d fl ol it Ling

sol vents, v %go é’ﬁ@eég&dg eﬁ?‘giﬁ}}‘i e%ﬁ %ﬁl}%&? %8W8?§1°Ihnd t he
li ke) or Ot ditafe ﬁfdr@'t?ran”@ﬂ/e Q&dfiﬁf‘e%’a@eﬁﬁ?rﬁé%%eaqie%id ity of

t he conpressed f|UId In e water-borne additive conposition, as disclosed

in U S Patthé\ernd 4d@itidy matetiadlghundasosid temeainghehemied cxbout 2000
centipoi se may be used if, a decqnpressive sp is formed) the water-borne
additive conﬂmﬁpwwmmxgw@r@}qry% 1§ anpi@ésﬁowsle%ﬁrtowaa%e& 2800

centi poi se er f b
centi poi se, aﬁmé;l(lehg}rrap é?%%ltgr g‘geg guf %fgé’gg‘?:%cr?t ?%)glgggps(@ %k(?m%g?an a
. preferably bghaw ﬁ@@é&tlalz% ﬁﬁiﬂh #RaFditive composition has been applied.

As used herein, the term "manufacture” is understood to include

the making, production, formation, or fabrication of a sheet material



. The anpunt of conpreygmd fluid that is used int |IC]UId m xture in the
wat er - borne additive nmposi tion shoul d be such r. the. Corrprespgqm 2007
fluid phase remai ns substantially fi nel«y «di spersed | n the |i quid m.xture
and gives proper atom zation. Prefer ably ‘the conpressed.flui.d phase’is.’
rendered into a finely dispersed | |q&| d phase at supercritical tenperature
and pressure after being adm xed wit % Wwat er - borne additive conposi tion.
The conposition may contain an organic solvent or another conponent which
is mscible with the corrpr sed f%w d,__thereby enabling.the conpressed
fluid to forPFePREF ﬁFdW 1o8S Phe; Abanginde BRNLBNIRESSDd fluid is
excessi vel y Wrg\herﬂ?ar getterahliaespprdoredaddratarat cdnshef stietconpr essed
fluid can foraterniahe |iquid mxture, which can becone nore difficult to
mai ntain as a uniAsrusedshersiop. thaetetnr Esodlvehblgh sl angersqoant i ti es may
be w5 1 S%dvi200EonVErODbA908d01vERIASI8H21382ng3vased, tthatanount of

conpressed gy rpéeéan;sréaséaeftuﬂal Qmﬂt%éarﬁhbéeat%eratt'dywh&%ﬁ than
about 40% by zvge' L& etaplvat a5nhh Qoagout 8% Sbiskf mor e
preferably Iess F‘? l§{ ,g mPgﬁe pr Es ? Iegs than about 25%
The anount of° esseg 7 eL2nP ThT 1 ARSP ’d dPh %FHE& is gt |east an
am)unt whi ch ren u‘i”a ?ﬁ‘itﬁ?‘és%% a’ngeBFlPBrWFH & H&EBnpressive
spray.10rhe &RFurih ?e?Rﬁ?BécPRSPHC%Jp@thGp% @ﬁ€19F360§PF‘9°§hﬁlpﬁeol ogi cal
properties cfontalinn@rathorerstdene i gddiohpesnateniathén| theid ni xture
preferably cemdacstate et pdper pgrpducent scohpasssedisbuedpapere
preferably arddast, awuin Ehe¢aisenfaconpe essed téxtilespirbbusere
preferably &r |£asteaisng s’l;(éé)@rxgﬁmu@@npressed fluid, and nost preferably
%t 'ereq?)rﬁQOUt 15’h€%ﬁ§@h%”&%§%§‘i‘ll@ Yin th@‘%ddﬂﬁxﬁh m xt Ure ' ”r;{‘ﬁre
above about —40° &\{‘ioﬁ ‘EE% b %boa }yﬁg% gd pre erabl y
above aboutp*3§s BVSB ggély@ égfl eat?_";f & rrcgqs psi g, nore
preferably EBBEePSB 8{““1306 Y Otfa Sy by

passi Zg)\,t heVﬁifi(FEVe#hP’éG@ﬁr&ﬁeér itei c',‘@el Fh&Sdn “@ﬁ\ﬁrrlcﬁﬁlrrérﬁe%ttﬁ abl e for

wat er 28vapokddibhveprmateraply Ravichg adddwiviencdmppsidign whHelor nore dry
gas jets) simpamt aszksingpsopemitiesmay bharestted istrcheapiid ed to the
deconpressi skespragteniabsr easatthe acabedihg wobuwlhentpresenty or tenperature
wi thin the spre¥t9énb@hbBlube, Obder atre nBer adsd tite wy,apa dldyt rate of the
wat er. \Wenogar 8§88t 8hex| démbil&@ﬁtcomei%%%tﬂ icd s4sRd 24,0 a water-borne
addi t=2§e COiTB Sbh | OErEQﬁt bén?‘i@%bh@fe b s%ﬂb%‘f‘ﬁr eq, clp%‘ﬁfh wrticularly

t Xt t ed t
p?e\allgntI grgm?gt{g 2 Lgﬁ cart% lngw g&é :éél%s m xed \(/:\notnhrt heeaddlotl ve
mat eri al % ?(g "+ RE E ;i g ?Iym]elré 18 Ogi & buffer, such as a
car bonat e/ b?t37hoHH e Bﬂf‘? pn Eﬁ' 569 & etrhe la?&dut 10. The pH

may al so beultygrvsplepghight abserbery §3ppesgesard a@@'c@ﬁttrlo‘l | ed by using
. al kal Blor ovkidambsi ¥1ikamtni af 5agraBRcasPamfsRea, deodiomamiydr oxi de, cal ci um
carbonat e, amtilbadteersaltageifhe pnesmacrobiedt egentay be carried out in any
commer ci al pbpinifeteant) epharmbtentlbbalshast ringenityl amvesfiact uri ng system
including coryesténg BYSAENE, akepvn hatibeseiskialglead,in the art, including
the afor enegféggfgntyﬂg@sagéngapﬁiggghggZgg.chlcgggn Tlg%eaﬁdl tive conposition

may bgg appeﬁg%s%pv fvéh oE’@I:?éhf?l %ﬁt@&“t‘%n%' g%‘tfa'b ntly. i mpacting on

machi Né oper é’r i nc n% ogﬁ r? | o? e ifi;& conposi tion may
be appli ed ?1 T Ther % g? i hadi rgct y at arty .point in the
manuf act ur el ‘§/¥e9t|?eP18 uFFei BLEI¥REE Fr BIQCESSI e conveyed

paper, textiql%ltib‘feflem bl e sheet matexial nmay be unsupported or supported
during the spray? agpfteres obs byn neddstknewnaterindsshaki Lmpgrits ©he art.
The additi veeomedposd tsoft mays beo aplpei pdodacthe Papeenetresddieivers fl exi bl e
sheet materimdludce cONYLyEsk §rofm one roll to another roll. The additive
conposition may al so be applied to the sheet material during other
operations. Indirect application methods that may be used in the present
invention include, but are not Iimted to, applying the additive

AMENDED SHEET



conposition fromthe spray to at | east one transfer surface fromwhich the
additive conposition is- Lmately transferred by co ct to the gg ;gg[ﬂ
paper, textjle or flexi sheet material. A prefer trangfer 576 S
“aroll or r‘gpl%/rl?oskuch as a calendar roll or a kiss roll. O REFUSPYASPE,
surfaces that are less preferred are a formng wire or fabric and a
conveyor belt or material which is then contacted with the conveyed sheet

. material. The transfer surface may be -t¥ated if desired. The additive
conposition is preferably applied fromthe spray directly to at |east one
surface of the conveyed paper, textile, or flexible sheet material. In the
manuf act ur e Sficchd2BRS, WaRes Chaty aRohbIESHRA other makefiaMARAROMYBIGY | 9081
PCT/ US98/ 21382 - 39paper product, the additive conposition is preferably
“applied to as arcadditiveematerial thaif sodtensnsethds yaippdesit aians,Agbpaates,f i ber s.
The additive conposition_may be applied at either. the wet_end or dry end of
t he paper makPABtEHEeS Grleans &%gﬁm-yﬁmﬁée%ad&twsmm 2ivamety applied

"to the conv t l. . P i;al.ky dried, nore
preferably %&s%@%%ﬁ%%éﬁg&%ﬁo@%s %&Z}E{' ?%%Pﬁﬁ%% lescf.m %ﬁglt\%% may be
overdri ed” onmheaigidHat idefdased water abeorbanelasict &s pblyhydrexybl e sheet
product, the additive conposition is preferably applied to at |east one

surface of tcompumdsyddxdinplehobsutheadditeanatérialstandithe pnerertiasm t he
spray orifi tao the, conveyed sheet terial .i ot, critical, in the

or ot ce of tPRYSHRBSETS Che fEenten pheek Riatar ) i Auds oty #PBMEL W11 e
sprayed wit : L 44 \, § 4l it ; 4 inches to
about 24 i ngﬂieﬁs.ﬁmgﬁ %&&%?gé@%ﬂ?ﬁ%ﬁﬁ& Etséllr nc glélgittg’ %%gg?mllgelgﬂgh)e’s i's
preferred. Alidiethivone (skirBprotebtion), posidens (ibricityhesl absorpsionpskierred. The
di stance used wi | g}é’gepend upan the particul ar ap&ii cation. Electrostatic
sprayi ng rayProkectian). presgeeatives apdiantiomadants{produst tegity)ei ency by usi ng
t he net hods i | 5, N} may be
directed toe?héﬁ%%?lﬁgéeﬁ&ys%geﬁ%dg tgﬁm;}ltsg ug?%gﬁgts %[H; % arrf/aéor

reci procat i gossumgr gppeal); ahy lanolig detrivatives (skigameistaridsdtion)pl e spray
guns may be positioped t?(ﬂ% ve overlaﬁﬁi ng feat hered spray depositign to
produce uni form itional additive mategiaje fhat mayche pged an the praghice o wi der
t han the spr ] | . . LCAL articularly
with additi vtg%.weg%%p%éie Rl B SRESY %"J@‘é?%'%t@%‘é’?‘??hh?%“ e nokliil e

sol vent, | oimaield toakilivonestaesr] sitieonesils,adiich, ad dimedhietneanll er orifice

sizes and wi der_ spray fans are fayored. A pr_e-_or'h];({_ce may be used . to
further red erneﬂgérsa&wqw%pe unchasedroilgincinding waneral aiband| e or

critical to HNEORFaE; Bnib) 6T BYA AR AT ARG DaC ARG RG] | ® !

PCTNS98/ 21389anblin4thd synthetic lanolin; plant oils, such as aloe extract, sunflower

oil, and avocado oil; natural waxes, such as beeswax and carnauba
wax; petroleum waxes, such as paraffin and ceresine wax; silicone
waxes, such as alkyl methyl siloxanes; synthetic waxes, such as
synthetic beeswax and synthetic sperm wax; tallow; fatty alcohols such
as alcohols having a carbon chain length of C14-Cso, including cetyl
alcohol, stearyl alcohol, behenyl alcohol, and dodecyl alecohol; alkyl
ethoxylates such as Ci2-Cis fatty alcohol ethyoxylates with 3 to 30
oxyethylene units; fatty acid esters including methyl palmitate, methyl
stearate, isopropyl laurate, isopropyl myristate, isopropyl palmitate,
ethylhexyl palmitate, lauryl lactate, and cetyl lactate; fatty alcohol
ethers, such as cetyl glycol and propoxylated fatty alcohols;

polyhydroxy fatty acid esters including sorbitan palmitates, sorbitan



the present invention._Generally the speed will b hat normally utilized
in the particular man,turi ng or converting ope on. As nenti bhdtR Hlie

speed i s gaweeesabésy determ ned by the requirenents the prosgriuspsmdsced '

and the machi ne used. Preferably, the sheet material is rapidly conveyed to

i ncrease throughput. Although slower conveying speeds may be used,
generally the speed will be above about,50 neters/m nute, preferably above
about 100 mim n, nore preferably above about 150 mimn, still nore

pref erably above about 200 mimin if suitable for the application. For sone
products, such as tissue papers, very high speeds may be used, such as
above about st&oates,rsonbitandehanates.aflyeerilithonosteapats, wlyeersbpl ied to the

d , textile, fl exibl h terial | t itical to the -
bract! ce of RnPRAEULALE eNrery] BiongheBAnAFe GRIEPSt FPTRSHOE R he
tice of RN e _ | f
par ti oul ar” agdhdopgoSBTRASIA AoARALL SlcR0kOABE OBRA Bt RS ABkaper for mance

desired of the particu pro known to those s ed in the

art. The anplyderidesaphiosphalipisparcht aokecitiih; pdlylydrerg icohlpoundeal ance
bet ween performance and cost. |t is generally desirable to use the m ninum
anount of addrhasrepyiens glveal, mresrine ethoxylatedrglyceydneor mance. For

le, th | f ' f f ' houl d
beat | east PavaTruRle st S5 SOBY L Aty B BaBtipeetybbA S 00 i 7"
apylyserandi ng upon

sof t ness t o poliRtRFRGe/prdiy16he igTEol 8bHEITm &s; kAR eVlvkol%
the particular type of sheet material treated and the particular softener
appl i ed. Cenradaiopplymevsirsuchods atryliddeellwlosisnpolbyiestens, bedounplsout 0. 1
wei ght percent, based on the finished asigléwei ht g‘é{ihe. sh&gi mat eri al
provi des | i AURECINATI 2RI cpmpoynds; 38 APRPREYSATIIRE e s 5
i nprovement ), WhSHEaS ANRHEL Walaly Lt r no
i npr ovenent ™ sél' Fétqﬁ'ess ovér%e?ﬁgyﬁgggéé@ag?o%%ﬁs%n oﬁg@wg%%lo%&eﬁ
unattracti veuatbxyteayy saummined, infdezainmriguatgrhary amiaes, dbitewd abl e resi due
on the skin. 1 9 MAR 2002 WD 99/19081 ~ ' ~ PCT/US98121382 -410n the
other hand, W@temmaryamines, fattyacid quaternarieg.opuatexnized REOLM: s whi ch are
meant to be o p s’ Gldt aﬁt%?ﬂ%tlrlggﬁ@‘n cﬂ&@%ﬁbéé’-&?déﬁﬁa'cf‘a%tgo the sheet
eat el “anoun |

material in a gr an a Ives that dre neant Just’ to nodify

t he propertiirduding monioms strfictehis svith Ao ughibeRsalkylglygosidégrarghount s may
be applied, the additive conposition w Il generally be aggl ied in the range

of from abo@nphalytis, zpatieriomiaanianic, andetationgsariagtanky cgBulpse of the
sheet materigl. IC 1. ' | . tiban about 40
percent) rmrdghgg-e{m rgg{:ﬁ%@,@@gﬁggf@ggﬁ? ° p%ﬁ%%%ﬁ? ng% %%IFH nor e
specifical ly | esSilicafie HaglieedOwidlganied dday aaldlitive\in therpestirhéwnst a-i | |
be applied in anmounts, of about 0.1 to_about 15iP§ercent, .nmore specifically
t om about 0.5heebmajsrials to papapgse thesheet mates

desirably REbLESLAIOWISole! 1% Wiin o3 GIELEERNNEITBLERSPOC! 1 cal 1y

bel ow about percent.” The sical ‘formo a rve conposition
applied to tgebydraabsilbexié, oly@iorghassilbarsd|eatsifEigrdsapolysilaine st i cal
to the practice of the present invention. Preferably, the application of
t he additi vanyopolangecgronp efisiloxame: polimensar oligamersobasesd emhl y uni form
The applied additive conpositdan may be.in theg form of a continuous or

di Scont i nuodEHTES SPEORBREY Sor ity Bhcdh PARINESH LB PAULIERERSpl et or

particul at e RahhRY FadifdlsCRParSgerd fordither 2haicH] RRbSEEuSL Qi@@t%-r_@hﬁ@ The
applied additirve conposition nmay be liquid. semsolid) or solid when

deposi t ed orattdvheshethemsilieonal Différent ppopextiedaia aokevedhysthei on may be
absorbed into the shee terjal or remain substantially on its surface.
Preferably, AHRCUBEPE Bés‘gjgﬂ’iqd %@M?gpﬁleﬁagaw%tq the gdicenget rmateri al .
| f desired, - appld: ' f . h ' ' may be
per f or med onlpﬂggié)oggéestlﬁ?f%}t‘%%né{ye% @ﬁ%&%,n%%%gﬁgsbﬁég%gé?%%hﬁ%n

conposi ti on.the M8l @erzht, \¥gBEd POy nbribAi0A] dhd%AbstitUbnt € preferred
forms of the present invention have been
radical groups. They may be in the form of fluids, powders, emulsions,

solutions, resins, and pastes. Silicones are usually hydrophobic and

can be obtained as neat fluids, organic solvent solutions, or as water

conom cal |y

s prowRTYioR a8dnposi ti ons are

)



. recogni ze

described, it should be apparent to those skilled in the art that nmet hods
may be enpl oyed that are ferent fromthose shown gahout deB rMN%ﬂmlrom
the spirit pe th . In addition, those ski din i |
Pﬁ@?”%@ er steps or operations in addition to thos%egggé%%ﬁ%élly
descri bed herein may be enployed in the manufacture of sheet materi al
products. EXAMPLE 1 An additive conposition conprising a nodified silicone
softener and | otion was sprayed using t&Pbon di oxi de as the conpressed
fluid by using a UNI CARB System Supply Unit with a UNIl CARB spray gun and
spray tip .03-08 with an orange pre-orifice manufactured by Nordson
Cor por at i on.entilsidng] UTHeBE ¥hitileiocaiPhaved pdsitive cheetral WrenéfatddC. and a
. pressure of 1100 psi. A carbon dioxide concentration of 20% by wei ght
provi ded an chaggealiquid sdicones ame spmetipes refesred to rosiliconeraihsThe t he

carbon di oxi dg concentration. to. 25% produced.a ,sqf t.er, feathered spray
_pattern. Incﬁlﬁ%&q%ﬁlatyl‘?éag%lf’%ﬁa’ﬁigé’ S@Wﬁ’[eflac&%ﬂ’ PH2E¥6Ihr oduced a
deconpr essi \ i 18 f : ; i i4ation.
s%g]%&g?&ﬁi_?d’ 'midy Be\crbys . Phe %H}cg{l%#g@%éweﬁ%ﬁéﬂtcﬁg

This high |l ev _ carbon di oxi de was uni

addi ti Vﬁ c?ripdtej)e@dnfnﬁyndbedepdm::ggad)rgm atkﬁyfgﬁﬁtb\mmylp?lk?yhhaﬁhd)g{s tsye
aper shee e S spra n ver nmount o e_additive

-Eoﬁposi tion g@é’aﬁﬁﬁfv é‘l\gﬁ?gﬁfgﬁfﬁéﬁﬁﬂﬁo@&lﬂﬂzg’?tb& H@gﬂ%_ éd\?eoéﬁ}}%’r atus and

spray. cond! Y802:185 TR Spded 81 uAHbLKGGOTPRE ARG LOPREL ST N0 o

modi fied | anolin softenér an 1on was sprayed UsTH _ n di oxi de
in the |iquighrticalas fonbiheri® W@t 6RG AiffaCRERN fifsSto@eSiimling th an
excel lent fan pattern 1 9 MAR 2002 WD 99/19081 ~ , ~ PCTNS98/21382

- 43t hat was fuottionalities ofthe ey adivibangmenoinericanisp Shenradicaksl mays
sprayed and .a,very.light amount ..of the.additiwe.conpgsiti.gn was uniformy
2ol od. - Thandepeten necbEg siBterul i teralfuen PRt pe alBsthee 5006 whi ch
pxoduced a tyddydilGimesi Silhdes] add pBlysiiadeli AMNed r&dicRR mAyPendRin any
concentration reduced the neasured spray rate from76 to 46 grans per

m nute. The ofpregrieni éborganie functionalitiesdaicludingcdophal; cadhoxydict he paper
towel product.,’ MRPLE, 3 Usi ng, t he,sanme ratus, as in le 1, an
addi tive corfff %’I ‘T%ﬁgﬁygﬁﬁlﬁﬁoﬁen_ﬁ rqﬁq{eé'r H&f’?’ﬁgﬁf ﬁgcgélstoxxﬁgﬁgﬁnp‘ﬁfé'd usi ng
20% car bon ¢ ké‘ﬁyl!eﬁef%%ukhﬂh‘hﬂné? A e RnctiohalRed! ORE cHimorld a
pressure of 1100 psi, ich produced good atom zation and a uniform spray

pattern. | nosedsiyps dftsilicenémpelydindthylsilorane awhich maysbavend t he
uid mxture a a,slightl ~r

pressure (o Ao00 B boReaSSt SoLapeace, Ll QU Xt e st pystight ot
amounts of agdgbt | ySlyeMHE0AddHe MK el S1RIdH) RABRY, a8l {iRol BfodsS WHeh Paper
sheet materials i'n each case. |

the functional group substitution generally being less than about 20

molar percent and often less than about 10 molar percent.

Silicones may also comprise copolymeric and other multiple-

monomeric siloxane materials, such as an ethylene oxide-dimethyl

siloxane copolymer, which can act as a coupling agent. Mixture of

silicones may also be used, such as mixtures of functional and

nonfunctional silicones, for example, mixtures of polydimethylsiloxanes

and alkylene oxide-modified polydimethylsiloxanes. The silicone may

also be used in a mixture with other additive materials, such as

mineral oil. A liquid silicone or any other liquid additive material may

be used as a nonvolatile solvent to dissolve or disperse other semisolid

or solid additive materials for application.



EXAMPLE 4 Using the s apparatus as in Exanple four different additive
conpositions, conpris (1) an absorbency conpos¥ggni cont ai ni n%%}%i?ﬂ%i n,
a quat er naP BAPY.  and ' pol yet hyl ene glycol; (2) lanolin; (FSTY Hre of
a quaternary ami ne, a surfactant blend, and propylene glycol; and (4)
silicone oil, were all sprayed with 30% carbon di oxi de at a tenperature of
60 C and a pressure of 1200 psi onto b@6k ° tissue sheets. Each

denonstrat ed good atom zati on. 19 MAR 2002 8/21382 WD 99/19081 PCTNS9 -44
EXAMPLE 5 A hydrophilic anionic sulfosuccinate surfactant was ' sprayed

using carbon di O'I?.%ein%ﬁng v&%gaifﬁﬁ?ﬂeéilﬁbﬂe%a@bggvﬁd SOBgyst em

Supply Unit (nmanufacture y aco) wth a UNI CA ray n an pray tip

. 06- 12 wi t hitaistfiaballeOdr @ihe pigde flowadleforudmayurpplidagiodor fhisn. The 1iquid-
m xture was_sprayed at a tenperature of 55 C and a gressure of 1250 psi. A
carbon di oxinpludemviscosisiasont alious 25y cqntinpice do abaut offl00seqntipaipe 8y having
a very good, fan pattern.and,fine atom zation. | gh as 60% car bon di oxi de
fas uved wi RHETL VisterRbly dbe BEeS Rl s Fop iyt 1d) B B atli oxt de

concent r at i o MRSisESEArtiCulbiriElNthe Witiéde sl AbSL Rlrni NRosY! f act ant
which in effect finely controlled the anount "added to the nonwoven di aper

cover - st ockprefbrabilyefronvabest 266 tovabosp 2608 centipomsey é3gmisodid omsalicht of t he

ddi ti i forn | : .o~ .~ 1,9 MAR 2.,
gadg teye ‘Q’agﬂiéﬁheé) ;z,xagr/ b%%ealtgg and melted for application. I? 8gsirea, high

viscosity silicones which are themselves resistant to flowing can be

\ applied by such methods as emulsifying the polysiloxane in water with
a suitable surfactant or dissolving it in a volatile solvent Such as
hexane. The high viscosity silicone may also be dissolved, emulsified,
or dispersed in another liquid additive material.

For instance, one means of improving the feel of paper tissue
products is to incorporate a silicone additive into the sheet material of
tissue paper. Silicones are known to provide a desirable smooth or
silky feeling to the surface of the tissue and thereby improve perceived
softness. The silicone may be applied to the tissue web at some point
after it 1s formed, either before or after drying. Silicones are also used
to an appreciable extent for ﬁnishiﬁg and improving textiles. They act
as softeners, hydrophobizing agents, sizing agents, and improve
handle. Linear polysiloxanes containing polyether groups improve the
handle and wetting. Silicone compounds with quaternary ammonium
groups can reduce the static charge. Silicones are also active at the
surface of plastic and synthetic fibers.

If desired, at least one additive material in the additive
composition may be dissolved, emulsified, or dispersed in one or more
volatile solvents. Suitable volatile solvents include, but are not limited
to, water; alcohols, such as methanol, ethanol, propanol, butanol, and
other aliphatic alcohols; ketones, such as acetone, methyl ethyl ketone,

methyl isobutyl ketone, methyl amyl ketone, and other aliphatic



- 45 5 10 15 20 25 30 35 WHAT IS CLAIMED: 1. A nethod, for the i rw 002
application of an addit L&:orrposition to a sheet lal duri § e
manuf act ur ewofogmeosineet rial product, which conpr s: (1pctasospgsa
liquid mxture in a closed pressurized system said liquid m xture
containing an additive conposition and a conpressed fluid conprising: (a)
an additive conposition containing at |gast one additive materials and (b)
a conpressed fluid which is present in an anount which .renders said liquid
m xture capabl e of being sprayed, which fornms a liquid m xture with said
additive conggletlon and which is a gas at standard condjtions of 0C

t enper at ur e ngaeesterd suwehras lpﬁé}éléltﬁ“@tewmhxlzi}c%ﬁ%ﬁ%o@@'dﬂk}’]q ui d

. m xture by pas .t he m xtyre under t s yt. 500 psi
t hrough an of4H ?’Pﬁgh?(?sfed‘?h’f §B’rsa"§f% %%ﬂpe(@?’?g%blpa ‘?ﬁ’e&l&%’ ?gé}‘egont ai ni ng
sai d add't'%n&%ﬂl?é&%hbﬁﬁtl&%r%kﬂ éﬂﬂﬁ&m&%ﬂ%ﬂsahlﬁﬁl 8th&@Nyeiteds duri ng the
. manufacture of said sheet material product and producing a sheet materi al

product whi céthoxyrathaaol dhaazy ethamol, ethcarw\&-mwpamif addtmaopmm product. 2.
The met hod of m.1, wherein the sgeet mat er i S er,qd:]et}llle or a
fl exi bl e she@h aﬁ‘é’h-egliyﬁP eT-BSLerHSUSH RS Uiexy; gxy@,ﬁ 'faéPr? %é’é' eet
materi al con ar 1 V\/nerel n
The- sheet ot SHHERP RRGPiapplit allint hy8dGlrbotls, S APhERARG hepahE) | W1¢]

, | I ~ .~ naphtha, and mineral spirits; and aromatic hydrocarbons, such as

toluene and xylene; and the like. Preferably, the additive composition
contains only a small proportion of volatile solvent which is present
only in amounts sufficient to liquify additives to make them flowable
for application to the sheet material being treated. More preferably,
the additive composition is substantially free of a volatile solvent or
water or both. As used herein, the term "substantially free" means less
than about 5 weight percent, preferably less than about 2 weight
percent and more preferably less than about 1 weight percent based on
the total weight of the additive composition.

For spraying, the additive composition, whether it is to be
applied to a sheet material in the manufacture of a paper product, a
textile product, or a flexible sheet product, is admixed with a
compressed fluid to form a liquid mixture in a closed pressurized
system. The additive composition may be either a liquid, a semi-solid,
or a solid before being mixed with the compressed fluid, provided that
it forms a liquid mixture when admixed with the compressed fluid
under pressure and is capable of being sprayed. If the additive
composition is liquid, it may be a liquid solution, emulsion, dispersion,
or suspension. The additive composition may be heated prior to being
mixed with the compressed fluid, such as to melt or liquify semi-solid
or solid compositions for admixing. The liquid mixture formed by
admixture with the compressed fluid may be a liquid solution,

emulsion, dispersion, or suspension. The compressed fluid may be



1. 11 11 1~1tf ~(C! .11 .111~1]1 1.1 1 1714

cont ai ns paper fiber *sai d sheet materi al prod&ié tissue éélp@é‘@mgz .
The net hodwar9odbasim 4, erein said tissue paper oduct i BCHEK8221882 from
the group consisting of sanitary tissues, household tissues, industrial
tissues, facial tissues, cosnetic tissues, soft tissues, absorbent tissues,
nmedi cated tissues, toilet papers, papeggtowels, paper napkins, paper

cloths, and 10 paper linens. 6. The nethod of Claim3, wherein said
additive conposition is applied to at | east one surface of a conveyed web

t ai ni th heet teri.al. 15 7. Th thod of Caimé6 [ id
ddi {1 ve cofipaeRiedsr FReipperrelas arasc VLY Turrerte Bder mator! a
after the wghalase bEEHiid eathrdaPkiBLLNyIthE bonaloeod BRATL BT Of Calm -

6, wherein e conveye eet materia a coriveyi ng speed of nore than

50 neters phiastipastially’iissolvéd or fiidlp dispercbdiagalliquid phiagetifighei qui d
m xture is substantially free of volatile organic solvents and water. 10.

The net hod eafdditive eomposiienei n said liquid 30 mixture is substantially free
of water. 11. Th thod of claiml .. wherein sgi.d spray is a d ressive

spray. 35 12, Tharehquggmurtusp of adfitigsompediion Agidfambrchee i, ¢

car bon di oxpiga@hs @61%%9@39%8(}1\hﬁ ih SHRSKGINT Whith Fénd&k-Athd qui®nperature

and pressure at AMENDED SHEET 1, , 19 MAR 2002 " ,. ~, 7, . " ., .
. .., , .. mixture capable of b&ing sprayed: Ia7gendratthesamohimgiifd nmi xture is
sprayed.

compressed fluid used will be at least about 5% by weight, based upon
’ the total weight of compressed fluid and additive composition,
preferably at least about 10%, more preferably at least about 15%, still
more preferably at least about 20%, and most preferably at least about
25%. The amount of compressed fluid used will depend on the
compressed fluid used, the additive composition, and the temperature
and pressure used for spraying. The amount of compressed fluid may
exceed its solubility limit in the additive composition, if desired, but it
should not be so excessively high that the excess compressed fluid
phase unduly interferes with spray formation, such as by not
remaining well dispersed in the liquid mixture or providing poor
atomization. Using excess compressed fluid can sometimes be
advantageous to reduce the rate at which the additive composition is
sprayed, particularly in the use of an additive composition which
contain no volatile organic solvent. In general, the amount of
compressed fluid in the liquid mixture will be less than 80% by weight,
preferably less than 70%, and more preferably less than about 60%.
Frequently the liquid mixture will contain from about 25% to about
50% compressed fluid.

The liquid mixture of additive composition and compressed fluid
preferably has a spray viscosity below about 300 centipoise at the

spray temperature and pressure, more preferably below about 150
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the group consisting of fteners, enollients, lu nts, noi$8
l'otions, CrgEsegPNdi tioMErs, absorbants, hydrophil rs, daPppgsyAss:
surfactants, Ol rs, waxes, silicones, mneral oil, lanolin, derivatized

| anol in, aloe extract, fatty alcohols, fatty acid esters, 10 pol yhydroxy
conpounds, and quaternary anmmbni um co %unds and m xtures thereof. 14. The
met hod of Caim1, wherein the additivé“conposition is applied to the sheet
material by first 15 applying said additive conposition to a surface from
whi ch said additive material is then transferred to said sheet material by
cont act i ng santipsisef atil motd pseferhlsydelowstbenit 400 @htimise) arsd howbtf or t he

.spray applicatjon of wat er borne additive conposition to a paper or
textile she&rehﬁbfﬂm%OWna¥w FERUPPPe of a paper product or a textile

product, which c s (- ) AL L haul d.m ' 25
.pressurized syst Zlﬁngpﬁslgﬁffi F'I%%J‘ll{?o&%mxﬁtrlge ggﬁ#ﬂglgh%égga\%g@{%g%%zﬁggdi tive
conposi ti on yag¢ba grepRrés firbpraying GOARY of thesptay) appaRitak-disclBgedddi tive
conposition 30 contalning water and at | east one additive material: and (b)
a conpr essednftheiadorem entipsed patents, onotheravitahle wppenatusmdbhe spaay | i qui d
m xture capable of form 35 | ve Spra i.ch forms a liquid
Mixture wit APRATALURIAY 150 g&r?pgﬁ’ti%ﬁ?@%s‘iﬁm SHEPLY ﬁ]ft}gs at Al NENGCD
SHEEN . ~manufac§u1%d\WN3ﬂ'Q§oﬁ Corp'f)rafic?n to Prorpc%rtironi_n}ixr hfzat%, érnd 18 R
standard cblp&éédtﬁmée m‘atﬁfg tdmési&ioﬁusmﬁh&boﬁmea‘serbﬁpm, es'qahmmrfbo(nSTP) ;
and (2) passj.ng.said liquid mxture at_. a tenperature of at |east about 40C
and at a pr @é%ﬂ@%’&ﬁﬁp’@ye%ﬁﬂ??q%?ﬁf@ﬁé%mr essive spray through an

orifice into an gl LANRNs RS RIdIb chEARkIMoRAILEANIONy  he vater in

said liquid mxture 1S aporated, and n said spray gont aining said
wat er compositions containing dissolved solid additives, the compressed fluid

may be heated and the pressure regulated to prevent precipitation of
solids during mixing, such as by the methods disclosed in U. S. Pat.
No. 5,312,862.

The liquid mixture is sprayed by passing the mixture under
pressure through an orifice of the spraying equipment to form a spray.
Although high spray pressures of 5000 psig and higher may be used,
preferably the spray pressure of the liquid mixture is below about 3000
psig, more preferably below about 2500 psig. Very low pressure is

generally not favorable for proper atomization. Preferably, the spray
pressure is above about 500 psig, more preferably above about 800
psig, still more preferably above about 1000 psig, and most preferably
above about 1200 psig. The pressure used will depend upon the
compressed fluid that is used, its amount in the liquid mixture, and
upon the properties of the additive composition.

The spray temperature of the liquid mixture is preferably below
about 150° C, more preferably below about 100° C, and most preferably
below about 80° C. The temperature that may be utilized will in

general depend upon the characteristics of the additive composition,
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bei ng conyayeshopsir i ng e manufacture of said pap r textivcrnsosei3sis
product and produci ng a paper product or a textile product. 16. The mnet hod
of Claim 15, wherein said water-borne additive conposition is applied to at
| east one 20 surface of a conveyed vvqthd:_ont ai ni ng paper fibers at a

conveyi ng speed of nore than 50 neters per mnute after the web has been at
| east partially dried. 17. A nmethod for the spray application of an
additive (I d% 25 conposition to a textile sheet material during the
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, » ", ", ., . Sprayorifices, spray tips, spray noz#8s, £8¢ sptay gandaised dondi ti ons
of OC tenperature and one_at nosphere pressure (STP) ; (2) form ng a spray
of said |iqohventionakandeletrosiatingirlpes angdtairassisted airlesesprayangf at

| east about 500 psi,.throu n orifice;, and (3) erein.sai d_spray
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tips and spray guns are the UNICARB® spray tips and spray guns
manufactured by Nordson Corporation or Graco Corporation. Orifice
sizes of from about .007-inch to about .025-inch nominal diameter are
preferred, although smaller and larger orifice sizes may be used. The
orifice size is chosen to give the desired application rate of the additive
composition for the given spray width. Devices and flow designs, such
as pre-orifices or turbulence promoters, that promote turbulent or
agitated flow in the liquid mixture prior to passing the mixture
through the orifice may also be used. The pre-orifice preferably does
not create an excessively large pressure drop in the flow of the liquid
mixture. The pre-orifice can be used to adjust the spray i)roperties and
the spray rate.

The spray pattern may be a circular spray such as is produced
from a round orifice, or it may be an oval or flat spray as produced by a
groove cut through the orifice, as aforementioned. A wider, feathered,
flat spray fan is generally preferred. For producing an axisymmetric
spray pattern, a favored spray tip design has two intersecting grooves

cut through the orifice outlet at right angles to each other. This



liquid mxture is a supercritical fluid at the tenperature andqpr@ggsuie at
which said liquid m'xt/ur' sprayed. 25 20. A neth or the spray

appl'i cat i oRy@bo/ppgaddi ti conposition to a flexibl eet ka2 1948 | Ng
t he manuf acture o? a flexible sheet product, which conprises: (1) formng a
liquid mxture in a closed 30 pressurized system said |liquid mxture
containing an additive cor:position and _a conpressed fluid conprising: (a)
an additive conposition containing at 1¥hst one additive material which is
35 capabl e of at |east adhering to, penetrating into, or being absorbed by

said flexible sheet material; and .i ~ ~ ;-. ,: , 1, ~. . 19 MAR 20021 " .,
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the solubility limit, or just below or above it. A sufficiently high spray
pressure is used to obtain a sufficiently high solubility. The spray
temperature and compressed fluid concentration are then adjusted to
give a decompressive spray having the desired characteristics for a
particular application, such as desired droplet size. When the
compressed fluid concentration exceeds the solubility limit, the excess
compressed fluid phase is preferably well dispersed in the liquid
mixture. Preferably the excess compressed fluid phase is a finely
dispersed liquid phase.

Preferably the compressed fluid is a supercritical fluid at the
temperature and pressure at which the liquid mixture is sprayed.

To spray an additive composition with enhanced atomization,
the liguid mixture of the additive composition and compressed fluid
desirably contains the compressed fluid in an amount that enables the
liquid mixture to form a liquid compressed fluid phase at the spray
temperature used. The spray pressure is desirably above the
minimum pressure at which the liquid mixture forms a liquid
compressed fluid phase at the spray temperature used. This technique

1s disclosed in U. S. Pat. No. 5,290,603.



22. T~:2 nmethod of C aim 20, wherein said spray i corrpre Mﬁwﬁ ay.

p, MENpEp ShEEf .A5.AY§ A3u. A3> e. AL. Al HFL. A] Fr. gﬁa AYF. A A

9. A, AYn3L. WOM9A3081A. A AT 3. AY@ Al H. AU. A NF. A% A3l . AYE. AURCTUS98/21382

. AHY% A. AY5I .A..A 5.A {.A93. A Al L.Ahe. Al. AE. A59. A, % A59. A9. A, H 3: =F

abHIM hj {P{upj e [ V] ca] ca] ca] cal] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] caU] ca] cal]

ca] ca] cal] c”a] ca] ca] c”a] c: a] cal] ca] ca] cagpcal ca]ca Pe/ {\/tx$k "I1111111
"T""$7%ysni d_ZU] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca]

cal]ca]c

| 7% (L1 ***+D //Ol Iwi{11
T-32166b68: 9(val § éaglféiéég]uﬁﬁ%éﬁééxﬁma\yé@m%%&r@é]é opesaBtks] cal ca) ca

ﬁiigﬁ&ﬁfkm%%ﬁm oj e %%}‘%glﬁf:ea}]’ c%w‘] 2 1Pmﬁ‘ca']lc"a] ca] ca] -

% ?—L‘g 3]U(L:J?/U] C decallnhftladb] btariltal tlid spdaseplasahea]® of déd ﬁxadbzahs al] ca] cal OOP
OVWAVVVVKVIANAK :

\VH I AL AxA z@uﬁﬁcwnk dEggujmfepsi]opaef]tba]m}mpe@dJﬂuaq ¢aforsh @a] ca] ca] ca] ca] ca] ¢

al cal cal ca) gl calh calcal e aksahes) 7 6o egagle%a SAGR! R0RP. oZccedque

ff Pkkkl : | n$ny (;%Fm cal ca
ca] ca] ca] ca] gg?ca?] cajca fQ%slﬁ ) c‘]ﬂcg']q1 fﬂfl ‘]@5@%&% sﬁtuutvyﬂ
{1)}o}|}}}}ait, Whekmwuﬁlélrwaﬂmeﬂﬂmwedlmbeaised] dﬁ]tha]addii]maU] ca] cau
] ca] ca] ca] ca] ca] ca].ca] ca] ca] caU] ca] cal caa]y ]cal ca ca] cal ca! A#gC} DV* of
vl gb] X c] c&PEasH ela]cea]%mscw Paefiezal aafcea]l Hydapuipd i&]i&]’é@] ca] ca] ¢
ay ca] ca] ca]“c&]egae]v%%]ocg]igﬁ]ﬁg]nca] ébl%?le zupkf a\ V\]] ca] ca] ca]ca] ca]ca]ca] ca
]caUc ajc )
a] ca] ca] ca] ca] calSgiasedesiibndraprrlnalioshivh geri-ailanecds averdga] ca! cv! U
p*| vgkf a\ V\kf a\ V\]] ca] ca] ca] caU] ca] caU] ca] ca] calc ca cal] ca] cal] ca] ca] ca] ca
] ca] ca] ca] cdipmgtenpt QB?Q]CGQU]%‘@@%Q!‘a]B’ﬂf%@bIY he droplets have

e e upakRA bt el sl ahom 1ehasheshe shond slsahig | ool cau e

Ota' *, 9SXO<fidmYdbyul YOt abeat 10Daalcrakt it Mdral @Mﬁh‘oﬁ @dbeay ca] ca] c
ay ca] cal] ca] ca] ca] ca&ca] ca] ca]é:’gi cal ca] ca] caU ca]cal!)/2>BT@ul AD4 >HNZ} x
rmhc] Wd qua waabewt] ¢Qmicrens arsqsta)]re&]r@b]st&paaapeu] 2aup @bpuapdal caj ca)
cal] ca] ca] cal caUl ca] caU] ca] caV] ca]ca]ca]ca Zq) ]buw

L~xsmhb] Wd]'%ﬁf% a] cal] ca] cal] ca] calU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
call ca] c"a] cal Cai’l‘ié‘uleé LSV 6 apeAY eanh gﬁbﬁﬁce uniform atomization that
SIXIT@N'P'R'Ud"K""# ))))***+q,, .1/ <0001 wr mhc”Yi d ZU]U](]%a]ca]ca]ca]ca]c
a] ca] ca] ca] é@F@@b&]ww]m}'cw] th@p&;@t] siz¢ distribaitinal|wehicbas|deairable firca] ca] ca
]:Lgitlﬂlii]lii fﬂ%%@n%iﬂg‘@@aﬂpﬁﬂéﬁﬁtbg AddAYS COBPOFItOR, (Fg]tbﬁ a] ca] cal] ¢

a] ca] ca] ca] gRkbEfheAtkee IR K tcatdd ﬁ%&lﬁ@d apbtielas\d sidetal] ca] c”a] ca
] ca] ca] ca FFFBGGGRAGG>HHHI | 11 LLLRL

NNNRN} x s mhe mxaterial] tfatalsdeahgappidlycapyeyed ju the apanifagiuripga) c”a] ca) cal ¢ a]
CRN?ILE’?’]S%‘a]Qﬁa %W%W%}@tﬁ%biﬂﬁ?Wﬂ%a] cal ca]
gZ]U]C ; ?L ; ?] CHotRt fRtREkpRhS B selrehbealgaopladicalaaled s aikaal) cal cal cal
6W WWNW WA \QbkpsSYthegptay pakterh) whiclh ¥bids]hhhbper biésdlhdeoplet siecal cal cal ca
Ul ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
] ca] cal] caUjdasirbRtppier the emthe SPTaK G0 dhas seref regiongiaraneh) ca] ca] cal cal] ¢
2l cal cal calgal cliealiced %@Lﬁiﬂde%aimﬂﬁsh% s 2a ke ok E8h sl sl gRl calcal e

109%& A T9*10%
(105 SR IR TR b IO O )

s1096& () - @meﬁh&ls()'rhevmfmsygg& drpplet'¥ize iavwibutionstan'Beedven by-s 101 & -

101 & 101 & L!, 2&10% 8L z&1
its span&si‘lge) span is % grﬁﬁ o.)9 - Do.1)/Do.s, where Do s is the size
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equals the average droplet size, Do, 1s the size for which 10% of the
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the droplet volume has larger size. Preferably, the droplet size
distribution has a span less than about 2.0, more preferably less than
about 1.8, still more preferably less than about 1.6, and most
preferably less than about 1.4. A narrower span has a smaller
percentage of particles that may be too small or too large for a given
application. The desirable span will vary with the application.
We have discovered that the narrow droplet size distribution
) that can be produced by the decompressive spray is advantageous for
the spray application of additive compositions to rapidly cbnveyed
sheet substrates in the manufacture of paper, textile, and flexible sheet
products, particularly when combined with the favorable spray velocity
characteristics. A difficult problem that leads to poor application
efficiency of air sprays, when applied to a rapidly conveyed sheet, is the
formation of an air boundary layer along the sheet surface, particularly
at high speeds. A large proportion of the droplets produced by air
sprays are too small to penetrate the air boundary layer, so they are
swept away in the air flow and become overspray. This problem is
made worse by air sprays being highly turbulent. But using an air
- spray with a larger average droplet size produces a high proportion of

overly large droplets, which produce a poor quality application and

therefore can not be tolerated.

In contrast, because the decompressive spray produces a narrow
droplet size distribution, a higher average droplet size can be used
without increasing the proportion of overly large droplets. In addition,
the decompressive spray is significantly less turbulent than an air
spray. Therefore, the additive composition can be applied with high
efficiency, which reduces waste generation and application cost. For
example, in a direct spray comparison, a decompressive spray with an

average droplet size of 35 microns produced the same proportion of
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would be able to apply the additive composition with much higher
application efficiency. Furthermore, the composition sprayed with the
decompressive spray has a viscosity of 2000 centipoise, whereas to be
sprayed by the air spray in the absence of using a decompressive spray,
the composition has to be diluted with volatile solvent to a viscosity of
100 centipoise.

We have also discovered that in addition to improved application )
efﬁqiency, the decompressive spray can give improved apf;lication |
quality of the additive composition and therefore can provide improved
products. The uniform atomization and spray patterns can provide a
more uniform deposition and distribution of the additive composition
on the conveyed sheet material. Furthermore, on microporous sheets,
such as papers and textiles, we have discovered that the spray
deposition can be nonpenetrating into the interior of the sheet, if
desired. The additive composition penetrates the air boundary layer,
but does not penetrate the paper matrix itself, so the additive
composition remains on the surface of the paper. This is desirable for
many surface treatments, such as the application of softeners,
lubricants, and lotions, because the additive composition is utilized
more effectively.

Furthermore, additive composition penetration into the interior
of a paper can cause undesirable debonding and weakening of the
cohesiveness and tensile strength of the sheet material. The lower
turbulence level and generally softer spray that can be produced by the
decompressive spray also applies less stress to delicate paper than do
air sprays, so mechanical integrity is less likely to be disrupted. As
mentioned, the ability to spray viscous additive compositions that are

substantially free of water or volatile solvent can also provide superior
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with less reduction in caliper.

The present invention may also be used to apply a drier water-
borne additive composition in the manufacture of a paper product or a
textile product by using a decompressive spray. For some applications,
it may be necessary to utilize water as a solvent, but it may be

! desirable to be able to deliver a drier additive composition to the paper
or textile material. Because the decompressive spray is able to atomize
higher viscosity water-borne additive compositions than is possible
with air sprays, the water content of the water-borne additive
composition can often be significantly reduced. Furthermore, a
decompressive spray has been discovered to produce enhanced
evaporation of water in the spray, so even water-borne additive
compositions which have a conventional water content can be applied
drier to a paper or textile sheet material. As disclosed in mentioned U.
S. Pat. No. 5,716,558, water-borne compositions have even been spray-
dried in ambient air within a short distance of the spray orifice.
Therefore, by the methods of the present invention it is possible for
water-borne additive compositions to be deposited substantially dry
onto a paper or textile sheet material.

For spraying, the water-borne additive composition, which
contains water and at least one additive material which can be
dissolved, emulsified, or dispersed in water, and which may contain
other ingredients, such as a suitable surfactant, is admixed with the
compressed fluid, preferably carbon dioxide or ethane, to form a liquid
mixture in a closed pressurized system. The compressed fluid may be
present in the liqguid mixture as a solution, emulsion, or a gaseous or

liquid dispersion, preferably emulsified or finely dispersed. We have
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mixture, the spray can undergo a transition from a liquid-film spray to
a decompressive spray, as the compressed fluid level is increased or
temperature is increased, in a manner similar to that for water-free
compositions having significant compressed fluid solubility. Coupling
solvents, such as ethylene glycol ethers, propylene glycol ethers, and
the like, or other coupling materials, may be used to increase solubility
of the compressed fluid in the water-borne additive composition, as
disclosed in U. S. Pat. No. 5,419,487.

Although viscosities higher than about 2000 centipoise may be
used if a decompressive spray is formed, the water-borne additive
composition will generally have a viscosity below about 2000 centipoise
at a temperature of 25° C, preferably below about 1500 centipoise,
more preferably below about 1000 centipoise, and most preferably
below about 700 centipoise.

The amount of compressed fluid that is used in the liquid
‘, mixture in the water-borne additive composition should be such that

the compressed fluid phase remains substantially finely dispersed in
the liquid mixture and gives proper atomization. Preferably the
compressed fluid phase is rendered into a finely dispersed liquid phase
at supercritical temperature and pressure after being admixed with a
water-borne additive composition. The composition may contain an
organic solvent or another component which is miscible with the
compressed fluid, thereby enabling the compressed fluid to form the
liquid phase. If the amount of compressed fluid is excessively high,
larger than desirable agglomerations of the compressed fluid can form
in the liquid mixture, which can become more difficult to maintain as a

uniform dispersion. Therefore, although larger quantities may be
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present in the liquid mixture is at least an amount which renders the
liquid mixture capable of forming a decompressive spray. The amount
required will depend upon the viscosity and rheological properties of
the water-borne additive composition. The liquid mixture preferably
contains at least about 4 percent compressed fluid, more preferably at
least about 6 percent compressed fluid, still more preferably at least
about 10 percent compressed fluid, and most preferably at least about
15 percent compressed fluid.
The liquid mixture in the water-borne additive composition is
preferably sprayed at a temperature above about 40° C, more
preferably above about 50° C, and most preferably above about 55° C,
and at a pressure, preferably above about 1200 psig, more preferably
above about 1400 psig, that gives a decompressive spray by passing the
mixture through an orifice into an environment suitable for water
evaporation, preferably having a low humidity level. One or more dry
gas jets, such as assist gas, which may be heated, may be applied to
the decompressive spray to increase the rate of turbulent mixing or
temperature within the spray or both, in order to increase the
evaporation rate of the water. When carbon dioxide is the compressed
fluid used with a water-borne additive composition that is sensitive to
a lowered pH level, particularly to acidic pH levels, the pH of the liquid
mixture may be controlled to prevent precipitation when the carbon
dioxide is admixed with the additive material. Preferably, the pH is

controlled by using a pH buffer, such as a carbonate/bicarbonate

buffer, which regulates the pH at about 10. The pH may also be
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The present invention may be carried out in any commercial
paper, textile, or flexible sheet material manufacturing system,
including converting systems, known to those skilled in the art,
including the aforementioned types of papermaking machines. The
additive composition may be applied to the sheet mat_erial without
significantly impacting on machine operability, including operation
rate. The additive composition may be applied from the spray either )
directly or indirectly at any point in the manufacture of tfxe paper,
textile, or flexible sheet products. The conveyed paper, textile, or
flexible sheet material may be unsupported or supported during the
spray application by means known to those skilled in the art. The
additive composition may be applied as the paper, textile, or flexible
sheet material is conveyed from one roll to another roll. The additive
composition may also be applied to the sheet material during other
operations.
Indirect application methods that may be used in the present
invention include, but are not limited to, applying the additive )
composition from the spray to at least one transfer surface from which ;
the additive composition is ultimately transferred by contact to the
conveyed paper, textile, or flexible sheet material. A preferred transfer
surface is a roll or roller, such as a calendar roll or a kiss roll. Other
transfer surfaces that are less preferred are a forming wire or fabric
and a conveyor belt or material which is then contacted with the
conveyed sheet material. The transfer surface may be heated if
desired.
The additive composition is preferably applied from the spray
directly to at least one surface of the conveyed paper, textile, or flexible

sheet material. In the manufacture of a paper product or a tissue
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paper product, the additive composition is preferably applied to at least
one surface of a convéyed web containing paper fibers. The additive
. composition may be applied at either the wet end or dry end of the
papermaking operation. Preferably, the additive composition is
applied to the conveyed web after the web has been at least partially
dried, more preferably after the web has been substantially dried. The
web may be overdried or heated if desired. In the manufacture of a
flexible sheet product, the additive composition is preferably applied to
J at least one surface of the conveyed flexible sheet material.
The distance from the spray orifice to the conveyed éheet
material is not critical in the practice of the present invention.
Generally the sheet material will be sprayed with the additive
composition from a distance of about 4 inches to about 24 inches. A
distance of about 6 inches to about 18 inches is preferred. A distance of
8 inches to about 16 inches is most preferred. The distance used will
depend upon the particular application. Electrostatic spraying may be
used if desired to increase application efficiency by using the methods
disclosed in U. S. Pat. No. 5,106,650.
P The spray may be directed to the conveyed sheet material by
using stationary or reciprocating spray guns or by using other
arrangements. Multiple spray guns may be positioned to give
overlapping feathered spray deposition to produce uniform application
across conveyed sheet materials that are wider than the spray width of
a single spray. For many applications, particularly with additive
compositions that are substantially free of volatile solvent, low
application rates are desirable, for which smaller orifice sizes and
wider spray fans are favored. A pre-orifice may be used to further
reduce the spray rate.

The speed at which the paper, textile, or flexible sheet material

1s conveyed during the spray application is not critical to the practice of
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the present invention. Generally the speed will be that normally
utilized in the particular manufacturing or converting operation. As
mentioned, the speed is generally determined by the requirements of
the product produced and the machine used. Preferably, the sheet
material is rapidly conveyed to increase throughput. Although slower
conveying speeds may be used, generally the speed will be above about
50 meters/minute, preferably above about 100 m/min, more preferably
above about 150 m/min, still more preferably above about 200 m/min if
suitable for the application. For some products, such as tissue papers,
very high speeds may be used, such as above about 1000 m/min.

The amount of additive composition applied to the conveyed
paper, textile, or flexible sheet material is not critical to the practice of
the present invention and will generally depend upon the particular
additive composition applied and the properties and performance
desired of the particular product, which is known to those skilled in the
art. The amount of additive composition applied is generally a balance
between performance and cost. It is generally desirable to use the
minimum amount of additive composition necessary for desired
performance. For example, the level of softener applied to form a soft
tissue paper should be at least an effective level for imparting a tactile
difference in softness to the paper. The minimum effective level will
vary depending upon the particular type of sheet material treated and
the particular softener applied. Generally, amounts of the additive
composition below about 0.1 weight percent, based on the finished
basis weight of the sheet material provides little benefit to the facial
tissue in terms of softness improvement, whereas amounts above 5
weight percent show little or no improvement in softness over the
lesser amounts and may become economically unattractive. Higher

amounts are also likely to leave a detectable residue on the skin.
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. generally be applied to the sheet material in a greater amount than
additives that are meant just to modify the properties of the tissue
itself. Although lesser or greater amounts may be applied, the additive
composition will generally be applied in the range of from about 0.1 to
about 50 weight percent, based on the weight of the sheet material.
Typically, the amounts applied will be less than about 40 percent,

more specifically less than about 30 percent, and still more specifically
less than about 20 percent. Many additive compositions will be applied
in amounts of about 0.1 to about 15 percent, more specifically from
about 0.3 to about 10 percent. Some low-level additive compositions
are desirably applied in amounts below about 5 percent, more
specifically below about 3 percent.

The physical form of the additive composition applied to the
paper, textile, or flexible sheet material is not critical to the practice of
the present invention. Preferably, the application of the additive
composition to the sheet material is macroscopically uniform. The
applied additive composition may be in the form of a continuous or
discontinuous film or coating, or may be a random, discontinuous
droplet or particulate pattern, or consist of discrete droplets or
particles. The applied additive composition may be liquid, semisolid,
or solid when deposited on the sheet material. The applied additive
composition may be absorbed into the sheet material or remain
substantially on its surface. Preferably, the applied additive
composition adheres to the sheet material.

If desired, post-application treatments, such as heating or
drying, may be performed on the sheet material containing the applied

additive composition.
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While preferred forms of the present invention have been
described, it should be apparent to those skilled in the art that
methods may be employed that are different from those shown without
departing from the spirit and scope thereof. In addition, those skilled
in the art will recognize that other steps or operations in addition to
those specifically described herein may be employed in the

manufacture of sheet material products.

EXAMPLE 1

An additive composition comprising a modified silicone softener
and lotion was sprayed using carbon dioxide as the compressed fluid by
using a UNICARB® System Supply Unit with a UNICARB® spray gun
and spray tip .03-08 with an orange pre-orifice manufactured by
Nordson Corporation. The liquid mixture was sprayed at a
temperature of 60°C. and a pressure of 1100 psi. A carbon dioxide
concentration of 20% by weight provided an angular fan pattern
having good atomization. Increasing the carbon dioxide concentration
to 25% produced a softer, feathered spray pattern. Increasing the
carbon dioxide concentration to 50% produced a decompressive spray
having a very good fan pattern and fine atomization. This high level of
carbon dioxide was uniformly mixed with the additive composition and
decreased the spray application rate. A tissue paper sheet material
was sprayed and a very light amount of the additive composition was

uniformly applied.

EXAMPLE 2
Using the same apparatus and spray conditions as in Example
1, an additive composition comprising a modified lanolin softener and
lotion was sprayed using 25% carbon dioxide in the liquid mixture.

This produced a decompressive spray with an excellent fan pattern

.
PCT/US98/21382
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higher carbon dioxide concentration reduced the measured spray rate
from 76 to 46 grams per minute. The spray uniformly applied the

additive composition to the paper towel product.

EXAMPLE 3
Using the same apparatus as in Example 1, an additive

composition comprising a quaternary amine salt was sprayed using
20% carbon dioxide in the liquid mixture at a temperature of 60°C. and
a pressure of 1100 psi, which produced good atomization and a uniform
spray pattern. Increasing the carbon dioxide concentration to 40% and
the pressure to 1500 psi produced a two-phase liquid mixture and a
shightly wider fan pattern. Tissue paper sheet materials were sprayed
and very light amounts of additive composition were uniformly applied

to the tissue paper sheet materials in each case.

EXAMPLE 4
Using the same apparatus as in Example 1, four different
additive compositions, comprising (1) an absorbency composition
containing lecithin, a quaternary amine, and polyethylene glycol; (2)
lanolin; (3) a mixture of a quaternary amine, a surfactant blend, and
propylene glycol; and (4) silicone oil, were all sprayed with 30% carbon
dioxide at a temperature of 60 C and a pressure of 1200 psi onto bulk

tissue sheets. Each demonstrated good atomization.
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A hydrophilic anlonic sulfosuccinate surfactant was

10bb 10bb! 310%bb&’ ()‘g%l&' ()-'11110% b"b& () - N 19 MAR 2002

sprayed using carbon dioxide as the compressed fluid by using a
UNICARB® System Supply Unit (manufactured by Graco) with a
UNICARB® Spray Gun and Spray tip .06-12 with a teal (.05 gpm) pre-
orifice manufactured by Nordson. The liquid mixture was sprayed at a
temperature of 55 C and a pressure of 1250 psi. A carbon dioxide
concentration of >25% produced a decompressive spray having a very

, good fan pattern and fine atomization. As high as 60% carbon dioxide
was used with equivalent results. This variability of carbon dioxide
concentration was used to finely control the flow rate of the surfactant
which in effect finely controlled the amount added to the nonwoven
diaper cover-stock web. The cover-stock was sprayed and a very light

amount of the additive was uniformly applied.
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WHAT TS CLAIMED:

1. A method for the spray application of an additive
composition to a sheet material during the manufacture
5 of a sheet material product, which comprises:
(1) forming a liquid mixture in a closed
pressurized system, said liquid mixture
containing an additive composition and a
compressed fluid comprising:
10 (a) an additivé composition containing at
] least one additive material; and
(b) a compressed fluid which is present in
an amount which renders said liquid
mixture capable of being sprayed, which
15 forms a liquid mixture with said
additive composition, and which is a
gas at standard conditions of 0°C
temperature and one atmosphere pressure
(STP);
20 (2) spraying said liquid mixture by passing the
mixture under a pressure of at least about
500 psi through an orifice to form a spray:;

and
) (3) applying said spray containing said additive
25 composition to said sheet material being

conveyed during the manufacture of said
sheet material product and producing a sheet
material product which is not a release
sheet or a waterproofed textile product.

30
2. The method of Claim 1, wherein the sheet material
is paper, textile or a flexible sheet material.
3. The method of Claim 1, wherein the sheet material
35 contains paper fiber or is paper.
4. The method of Claim 1 wherein the sheet material

AMENDED SHEET
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contains paper fiber and said sheet material product

is tissue paper.

5. The method of Claim 4, wherein said tissue paper
5 product is selected from the group consisting of
sanitary tissues, household tissues, industrial
tissues, facial tissues, cosmetic tissues, soft
tissues, absorbent tissues, medicated tissues, toilet
papers, paper towels, paper napkins, paper cloths, and

10 paper linens.

6. The method of Claim 3, wherein said additive
composition is applied to at least one surface of a
conveyed web containing the sheet material.

15
7. The method of Claim 6, wherein said additive
composition is applied to said conveyed web of the
sheet materizl after the web has been at least
partially dried.

20
8. The method of Claim 6, wherein the conveyed sheet
material is at a conveying speed of more than 50

) meters per minute.

25 9. The method of Claim 1, wherein the liquid mixture
is substantially free of volatile organic solvents and
water.

10. The method of Claim 1, wherein said liquid

30 mixture is substantially free of water.

11. The method of claim 1, wherein said spray is a
decompressive spray.

35 12. The method of Claim 1, wherein the compressed

fluid is carbon dioxide or ethane and is a
supercritical fluid at the temperature and pressure at

AMENDED SHEET
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which said liquid mixture is sprayed.

13. The method of Claim 1, wherein said additive
material is selected from the group consisting of
softeners, emollients, lubricants, moisturizers,
lotions, creams, conditioners, absorbants,
hydrophilizers, debonders, surfactants, oils, waxes,
silicones, mineral oil, lanolin, derivatized lanclin,
aloe extract, fatty alcohols, fatty acid esters,
polyhydroxy compounds, and guaternary ammonium
compounds and mixtures thereof.

14. The method of Claim 1, wherein the additive
composition is applied to the sheet material by first
applying said additive composition to a surface from
which said additive material is then transferred to
said sheet material by contacting said surface with

said sheet material.

15. A method for the spray application of a water-
borne additive composition to a paper or textile sheet
material in the manufacture of a paper product or a
textile product, which comprises:

(1) forming a liquid mixture in a closed
pressurized system, said liguid mixture
containing a water-borne additive
composition and a compressed fluid
comprising:

(a) a water-borne additive composition
containing water and at least one
additive material; and

(b) a compressed fluid which is present in
an amount which renders said liquid
mixture capable of forming a
decompressive spray, which forms a
liquid mixture with said additive

composition, and which is a gas at

AMENDED SHEET
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5 sufficient to form a decompressive spray
through an orifice into an environment,
wherein at least a portion of the water in
said liquid mixture is evaporated, and
wherein said spray containing said water-—

10 borne additive composition containing less
than about 5 weight percent water is applied
onto a paper sheet material or textile sheet
material being conveyed during the
manufacture of said paper or textile sheet

15 product and producing a paper product or a
textile product.

16. The method of Claim 15, wherein said water-borne
additive composition is applied to at least one

20 surface of a conveyed web containing paper fibers at a
conveying speed of more than 50 meters per minute
after the web has been at least partially dried.

17. A method for the spray application of an additive

Y 25 composition to a textile sheet material during
the manufacture of a textile product, which
comprises:

(1) forming a liquid mixture in a closed
pressurized system, said liquid mixture
30 containing an additive composition and a
compressed fluid comprising:
(a) an additive composition containing at
least one additive material; and
(b) a compressed fluid which is present in
35 an amount which renders said liquid
mixture capable of being sprayed, which
forms a liquid mixture with said
additive composition, and which is a

AMENDED SHEET
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(3) wherein said spray containing said additive
composition is applied to said textile sheet
material being conveyed during the
10 manufacture of said textile product and
’ producing a textile product, which is not a

waterproofed textile product.

18. The method of claim 17, wherein the compressed
15 fluid comprises at least one supercritical fluid at
the temperature and pressure at which said liquid

mixture is sprayed.

19. The method of Claim 17, wherein said spray is a
20 docompressive spray and said compressed fluid in said

liquid mixture is a supercritical fluid at the

temperature and pressure at which said liquid mixture

is sprayed.

25 20. A method for the spray application of an additive
composition to a flexible sheet material during the
manufacture of a flexible sheet product, which
comprises:

(1) forming a liquid mixture in a closed
30 pressurized system, said liquid mixture
containing an additive composition and a
compressed fluid comprising:
(a) an additive composition containing at
least one additive material which is

35 capable of at least edhering to,

penetrating into, or being absorbed by

said flexible sheet material; and
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(b} a compressed fluid which is present in
an amount which renders said liquid
mixture capable of being sprayed, which
forms a liquid mixture with said
additive composition, and which is a
gas at standard conditions of 0°C
temperature and one atmosphere pressure
(STP) ;

(2) forming a spray of said liquid mixture by
passing the mixture under a pressure of at
least about 500 psi through an orifice; and

(3) - applying said spray containing said additive
composition to at least one of the surfaces
of said flexible sheet material being
conveyed during the manufacture of said
flexible sheet product and producing a
flexible sheet product, which- is not a
release sheet or a waterproof textile

product.

2l1. The method of Claim 20, wherein said flexible
sheet material is selected from the group consisting
of plastic films, plastic laminate sheets, plastic-
reinforced sheets, plastic impregnated sheets, rubber
sheets, leather, fiber-reinforced sheets, porous
sheets, screen sheet materials, extruded films,
composite sheets, and composite laminate sheet

raterials.

22. The method of Claim 20, wherein said spray is a

decompressive spray.
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